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FUMIGANT TOXICITY OF FIVE PLANT ESSENTIAL OILS
AGAINST CITRUS MEALYBUG, PLANOCOCCUS CITRI
RISSO (HEMIPTERA: PSEUDOCOCCIDAE)
Tugba Erdemir1, Fedai Erler2,*
2

1
Republic of Turkey, Ministry of Food, Agriculture and Livestock 06060 Ankara, Turkey
Akdeniz University, Faculty of Agriculture, Department of Plant Protection 07070 Antalya, Turkey

ABSTRACT

INTRODUCTION

The citrus mealybug, Planococcus citri (Risso)
(Hemiptera: Pseudococcidae), is one of the most important pests in citrus groves, however, it has recently caused considerable damages to some cutflowers (especially, roses) grown in greenhouses in
southwestern Turkey (Antalya). In this study, fumigant activity of essential oils extracted from anise
(Pimpinella anisum L.), rosemary (Rosmarinus officinalis L.), peppermint (Mentha piperita L.), Turkish oregano (Origanum onites L.) and thyme (Thymus vulgaris L.) was investigated against female
adults of the pest under laboratory conditions. In fumigant bioassays, four different concentrations
(0.625, 1.25, 2.5 and 5.0 PL/L air) of essential oils
and only one exposure period (24 h) were used. An
untreated control set was also included. The results
from the study revealed that all the essential oils
tested showed a fumigant activity in varying degrees,
and the mortality was dose-dependent. Based on the
highest concentration (5 μL/L air), the essential oil
from O. onites was found the most toxic with a mortality of 91.4% and followed by the oils from T. vulgaris (90.9%) and P. anisum (89.2%). R. officinalis
essential oil exhibited a moderate toxicity (71.2%)
whereas M. piperita essential oil had the lowest fumigant activity against the pest. The LC50 values of
the Turkish oregano, thyme, anise, rosemary and
peppermint essential oils ranged from 1.17 to 3.27
μL/L air. No phytotoxic symptoms were observed on
small potted-roses exposed to the highest concentration of essential oils except for M. piperita essential
oil that was found to be toxic to opened buds of
roses, but not to unopened ones. Overall results suggest that the essential oils tested in the present study
(especially, O. onites, T. vulgaris and P. anisum)
may be eco-friendly alternatives of synthetic insecticides in controlling P. citri in greenhouse-grown cutflowers.

The citrus mealybug, Planococcus citri (Risso)
(Hemiptera: Pseudococcidae), is a native of Asia, but
has been recognized as a pest of citrus and ornamental plants in Europe since 1813 (where it is called the
greenhouse mealybug) and in the United States since
1879 [1-4]. The species is also a common pest of citrus groves in citrus-growing regions of Turkey, and
has recently become an important pest of some cutflowers such as roses and orchids grown in greenhouses in southwestern Turkey (Antalya) [5]. Citrus
mealybug damages hosts by sucking out plant sap
that results in wilted, distorted and yellowed chlorotic leaves, premature leaf drop, stunted growth,
and occasional death of infested plants or plant parts.
If a cluster of mealybugs feeds along a fruit stem,
fruit drop can occur. They further disfigure plants by
secreting cottony wax. The sugary honeydew secreted by citrus mealybug falls on leaves and fruits
below, resulting in the growth of sooty mold. In addition to its unsightly appearance, sooty mold may
degrade fruit quality by reducing the photosynthetic
capacity of leaves [2, 6, 7].
In Antalya, reproduction of citrus mealybug in
the greenhouse can occur year round, leading to continuous populations [5]. However, the pest is most
common during the spring and fall in greenhousegrown cut-flowers. Therefore, damage is most severe in spring and fall. Several overlapping generations occur in a year, but only one cycle (spring-summer) is of major concern to citrus growers in Antalya, with peak infestations occurring in June or
July. With the advent of the rainy season or warm
weather, populations rapidly decline. In grapefruit
groves in the inner parts of Turkey, the pest persists
in high numbers throughout the summer and into the
fall [8].
The citrus mealybug has been recognized as a
difficult-to-control pest in Europe [7]. Its control in
greenhouse-grown cut-flowers in Antalya is also
problematic since even a little damage by the pest to
ornamental plants can be a major problem in their
marketing [5]. However, in citrus groves there,
mealybug populations are regulated by natural enemies [especially, lady beetle, Cryptolaemus

KEYWORDS:
Citrus mealybug, Planococcus citri, essential oil, fumigant
toxicity
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65 r 5% relative humidity (r.h.) in the Plant Protection Laboratory of %DWÕ-Akdeniz Agricultural Research Institute (BATEM). Newly emerged (0-48 h
old) adult females of the pest were used in the fumigation assays throughout the study.

montrouzieri Mulsant (Coleoptera: Coccinellidae)
and parasitic wasp, Leptomastix dactylopii Howard
(Hymenoptera: Encyrtidae)] released periodically by
growers. Additional control measures may be necessary to reduce populations when infestations are
large [9]. But in greenhouse-grown cut-flowers, control of the pest is generally based upon use of synthetic insecticides, and chemicals from various
groups of insecticides have been recommended for
its control. Chemical control of citrus mealybug is
often an inefficient management strategy due to their
habit of hiding in flower buds and between foliage
and flower petals/sepals. The use of chemical pesticides for a long time may also cause many problems
such as pesticide resistance, as well as having an adverse effect on consumers and the environment. This
needs to be replaced with non-chemical control
methods. The present study aimed to evaluate fumigant toxicity of five essential oils extracted from anise (Pimpinella anisum L.), rosemary (Rosmarinus
officinalis L.), peppermint (Mentha piperita L.),
Turkish oregano (Origanum onites L.) and thyme
(Thymus vulgaris L.) against female adults of citrus
mealybug.

Fumigation bioassays. Fumigation bioassays
were carried out in the laboratory of Plant Protection
Department, Akdeniz University. Desiccators of 8 L
capacity were used as test chambers to determine the
fumigant toxicity of the essential oils. For bioassays,
twenty adult females of P. citri were placed onto a
sprouted potato tuber with a soft brush in each plastic
container (0.5 L), and then the containers were covered with a muslin cloth to prevent insects from escaping and to allow ventilation. Each container was
counted as one replicate. For each dose of each essential oil, 3 replicates were used, and experiments
were repeated twice, thus the total number of replicates for each dose of each oil was 6. An untreated
control set was also included in bioasays. For fumigation, three containers including potato tubers infested with the pest were put into each desiccator together, and each dose of each essential oil was applied
with an automatic pipette on a blotting paper strip (3
× 8 cm) attached to the lower side of the desiccator's
lid, and then the lid was tightly fitted. Initial tests were
performed to establish appropriate concentration
ranges, and 0.625, 1.25, 2.5 and 5 μ L/L air, corresponding to 5, 10, 20 and 40 μL/8 L air, were determined the most appropriate concentrations for the
tests. Taking into consideration the fact that keeping
the greenhouse closed for more than 24 h will cause
an increase in humidity inside the greenhouse, an exposure period of 24 h was used for all the fumigant
tests. Because of relative toxicity of various organic
solvents which are generally used in screening plant
products for insecticidal activity [16, 17], no organic
solvent was used in the preparation of treatment concentrations of the essential oils. Thus, no material
was applied to the control desiccators. All bioassays
were carried out at 26 ± 1ºC, 65 ± 5% r.h. and a photoperiod of L14: D10.
After the exposure, the containers were removed from the desiccators and mortality counts
were made for each concentration of each essential
oil. Insects (dead and living) were transferred to clean
containers with potato tubers as food and incubated
for 4 days at the same conditions, and mortality for
each concentration of each essential oil was then reassessed. If the insects displayed no observable motion when prodded with a dissecting needle, they
were considered dead. Mortality was expressed as a
percentage of the initial number of insects in each
container.

MATERIALS AND METHODS
Plant materials and extraction of essential
oils. Dried seeds of P. anisum and dried aerial parts
of R. officinalis, M. piperita, O. onites and T. vulgaris were used for essential oil extraction. Anise
seeds were purchased from a local market. Aerial
parts (leaves and succulent stems) of the remaining
plant species were collected by the authors from their
natural habitats in Antalya. The choice of collection
time was based on previous studies [10-13], which
had indicated that the most appropriate time to collect them taking into consideration their essential
oil level and its composition was from mid-Jun to
the end of July. Taxonomic identification was performed by the botanists from the Biology Department,
Faculty of Science, Akdeniz University (Antalya,
Turkey) where voucher specimens of collected species have been deposited.
Collected aerial parts of the plants were shadedried at room temperature for seven days, and then
all dried materials were subjected to hydro-distillation with a Clevenger-type apparatus [14, 15]. For
extraction of essential oils by distillation, 50 g of airdried plant material was put in water (1:12 w:v) for
distillation during 4 h. Extracted essential oils were
stored in a refrigerator at 4ºC in glass vials until used
in the assays. The vials were covered with aluminum
foil to avoid exposure to light. Pure essential oils
were employed in all the tests.

Phytoxicity tests. Phytotoxic effects of the essential oils were also evaluated by using small potted-roses. The tests were carried out when the potted-roses had opened and unopened buds together.

Insect culture. Insect material used in the present study was obtained from the culture of P. citri
maintained on sprouted potato tubers at 26 r 1°C and
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Desiccators were also used as test chambers, and
each one contained only one small potted-rose,
which was counted as one replicate. The rose plants
were exposed to the highest concentration (5 μL/L
air, corresponding to 40 μL/8 L air) of each essential
oil applied with an automatic pipette on a blotting paper strip (3 × 8 cm) attached to the lower side of the
desicccators' lids for an exposure period of 24 h. After the exposure, they were observed over a 4-day
period for any phytoxicity. There were three replicates for each essential oil and the control (untreated).
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fumigant activity, and increases in concentration resulted in higher mortalities. Among the five essential
oils tested, O. onites was the most toxic oil causing
the highest mortalities at all the concentrations
tested, followed by T. vulgaris and P. anisum. However, at higher concentrations (2.5 and 5 PL/L air)
WKHUHZDVQRVLJQL¿FDQWYDULDWLRQLQWKHUHVSRQVHVRI
adult females of P. citri against these three essential
oils (DMRT; P = 0.05). Although R. officinalis essential oil caused higher mortalities of the pest at all
the concentrations tested than M. piperita essential
oil, except the lowest and the highest concentrations
(0.625 and 5 PL/L air, respectively), mortalities by
both oils did not differ significantly from each other
(DMRT; P = 0.05).
When LC50 (PL/L air) values of the essential
oils were compared, the order of toxicity was: O.
onites essential oil > T. vulgaris essential oil > P.
anisum essential oil > R. officinalis essential oil > M.
piperita essential oil (Table 2). The same ranking of
the essential oils was also valid for the estimated
LC90 (PL/L air) values.
In the phytotoxicity tests, among the essential
oils tested, only M. piperita essential oil was found
to be toxic to opened buds of roses, but not to unopened ones. When compared with untreated controls, the most obvious phytotoxicity symptoms by
this essential oil were burning of petals and necrotic
spots on sepals.

Statistical analysis. Firstly, all mortality data
were converteG WR $EERWW¶V FRUUHFWHG PRUWDOLWLHV
[18] and then subjected to analysis of variance
(ANOVA). Significant differences among the treatPHQWPHDQVZHUHVHSDUDWHGXVLQJWKH'XQFDQ¶V multiple range test (DMRT), and a probability of P =
0.05 was accepted as statistically significant. The LC
values (LC50 and LC90) and the 95% confidence limits were calculated by using a probit analysis program [19].

RESULTS
The results from the fumigant assays with adult
females of P. citri are given in Table 1. All the essential oils tested showed a concentration-dependent

TABLE 1
Mean percent mortalities of female adults of Planococcus citri exposed to vapours of five plant essential
oils after an exposure period of 24 h under laboratory conditions
Essential oils
Pimpinella anisum
Mentha piperita
Thymus vulgaris
Origanum onites
Rosmarinus officinalis

0.625
17.8±2.17
b*D**
10.0±2.83
cD
21.3±2.80
bD
30.5±0.5
aD
16.9±1.56
bcD

Mean percent mortalities at 4 different concentrations (PL/L air)
1.25
2.5
39.3±2.53
67.8±0.60
bC
aB
22.1±2.1
42.2±3.98
cC
bB
41.1±2.25
71.3±3.84
abC
aB
47.4±1.44
76.3±3.17
aC
aB
25.3±2.60
45.7±2.31
cC
bB

5
89.2±0.20
aA
62.8±2.80
cA
90.9±1.87
aA
91.4±0.30
aA
71.2±1.20
bA

A mortality of 5.6% occurred in untreated control set after an exposure period of 24 h.
* Means within a column followed by the same lower-case letter are not significantly different (DMRT, P = 0.05).
** Means within a row followed by the same capital letter are not significantly different (DMRT, P = 0.05).

TABLE 2
The concentrations of essential oils required for the 50% and 90% mortalities of female adults of
Planococcus citri after an exposure period of 24 h
Plant essential oils
Pimpinella anisum
Mentha piperita
Thymus vulgaris
Origanum onites
Rosmarinus officinalis

LD50 and LD90 values with lower and upper confidence limits
LD50 (PL/L air)
LD90 (PL/L air)
1.57 (1.2 - 1.9)
5.37 (4.0 - 8.4)
3.27 (2.5 - 4.6)
17.03 (9.8 - 48.3)
1.44 (1.1 - 1.7)
4.94 (3.7 - 7.6)
1.17 (0.9 - 1.4)
4.46 (3.3 - 6.9)
2.64 (2.0 - 3.5)
14.54 (8.6 - 38.9)
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not possible to make valid comparisons because of
the fact that the essential oils and mealybug species
as well as biological stage of the pest used in their
study are completely different from those used in the
present study.
In conclusion, the essential oils tested in this
study offer great potential as fumigants for the control of citrus mealybug in greenhouse-grown cutflowers. Turkey has a very rich and diversified flora
and aromatic plants widely separated; however, they
are commonly used as spices, flavorings in foods and
medicines. We believe that plant essential oils can
play an important role as environmentally friendly
alternatives of synthetic insecticides used in controlling citrus mealybug since they are regarded as safer
than the conventional chemical insecticides currently used. The use of these botanical derivatives in
pest control in greenhouses instead of synthetic pesticides may help reduce adverse environmental effects.

DISCUSSION AND CONCLUSION
Since reproduction in the greenhouse can occur
year round, leading to continuous populations, control of citrus mealybug is amazingly difficult [2]. In
Antalya, some commercial flower growers merely
discard infested plants rather than trying to rescue
them from citrus mealybug. Some others use insecticides registered for other agricultural pests in other
crops. Acute and chronic toxicity to applicators; or
to consumers caused by unacceptable residues is an
important problem in the control with conventional
insecticides. In addition, in recent years the marketing and application of many insecticides have strictly
been controlled by the Turkish government. Therefore, alternative control agents must be adopted by
flower growers in the country. In recent years, plant
derivatives including essential oils have received
much attention as they are resources of potentially
useful bioactive compounds, and a special attention
has been given on their pesticidal action [20-22].
The results of the present study showed that O.
onites, T. vulgaris and P. anisum essential oils had
high fumigant activity on female adults of citrus
mealybug. There are many reports on fumigant activity of essential oils, however, almost all of them
are on warehouse pests. A survey of literature revealed that few studies are available on fumigant
toxicity of essential oils against greenhouse pests
[23, 24]. Since greenhouses are closed environments
such as warehouses, fumigation can be applied there
(especially in modern greenhouses).
The present study is the first one evaluating fumigant activity of essential oils against citrus mealybug. Although there are some studies on biological
activities of essential oils against mealybugs, all of
them have pointed to essential oils possessing contact, repellent, antifeedant, oviposition-deterrent activities, etc. For example, Karamaouna et al. [25]
tested insecticidal (contact) toxicity of 6 plant essential oils against the third instar nymphs and female
adults of the vine mealybug, Planococcus ficus (Signoret) under laboratory conditions. They found that
the LC50 values of the citrus (Citrus limon L. and C.
sinensis L.), peppermint (M. piperita), and thymeleaved savory (Satureja thymbra L.) essential oils
ranged from 2.7 to 8.1 mg/mL, and the LC50 values
of lavender (Lavandula angustifolia Mill.) and basil
(Ocimum basilicum L.) oil ranged from 19.8 to 22.5
and 44.1 to 46.8 mg/mL, respectively. In another
study by Pumnuan et al. [26], fumigation toxicities
of essential oils from 18 medicinal plants at 2.0 and
ȝL/L air were examined against larvae of mealybug (Pseudococcus jackbeardsleyi Gimpel and Miller). In particular, fumigations with clove [Syzygium
aromaticum (L.) (Merrill. & Perry.) (Myrtaceae)]
and cinnamon [Cinnamomum bejolghota (Buch.Ham.) (Lauraceae)] esVHQWLDORLOVDWȝL/L air resulted in more than 86% mortalities in mealybug larvae. Although their results seem close to ours, it is
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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 !$
%!&' SM data on 04/09/2016, the retrieval models for
SM were constructed by analyzing the correlation
between the three different TVDIs and !$ %!&' SM.
Then regional SSM was obtained on 04/09/2016 and
the retrieval models were verified by the remote
sensing and !$%!&'SM data on 04/23/2015.


&$%! &"%

%>?0C -<1-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

In this study, we derived regional soil moisture
(SM) using the latest Landsat 8 image and !$%!&' soil
moisture observations at the People's Victory Irrigation District, China. Landsat 8 image was used to
construct the temperature-vegetation-dryness-index
(TVDI), which integrates the vegetation index (VI)
and land surface temperature (LST) to reflect the regional soil moisture conditions. The normalized difference vegetation index (NDVI), enhanced vegetation index (EVI), and modified soil adjusted vegetation index (MSAVI) were used in this study to construct the LST-VI feature space. The correlations between the !$%!&' 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 !$ %!&' soil
moisture data on another day.


+)"$%
Landsat 8, temperature-vegetation-dryness-index, !$ %!&'
soil moisture
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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].
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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.

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.

(131>->598 5801B In this study, three
vegetation indices (NDVI, EVI, and MSAVI) were
calculated from the reflectance using the following
equations:
/ /
(1)
  

$179>1=18=5830->--80  0->-Landsat
8, which was successfully launched on 11 February
2013, was a new member the Landsat satellite
constellation [24]. The application of this remote
sensing data is relatively minimal, at present.
Landsat 8 carries two sensors, the Operational Land
Imager (OLI) and the Thermal Infrared Sensor
(TIRS), and has a 16-day repeat cycle. For the
purpose of this research, Landsat 8 images of level
1T products with lower cloud cover from the USGS
Earth Explorer website were chosen. The Landsat 8
L1T products were geometrically corrected with an
approximately 12 m circular error and 90%
confidence global accuracy. The study area is
covered by two tiles. The dates of the images were
04/23/2015 and 04/09/2016. Radiometric correction
for NIR, red, and blue bands were carried out by
ENVI/FLAASH
software
(http://www.exelisvis.com/). Then, the two tiles
were mosaicked using the nearest-neighbor resample
method.
The !$%!&' SM data used in this study were acquired by the oven-drying method and almost covered the whole study area. The !$%!&' data were collected in the period that was close to the satellite



/ /
//

/ )/  )/
/ /  // 

(2)

(3)

Where /, /, and / are the reflectance of the
near infrared band (0. 845-0. 885 μm), red band
(0.630-0.680 μm), and the blue band (0.450-0.515
μm), respectively, of Landsat 8;  is the gain coefficient,  = 2.5; and  and  are coefficients that
represent the effect of atmospheric aerosols on the
red and blue bands [25].

'$ 
9/->59892>41=>?0C-<1-
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surface emissivity ε was calculated using the simplified NDVI Thresholds Method—NDVITHM [33].
The inverse of the Planck function is used to
obtain the LST from the blackbody radiance B (T):
(6)
  "$  


(7)
Here, LST (°C) is the land surface temperature;
and  are the calibration constants. For the Landsat 8 TIR band10, =774.89 W/ (m2 * μm * sr) and
 =1321.08 K.

&17:1<->?<1 @131>->598 0<C81== 5801B
&(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
[4, 16]. The TVDI can be calculated using the
following equation:
#!$
(8)
  

$1><51@-6 92 >41 6-80 =?<2-/1 >17:1<->?<1
%&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
radiation is much smaller than the Earth’s radiation
[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:
. **-+,
(4)
Where .is the at-sensor radiance; + is atmospheric
transmission; * is the land surface emissivity; - is
the downwelling radiance; And ,is the upwelling
radiance; +, -, and , are also called the atmospheric correction parameters.  is the radiance of
a blackbody target of temperature  in Kelvin (K).
Radiances are in units of W/ (m2 * μm * sr). The
transmission and emissivity are unitless. Then, 
can be expressed as follows:
 ,+*-
 .
(5)
+*
The atmospheric correction parameters +, -,
and ,were obtained from the NASA Atmospheric
Correction Parameter Calculator [31, 32]. The land



#(

#!$

#!$ #!$  #!$ 
(9)
#( #(  #( 
(10)
Where  is the observed surface temperature at a
given pixel; #!n and#( are the minimum surface temperature and the maximum surface temperature, respectively, for a given VI; and #!$, #!$, #(,
and #( are the parameters of the wet edge and the
dry edge.
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.

'$ 
&41>419<C92>41&(
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&41:-<-71>1<=92A1>-800<C1031=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].

$16->598=45: .1>A118 >41 >4<11 &(= -80
=956 795=>?<1 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.
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.
(-650->598 92 >41 %%  1=>57->598 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 !$%!&' SM.
The relative error and the mean relative error are
calculated as the criterion (Table 1).
As the Table 1 shown, the average of the retrieve SSM by the LST-EVI is closer to the!$%!&'
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.


%'%%"!

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 constant terms in the wet and dry edge fittings signify
that the LST of bare soil pixels under sucient water
supply and water deficiency, respectively [34]. As
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 
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&41#1<=98/9<<16->59892=956795=>?<1->-01:>492 
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

14.31
17.39
18.16
14.29
19.21
18.54
16.58
13.61
17.9
10.79
16.77
14.41
13.14
14.21
19.33
13.36
18.56
20.45
14.83
16.10

The retrieve
SSM by LSTEVI
16.02
15.4
16.41
16.07
15.69
15.92
15.9
15.04
15.88
15.61
15.06
15.57
15.92
16.11
15.37
15.96
15.23
16.08
15.15
15.70

Relative
error
0.12
0.11
0.10
0.12
0.18
0.14
0.04
0.11
0.11
0.45
0.10
0.08
0.21
0.13
0.20
0.19
0.18
0.21
0.02
0.15

The retrieve
SSM by LSTMSAVI
14.14
13.3
14.68
14.36
13.96
14.16
14.05
14.13
14.47
13.97
13.1
13.96
14.23
14.35
13.14
14.15
12.87
14.18
13.13
13.91

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 

7798

Relative
error
0.01
0.24
0.19
0.00
0.27
0.24
0.15
0.04
0.19
0.29
0.22
0.03
0.08
0.01
0.33
0.06
0.31
0.31
0.11
0.16

 




The retrieve
SSM by LSTNDVI
14.14
13.45
14.51
14.06
13.63
13.96
14.05
13.68
14.1
13.62
12.94
13.41
13.9
13.9
13.37
13.97
13.27
14.01
13.08
13.74

Relative
error
0.01
0.23
0.20
0.02
0.29
0.25
0.15
0.01
0.21
0.26
0.23
0.07
0.06
0.02
0.31
0.05
0.29
0.31
0.12
0.16

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
moisture has been a controversial issue. In this paper,
correlation between TVDIs and !$%!&' soil moisture
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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.


"!'%"!%
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The transportation of influenza virus around
buildings in the average and natural wind fields is
studied. In this approach, the natural wind power
spectrum and the velocity field with respect to time
are simulated by the improved method of weighted
amplitude wave superposition with FFT. The simulation of the microbial contamination diffusion
around buildings is studied for the cases of average
and natural wind speed conditions. It is found that
the virus particles are dispersed faster and further in
the downstream area and the results indicate the
threat of virus in natural wind field is larger than that
of average wind field. The consideration of natural
wind is necessary when the study of outdoor transportation of virus is carried out.

flow in a street scale or in a neighborhood scale [47].
As reviewed by the previous researchers, the
studies of the microbial pollutant transportation
mostly focus on the case of the average wind speed
field. Many scholars carried out the research on the
airborne disease pathogen transport and the infection
of the public [8-13]. Gao et al. [14-15] applied Eulerian and Lagrangian approaches to investigate the
dispersion of expiratory aerosols between two vertically adjacent flats. It was found that the particle concentration in the upper floor is two to three orders of
magnitude lower than in the source floor and 1.0 mm
particles disperse like gaseous pollutants. Liu and
You [16-18] considered the time-independent source
of disease pathogen, the evaluation of influenza virus exposure risk and the indoor and outdoor transportation of disease pathogen in buildings. In all
above studies, the average wind field was used and
the fluctuation effects of natural wind on the dispersion of microbial pollutant were not considered.
In this paper, the natural wind speed is decomposed into the average and fluctuation parts. The
magnitude and direction of the average wind is assumed to be independent with time in a certain period. The average wind keeps exponentially or logarithmic rules in the vertical direction of ground as
usual. The fluctuation part of wind is random. The
approximation values of natural wind spectrum are
introduced to model the velocity of natural wind.
The transportations of influenza virus under natural
wind fields are simulated by RNG  − ε model.

-+#&'
Flu Virus, transportation, average wind, natural wind,
 − ε Turbulence Model


"(&#)(#"

Air quality is a major concern for dense urban
resident areas, where buildings act as artificial obstacles to block wind flow and reduces flow circulation
within cities. The flow patterns developing around
buildings govern the flow distribution and pollutant
dispersion around them.
Wind conditions are very important in removing or dispersing the airborne pollutants in urban
canopies and providing clean external air. The easterly prevailing wind in the atmospheric boundary
layer (ABL) may be seriously blocked in such
packed high-rise urban areas. Only a fraction of air
may be driven out of the high-rise urban canopy [1].
Britter and Hanna [2] summarized the studies
of the flow in urban areas into four scales. The regional scale regards a city as a roughness of the atmosphere boundary layer and emphasizes on the regional effect of geographic and meteorological conditions on urban wind environment and regional pollutant transportation in a large scale [3]. However,
many investigations also study the local turbulent


#"(&# "%)(#"'

=6;D5=I1 E9ADB B>DA35 The virus dynamics
model includes three variables: uninfected cells
(   ), infected cells (   ), and free virus (  ). The uninfected cells adsorb virus particles at the time of infection (TOI). Depending on the specific virus infection rate and the multiplicity of infection (MOI),
not all cells are infected immediately and simultaneously. The infected cells begin to release free virus
particles (specific virus replication rate, ) after a
delay called the eclipse phase, which is about 4-6hs
for influenza virus. The newly released viruses infect
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cells/ml at the time t=0, which is corresponding to
the experiment. The equations (1-3) are solved by
the fourth-order Runge-Kutta method. The flu virus
growth curve with time delay τ = 4.5is shown in
Fig. 1. The simulation is stopped after sometime that
the unsteady virus source is decreased from its maximum value.

the remaining uninfected cells in a chain reaction until all cells are infected. The production of virus continues until the cells disintegrate (specific cell death
rate due to viral infection,  ) due to the damage,
apoptosis and eventually die of virus-induced cell.
The model of the interactions between the host cells
and viruses are described as the following [19]:

 
= μ  −    −   

 
=    −   


= μ    ( − τ ) −   −   

 − (  +   )
Where, μ = μ max ⋅ max
is
max

;>F@D1C9>=BFor fluid flows, the governing
equations are N-S equations. You and Li [22] indicated that the RNG  − ε turbulence model shows
much better performance than the standard  − ε turbulence model for complex flows in buildings. The
Reynolds-averaged equations are shown as the following:

(1)
(2)
(3)

∂
=0
∂

the

cell growth rate  is the uninfected cell death
rate, is the virus infection rate,  is the infected
cell death rate,is the virus replication rate, is
the virus degradation rate,  is the attachment rate,
τ is the time delay.

ρ

(4)

( )

∂ 
∂ 2
∂
∂
∂
(5)
 ′ ′ + ρ 
+μ 2  −ρ
+ ρ   = −
∂ 
∂ 
∂
∂
∂ 

Where,  , ρ , and μ are the mean velocity components, density, pressure and viscosity, respectively.
′ is fluctuating velocity. g is gravity acceleration.

(  
(85?1A1<5C5AB>6C856;D4H=1<93BHBC5</ 0

The Reynolds stresses ρ  '  '  in Equation (5) is
modeled by taking Boussinesq hypothesis as:
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In the RNG  − ε model, μ is computed as

− ρ    = μ 
'





'













the following function of the turbulence kinetic energy k and the turbulence dissipation rate ε

μ = ρ μ
and

2

(7)

ε

The two additional transport equations for k
are
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 μ ρη (1 − η / η ) ⎤ ε
⎡
− ρ ⎢ ε +
ε
⎥
1 + βη

⎣
⎦ 
Where, μ = μ + μ is effective viscosity,

ε
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3

2

0

2

3

 = 2 μ      is the production of turbulence kinetic

energy,   is the mean rate-of-strain tensor.

Table 1 shows that the parameters of the dynamic system of flu virus are determined by experiment and the best fitted experimental data to the dynamic system of equations (1-3). The results of the
best fitted experimental data consistent with the fact
at τ = 4.5. The cell concentration is chosen as (   ,
T
6
7 T
  ,  ) =(1.2·10 ,0, 2.6·10 ) , max1.2 × 106

η =  / ε   is the modulus of the mean rate-of-

strain tensor. The coefficients of the turbulent model
are α  = α ε = 1.393 (high Reynolds number limit)
1ε = 1.42 , 2ε = 1.68  μ = 0.0845 , η 0

and β = 0.012 .
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1E5=?>AC B?53CAD< >6 =1CDA1; F9=4 The
gust of random change is a process of white noise.
The natural wind speed can be separated as a stable
value and a time-varying value. The stable value is
the average in a period of time. The time-varying
value is a fluctuation with the high-frequency and
low-frequency components. The fluctuation wind
speed spectra indicate the frequency of the fluctuation wind speed. The empirical formula of the fluctuation wind speed spectra is recommended by Davenport observations [21]. 
2
 () = 4 

simulated separately under the average wind and the
natural wind fields.
>D=41AH 3>=49C9>=B At the outflow boundary, the velocity is assumed to be fully developed. At
the side and top boundaries, the velocity is controlled
by symmetric boundary conditions. The non-slip
boundary is applied at all walls of buildings and
ground. The initial condition is free of pathogen in
the computational domain. At the inlet boundary, the
average wind and the natural wind speed are separately introduced into the Computational domain and
the inlet profiles of  and ε is determined by the
experimental data of Murakami [20].

2

(1 +

(10)
2 4/3

)

Where,  () is the fluctuation wind speed power
spectrum,  = 1200 /  is the factor of turbulence integral scale.  is coefficient of ground roughness,  is the mean wind velocity at the height

a

 = 10 ,  is the frequency of the fluctuation
wind.
")!& !# 

!>45; 5BC12;9B8<5=C The three-dimensional
numerical model of five buildings is adopted to study
the outdoor transportation of equine influenza virus.
The building size is  (length) × (width) × 4
(height) and =15m. The distance between the column of front and back building is 3 . The distance
between the two buildings in a column is . After
several tests, the domain -200m ≤ x ≤ 800m,
-215m ≤ y ≤ 215m, 0 ≤ z ≤ 180m with the ground
front center of buildings A located at (0,0,0) is used
for the present approach. Fig. 2 shows the location of
buildings and the direction of wind.
Suppose the wall a is the original source of unsteady microbes and there is no the secondary affection during the calculation time. The volume source
size is  / 5 ×  / 5 ×  / 5 . The center of volume
source is located at the center of wall a in streamwise
direction, outside wall a and 2  / 5 above the
ground. The transportations of influenza virus are

)&
!>45;B:5C38<1?


&') ('"')''#"

"1CDA1; F9=4 695;4 The weighted amplitude
wave superposition (WAWS) is efficient in simulating the time series of nodal wind speed which has
spatial and time correlativity. It was shown that the
precision and efficiency of simulation meet the needs
of practical engineering. The time history of fluctuation wind velocity was simulated based on Davenport
wind speed power spectrum by the improved WAWS
with FFT [21]. The average wind speed
 = 5 /  at the reference height 10m. Fig.3
shows the simulated and measured speed of natural
wind. The average wind speed is associated with the
average time interval. Different average wind speed
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wind model as the inlet velocity. Figs. 5 and 6 show
the pathogenic area of microbial pathogen on the horizontal planes (Z=3/5H) and (Z=4/5H) at different
times, respectively.
    

can be got by the different average time interval. The
simulated and measured curves of the rate of statistics
at different time-intervals is shown in Fig.4. It is
found that they agree with each other well and the
simulation curve of natural wind speed is credible,
feasibility and applicability.
*9ADBCA1=B?>AC1C9>=D=45AC851E5A1751=4
=1CDA1;F9=4695;4B>=,-8>A9I>=C1;?;1=5In
this study, the computation time is = 200h. It is assumed that the critical pathogenic concentration of
microbial pathogen is C=2*107cfu/m3. For the average wind field, the wind speed is  =  (  /  ) 0.25
m/s at the inlet boundary and the initial pathogen concentration is  = 0 . For the natural wind field, the
Influenza virus source, and initial and boundary conditions are the same with those of the average wind
field, except the inlet velocity. The time series of natural wind speed is calculated by the above natural

1a
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(85B9<D;1C541=4<51BDA54E1;D5B3DAE5B>6
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(85?1C8>75=931A51>6<93A>291;?>;;DC1=C>=
8>A9I>=C1;?;1=5. 1C49665A5=CC9<5B(85
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 1 2  = 1   1 2  = 1   1 2
4
2
 = 3   1 2  =  
4


)&
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However, it is located around the building B for the
natural wind field.
3) Compared with the results of the average
wind field, the transverse width of the pathogenic areas is narrower and the streamwise length of the
pathogenic areas is longer. This is due to the fluctuation velocity of natural wind drives virus pollutants
far away from the source.
4) The risk area of the pathogenic areas is
shown and the people in that area must be evacuated
immediately.

Figs. 5 and 6 show the following results:
1) The pathogenic area depends mainly on the
growth curve of equine influenza. After t = 10h, the
numbers of free virus increase quickly. The concentration of influenza virus grows slow during the beginning to 50h. The maximum concentration of influenza virus and the pathogenic area appear at about
t = 100h, and then it decreases with the decrease of
the growth curve of equine influenza.
2) For the average wind field, the pathogenic
area is concentrated around the building A, B and C.


)&
(85?1C8>75=931A51>6<93A>291;?>;;DC1=C>=
C85E5AC931;?;1=5 y = 0m 1C49665A5=CC9<5B
(859=45G5B11=42A5B?53CBC>C85A5BD;CB>6
C851E5A1751=4C85=1CDA1;F9=4695;4BA5B?53
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Fig.7 shows the pathogenic area of microbial pollutant on the vertical plane y = 0m at different times.
It is found that the pathogenic area is also associated with the growth curve of equine influenza virus.The maximum pathogenic area of influenza virus appears at about time 100h-150h. Compared with
the results of the average wind field, the influenza
virus transports further from the source for the natural wind field and the height of virus reached is
nearly the same for both wind fields.

[1] Hang, J., Li, Y.G., Sandberg, M., Claesson, L.
(2010) Wind conditions and ventilation in highrise long street models. Building and Environment. 45, 1353–1365.
[2] Britter, R.E., Hanna, S.R. (2003) Flow and dispersion in urban areas. Annals of Review of
Fluid Mechanics. 35, 469–96.
[3] Tong, H., Walton, A., Sang, J.G., Chan, J.C.L.
(2005) Numerical simulation of the urban
boundary layer over the complex terrain of
Hong Kong. Atmospheric Environment. 39(19),
3549–63.
[4] Xie, X.M., Huang, Z., Wang, J. (2006) The impact of urban street layout on local atmospheric
environment. Building and Environment.
41(10), 1352–63.
[5] Hanna, S.R., Tehranian, S., Carissimo, B., Macdonald, R.W., Lohner, R. (2002) Comparisons
of model simulations with observations of mean
flow and turbulence within simple obstacle. Atmospheric Environment. 36(32), 5067–79.
[6] Cheng, Y., Lien, F.S., Yee, E., Sinclair, R.
(2003) A comparison of large Eddy simulations
with a standard k– e Reynolds-averaged Navier–Stokes model for the prediction of a fully
developed turbulent flow over a matrix of cubes.
Journal of Wind Engineering and Industrial
Aerodynamics. 91(11), 1301–28.
[7] Ahmad, K., Khare, M., Chaudhry, K.K. (2005)
Wind tunnel simulation studies on dispersion at
urban street canyons and intersections-a review.
Journal of Wind Engineering and Industrial
Aerodynamics. 93(9), 697–717.
[8] Dewulf, J., Laevens, H. and Koenen, F. (2000)
Airborne transmission of classical swine fever
virus under experimental conditions. Veterinary
Record. 147(26), 735-738.
[9] Jamiriska, M., Morawska, L., Ensor, D.S.
(2003) Control strategies for submicrometer
particles indoors: model study of air filtration
and ventilation. Indoor Air. 13(8), 96–105.
[10]Hargreaves, M., Parappukkaran, S., Morawska,
L., Hitchins, J., He, C., Gilbert, D. (2003) A pilot investigation into association between indoor
airbome fungal and non-biological particle concentrations in residential houses in Brisbane,
Australia. The Science of the Total Environment. 312(1-3), 89-101.
[11]Tian, Z.F., Tu, J.Y., Yeoh, G.H., Yuen R.K.K.
(2007) Numerical studies of indoor airflow and
particle dispersion by large Eddy simulation.
Building and Environment. 42(10), 3483-3492.
[12]Abadie, M., Limam, K., Allard, F. (2001) Indoor particle pollution: effect of wall textures on
particle deposition. Building and Environment.
36(7), 821-827.

(85 3>=C1<9=1C54 1A51 1=4 E>;D<5 D=45A
C85 1E5A175 1=4 C85 =1CDA1; F9=4 695;4B Fig.8
shows the contaminated area (on the plane
z = 3 / 5 ) and the contaminated volume of virus at
different times under the average and the natural
wind fields. Without lose the generality, only the contaminated area on the plane z = 3 / 5 and the contaminated volume of the second floor is calculated. It
is found that the contaminated area and the contaminated volume of virus decrease fast with the increase
of the concentration of virus. Besides the growth
curve of virus, the critical pathogenic concentration
of microbial pathogen is another one of most important parameter to determine the infection area and
space.
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The natural wind velocity field is simulated by
the improved method of weighted amplitude wave
superposition with FFT. It is found that the simulation curve of natural wind speed is credible, feasibility and applicability.
The simulation of the microbial contamination
diffusion around buildings is studied for the average
and natural wind field conditions. It is found that the
contamination area depends mainly on the growth
curve of virus in the average and natural wind field
conditions. The virus particles are dispersed faster
and further in the downstream area in natural wind
field than those in the average wind field. This suggests that the consideration of natural wind is necessary when the outdoor transportation of virus is studied. The present model is important to control the
spread of airborne disease virus and to establish virus-alarm system and evacuation plan in urban areas.
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icals, and atmospheric deposition [1, 2]. Of all phytoremediation technologies, phytoextraction is the
most commonly recognized approach of removing
heavy metals from contaminated soils [3, 4]. However, phytoextraction is often slower than conventional chemical and physical technologies, because
of the small biomass yields of hyperaccumulator
plants or the poor capacity of non-hyperaccumulator
plants to take up metals [5]. Several practices have
been suggested to break through the limitation of
phytoextraction technology application, such as enriching atmospheric carbon dioxide (CO2) to enhance the biomass of hyperaccumulator plants, use
of rhizosphere microbes to increase bioavailability
of metals in soils, and other agronomic practices [6,
7].
The use of rhizosphere microbes such as
Trichoderma in phytoextraction of heavy-metalcontaminated soils has attracted much attention [8].
Trichoderma fungi are opportunistic, avirulent plant
symbionts found in both natural and agricultural
soils, including heavy-metal-contaminated sites.
Trichoderma fungi can colonize plant roots and consequently may provide an essential contribution to
plant growth by improving mineral nutrition and enhancing plant tolerance to stress [9]. Furthermore,
Trichoderma fungi also affect metal uptake by plants
from soil and translocation from root to shoot [3].
This indicates that there may be some Trichoderma
fungal species tolerant to Zn and suggests their potential use in phytoremediation.
Elevated atmospheric CO2 increases root
growth and, therefore, alters the microbial population, community structure, and activity of soil- and
rhizosphere- associated microorganisms [10]. Microorganisms are the driving force of nutrient supply
in soils and affect heavy metal uptake by plants
growing in elevated atmospheric CO2. Increase in
heavy metal concentrations can cause a gradual
change in viability and even disappearance of some
soil microorganisms at high levels, suggesting a negative effect on microorganisms [11]. By contrast, elevated CO2 can compensate for loss of more sensitive populations in soils, showing a positive influ-

ABSTRACT
Effects of inoculation with Trichoderma
asperellum and elevated ambient carbon dioxide
(CO2) were evaluated for their effects on plant
growth promotion and zinc (Zn) uptake by Lolium
mutiflorum grown in Zn-contaminated soils. The impacts of Trichoderma inoculum and elevated ambient CO2 on Zn availability, microbial biomass carbon and nitrogen in rhizosphere soils of L. mutiflorum were also investigated. Results showed that
Trichoderma inoculation and elevated ambient CO2,
in combination or alone, significantly promoted production of plant biomass dry weight by 14.8%±
58.8% and total Zn uptake by 6.91%±111% compared with the control, with increased microbial biomass carbon and nitrogen, and decreased soil pH in
the rhizosphere soils. Also, the bioavailable Zn concentrations in the rhizosphere under elevated ambient CO2 and Trichoderma inoculum treatments were
increased by 13.1%±35.0%, indicating that there was
more available Zn for plant uptake under elevated
ambient CO2 and with Trichoderma inoculation. Results suggested that acidulated rhizosphere, enhanced microbial activity, and increased Zn availability may contributed to the efficiency of Zn accumulation in plants under elevated ambient CO2 and
Trichoderma inocula. Thus, Trichoderma inocula
and elevated ambient CO2 may be exploited for promoting plant biomass production and Zn phytoextraction in Zn-contaminated soil.

KEYWORDS:
Elevated ambient CO2, Microbial biomass, Phytoextraction, Trichoderma inoculum, Zn availability

INTRODUCTION
Zinc (Zn) has become a common environmental contaminant produced by both human and natural
activities such as sewage irrigation and sewage
sludge, livestock manures, fertilizers and agrochem-
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per pot after germination.
For inoculum preparation, strain C3 was grown
on PDA slants at 30°C for 3 days, and conidia were
harvested from the PDA surface using sterile distilled water. Spore suspensions (3.5×10 6 spores
mLí1) were sprayed on the soil surface around the
rhizosphere 2 weeks after seedling emergence. The
control plants were treated in the same way, but with
deionized water only.
Pots (with each having three replicates) were
placed into six open-top chambers, as described by
Song et al. [7]. Three of the chambers were used as
controls (ambient CO2  ȝ/ /í1), and the other
three were ventilated with double (elevated CO2, 860
ȝ/ /í1) air. Pots were switched randomly among
chambers with the same CO2 concentration every 7
days and placed randomly in the open-top chambers.
After 79 days of growth, plants were removed
from the pots. Root systems were carefully removed
from soil by hand, and the soil that remained adhered
to the roots after gentle shaking was sampled as rhizosphere soil by a previously described procedure
[16]. The rhizosphere soils were scratched from root
systems, collected, and stored at 4°C. Shoot and root
samples were dried at 70°C for 48 h, weighed, and
then pulverized. Zn concentration in plant subsamples was determined with inductively coupled
plasma mass spectrometry (7500a, Agilent, Arcade,
NY, USA). The quality control included blanks and
certified samples (GBW10016) with each batch of
samples.
Microbial biomass carbon (MBC) and nitrogen
(MBN) in the rhizosphere soil were measured with
the chloroform fumigation±extraction method [17,
18]. The pH of rhizosphere soil was measured using
a 1:2.5 soil to water ratio using a pH meter. The bioavailable concentrations of Zn in the rhizosphere
soils were determined with diffusive gradients in
thin films (DGT) devices (DGT Research Ltd., Lancaster, UK) [19].
Statistical analyses were conducted with analysis of variance using DPS 9.5 statistical software
[20]. Means of significant differences were separated using the least significant difference (p<0.05).

ence. In a previous study, we found that the combination of Trichoderma inoculum and elevated CO2
had more effect on metal uptake by plants than did
individual treatments [3]. However, we were unsure
whether this was a common phenomenon or not, and
the variety of chemical, biological, and microbiological changes occurring in the rhizosphere soil have
not yet been fully elucidated.
The objective of this study was to investigate
the effects of Trichoderma inoculation and elevated
atmospheric CO2 either alone or in combination on:
(1) plant growth; (2) Zn uptake and accumulation in
Lolium mutiflorum; and (3) pH, Zn bioavailability,
and microbial biomass in the rhizosphere of L. mutiflorum. The results may help us to better understand
the key aspects of Zn uptake by L. mutiflorum and
optimize management practices for maximum Zn
phytoextraction.

MATERIALS AND METHODS
Top soils (0±20cm) (sandy loam) for the pot experiments were collected from a long-term farmland
in a suburban area of Guangzhou, P. R. China. Determination of the physical and chemical properties
of the soils followed the methods of Tang et al. [12].
The basic properties of the soils were: pH (1:2.5,
w/v, water) 6.32; organic matter 27.3 g kgí1; and cation exchange capacity 17.1 cmol kgí1. Soils with
three levels of Zn were prepared: no added Zn (112
mg Zn kgí1), and zinc chloride (ZnCl2) added to give
238 and 475 mg Zn kgí1. Soils were sieved to pass a
3-mm mild sieve and kept in the dark before use.
L. mutiflorum seeds were obtained from Beijing Feng-Nen Agriculture Technology Limited
Company, P. R. China. Trichoderma asperellum C3
was isolated from a heavy-metal-contaminated soil
[7]. The fungi was identified by molecular characterization techniques as described by Demir et al. [13]
and Iskender et al. [14], and sequence data were deposited in GenBank under the accession number
JF718785. Strain C3 was tested and shown to be tolerant to 1250 mg Zn2+ Lí1. The C3 cultures were
maintained on slants of potato dextrose agar (PDA)
at 4°C [15].
The experiment consisted of three Zn levels
(112, 238, and 475 mg kgí1) and four treatments:
control (CK), Trichoderma inoculum (T), elevated
CO2 (E), and Trichoderma inoculum + elevated CO2
(T+E). Each treatment was carried out in triplicate.
The soil was then fertilized with 200 mg N kgí1,
100 mg P kgí1, and 200 mg K kgí1, watered to maximum water holding capacity, and subsequently allowed to equilibrate for 2 more weeks before 1.5 kg
of dry soil was placed in each plastic pot (1 L). L.
mutiflorum seeds were surface-sterilized with 0.5%
NaClO and subsequently washed several times with
distilled water. Six surface-sterilized seeds were
placed in each pot at 2 cm depth and thinned to three

RESULTS AND DISCUSSION
Fig. 1 shows the shoot and root biomass of L.
mutiflorum on a dry-weight basis. Regardless of CO2
treatment, the results showed that plants inoculated
with strain C3 produced higher dry shoot and root
biomass than the non-inoculated plants. All plants
exhibited higher dry weight biomass at elevated CO2
than at ambient CO2, with dry weight increases ranging from 14.8% to 24.1% for shoots and 17.9% to
37.4% for roots. For the same Zn level, compared
with the control, elevated CO2 and fungal inoculation, alone and in combination, increased the bio-
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magnitudes of the increases in biomass were 37.4,
39.2, and 57.9% of shoots, and 58.8%, 51.8%, and
56.4% of roots at the Zn levels of 112, 238, and 475
mg kgí1, respectively.

mass production of plants grown at all the three levels of Zn-contaminated soil, with the order of T+E >
T~E > CK. Plant growth was stimulated more under
conditions of Trichoderma inoculation and elevated
CO2 in combination than under the control, and the

FIGURE 1
Dry weight of plant shoots and roots

FIGURE 2
Zinc (Zn) concentration in plant shoots and roots

FIGURE 3
Total zinc (Zn) uptake in plant shoots and roots
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directly link plants to soil, increasing the solubilization of heavy metals while promoting plant growth
and reducing metal toxicity [22, 23]. Babu et al. [24]
described a heavy-metal-tolerant fungus, Trichoderma virens PDR-28, which exhibited plantgrowth-promoting traits, including 1-aminocyclopropane-1-carboxylic acid deaminase, acid phosphatase, and phytase activity, siderophore production,
and P solubilization, which would be beneficial for
remediation and plant biomass crop production on
mine tailing soil. Compared with just Trichoderma
inoculation or elevated CO2 treatment, the combined
treatments caused a greater plant biomass and Zn accumulation, which was in agreement with our previous study [3]. Elevated CO2 not only increased the
aboveground biomass of plants, but also increased
the production of organic compounds in the aboveand belowground parts of the plant system, and then
induced rhizosphere soil microbial communities, including the Trichoderma inoculum, causing a promotional effect. Combined Trichoderma inoculation
and elevated CO2 treatment had a positive effect on
metal uptake by plants grown in heavy-metal-contaminated soils, suggesting a better way to improve
phytoextraction efficiency.
The microbial biomass carbon and nitrogen
(MBC and MBN) in the rhizosphere soils are shown
in Fig. 4. Regardless of CO2 concentration and fungal inoculation treatment, MBC and MBN were decreased significantly with increasing Zn concentration in soils. For the same Zn level, significant differences in MBC and MBN were observed, with the
order of T+E >T ~E > CK (Fig. 4). MBC and MBN
were improved more under conditions of Trichoderma inoculation and elevated CO2 in combination
than alone, and the magnitudes of increase were
37.9%, 43.4%, and 48.0% for MBC and 49.2%,
57.1%, and 56.1% for MBN at Zn levels of 112, 238,
and 475 mg kgí1, respectively. Rhizosphere microorganisms play an important role in major processes
related to plant growth and uptake of metals, and any

The ability of L. mutiflorum to uptake and accumulate Zn under conditions of Trichoderma inoculation and elevated CO2 is shown in Fig. 2. Regardless of CO2 concentration and fungal inoculation
treatment, shoot and root Zn concentrations were increased significantly with increasing Zn concentration in soils. For the same Zn level, significant differences in Zn concentrations were observed in the
shoots and roots under different treatments, with the
order of T> E+T > CK > E. Compared with ambient
CO2, elevated CO2 decreased the Zn concentrations
in shoots and roots by a degree of 5.51%±10.4% for
the shoots and 5.79%±19.7% for the roots. Regardless of CO2 concentration, L. mutiflorum significantly increased Zn concentrations in shoots and
roots, compared with the non-inoculated treatment.
The maximum Zn concentrations were 259, 889, and
1379 mg kgí1 in shoots and 526, 1551, and 3050 mg
kgí1 in roots at Zn levels of 112, 238, and 475 mg
kgí1, respectively.
Fig. 3 shows the amount of Zn accumulated in
the shoots and roots of L. mutiflorum. At the same
Zn level, compared with the control, the amount of
Zn accumulated was increased under Trichoderma
inoculum and elevated CO2, alone and in combination. For the same soil Zn level, elevated CO2 and
fungal inoculation, either singly or in combination,
increased the Zn accumulation by 6.91%±90.1% for
the shoots and 15.3%±111% for the roots. The maximum total Zn accumulation occurred with the combined Trichoderma inoculum and elevated CO2
treatment, with 1.35, 4.26, and 4.27 mg per pot in
shoots and 1.55, 3.48, and 4.66 mg per pot in roots
at Zn levels of 112, 238, and 475 mg kg-1, respectively.
Plants, whose roots are colonized by Trichoderma species can have greater plant biomass production as well as uptake of heavy metals [9], similar
to the response triggered by non-pathogenic rhizobacteria and arbuscular mycorrhizal fungi fungi
[21]. Previous studies have shown that Trichoderma

FIGURE 4
Soil microbial biomass carbon (C) and nitrogen (N) in the rhizosphere soils
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FIGURE 5
The values of pH and DGT-measured Zn concentrations in rhizosphere soils
kgí1, respectively. Effective phytoextraction depends mainly on the bioavailability of heavy metals
in soils and on the plant itself and the interaction of
plant roots with microbes [26]. Plant roots and soil
microbes and their interaction can improve metal bioavailability in the rhizosphere by reducing soil pH,
releasing chelators, or redox changes [27]. Many
species of soil fungi including Trichoderma are able
to cause acidification of the environment and the release of chelating compounds of organic acids,
which help to increase the mobility of heavy metals,
thus contributing positively to phytoremediation of
contaminated soil [28].

variation in abundance or diversity of microorganisms may affect plant growth and metal uptake [13].
This study clearly demonstrated that Trichoderma
inoculation and elevated CO2 significantly increased
the MBC and MBN in the rhizosphere soils (Fig. 5).
The application of fungal inocula and elevated CO2
might affect the microbial community in many ways.
Our previous research demonstrated that exotic fungal inoculation and elevated CO2 has a beneficial effect on plant root growth and root morphological
traits [3,7]. The Trichoderma species usually has a
significant stimulatory effect on particular microbial
groups such as Lactobacillus spp. and photosynthetic bacteria in the rhizosphere [25]. The interaction between Trichoderma inocula and the associated microbial community under elevated CO2 needs
thorough investigation in the future.
Fig. 5 shows the effects of elevated CO2 and
fungal inoculation on pH values and DGT-measured
bioavailable Zn concentrations in rhizosphere soils
with different Zn levels. The pH values of all treatments decreased when compared with the initial pH.
For the same Zn level, the pH values decreased in
treatment T by 0.05±0.06, treatment E by 0.01±0.04,
and treatment T+E by 0.06±0.07 when compared
with the control treatment (CK). DGT-measured Zn
concentrations showed a trend proportional with increasing Zn concentration in the soil, regardless of
fungal inoculation and CO2 concentration. For the
same Zn level, elevated CO2 and fungal inoculation,
either singly or in combination, increased the DGTmeasured Zn concentrations in the rhizosphere soils
of L. multiflorum, with combined treatments having
the greatest impact on metal bioavailability. DGTmeasured bioavailable Zn concentrations increased
in treatment T by 15.1%±21.6%, in treatment E by
13.1%±18.4%, and in treatment T+E by 27.6%±
35.0%, respectively. Rhizosphere soils of L. multiflorum had the highest ZnDGT at 17.6, 34.7, and 44.8
ȝJ /í1 in the fungal inoculation plus elevated CO2
treatment at the Zn levels of 112, 238, and 475 mg

CONCLUSION
The present work demonstrated that Trichoderma inoculum and elevated ambient CO2, alone or
combination, resulted in higher plant biomass and Zn
accumulation by L. mutiflorum. Additionally, the results clearly show that the application of Trichoderma inoculum and elevated ambient CO2 led to a
reduction in pH, and a significant increase in microbial biomass and Zn availability in the rhizosphere,
consequently increasing the total Zn uptake of
plants, and, thus, contributed to improved phytoextraction efficiency. A further understanding of the relationship between energy-producing plants and
heavy-metal-resistant and plant-growth-promoting
bacteria is a critical prerequisite for effective energy
plant biomass production and phytoremediation of
heavy-metal-contaminated soils in natural ecosystems.
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molecular weight organic acids, carbohydrates and
enzymes to solubilize "unavailable" forms of heavy
metal-bearing minerals [3, 4]. In a study by Wu et al.
[5], it was noted that the inoculation of bacteria significantly increased fractions of DTPA-extractable,
HOAc-soluble and water-soluble heavy metals (Zn,
Cu and Cd). This change in heavy metal speciation
and bioavailability may be related to the decrease in
soil pH due to the secretion of protons, amino acids
and organic acids through the metabolic activities of
bacteria. In another study conducted by Kurek et al.
[6], a decrease in the amount of Cd extracted with
water and with 0.25 M CaCl2 was observed following inoculation of bacteria. Following an investigation into the release of Cr and Pb in soil solution after
the inoculation of various plant growth-promoting
bacteria (PGPB), Braud et al. [7] reported that the
siderophores-producing PGPB,    
 was able to solubilize large amounts of Cr
and Pb in soil solution. However, the mechanisms
and adsorption kinetics are still poorly understood
with regard to how these two processes (release and
adsorption) affect heavy metal bioavailability in soil
measured by either conventional active sampling
methods or passive sampling methods.
There are several techniques available which
provide valuable information for predicting heavy
metal availability in plants; however, these techniques all have limitations [8, 9, 10]. One of these
techniques is diffusive gradients in thin films (DGT)
[11]. DGT is considered an effective tool for measuring labile species of trace metals in natural soil and
sediments in situ. Despite a wealth of theoretical and
practical research related to the application of DGT
for the measurement of heavy metal fluxes in different contaminated media, some problems still remain
unaddressed including knowledge on the effect of
microorganism populations, either due to addition or
multiplication in natural contaminated soil, on heavy
metal fluxes [11].
DGT devices often consist of two components,
a diffusive layer and a binding phase, mounted in a
plastic sampling device with an opening exposed to
the sampling medium. The first component is easily
affected by native microorganisms when measuring

The developed diffusive gradients in thin films
(DGT) devices with two binding phases of conventional Chelex 100 resin and an aqueous solution of
polyacrylic acid sodium (PAAS) have been demonstrated to be useful tools for predicting the bioavailability of heavy metals in plants. However, whether
various microbial activities affect the results of DGT
with different binding phases is unclear. Experiments were conducted on both sterilized and nonsterilized soil under various soil water and microorganism inoculation conditions to compare heavy
metal fluxes in natural contaminated soil measured
by the two devices with different binding phases.
Our results showed that the labile metal fluxes measured by PAAS DGT and Chelex 100 DGT were significantly different, but the variation trends were
similar. The heavy metal fluxes measured by both
DGT devices showed very little variation under conditions of non-sterilized and water-amended natural
contaminated soil, indicating that native microorganisms in the soil alone had very little influence on the
DGT results. In contrast, when the soil was inoculated with   sp. and   sp., the
heavy metal fluxes measured by DGT increased in
all cases, indicating the potential impact of exogenous microorganisms in the tested soil on metal behavior. 


)' "#
binding phases, diffusive gradients in thin films (DGT),
heavy metal bioavailability, microorganisms

$" %$ 
Soil microorganisms, especially plant-associated bacteria, can potentially affect heavy metal and
nutrient phytoavailability by altering their solubility,
availability, and transport by reducing soil pH, the
release of chelators, phosphorus (P) solubilization,
or redox changes [1, 2]. It is now known that they
can secrete various organic compounds such as low-
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labile species of trace metals in water and sediments
in situ. However, little research has been carried out
on the effects of microorganisms on diffusive layers.
The development of new diffusive layers with antibacterial activity has received attention in recent
years [12]. The other component, the binding phase,
deserves special attention due to its close relationship with measured analytes. In general, two types of
binding phases have been developed to date, and
thus DGT devices are divided into two types. One is
a solid binding phase, and includes conventional
Chelex 100 resin embedded polyacrylamide hydrogel (Chelex), poly (acrylamide-co-acrylic acid)
(PAM-PAA) gel, and poly (acrylamidoglycolic acidco-acrylamide) (PAAG-PAM) gel. The other is a solution binding phase, such as poly(4-styrenesulfonate) (PSS) and polyacrylic acid sodium (PAAS)
aqueous solution. Both binding phases have advantages and disadvantages [12]. Therefore, there is
a need to develop new binding phases with better
binding capacity.
Regardless of the type of DGT layer and binding phase, further development of DGT has been and
is still a work in progress. Despite the fact that the
conventional chelating cation exchanger Chelex 100
has been replaced with PAAS aqueous solution to
make the measurement of target analytes easier, both
need to be characterized with respect to the effects of
microorganisms on the measured results under all
scenarios to ensure that the measurement of heavy
metal bioavailability by DGT is realistic and reliable.
In the present study, experiments were conducted to
investigate the effect of the inoculation of native soil
microflora,   sp. and  sp. on
heavy metal fluxes in both sterilized and non-sterilized soil measured using two types of DGT devices
with two different binding phases under the scenarios of water and nutrient addition or microbe multiplication. The results may be used to guide better use
of the two types of DGT to measure heavy metal bioavailability and predict the bioavailability of heavy
metals in plants in natural contaminated soil.

Various treatments of sterilized and non-sterilized soil were run using the same inoculation procedure as follows: (A) Soil + water, (B) Soil + nutrients, (C) Soil + bacteria/fungus + nutrients. Soil
without bacteria/fungus served as a control. All analyses were performance in triplicate.
   sp. (accession number in Genbank: JF807950) and   sp. (accession
number in Genbank: JF807949) were isolated from
the heavy metal contaminated soil mentioned above.
To active   sp., a sterilized nutrient medium was used: mannitol 10 g L-1, (NH4)2SO4 2 g L1
, tryptone 2 g L-1, MgSO4·7H2O 1 g L-1, K2HPO4 1
g L-1, FeSO4·7H2O 0.01 g L-1, and MnSO4·7H2O 0.2
g L-1. The bacteria were incubated for 2 days at 30
in the medium as described above. The culture was
centrifuged at 6,000 g for 10 min, and the cells were
washed twice with deionized distilled water and resuspended in deionized distilled water or in filtersterilized spent medium. The bacterial cells were
then transferred into soil and mixed well, and the final population was 3.0×108 cells g-1 (wet weight).
To propagate   sp., 0.4 g of mycelium was added to a sterilized sealed vial containing
8 g bagasse, in addition to an aliquot of Wunder medium [13]. After incubation in the dark for 3 days at
30, the fungal mycelium grown on bagasse was
added to approximately 120 g soil. To stimulate microbial growth in the non-sterilized soil, three types
of culture media were used: nutrient agar, potatodextrose agar, and Czapek agar. These media stimulated the growth of bacteria, fungus and actinomycetes, respectively [14]. All treated and control soils
were incubated for 14 days at 30 under aerobic
conditions with moisture maintained at 80% of water-holding capacity. Each treatment throughout this
study was performed in triplicate and each experiment was run three times.
In this study, Chelex 100 polyacrylamide gel
and PAAS aqueous solution were used as the binding
phases in DGT analysis. The DGT devices employing the solid binding phase Chelex 100 were assembled using the conventional piston design with a 2.56
cm2 exposure area (DGT Research Ltd., Lancaster,
UK). The solution binding phase DGT devices were
prepared using a special design by clamping a pretreated diffusive layer on a plastic tube filled with 2.0
ml 0.003 M PAAS solution [15]. The thickness and
exposure area of the diffusive membrane were
0.0085 cm and 3.14 cm2, respectively.
Heavy metal fluxes were evaluated by DGT.
The DGT units were placed on the surface of the
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The soil used in this study was collected from a
contaminated site in Guangxi Zhuang Autonomous
Region. The soil was air-dried, homogenized and
characterized before treatment. The soil, which was
a sandy, silt loam (FAO classification), was passed
through a 2-mm sieve prior to use. The characteristics of the soil are shown in Table 1.

$ 
1*9*,;.92:;2,:7/;1.:724<:.-26;12::;<-?
Composition%
sand
silt
clay
59.2
2.9
17.9

pH

CEC
(cmol kg-1)

OM
(g kg-1)

TN
(g kg-1)

TH
(g kg-1)

TS
(g kg-1)

6.12

4.66

11.89

1.88

9.72

0.83
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Total Metals (mg kg-1)
Cu
Cd
Pb
71.09
92.45
2096
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the soil solution and the DGT device. The container
was loosely covered with a lid. After maintaining the
incubator temperature at 30 ± 0.1, the DGT units
were retrieved from the soil every two days and
rinsed with deionized water water to eliminate all
soil particles adhered to the filter membrane. Metal
analysis was performed using inductively coupled
plasma mass spectrometry. Three devices were randomly selected and stored in the laboratory (< 4ºC)
as blanks, and were analyzed simultaneously with
the DGT devices from the same batch that were exposed to analyte solution. DGT sample blanks were
collected for each laboratory experiment and for
each set of triplicate DGT devices deployed in the
field. The DGT sample blanks were transported and
handled in the same way as DGT devices that were
deployed; however they were not exposed to analyte
solutions.
All data were analyzed using one-way analysis
of variance (ANOVA), at the 0.005 significance
level, using three replicates (n=3). Statistical analysis was performed using the SPSS software program
(SPSS Inc., Chicago, IL, USA, version 16.0).

heavy metal solubilization in contaminated soil [2,
17]. Short-term experiments indicated that an increase in the number of microbial cells in soil resulted in a significant increase in Cd solubilization
[18].
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Compared to the activation of native microorganisms in the soil following water or nutrient addition, inoculation with microorganisms isolated from
other sources may also affect the soil pH and heavy
metal fluxes in contaminated soil. Amezcua-Allieri
et al. [13] reported that soil pH decreased subsequent
to fungi incubation in the absence of culture media,
and the reduction in pH value would be expected to
solubilize heavy metals and make them more DGTavailable and soluble. This process may be attributed
to the secretion of protons, amino acids and organic
acids due to the metabolic activities of microorganisms. Our previous investigation showed that
  sp. D54 inoculation significantly decreased the pH value of the solution compared with
the controls in the solubilizing heavy metal binding
minerals experiment [19]. The decrease in soil pH
may be reflected by DGT results.
Figure 2, 3 and 4 show the effect of microorganism inoculation in association with water and nutrient addition on the flux values of Cu, Cd and Pb in
both sterilized and non-sterilized soil. There was a
significant difference between PAAS DGT and
Chelex 100 DGT measurement of labile heavy metal
fluxes in all cases, but the variation in trends was
similar. These findings suggest that PAAS DGT and
Chelex 100 DGT devices can be used to measure labile heavy metal fluxes. The labile heavy metal
fluxes measured by PAAS DGT were markedly different from those measured by Chelex 100 DGT,
suggesting that the DGT labile heavy metal fractions
were dependent on the binding strength of the binding phase. However, these results require further investigation in other soils to determine the environmental significance of these different DGT measurements.

%" 
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Figure 1 shows the effect of microorganism inoculation in association with water and nutrient addition on soil pH changes in both sterilized and nonsterilized soil. The initial pH of the soil collected
from the field was approximately 6.12. Soil pH decreased after bacterial and fungal inoculation in all
cases. The magnitude of the decrease in pH was up
to 0.39 and 0.48 units following    sp.
and   sp. inoculation, respectively, compared to the control. The pH was lower in the 
sp. inoculated soil than in the   
sp. inoculated soil under similar conditions of water
or nutrient addition. The maximum decrease in pH
occurred in the non-sterilized, nutrient-amended
soil, with a pH of 5.98 and 5.79 for the  
sp. and  sp. inoculation treatment, respectively.
In the control, water addition had very little effect on the pH of both sterilized and non-sterilized
soil, but nutrient addition decreased the pH value.
There was no significant difference between nonsterilized and sterilized soil in the control regardless
of water or nutrient addition. Following the addition
of bacteria and fungus, the pH tended to decrease
with either water or nutrient addition in non-sterilized soil compared with sterilized soil. Indigenous
microorganisms may survive in contaminated soil in
low numbers and subsequently grow to high levels
in favorable conditions. It is now known that alterations in environmental factors, such as sufficient water and the addition of nutrients, affect the growth
and reproduction of these native microbes in soil
[16]. This may result in changes in soil pH and affect
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starch to non-sterile soil reduced the concentration of
Cd in the 0.25 M CaCl2 extracts. When using DGT
to measure the bioavailability of heavy metals, more
attention should be paid to the level of nutrition in
the soil.
The addition of either   sp. or
  sp. significantly increased DGT-measured Cu, Cd and Pb fluxes in the soil during the time
course compared to control treatments of microorganism inoculation (Fig. 2(b-c), Fig. 3(b-c), Fig. 4(bc)). Prior to inoculation, the DGT (Chelex 100) flux
values (pg cm-2s-1) of Cu , Cd, and Pb were 0.5 for
Cu, 11 for Cd and 40 for Pb and increased by at least
2-fold after bacterial inoculation in sterilized soil.
The increased magnitude of DGT-measured Cu, Cd
and Pb fluxes in the soil were much higher in the nutrient-amended soil than in the pure water added soil.
It should be noted that the non-sterilized soil had
higher DGT-measured Cu, Cd and Pb fluxes than the
sterilized soil under conditions of either water or nutrient addition, suggesting that there may be a costimulation mechanism that favors the growth of
both indigenous or inoculated microorganisms, and
may affect the DGT-measured fluxes. Under the
same conditions, Amezcua-Allieri et al. [22] reported that the highest heavy metal fluxes were observed in non-sterilized soil (which included autoch-

In the control following microorganism inoculation, the initial Chelex 100 DGT measured flux
values (pg cm-2s-1) showed the following order: 0.5
for Cu, 11 for Cd, 40 on the first day, whereas the
PAAS DGT measured flux values were 1.7, 70, and
100 for Cu, Cd, and Pb, respectively (Fig. 2(a), Fig.
3(a), and Fig. 4(a)). Water addition had very little effect on the heavy metal fluxes in both sterilized and
non-sterilized soil with time. Nutrient addition had
little effect on the Cu, Cd and Pb fluxes in sterilized
soil during the experimental period. In contrast, the
addition of nutrients to non-sterilized soil significantly increased the Cu, Cd and Pb fluxes in the soil
during the time course compared with the other treatments (Fig. 2(a), Fig. 3(a), and Fig. 4(a)), suggesting
that nutrient addition may stimulate the growth of indigenous microorganisms, and as a result, this process may affect the heavy metal fluxes measured by
DGT. In the soil environment, most microorganisms
exhibit a rapid response in the presence of high nutrient levels, but poor growth in low-nutrient habitats
[20, 21]. These microorganisms may be involved in
immobilization and mobilization of the exchangeable fraction of heavy metals, which affects the results
of heavy metal bioavailability measured by either
conventional active sampling methods or passive
sampling methods. Data show that the addition of
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thonous microorganisms and    inoculum, suggesting synergistic behavior) with added
water and nutrients over the experimental period,
and the heavy metal concentration in the soil solution
increased. These findings indicate that the interference of inoculated microorganisms requires further
attention when using DGT to measure heavy metal
fluxes, and the related mechanism also requires further study. It is worth noting that  sp. had
a greater influence on DGT-measured Cu, Cd and Pb
fluxes in the soil than    sp.and the
heavy metal flux in the soil inoculated with 
sp. was approximately one-fold higher than that
in soil inoculated with   sp.
  is widespread in nature, and is
able to solubilize unavailable forms of heavy metalbearing minerals by excreting organic acids [23, 24].
Fungi have a high ability to tolerate and detoxify
heavy metals using several mechanisms, including
valence transformation, and both extracellular and
intracellular precipitation. The high surface area to
volume ratio of fungi and their ability to detoxify
heavy metals and compete with the indigenous bacterial microflora in difficult situations are among the
reasons why they are adopted for remediation of contaminated soil [2]. Some species of heterotrophic
fungi, such as  shave shown potential in
improving phytoremediation in metal-contaminated
soil. It was reported that the bioremediation of soil
by   increased the flux, lability and mobility of Cu, Pb, and Ni in the soil solution which
made them more DGT-available [13]. Based on the
above-mentioned data, the propagation of two microorganisms may cause potential interference when
the DGT device is used in soil.
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Qingdao Applied Basic Research Project (grant
number 17-1-1-48-jch) and the Research Foundation
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Our results suggest that the DGT-measured
heavy metal fluxes in non-sterilized and wateramended soil changed little with soil water variation,
indicating that the DGT technique was realistic and
reliable in measuring heavy metal fluxes in soil. It
was also found that microbial activity significantly
affected heavy metal fluxes measured using DGT
following the addition of nutrients. DGT is an effective tool for measuring labile species of trace metals
in natural soil and sediments in situ; however, for the
optimal choice, it is essential to conduct further studies on the effect of microorganisms on DGT-measured heavy metal fluxes in other soils. This may
make use of the DGT technique more reliable in predicting metal availability in plants.
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fold increase during the 20-year period between
1996 and 2016 [1]. Herbicide-tolerant soybeans were
the dominant GM crop and about 78% soybeans was
biotech crops [1]. China, the ancestral home of soybeans, has not permitted the commercial planting of
GM soybeans. Soybean is an important crop in
China, the largest consumer of edible soybean. Research and cultivation of herbicide-tolerant soybeans
are included in a major Chinese research project [2].
With increasing attention to soil quality, there
is concern about potential adverse effects of the commercial cultivation of genetically engineered crops
on soil quality [3]. To evaluate soil quality, bioindicators are a valuable tool to provide information
about soil biological properties and processes [4].
Soil nematodes are the most abundant of the Metazoa, perform important functions within the soil food
web, and are useful bioindicators of soil quality [5].
Soil nematode communities are described using
abundance, species and trophic groups of nematodes.
Ecological indices calculated from relative abundances of different soil nematode groups describe
the properties of soil nematode communities. Community ecology analytical methods have also been
applied to soil nematode research. For example, nonmetric multi-dimensional scaling analysis (nMDS)
results compares differences in nematode community structure [6]. Canonical correlation analysis
(CCA) or redundancy analysis (RDA) was used to
study the relationship between soil environmental
characteristics and nematode communities [7-8].
Soil nematodes have been widely used to assess soil
quality under different soil ecosystems [7, 9].
Soil nematodes have been used to evaluate the
environmental effects of genetically-engineered
crops, especially insect-resistant Bt crops [10]. A
previous study showed that Cyt proteins, toxic to
dipteran insects, significantly affected soil ecosystems [11]. As the proteins expressed were not considered to be toxic [12], few studies have been done
on the effects of herbicide-tolerant crops on soil
nematodes. Recent research indicated that the cp4
epsps genes (the transgenic DNA of herbicide tolerant crops) could exist in soil ecosystems for a long
time and have effects on nematodes [13].
In this pot culture experiment, we evaluate the

ABSTRACT
Nematodes are increasingly used as bioindicators to evaluate the dynamics of soil quality in
cropland under different agricultural managements,
including planting of genetically modified (GM)
crops. A pot culture experiment was conducted to
study the responses of soil nematode communities to
herbicide-tolerant GM soybean GTS 40-3-2 (GTS)
and conventional soybean Zhonghuang 13 (Z13).
Nematode ecological indices and nematode community structure analyses were used to assess differences between treatments. Thirty soil nematode genera belonging to nine functional guilds were identified in the pot experiment. Significant differences regarding the relative abundances of bacterivores, fungivores and the values of nematode channel ratio
(NCR) were observed between GM and non-GM
soybean varieties. Some nematode trophic groups
and ecological indices were transiently significantly
different between GM and non-GM treatments.
Compared with the differences between sampling
times, these transient differences were relatively
small. From nematode faunal analysis, soil food
webs were trending towards stable composition and
increasing similarity between treatments with progressive duration of the pot experiment. Nematode
community structure analysis indicated nematode
genus composition differed by sampling time and
soybean variety. The fungivore genus Aphelenchoides, plant parasite genus Heterodera and bacterivore genera Eucephalobus and Mesorhabditis were
the main genera contributing to the differences between Z13 and GTS treatments.

KEYWORDS
Soil nematode, Herbicide tolerant soybean, Ecological indices, Nematode community structure analysis

INTRODUCTION
In 2016, the global commercial planting area of
genetically modified (GM) crops reached 185.1 million hectares. This marked an unprecedented 110-
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instead of funnels for 48 h. Collected nematodes
were heat-killed at 60 °C, preserved in 4% formaldehyde [14], and counted using a dissecting microscope (40×, SMZ800, Nikon, Japan), then expressed
as number of nematodes per 100 g dry soil. At least
150 nematodes from each sample were identified to
genus level [15-16], using an inverted compound microscope (100× and 400×, Eclipse, TS100, Nikon).
The nematodes were classified into the following
trophic groups based on feeding habits (1) plant parasites (PP); (2) bacterivores (Ba); (3) fungivores
(Fu); and (4) omnivore-carnivores (Om-Ca) [17].
1HPDWRGHJHQHUDZHUHDVVLJQHG³F-S´YDOXHVRI±
5, according to their r and k characteristics [18-19].

effects of herbicide tolerant soybeans on soil nematodes. Nematode ecological indices and multivariate
analyses were conducted to quantify the response of
nematode communities to planting of herbicide-tolerant soybeans. Specific nematode species and nematode indices were identified that were sensitive to
herbicide-tolerant soybeans.

MATERIALS AND METHODS
Experimental site. This study was conducted
at the Agro-Environmental Protection institute, Ministry of Agriculture, Tianjin, China (39° 5' 8.28" N,
117° 8' 39.12" E). The region had a temperate continental monsoon climate with a mean annual temperature of 11.6±13.9 °C and an annual precipitation of
360±970 mm. The test soil was taken from the 0-20
cm depth fields of Wuqing Station of the Agro-Environmental Protection Institute, Ministry of Agriculture. The soil was classified as alluvial soil, with
initial basic properties at 0±20 cm depth as follows:
12.23 g kgí1 total organic C (TOC), 0.50 g kgí1 total
N (TN), 0.65 g kgí1 total P (TP), and pH (H2O) 7.3.
Before the test, no genetically-engineered crops had
been planted in this soil.

Ecological index calculation. Nematode communities were characterized by calculating a variety
of ecological indices:
(A) Diversity indices
[1] Shannon-Weaver index: +ƍ = -  Pi (Pi),
where Pi = the proportion of individuals in the ith
taxon.
[2] Trophic diversity index: TD     Pi2,
where Pi = the proportion of the trophic group i in
the total nematode community.
[3] Nematode channel ratio: NCR = B / (B + F),
where B and F = the proportion of bacterivores and
fungivores in the total number of individuals in the
community, respectively [20].
(B) Maturity index [18]
MI, PPI vi fi, where vi = the colonizer-persister (cp) value assigned to genus i, and fi = the frequency of genus i in the community.
[1] MI is the maturity index for free-living nematodes only and all five cp values.
[2] PPI is the maturity index only for plant-parasitic nematodes.
(C) Enrichment index and structure index [5]
[1] Enrichment index: EI = 100 × e / (e + b)
[2] Structure index: SI = 100 × s / (s + b)
b = (Ba2 + Fu2) W2, where W2 = 0.8,
e = (Ba1W1) + (Fu2W2), where W1 = 3.2 and W2
= 0.8,
s = (BanWn) + (CanWn) + (FunWn) + (OmnWn),
where n = 3~5, W3 = 1.8, W4 = 3.2, W5 = 5.0

Experimental design. The soybean plots were
planted in a randomized complete block design.
Based on soybean variety, two treatments, each consisting of 20 pots, were planted in 2011: (1) Zhonghuang13 (Z13), non-GM, conventional and (2) GTS
40-3-2 (GTS), GM, Monsanto, tolerant to glyphosate-containing herbicides. We used plastic pots (upper diameter 20 cm, lower diameter 16 cm, height 23
cm) filled with 5.6 kg mixed soil, sieved through a
2-mm diameter mesh. Pots were buried in the ground
to a depth of 20 cm, to ensure consistency with the
surrounding field environment.
Every pot was planted with five soybean seeds
on May 16, 2012, thinning to three plants in the fourleaf stage. After the first sampling N, P, and K fertilizers, in the form of ammonium sulfate and monobasic potassium phosphate solutions, were applied at
30 mg kgí1 each, respectively. Pesticides were not
applied to any treatments.

Statistical analysis. Repeated-measures ANOVAs were conducted to analyze the change in soil
nematode communities at different sampling times
under Z13 and GTS plantings. Independent-samples
t-tests were used to determine the differences between Z13 and GTS plantings at the same sampling
time. Nematode abundances were ln(x+1) transformed and the relative abundances of trophic
groups were arcsine transformed prior to statistical
analysis. All statistical analyses were performed using SPSS 20.0 statistical software.
The difference in nematode community structure between treatments was analyzed by non-metric
multidimensional scaling (nMDS) and tested by two-

Soil sampling. Soil samples were collected
from each pot at 30, 60 and 90 days after sowing.
Each soil sample was a composite comprising five
pots and each treatment had four replicates. The soil
samples were thoroughly and gently mixed, wearing
gloves, and were passed through a 4.75-mm diameter mesh to remove plant litter. Samples were stored
in individual black plastic bags and transferred to a
4 °C cold room.
Nematode extraction and identification.
Nematodes were extracted from 50 g soil (fresh
weight) by a modified Baermann method using trays
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RESULTS

way crossed ANOSIM. The above two methods
were based on Bray-Curtis similarity matrices. The
relative abundances of nematode genera were square
root transformed to increase the importance of rare
nematode genera. If there were significant differences between Z13 and GTS plantings, similarity
percentages (SIMPER) were calculated to identify
the dominant nematode genera from the groupings
formed by nMDS. The nMDS, ANOSIM, and SIMPER analyses were conducted using PRIMER software (Plymouth Routines In Multivariate Ecological
Research, Version 5.2, PRIMER-E Ltd, Ivybridge,
UK).

Nematode abundances and genera. In this
study, thirty soil nematode genera belonging to nine
functional guilds were identified (Table 1). Among
these genera, Helicotylenchus was the dominant genera (relative abundance > 10%) with relative abundances up to 30% across all treatments. Heterodera
dominated at 30 and 60 days after sowing, while
Eucephalobus dominated at 90 days after sowing.
Relative abundances of Aphelenchoides under GTS
planting were more than 10% at 30 and 60 days after
sowing. At 30 days after sowing, Aphelenchus accounted for about 10% of total nematode abundance
under Z13 and GTS plantings (Table 1).

TABLE 1
Nematode genus composition and relative abundances (%) under GTS and Z13 planting
Relative abundances ( % )
Functional
Genus of soil nematode
2012-06
2012-07
2012-08
guilds
Z13
GTS
Z13
GTS
Z13
GTS
Ba
Acrobeloides
Ba2
1.0
3.6
7.0
2.9
2.0
4.3
Acrobeles
Ba2
0.0
0.0
0.3
0.0
0.0
0.0
Alaimus
Ba4
0.2
0.0
0.0
0.2
2.1
0.3
Cephalobus
Ba2
0.8
0.5
1.3
0.2
1.6
2.2
Cervidellus
Ba2
4.7
2.6
1.1
1.4
2.1
0.7
Chiloplacus
Ba2
0.4
0.6
1.0
1.2
1.6
0.6
Eucephalobus
Ba2
7.0
6.1
3.2
2.0
19.5
12.5
Geomonhystera
Ba2
0.0
0.2
0.4
0.6
0.4
1.8
Mesorhabditis
Ba1
0.8
0.9
2.8
0.2
6.1
3.6
Monhysterida
Ba2
0.0
0.0
0.0
0.0
0.3
0.1
Panagrolaimus
Ba1
0.1
0.4
0.2
0.0
0.5
0.8
Plectus
Ba2
0.7
1.2
1.3
1.3
3.4
2.7
Prismatolaimus
Ba4
0.1
0.2
0.1
1.6
0.7
1.1
Protorhabditis
Ba1
0.0
0.0
0.2
0.0
0.4
0.2
Rhabditis
Ba1
0.0
0.1
0.0
0.0
1.0
0.3
Fu
Aphelenchoides
Fu2
3.9
16.3
4.6
12.9
2.0
6.6
Aphelenchus
Fu2
10.6
9.1
7.7
3.0
4.7
4.4
Ditylenchus
Fu2
1.2
1.0
0.5
0.7
3.1
0.7
PP
Filenchus
PP2
0.5
0.6
0.7
1.4
1.0
1.4
Helicotylenchus
PP3
34.6
33.0
38.1
40.1
33.6
31.4
Heterodera
PP3
13.0
11.7
13.8
14.1
2.2
7.0
Pratylenchus
PP3
2.2
1.2
1.7
0.5
1.5
0.6
Tylenchorhynchus
PP3
3.6
1.1
2.8
2.2
1.0
1.5
Tylenchus
PP2
6.1
4.2
4.9
8.2
5.5
8.6
Om-Ca
Aporcelaimus
Om5
1.2
0.4
1.2
0.5
1.2
0.2
Eudorylaimus
Om4
1.0
0.9
1.6
0.8
1.2
0.6
Mesodorylaimus
Om4
0.0
0.4
0.0
0.3
0.0
0.0
Microdorylaimus
Om4
1.5
0.7
1.2
0.2
0.0
0.0
Mylonchulus
Ca4
0.2
0.1
0.3
1.8
0.6
5.3
Thorneella
Om4
4.4
2.9
2.1
1.6
0.6
0.5
Total nematode taxa
24
26
26
25
27
27
Note: GTS, herbicide tolerant GM soybean GTS 40-3-2; Z13, conventional non-GM soybean Zhonghuang 13. Ba,
bacterivores; Fu, fungivore; PP, plant parasites; Om-Ca, omnivore-carnivores; numbers following the functional
guilds indicate the cp values (Bongers and Bongers, [19]; Ferris et al., [5])
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TABLE 2
Repeated-Measure ANOVA for nematode abundances, trophic groups and ecological indices
under Z13 and GTS planting
F
N
Ba (%)
PP (%)
Fu (%)
Om-Ca (%)
+ƍ
TD
NCR
MI
PPI
EI
SI

Soybean varieties
(df=1)
2.87
12.58*
0.09
7.81*
0.09
1.24
0.28
8.71*
0.01
4.67
0.04
0.24

Sampling time
(df=2)
11.20**
83.20**
28.12**
8.53**
0.69
23.04**
13.03**
26.23**
4.48*
5.36*
2.376
0.31

Soybean varieties × Sampling time
(df=2)
1.75
4.78*
6.14*
1.71
1.98
3.03
3.66
0.58
3.33
1.79
0.41
1.45

Note: N, nematode abundances; Ba, bacterivores; Fu, fungivore; PP, plant parasites; Om-Ca, omnivore-carnivores.
+ƍ, Shannon-Weaver Index; TD, Trophic diversity Index; NCR, Nematode channel ratio; MI, maturity index of
free-living nematodes; PPI, maturity index of plant-parasitic nematodes; EI, Enrichment Index; SI, Structure Index. *, ** indicate significant at P < 0.05 and P < 0.01, respectively.

FIGURE 1
Nematode abundances under Z13 and GTS planting (GTS, herbicide-tolerant GM soybean GTS 40-3-2;
Z13, conventional non-GM soybean Zhonghuang 13; bars indicate SD)
the three sampling times (Global R=0.696,
P=0.001). Pairwise tests showed that the genera
composition changed between 30 and 60 days after
sowing (Pairwise R=0.318, P=0.019), 30 and 90
days after sowing (Pairwise R=0.849, P=0.001), and
60 and 90 days after sowing (Pairwise R=0.818,
P=0.001). Nematode genera composition were significantly different between Z13 and GTS plantings
(Fig. 3b; Global R=0.399, P=0.002). The main genera contributing to the differences between treatments were the fungivore genus Aphelenchoides,
plant parasite genus Heterodera, and bacterivore
genera Eucephalobus and Mesorhabditis.

Nematode abundances changed significantly
with sampling time, first increasing and then decreasing over time (Fig. 1). Sixty days after sowing,
the maximum average nematode abundances under
Z13 and GTS plantings were 909 ± 185 and 1135 ±
92 individuals per 100 g dry soil, respectively (Fig.
1). Ba, bacterivores; Fu, fungivore; PP, plant parasites; Om-Ca, omnivore-carnivores under Z13 and
GTS planting were shown in Figure 2.
Nematode community structure analysis.
nMDS ordination (Fig. 3) showed that nematode genus composition differed by sampling time.
ANOSIM revealed significant differences between
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FIGURE 2
Nematode abundances under Z13 and GTS planting (Ba, bacterivores; Fu,
fungivore; PP, plant parasites; Om-Ca, omnivore-carnivores. * indicates significant at P < 0.05)

Ă

ď

FIGURE 3
Non-metric multidimensional scaling (nMDS) ordination of soil nematode community structure under Z13 and GTS planting (Bray-Curtis similarities for square-root-transformed relative abundances of
nematode genera). Symbols represent (a) different soybean varieties and (b) different sampling times.
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Nematode ecological indices. Significant effects of sampling time were observed for the Shannon-Weaver index (+ƍ), trophic diversity index (TD),
nematode channel ratio (NCR) (all P < 0.01), and
maturity indices (MI and PPI) (P < 0.05; Table 2).
None of the ecological indices tested were affected
by the interaction effects of sampling time × soybean
variety. Only NCR significantly differed between
soybean varieties (P < 0.05) (Table 2).
There was no significant difference between
Z13 and GTS plantings for +ƍ. Planting with GTS
significantly increased the values of TD only at 30
days after sowing (Fig. 4). NCR could reflect the relative importance of different decomposition channels in the soil decomposition process. The values of
NCR were close to 0.5 at 30 days after sowing and
close to 1 at 90 days after sowing. This suggested
that the soil decomposition process was mediated by
bacteria and fungi at the beginning of the experiment, then mainly by bacteria towards the end of the
experiment (Fig. 4). Compared with Z13, GTS planting decreased the values of NCR, but no significant
differences were observed between treatments (Fig.
4). GTS planting significantly increased the values
of MI at 90 days after sowing and decreased the values of PPI at 60 days after sowing (Fig. 4). EI and SI
were not significantly different between treatments
(Fig. 4).

Nematode trophic groups. Plant parasites
(44.78 ± 3.88 ~ 66.58 ± 4.80%) were the dominant
trophic group, followed by bacterivores (11.65 ±
4.32 ~ 41.84 ± 3.05%), fungivores (9.77 ± 2.22 ~
26.42 ± 6.53%), and Om-Ca (3.61 ± 2.05 ~ 8.30 ±
2.53%) (Fig. 2). The relative abundances of trophic
groups were significantly affected by sampling time
(P < 0.01) except for Om-Ca (Table 2). During the
experiment, the relative abundances of bacterivores
increased, while the abundance of fungivores decreased. The maximum relative abundances of plant
parasites was observed (> 60%) at 60 days after sowing, while that of Om-Ca changed only slightly over
time (Fig. 2).
The relative abundances of bacterivores and
fungivores were significantly affected by soybean
variety (P < 0.05). The interaction effects of sampling time × soybean variety significantly affected
the relative abundance of bacterivores and plant parasites (P < 0.05). Compared with Z13, planting with
GTS lowered the relative abundances of bacterivores
significantly at 90 days after sowing (Fig. 2, P <
0.05). There were significant differences in the relative abundance of plant parasites between Z13 and
GTS plantings 30 days after sowing (Fig. 2, P <
0.05). These differences were not observed in further
sampling times.











FIGURE 4
Nematode ecological indices under Z13 and GTS planting (+ƍ, Shannon-Weaver index; TD, trophic
diversity Index; NCR, nematode channel ratio; MI, maturity index of free-living nematodes; PPI, maturity
index of plant-parasitic nematodes; EI, enrichment index; SI, structure index)
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FIGURE 5
Nematode faunal analysis under Z13 and GTS planting (GTS, herbicide-tolerant GM soybean GTS 40-32; Z13, conventional non-GM soybean Zhonghuang 13)
tional soybean Z13. Similar results were also observed by Li et al. [21] who found soil nematode
abundances were significantly affected by sampling
time, rather than Bt rice planting. The herbicide-tolerant maize pot experiment of Griffith et al. [22]
found a significant soil × maize variety × growth
stage interaction. Other studies also have shown that
Bt crops [23, 10] had no significant effect on soil
nematode abundances, although a few studies have
found significant, but transient, differences [24].
Nematodes were divided into eight trophic
groups, of which plant parasites (PP), bacterivores
(Ba), fungivores (Fu), and Om-Ca were the main
trophic groups in the experimental soil ecosystem.
Nematode trophic groups and ecological indices
based on these values can provide information about
soil food webs, and indicate the flow of matter and
energy in soil ecosystems. Significant sampling time
effects were observed for the relative abundances of
trophic groups except that of Om-Ca, which were
similar to the results of Bt rice planting [21]. Nematode trophic groups were not significantly different
between Bt maize MON 88017, near-isogenic maize
and other two conventional maize varieties in a pot

Nematode faunal analysis, in which EI is plotted against SI, can primarily indicate the level of disturbance and the condition of soil food webs [5]. At
30 days after sowing, most samples under Z13 plotted to C quadrant, which indicated low disturbance
and structured soil food webs. Most samples under
GTS planting plotted to D quadrant at this time, suggesting high disturbance and degraded soil food
webs. At 90 days after sowing, most samples plotted
to A and B quadrants, showing soil food webs were
stable or tending towards stability (Fig. 5).

DISCUSSION
In this pot study, soil nematodes were used as
bioindicators to assess the effects of herbicide-tolerant GM soybean GTS 40-3-2 on soil quality. Our
study indicated that the abundances of soil nematodes were significantly changed by sampling time.
For the abundances of soil nematodes, no significant
differences were observed between samples planted
with herbicide-tolerant soybean GTS or conven-
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observed a significant difference between Bt maize
and two other non-Bt maize at the last sampling time.
Moreover, they indicated that the bacterivore genera
Rhabditis, Prismatolaimus, and Heterocephalobus
and plant parasite genera Filenchus, Tylenchorhynchus, and Tylenchus were sensitive to Bt maize. Previous purified protein toxicity tests showed that the
growth and reproduction of Caenorhabditis elegans
were negatively correlated with the concentration of
Cry protein released by Bt crops [10]. The results of
soil toxicity tests used to estimate the effects of GM
crops on Caenorhabditis elegans, Acrobeloides, and
Pratylenchus, varied from negative to positive or no
effects [10]. Hoss [10] indicated that the lack of effects on C. elegans was because of the very low Cry
protein concentrations in rhizosphere soils from Bt
maize Mon88017. In this study, the relative abundances of fungivore genus Aphelenchoides and plant
parasite genus Heterodera were higher under herbicide-tolerant GM planting than non-GM planting.
Bacterivore genera Eucephalobus and Mesorhabditis were less abundant under herbicide-tolerant GM
planting than non-GM planting.
Nematode ecological indices and community
structure analysis were applied to evaluate the dynamics of soil quality in cropland to agricultural
management treatments [8], including planting of
GM crops [10]. Our findings suggested that ecological indices were not continuous, or significantly
changed by herbicide-tolerant GTS. By calculating
these indices, we obtained important information
about soil nematode communities and soil food
webs. Nematode community structure analysis was
a powerful tool in revealing the nematode genera
sensitive to GM crops. The interactions between GM
crops and soil organisms were affected by a variety
of environmental and non-environmental factors. A
review indicated that differences in geography, temperature, plant variety, and soil type might affect the
reported differences of the impact of GM crops on
soil organisms [28]. Comprehensive long-term monitoring using a range of analysis methods should be
applied to assess the effect of GM crops on soil quality in future.

experiment [21]. Our pot results showed that the soybean variety significantly affected bacterivores and
fungivores. Herbicide-tolerant soybean GTS decreased the relative abundances of bacterivores and
increased the relative abundances of fungivores. The
differences in relative abundance were significant
only at some sampling times. Manachini and Lozzia
[25] also observed a lower proportion of bacterivores
and a higher proportion of fungivores in fields
planted with Bt maize. Manachini et al. [26] found
that Bt canola significantly decreased plant parasites,
which were closely related to the economic efficiency of crops. Plant parasites were significantly
decreased only at 30 days after sowing in our study.
Omnivore-carnivores, for which the c-p values were
high, were sensitive to a variety of disturbances [27].
A 2-year field experiment by Li et al. [21] showed
that a significant, but transient, increase in the proportion of Om-Ca was observed under Bt rice planting. Our findings suggest that there were no significant differences between plantings with herbicidetolerant soybean and conventional soybean, probably because of limited changes in food resources between treatments.
Of the seven ecological indices analyzed, soybean variety effects were observed only for NCR.
The higher relative abundances of bacterivores and
lower relative abundances of fungivores led to
higher NCR values. This suggested that soil decomposition processes were mainly mediated by bacteria
at 90 days after sowing. MI and PPI, proposed by
Bongers [18], were applied to assess the response of
soil nematodes to environmental change. MI was
slightly, but significantly higher at 90 days after
sowing and PPI was lower at 60 days after sowing
under GTS planting. These results were obtained because of lower and higher relative abundances of
Eucephalobus and Tylenchus, respectively. Hoss et
al. [10] observed that different relative abundances
of Rabditis and Alaimus caused a transient and significant decrease in MI. The reason for these opposing results requires further study. Sampling time,
soybean variety, and their interaction did not significantly affect the values of EI and SI in this study.
With progressive duration of the pot experiment,
most samples plotted in the A and B quadrants. This
indicated maturation of the soil food webs and increasing similarity with each other over time.
The results of +¶ and TD showed that nematode
genus diversity and trophic group diversity were significantly affected by sampling time. nMDS ordination also suggested that nematode genus composition
differed by sampling time. Our findings indicated
that herbicide-tolerant soybean GTS significantly
changed nematode genus composition, which were
different from the results of Li et al. [21]. At genus
level, there were no significant differences between
Bt rice and non-Bt rice planting on nematode communities over all sampling times in their study. Separating the effects of sampling time, Hoss et al. [10]

CONCLUSION
A pot experiment showed that herbicide-tolerant soybean GTS 40-3-2 had no significant effects
on soil nematode abundances. Some nematode
trophic groups and ecological indices were transiently, but significantly different between GM planting and non-GM planting. However, compared with
sampling time, these differences were relatively
small. Nematode faunal analysis indicated the increased stability of soil food webs over time and increasing similarity with each other. Soil food webs
were dominated by bacterial-mediated decomposi-
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[8] Zhang, X.K., Li, Q., Zhu, A.N., Liang, W.J.,
Zhang, J.B., Steinberger, Y. (2012) Effects of
tillage and residue management on soil nematode communities in North China. Ecological
Indicators. 13, 75-81.
[9] Jiang, C., Sun, B., Li, H.X., Jiang, Y.J. (2013)
Determinants for seasonal change of nematode
community composition under long-term application of organic manure in an acid soil in subtropical China. European Journal of Soil Biology. 55, 91-99.
[10] Hoss, S., Nguyen, H.T., Menzel, R., PagelWieder, S., Miethling-Graf, R., Tebbe, C.C.,
Jehle, J.A., Traunspurger, W. (2011) Assessing
the risk posed to free-living soil nematodes by a
genetically modified maize expressing the insecticidal Cry3Bb1 protein. Science of the Total
Environment. 409, 2674-2684.
[11] Chen, Z.H., Chen, L.J., Wu, Z.J. (2012) Relationships among persistence of Bacillus thuringiensis and Cowpea trypsin inhibitor proteins,
microbial properties and enzymatic activities in
rhizosphere soil after repeated cultivation with
transgenic cotton. Applied Soil Ecology. 53, 2330.
[12] Carpenter, J.E. (2001) Case studies in benefits
and risks of agricultural biotechnology:
Roundup Ready soybeans and Bt field corn. National Center for Food and Agricultural Policy.
Washington, DC.
[13] Hart, M.M., Powell, J.R., Gulden, R.H., LevyBooth, D.J., Dunfield, K.E., Pauls, K.P., Swanton, C.J., Klironomos, J.N., Trevors, J.T. (2009)
Detection of transgenic cp4 epsps genes in the
soil food web. Agronomy for Sustainable Development. 29, 497-501.
[14] Liu, M., Chen, X., Griffiths, B.S., Huang, Q., Li,
H., Hu, F. (2012) Dynamics of nematode assemblages and soil function in adjacent restored and
degraded soils following disturbance. European
Journal of Soil Biology. 49, 37-46.
[15] Bongers, T. (1994) De Nematoden van Nederland, Vormgeving en technische realisatie:
Uitgeverij Pirola, Schoorl. Netherlands.
[16] Yin, W.Y. (1998) Pictorial Keys of Soil Animals in China, Science Press, Beijing.
[17] Yeates, G.W., Bongers, T., De Goede, R.G.,
Freckman, D.W., Georgieva, S.S. (1993) Feeding habits in soil nematode families and generaan outline for soil ecologists. J Nematol. 25,
315-331.
[18] Bongers, T. (1990) The maturity index: an ecological measure of environmental disturbance
based on nematode species composition. Oecologia. 83, 14-19.
[19] Bongers, T., Bongers, M. (1998) Functional diversity of nematodes. Applied Soil Ecology. 10,
239-251.

tion by the end of the experiment. Nematode community structure analysis indicated that the fungivore genus Aphelenchoides, plant parasite genus
Heterodera, and bacterivore genera Eucephalobus
and Mesorhabditis were sensitive to herbicide-tolerant soybean GTS planting. Our results suggest that
nematode ecological indices and nematode community structure analysis provide useful information for
assessing the impact of GM crops on soil quality.
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SOLAR OXIDATION OF AN INTEGRATED WOOD
INDUSTRY WASTEWATER
Neval Baycan*
Dokuz Eylul University, Department of Environmental Engineering, Buca, Izmir, Turkey

numerous types of phenolic compounds, which
range from simple monomers to high molecular
weight (MW) polyphenolic polymers. High MW lignins and tannins are simply not biodegradable [2,3].
Therefore, this type of wastewater often exerts inhibitory effects on micro-organisms, and can disturb biological treatment systems [4-6]. Common toxic organic substances in wood-processing industrial
wastewater include: resin compounds [7,8], chlorinated phenolics [9], and tannins [10].
The need for development of wood-processing
industry wastewater management becomes urgent.
Because, there are many operative wood industries
produces large volumes of wastewater and also their
wastewater is not amenable to conventional biological treatment. Nevertheless, all the studies so far
were focused on the implementation of biological
treatment, and especially anaerobic treatment
[11,12] on wood processing industry wastewater.
There is no literature on alternative treatment technologies for such wastewater, either effective or not
and also there is no any study over this wastewater.
Biological treatment methods have been applied to remove most of the organic load of
wastewater from wood-products. The COD/BOD5
ratio in wood-products factories is higher than 3. The
total nitrogen content of effluents is very high. A
combination of biological methods for removing
most of the nitrogen load is required. The value of
COD remaining after biological treatment is above
permitted limits and in order to reduce it electrochemical processes can be applied [1]. During the
electrochemical process of oxidation the organics are
oxidized to the final products of CO2 and H2O. In
practice complete oxidation cannot be reached for all
organics. The biological treatment performance was
determined in pilot plant units of denitrification ± activated sludge and nitrification. For the purification
of wastewater after biological treatment, electrolysis, hydrogen peroxide in combination with UV, and
catalyst and ozone were used [22].
By considering the results of past studies, this
study was designed to investigate the integrated
wood industry wastewater treatment by using solar
photocatalysis. The integrated wood industry
wastewater was selected because of its recalcitrant
and even toxic nature which results in problems for
a conventional biotreatment system.
In this study, we have investigated the ability of

ABSTRACT
In this paper, as an advanced oxidation treatment, the Fe(III)/H2O2/Solar-UV process was applied
to an integrated wood industry wastewater (IWI) in
Turkey. The statistics-based experimental design with
response surface methodology (RSM) was employed
to investigate the effects of operational conditions on
the photocatalytic oxidation of the IWI wastewater.
Considering the vast number of the obtained experimental data a correlative approach was employed for
the assessment of the photocatalytic degradation efficiency of Total Organic Carbon (TOC) using an empirical method for the optimization of the key parameters such as photocatalyst dose, oxidant concentration
and flowrate. The results of this study revealed that
the regression analysis showed a close fit (r2>0.95)
between the experimental results and the model predictions. Organic matter removal was monitored
throughout the operation period. The maximum reduction in the TOC concentration was 79% with the
addition of 2450mg/L H2O2 and 0.5mM Fe(III) at a
80L/h flowrate after 8 hours of exposure to solar irradiation. As a results of the kinetic studies the maximum ktrue value was 1.48 min-1 and the r2 was 0.90.

KEYWORDS:
Box-Wilson, Fe(III)/H2O2/Solar-UV process, Integrated
Wood Industry, Solar oxidation, TOC degradation.

INTRODUCTION
The Integrated Wood Industry is one of the
largest producers in the wood based panels sector.
The industry produces raw and melamined particle
board (Yongapan, Yongalam, Teknopan, Teknolam
), raw and melamined mdf (Medepan, Medelam),
laminate flooring (Floorpan, Artfloor), skirtings,
doorskin (Doorpan) and related value added products. The industrial wastewater streams are: (1) wash
water from sizing machines and size preparation ±
and storage ± tanks. The sizing material used contains mainly urea±formaldehyde and phenol±formaldehyde resins, ammonium chloride, ammonia, PVA,
wood powder, paraffin and quantities of various fillers; (2) wood extraction wastewater and wash water
from steam-heating tanks [1].
Integrated wood processing effluents contain
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the tubes and the light entering the tubes can also
be employed for the photocatalytic reaction. The
water preparation tank was made of stainless steel
with a cooling jacket. The tank has an inner diameter of 40cm and an outer diameter of 46cm including the cooling jacket. The water and reagents
added to the tank from openings in the lid. A thermocouple was placed into the water preparation
tank to measure the reaction temperature. A mechanical mixer was used to obtain homogenious
conditions in the water tank. The whole system was
controlled using a control panel (Fig.1).

the oxidative Fe(III)/H2O2/Solar UV process on a integrated wood industry. The Box±Wilson experimental design was used in order to optimize the important process variables on total organic carbon removal. The Box-Wilson experimental design is a response surface methodology used for the evaluation
of a dependent variable as functions of independent
variables [13]. H2O2, Fe(III) concentrations, and
flowrate were considered as independent variables
and TOC removal efficiency was considered as a dependent variable in the Box-Wilson statistical design
method statistical design method.

Experimental Procedure and Analytical
Methods. For a standard reaction run, 15L of
wastewater was used and the sun light collectors
were covered before the beginning of each run.
Then, Fe(III) and H2O2 at different amounts, which
are given in Table 1, were added to the reactor. Then
the circulating pump was started and the tubes were
filled with wastewater. When the system was exposed to sun light was recorded as the beginning of
the experiment and H2O2 was added simultaneously.
Then, using a stopwatch samples were taken at
hourly to be analysed for TOC, COD. Samples were
analyzed immediately to avoid further reaction. TOC
measurements were carried out using a DOHRMAN
DC 190 TOC analyzer. COD measurements (Standard Methods 5220 B) were carried out according to
procedures given in the Standard Methods for the
Examination of Water and Wastewater 2005 [14].

MATERIALS AND METHODS
Characterization of the Integrated Wood Industry Wastewater. The IWI wastewater samples
were taken from an equalization pond of an IWI
wastewater treatment plant located in Balikesir, Turkey. The wastewater contained high amounts of organic and inorganic substances. Composition of the
wastewater used in this study was analyzed before
the experimental studies. The COD concentrations
of the samples varied from 5520mg/L to 8800mg/L
and, the TOC concentrations of the samples varied
from 770mg/L to 1675mg/L. The pH values of the
effluent samples used in the experimental studies
varied from 6.8 to 7.2.
Materials. Analytical grade (Merck) iron sulphate (Fe2(SO4)3·7H2O) was used as a source of
Fe(III). The hydrogen peroxide (H2O2) solution obtained from Merck was in a stable form (35% (w/w)).
A stock solution of 10g/L Fe(III) was used to prepare
the desired concentrations in the experiments after dilution. The Fe(III) stock solution was stored in a dark
place to prevent the oxidation of Fe(III). MnO2 was
added to the collected aqueous samples containing
H2O2 to remove the excess H2O2 and thereby to preventing the further oxidation of organics with excess
H2O2.

FIGURE 1
(a) Front view of the pilot scale solar reactor (b)
Back view of the pilot scale solar reactor

Photocatalytic reactor. All experiments were
performed in a photocatalytic reactor with a total
volume of 40L. The photocatalytic reactor was operated as a batch process. The system consists of
sun light collectors, water preparation tank, circulation pump and a control panel. The solar collector
is mounted on a fixed platform tilted 37 o (local latitude). The sun light collectors were made up of
eight borosilicate glass cylindrical tubes 100cm in
length and 3 cm in diameter. The tubes were connected to each other in a series by polyethylene cylindrical parts. A circulating pump was used to feed
the water from the tank to the collectors. Aluminum
UV-reflective panels were placed on the plates
which were focused on the borosilicate glass tubes.
This geometry enables light entering from almost
any direction to be reflected into the focal line of




RESULTS AND DISCUSSIONS
The Fenton reaction is a widely used catalytic
oxidation method based on electron transfer between
H2O2 and metal ions (Fe(III)) serving as homogeneRXVFDWDO\VW7KHHIILFLHQF\RIWKH)HQWRQ¶VUHDJHQW
is based on the hydroxyl radical generation by a mixture of H2O2 and Fe(III) ions. A number of experiPHQWVZHUHFDUULHGRXWZLWKWKH)HQWRQ¶VUHDJHQW6R
lar UV process to determine the effects of initial hydrogen peroxide, Fe(III) concentrations, and circulation velocity on TOC and COD removals from the
IWI effluent.
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TABLE 1
Experimental conditions according to a Box±Wilson statistical design with H2O2
Axial points
No.
A1
A2
A3
A4
A5
A6
Center points
C

Factorial points
H2O2
(mg/L)
8160
2450
5305
5305
5305
5305

Fe(III)
(mM)
1.25
1.25
2
0.5
1.25
1.25

Q
(L/h)
105
105
105
105
130
80

5305

1.25

105

No.
F1
F2
F3
F4
F5
F6
F7
F8

Model parameters for the photocatalytic
degradation of integrated wood industry
wastewater. In the present study, a Box Wilson experimental design was employed to evaluate the
combined effect of three independent variables; the
H2O2 concentration, Fe(III) loading and the flowrate,
designated as X1, X2 and X3, respectively, on the
photocatalytic removal efficiency of IWI wastewater
as expressed by the TOC, and COD removal percentages. The minimum and maximum range of variables was investigated and experimental conditions
determined by the Box±Wilson statistical design
were presented in Table 1. The experiments consisted of six axial (A), eight factorial (F) and center
points (C). The center point was repeated four times.
Computation was carried out using multiple regression analysis using the least squares method.
Considering the general function expressing
the interaction between the independent and dependent variables a second order model was employed;
Y= b0 ȈEiXi ȈEiiXi2 ȈEiiiXiXj

H2O2
(mg/L)
6953
6953
6953
6953
3657
3657
6953
6953

Fe(III)
(mM)
1.7
1.7
0.8
0.8
1.7
1.7
1.7
1.7

Q
(L/h)
120
90
90
120
120
90
120
90

(2)
TOC removal, % = 1015.431+ 0.017 (H2O2) ±
205.072 (Fe) ± 17.168 (Q) - 2.5*10-6 (H2O2*Fe) 26.646 (H2O2*Q) + 0.074 (Fe*Q) + 0.006 (H2O2) 2 +
5.562*10-5 (Fe)2 - 0.944 (Q)2
(3)
The factors in front of the model terms indicate
the intensity and direction of the influence of the independent variable. A positive effect of a factor
means that the response is improved when the factor
level increases and a negative effect of the factor reveal that the response is inhibited when the factor
level increases. On the basis of the coefficients given
in equations 3-5, it can be stated that the percent
TOC removal or percent mineralization increases
with concentration of H2O2 (X1), Fe(III) dose (X2)
and flowrate (X3). According to Eq. 3, the variable
Fe(III) dose exhibited the highest influence on percent TOC removal.
TABLE 2
The observed and predicted, TOC removal
efficiencies using Box-Wilson model.

(1)

where bii represents the coefficients of the
quadratic parameter and i < j.
The following response function was used in
correlating the IWI wastewater removal efficiency
(YTOC) in terms of TOC removal efficiency with independent parameters (X1, X2, X3).
The STATISTICA computer program was employed for the determination of the coefficients by
regression analysis of the experimental data for each
where; Y is predicted yield, b0 is constant, b1, b2 and
b3 are linear coefficients, b12, b13 and b23 are cross
product coefficients and b11, b22 and b33 are quadratic
coefficients. Experimental results were used to determine the coefficients of the response functions,
the determined coefficients were used in calculating
predicted values of TOC removal efficiencies (Eq.
3). Based on the presented coefficients, the following equation was deduced. The correlation coefficients (r2) between the observed and predicted values
were found to be 0.955 for TOCremoval indicating
a good agreement between the observed and predicted values.

No.
A1
A2
A3
A4
A5
A6
F1
F2
F3
F4
F5
F6
F7
F8
C1
C2
C3
C4

3278

% TOC removal
observed
11
6
30
58
72
79
60
46
53
43
35
25
33
50
26
28
30
29

predicted
16
0
36
51
73
77
55
42
55
43
34
26
38
56
28
28
28
28
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TABLE 3
ANOVA results for Response Surface Quadratic Mode
Parameter

Source

Sum of Squares

TOC removal

Model
Residual
Lack of fit
Pure error
R2 = 0.95

6242.38
295.62
286.87
8.75

Degrees
Freedom
9
8
5
3

of

Mean Square

F-value

Prob>F

693.60
36.95
57.37
2.92

18.77

0.0002

Degradation kinetics. By testing different kinetic models to the data of decolorizations, it was
found that solar photocatalytic oxidation of pulp-mill
effluent best fitted pseudo-first-order kinetics with respect to color concentration, expressed by Eq. (4-6):

The examined independent variables of the process imply that the factors influencing the removal
of TOC. Experimentally obtained results of the design matrix are presented in Table 2 together with the
predicted responses obtained from the regression
equations. The observed TOC removal efficiencies
varied between 6% and 79%, after 8h oxidation.
Maximum TOC, removal efficiency was found to be
79%. In most cases observed and predicted results
were compatible with each other. These results were
achieved at experimental conditions of A6 (5305
mg/L H2O2, 1.25mM Fe(III) and 80L/h flowrate). In
order to see the precision of the predicted values, the
experimental data were analyzed using the trial version of Design-Expert 7.0.0 software and fitted to a
second order model. Coefficient values similar to
that obtained with STATISTICA programme were
attained. The model adequacy check is an integral
part of the data analysis as the approximating model
functions would give poor or misleading results if
the fit is inadequate. Table 3 shows the Analysis of
Variance (ANOVA) results of the established model
for percent TOC removal.
The mean squares were obtained by dividing the
sum of squares of each of the two sources of variation,
the model and the error (residual) variance, by the respective degrees of freedom (DF). The model F-value
(Fisher variation ratio), probability value (Prob > F)
and adequate precision are the main indicators showing the significance and adequacy of the employed
model. The model F-value was calculated by dividing
the model mean square by residual mean square. Values of Prob > F less than 0.0500 imply that the model
is significant, whereas the values greater than 0.1000
are usually considered as insignificant. Prob > F values of 0.0002 denote the employed models are significant for percent TOC removals.
The r2 obtained for TOC removal efficiency indicates that 95% of the total variation could be represented by the established model expressing a satisfactory quadratic fit. Considering the above explained
ANOVA test results, the model application explained
the reaction quite well and can be employed to navigate the design space of TOC removal efficiency.
The response surface plots of the model-predicted responses keeping one variable constant and
varying the others within the experimental ranges
were established. The interactive relationships between the process variables and treatment outputs for
IWI wastewaters were presented below.

Reaction rate: 

dC
dt

k1C

C
k1t
Co
and in terms of x:  ln(1  x) k1t

After integration:  ln

(4)
(5)

(6)
where C0 is initial concentration, C is concentration for corresponding time, t is reaction time and
k1 (min-1) is rate constant for first kinetic.
TABLE 4
The observed r2, k1 and ktrue values for for TOC
removal of the integrated wood industry effluent
No.

r2

A1
A2
A3
A4
A5
A6
F1
F2
F3
F4
F5
F6
F7
F8
C1
C2
C3
C4

0.87
0.98
0.85
0.91
0.95
0.90
0.95
0.86
0.98
0.98
0.93
0.88
0.90
0.91
0.89
0.91
0.90
0.96

Reaction rates
k1
0.02
0.01
0.05
0.18
0.21
0.21
0.13
0.06
0.08
0.06
0.06
0.02
0.04
0.09
0.04
0.04
0.04
0.04

ktrue
0.12
0.06
0.36
1.24
1.47
1.48
0.91
0.43
0.55
0.42
0.39
0.17
0.27
0.65
0.25
0.25
0.25
0.25

By applying a least-square best fitting procedure to the experimental data, the values of k1 were
determined. The photoreacting system used in this
work is a total recycling one composed by a solar
photocatalytic reactor and a feed tank. The reaction
of dye oxidation occurs only inside the irradiated solar photocatalytic reactor. In order to obtain the true
kinetic constants, the experimental reactivity data
must be corrected by multiplying them by the ratio
of the total volume (Vt) which represent the irradiated volume (Vi) + the dead volume of the connecting tubes and the holding tank. In the present case,
being the kinetics of first order, the true kinetic constants (ktrue) are obtained by the experimental ones
(k1) by means of the simple relationships in Eq. (7)
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percent TOC removal efficiency as a function of
Fe(III) at different H2O2 concentrations are depicted
in Figure 2. The highest percent TOC removal was
100% after 8 hours of oxidation with a H2O2/Fe(III)
molar ratio of 144. In other study, optimum molar
ratio in Fenton oxidation was found as 20-40 [15,16]
but Baycan-Parilti et al.[17] was found the molar ratio as 131 for a pulp mill effluent wastewater treatment. Percent TOC removal decreased to 57% at a
H2O2/Fe(III) molar ratio of 131. Therefore, the optimal molar ratio for H2O2/Fe(III) yielding the highest TOC removals was found to be 144 corresponding to 0.5mM Fe(III) and 2450 mg/L H2O2 concentrations.

[21, 23].
The calculated values of true kinetic constants
for TOC removal of the integrated wood industry effluent at different operating conditions are reported
in Table 4. As a results of the kinetic studies, the
maximum ktrue value was 1.48 min-1 and and the r2
was 0.90 and, it was achieved at A6 (5305mg/L
H2O2, 1.25mM Fe(III) and 80L/h flowrate) experimental conditions.
Effect of Fe(III). The H2O2 concentration and
the Fe(III) concentration were varied between 2450
mg/L and 8160 mg/L and 0.5 and 2.0mM in these set
of experiments, respectively, while the circulation
velocity was constant at 80L/h. The variations of the





FIGURE 2
The variation of TOC removal efficiency as a function of Fe(III) concentrations
at different H2O2 concentrations (Q=80 L/h )
100
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The variation of TOC removal efficiency as a function of circulation velocity
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Effect of Circulation Velocity. In order to determine the effect of circulation velocity on TOC removal efficiency at a constant H2O2 concentration,
some results are predicted by using response equation with calculated coefficients. The maximum
TOC removals (100%) was obtained at a Fe(III) concentration of 0.5mM and a circulation velocity of
80L/h (Figure 4).
Percent TOC removals varied between 28 and
100% depending on the Fe (III) concentrations with
a maximum at 0.5mM Fe (III) concentration and at
80L/h circulation velocity. However, percent TOC
removal decreased from 100% to 68% when the Fe
(III) concentration increased from 0.5 mM to 1.63
mM due to inhibition effect of iron [19, 20, 25].

irradiation accelerates the formation of OH radicals
as Fe(III) does. So exposing to the sunlight can be
considered as the main reason for the low Fe(III) requirement in the treatment of IWI wastewater. On
the other hand, increasing Fe concentrations ( >0.5
mM) causes decreasing in the TOC removal efficiency, because of the turbidity occurred by the excess Fe concentration which decreased the effectiveness of solar radiation on oxidation.
The maximum TOC removal was achieved at
the lowest concentration of H2O2 studied (2450
mg/L. No excess H2O2 is required for the TOC removal for the IWI wastewater. The effect of circulation velocity on the removal of these pollutants was
unsignificant compared to the other selected factors.
The TOC removal was the maximum (100%) for the
circulation velocity 80 L/h. Feeding the system with
higher circulation velocity resulted in a 20% decreasing in the removal efficiencies.
The optimal conditions 100% TOC removal of
the IWI effluent was determined as 80L/h circulation
velocity, 2450 mg/L H2O2 concentration and
0.5mM Fe(III) addition.
As a results of the kinetic studies, the maximum
ktrue value was 1.48 min-1 and and the r2 was 0.90
and, it was achieved at A6 (5305mg/L H2O2,
1.25mM Fe(III) and 80L/h flowrate) experimental
conditions.

CONCLUSIONS
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The experimental results indicated that, Fe(III)
and H2O2 concentrations are important parameters
for TOC removal. The Fe(III) requirement was 0.5
mM for 100% TOC removal. When the Fe(III) necessity compared to other advanced oxidation process in this study it is very low because of the solar
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Effect of H2O2. A set of experiments with Solar UV/H2O2/Fe(III) were carried out with variable
H2O2 concentration at different circulation velocity
and at a constant Fe(III) concentration (0.5mM). Figure 3 depicts the variation of percent TOC removals,
with different H2O2 concentration at constant initial
Fe(III), reaction time of 8 hours. The percent TOC
removal slightly decreased with increasing H2O2
concentration, because, at high concentrations, hydrogen peroxide probably served as a free-radical
scavenger causing decreases in the hydroxyl radical
concentration [13,18, 24].
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$%675$&7

trafiltration, electrodialysis [4], and reverse osmosis). In general, neutralization followed by sedimentation has been used for the treatment of electroplating wastewater because of low cost and high efficiency. However, this method results in large
amounts of heavy metal sludge that may cause secondary pollution [5]. With the development of modern industrialization, there are increasing amounts of
electroplating sludge containing heavy metals after
the treatment of electroplating wastewaters [6].
Along with the advancement of technology, some
eco-friendly methods have been developed, such like
³ELRORJLFDO SURFHVV´ [5, 7], electrochemical techniques [8]³VHOI-SXULILFDWLRQ´ [9], and concentrating
by Mg-Al LDHs [10].
Donghee Park [7] developed a biological process for metal recovery from electroplating
wastewater, Cr(VI) was removed from the
wastewater through reduction to Cr(III) by contact
with the biomass, whereas Cr(III) and Zn(II) were
removed through adsorption to the binding sites of
the biomass. Jizhi Zhou [9] removed heavy metal
ions (Ni2+, Zn2+, and Cr3+) from electroplating
wastewater of polynary metal ions-bearing by a carbonation process, and the layered double hydroxides
(LDHs) were formed while the molar ratio of
Ni2+:Zn2+:Cr3+ in wastewater was appropriate, the residual concentration of Ni2+, Zn2+, and Cr3+ in the
treated wastewater were about 2-3, 2, and 1
mg/L, respectively. Xiangying Lv [10] studied desorption and enrichment of Cr (VI) from the Cr (VI)LDHs as well as recycling of LDHs in the presence
of high-pressure CO2, the concentration of the desorbed Cr (VI) solution could reach up to 10000
mg/L, which could be used in electroplating
wastewater after appropriate adjustment.
Layered double hydroxides (LDHs), also
known as anionic clays or hydrotalcite-like compounds, are layered compounds that consist of positively charged metal hydroxide sheets, negatively
charged anions and water molecules in the interlayer
region [11, 12], it is one of the most common layered
supramolecular materials. It can be represented by
the general formula [M1-x2+Mx3+(OH)2]x+An)x/n·mH2O [13]. The Zn [14], Li [15], Cu [16], Co
[17], Ni [11] can enter the metal hydroxide sheets.
The LDHs can be widely used as catalyst, adsorbent,

,QJHQHUDOQHXWUDOL]DWLRQIROORZHGE\VHGLPHQ
WDWLRQKDVEHHQXVHGIRUWKHWUHDWPHQWRIHOHFWURSODW
LQJ ZDVWHZDWHU EHFDXVH RI ORZ FRVW DQG KLJK HIIL
FLHQF\ +RZHYHU WKLV PHWKRG UHVXOWV LQ WKH ODUJH
DPRXQWVRIKHDY\PHWDOVOXGJHWKDWPD\FDXVHVHF
RQGDU\SROOXWLRQ,WLVQHFHVVDU\WRGHYHORSDPHWDO
UHFRYHU\SURFHVVIURPWKHHOHFWURSODWLQJZDVWHZDWHU
WKDW LV HFRQRPLFDO DQG HQYLURQPHQWDO IULHQGO\ ,Q
WKLVVWXG\WKHFRSSHUEDVHGOD\HUHGPHWDOhydroxides
(Cu-LDHs) ZDV SUHSDUHG XVLQJ WKH DFWXDO HOHFWUR
SODWLQJZDVWHZDWHUFRQWDLQLQJFRSSHUDVPDLQPDWH
ULDODQG$O 12 ā+20J 12 ā+2DVDX[LO
LDU\PDWHULDO7KHVWUXFWXUHVWDELOLW\DQGWKHDGVRUS
WLRQ SURSHUW\ WR LRGLGH RI Cu-LDHs ZHUH VWXGLHG
7KHCu-LDHsKDGDW\SLFDOOD\HUHGVWUXFWXUHDQGD
JRRG WKHUPDO VWDELOLW\ 7KH FRSSHU ORFDWHG LQ WKH
ODPLQDWHGSODWHZDVQRWHDV\WRGLVVROYLQJRXWE\QL
WULFDFLGRIS+7KHCu-LDHsFDOFLQHGDW&
IRUKRXUVKDGDJRRGDGVRUSWLYHFDSDFLW\WRLRGLGH
DQGWKHVDWXUDWHGDGVRUSWLRQFDSDFLW\UHDFKHG
PJJ7KHUHVLGXDOFRQFHQWUDWLRQRI&XUHGXFHGEH
ORZ WKH QDWLRQDO HPLVVLRQ OLPLWV RI HOHFWURSODWLQJ
ZDVWHZDWHU *%   PJ/  7KH SUR
FHVV FRXOG QRW RQO\ GLVSRVH &X SROOXWLRQ UHXWLOL]H
&X IURP HOHFWURSODWLQJ ZDVWHZDWHU EXW DOVR REWDLQ
DGVRUSWLRQPDWHULDOIRULRGLGH
.(<:25'6
&X/'+VOD\HUHGK\GUR[LGH(OHFWURSODWLQJZDVWHZDWHU
&RSSHU,RGLGH5HPRYDO

,1752'8&7,21
Electroplating is the process of depositing the
desired coating by electrolysis, i.e. applying electricity to an object to alter the surface characteristics in
order to improve its appearance, protection, surface
properties, engineering or mechanical properties or a
combination of them [1]. Metal electroplating process usually generates hazardous wastes [2]. Some
conventional treatment techniques are physicochemical process including precipitation, coagulation, ion
exchange, reduction, and membrane[3] (such as ul-
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the method described in the literature [19], Equilibrium adsorption capacity (qe, mg/g) was calculated
as follows:
ሺܿ െ ܿ ሻܸ

ݍ ൌ
݉
Where c0 and ce are the initial and final concentration of I- (mg/L) in the solution, respectively, and
V is the solution volume (mL).

flame retardant and so on [6].
This study is to improve the disadvantages of
traditional treatment of electroplating wastewater.
The large amounts of heavy metal sludge can be replaced by a new eco-friendly material, copper based
layered metal hydroxides (Cu-LDHs). The Cu enters
the metal hydroxide sheets, and it is reutilized from
electroplating wastewater, the residual concentration
of Cu2+ reduces below the national emission limits of
electroplating wastewater (GB 21900-2008)
(0.5mg/L) [18]. Cu-LDHs can further be used as adsorbent to iodide.

EXPERIMENTAL
Materials. Mg(NO3)2·6H2O, Al(NO3)3·9H2O,
NaOH, Na2CO3, KI were obtained from Kelong
Chemical Reagent Factory (Chengdu, China). All
chemicals used in the experiments were of analytical
grade and used as received without any further treatment. The electroplating wastewater containing copper (Cu-EW) was supplied by Sichuan Hua Feng
CO. LTD (Mianyang, China) and the concentration
of Cu was 5.281 g/L. The emission standard of pollutants for electroplating wastewater was published
in 2008-06-25 by Ministry of Environmental Protection of P.R.C. (China, GB 21900-2008) [18]. Among
it, the limit of Cu is 0.5 mg/L.

FIGURE 1
Selection of different metal ions

Determination of Cu. The residual concentration of Cu was determined by flame atomic absorption spectrometry (AAS) with the parameters as follows: a wavelength of 324.75 nm, a lamp current of
3 mA, a slit of 0.2 nm, an atomic height of 6 mm,
fuel-lean flame.
Preparation of Cu-LDHs. The matched molar
ratio of Mg2+ to Al3+ was 3:1. A solution of
Al(NO3)3·9H2O (0.06 mol) and Mg(NO3)2·6H2O
(0.02 mol) were added to a certain amount of electroplating wastewater. Then, the solution was added
dropwise to a 100 mL solution of Na2CO3 (0.25
mol/L) with vigorous agitation. The pH value was
adjusted to 11 by adding 1.0 mol/L NaOH. After the
dripping was finished, the reaction mixture was subsequently stirred for 30 min, aged at room temperature for 24 h, washed with deionized water and dried
at 80 °C for 24 h.
FIGURE 2
XRD diffraction patterns of materials prepared
by different metals

Adsorption experiment of KI by Cu-LDHs.
Before adsorption, the Cu-LDHs were calcined in
muffle furnace at 400°C for 3 h. The adsorption was
carried out in a 50 mL conical flask. The calcined
Cu-LDHs (m, 0.10 g) was added to a 25.00 mL of a
certain concentration KI solution. The mixture was
oscillated at 35°C for 1h, transferred to centrifuge
tube and centrifuged at 4000r/min for 20 min. The
concentration of I- in supernatant was determined by

RESULTS AND DISCUSSION
Preparation conditions of Cu-LDHs. Selection of auxiliary metal ions. To furthest reduce the
residual concentration of Cu and obtain a LDHs material, the Fe, Zn, Ca, Mg, Mg-Al were selected as
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too high and an intensive John-Teller may prevent
forming the LDHs. So, Mg-Al was chosen as the
auxiliary materials for further experiment.

auxiliary materials. The residual concentrations of
Cu in the actual electroplating wastewater after preparation process are shown in Fig. 1. The Cu concentration is much higher than the national emission
limits of electroplating wastewater (0.5 mg/L) while
the raw material is only Cu-EW. All the auxiliary
metal ions can significantly reduce the residual concentration of Cu, but the results are different. When
the raw material is the mixture of Cu-EW and Fe,
there is still about 2 mg/L Cu in supernatant. The Cu
concentration reduces below 1 mg/L while the auxiliary materials are Zn, Ca, Mg, or Mg-Al, respectively.

Effects of process conditions. To remove Cu
effectively from the actual electroplating wastewater, the optimum preparation conditions including
molar ratio of Mg to Al, pH, aged temperature, time
and treatment amount of electroplating wastewater
were investigated, respectively (Fig. 3). As shown in
Fig. 3A, the minimum concentration of Cu comes to
0.5262 mg/L while the ratio of Mg to Al is 3:1. The
Cu-LDHs is a layer structure with cation laminate
and anion group in interlayer which is also called the
hydrotalcite-like compounds. The metal hydroxide
sheets can be regarded as the Mg2+ replaced by the
Cu2+ or Al3+, and replaced sites increase with the increase of Mg2+. The decrease of residual Cu concentration can be mainly caused by the increase of replaced sites, where more Cu2+ enter to cation laminate.
The experiment was carried out under the pH
value varying from 8 to 12, and the results are presented in Fig. 3B. It is clear that the concentration of
Cu decreases with the increase of pH value, and it
comes to about 0.3 mg/L while the pH is over 11.

XRD diffraction patterns of the materials.
X-ray diffraction patterns are used to examine the
crystal structure of the materials, which are obtained
using a DX-GLIIUDFWRPHWHUZLWK&X.ĮUDGLD
tion at 40 kV and 30 mA. Scan is recorded between
DQG ș ZLWKDVWHSVL]HRIThe material prepared by Mg-Al and Cu-EW is featured with
characteristic peaks of layer metal hydroxides, while
others are ordinary metal precipitations. According
to the reference, Zn2+ [20-24], Ca2+ [25] and Mg2+
[26, 27] could prepare with Cu2+ to form LDHs, but
the typical layered structure are not shown in Fig. 2.
It may be that the concentration of Cu in the EW is

FIGURE 3
Residual concentration of Cu2+ under various experimental conditions (A) ratio of Mg to Al, (B) pH, (C)
aged temperature and time, (D) Treatment amount.
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Thermo stability of Cu-LDHs. Thermo-gravimetric analysis was conducted using NETZSCH
STA409PC Luxx simultaneous thermal gravimetric
analyzer. The curve was done in the temperature
range from 30 to 600 °C at a scanning rate of 10
°C/min under a high-purity flowing nitrogen atmosphere (50 cm3/min). Fig. 5 is the DTA-TG-DTG pattern of Cu-LDHs. As shown in the TG and the DTG
curves, the weight loss is divided into four stages.
The first stage is room temperature to 137.7°C with
the weight loss of 6.77% where the adsorption water
loses. The second stage (weight loss was 6.51%) is
190°C where the interlayer water loses. The third
stage with the weight loss of 20.22% is 384.2°C
where the interlayer anions and organics lose. The
last stage (weight loss was 6.38%) is 551.7°C where
the laminate decomposes. The two endothermic
peaks at 151.4°C and 388.4°C in the curve of DTA
are corresponded the second and last stage, respectively.

The influence of aged temperature and time are
shown in Fig. 3C. All the residual concentrations of
Cu are lower than 0.5 mg/L except that the aged temperature and time are 60°C and 1day, respectively.
The residual concentration of Cu is lower while the
sample is aged for a long time or lower temperature.
Generally, we choose a higher aged temperature, but
a higher adsorption is more satisfied our expectation
in this experiment. The residual concentration of Cu
is lower than 0.3 mg/L while the mixture is aged at
room temperature for 1 day.
The maximum treatment amount of electroplating wastewater under optimization experiment conditions was studied, as shown in Fig. 3D. Clearly, the
residual concentrations of Cu increases with the increase of the addition of electroplating wastewater,
it is smaller than 0.3 mg/L while the addition is lower
than 50 mL and comes to 0.5 mg/L while the addition is 70 mL. It means that the method can be widely
used to dispose the electroplating wastewater with an
extensive concentration range.
In short, the optimum process conditions are as
follows: a molar ratio of Mg2+ to Al3+ of 3:1, a pH
value of 11, an aging temperature and time of room
temperature and 1 day, respectively. Under the optimum process, the disposed amount of electroplating
wastewater containing Cu of 5.281 g/L can reach to
70 mL.
Properties of Cu-LDHs. Stability of Cu in
the Cu-LDHs. The Cu-LDHs (0.5 g) was added to
25 mL HNO3 solutions (pH 2-6), oscillated at room
temperature for 1 h, centrifuged, and the concentration of Cu in acid solution was detected. The concentration of Cu is lower than 0.15 mg/L at the pH value
of 2-6. The Cu is not easy to dissolve. It demonstrates that the Cu has entered to the laminate of CuLDHs.

FIGURE 4
Stability of Cu in the Cu-LDHs

FIGURE 5
DTA-TG-DTG pattern of Cu-LDHs
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FIGURE 6
Adsorption capacity of Cu-LDHs
Adsorption capacity of Cu-LDHs to I-. The
adsorption of Cu-LDHs (calcined at 400°C) to I- was
studied (Fig 6). The adsorption capacity increases
with the increase of initial concentration of I-, and
reaches the saturated adsorption while the concentration of I- is above 1500 mg/L. The experimental saturated adsorption capacity is 99.44 mg/g. 
CONCLUSION
In this work, the Cu-LDHs were obtained from
the disposed process of the actual electroplating
wastewater containing copper. The residual concentration of Cu after disposed process met the national
emission limits of electroplating wastewater. In the
Cu-LDHs, the copper located in the laminated plate
is not easy to dissolve. The Cu-LDHs have excellent
thermo stability and adsorption capacity to I-. The
disposed process can reutilize Cu in electroplating
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H. lineatum (Viller), and H. sinense Pleske [1-2].
During these species, H. sinense is the most dominant one, which could even parasitize yak and cattle.
There have been reports that H. sinense, which
mainly affects yaks and cattle in China, accounted
for approximately 90% in Tibetan region. Based on
this, proper prevent strategies, such as delivery of
pesticide is still needed urgently to efficiently prevent myiasis.
Since 2009, a low-dosage of pesticide delivery
regimen has been adopted in Qinghai Province,
China to reduce pesticide residues [3-4]. Splashing
skin-penetrating solution of abamectin on the skin
of yaks DW FRQFHQWUDWLRQV UDQJLQJ IURP  ȝJNJ
ȝJNJWRȝJNJFRXOGUHGXFHK\SRGHUPRVLVE\
100%, 96.08%, and 93.75%, respectively. Furthermore, the mode of infection has not been reported
yet [3]. However, as the yak breeding strategy in
Tibetan Plateau still mainly relies on grazing,
therefore, the effectiveness of this treatment observed under artificially control conditions does not
completely reflect the effectiveness under natural
conditions. Wild animal populations have increased
dramatically in this region during recent years, because the natural ecosystem has been protected and
restored. Hence, grazing yaks now have greater
opportunities to make contact with other wild animals, which will increase the potential for natural
infection. Studies on the transmission routes of hypodermosis will face another challenge in proposing prevention and treatment strategies for the disease [5]. So comprehensive understanding of the
development process of Hypoderma is urgent to
more efficiently prevent myiasis.
In this study, the full-length transcriptome sequence of the third instar larvae of H. sinense was
firstly completed to better understand its biology at
the transcriptome level. Results may also aid in
finding prevention and treatment strategies for hypodermosis.

ABSTRACT
Larvae of Hypoderma spp. could greatly impair livestock production by causing subcutaneous
myiasis to develop in warbles under the skin of
domestic and wild ruminants and other mammals,
such as cattle. In this study, the full-length transcriptome sequence of the third instar larvae of H.
sinense was firstly completed to better understand
its biology at the transcriptome level.
In 2013, samples of 20 third instar larvae were
collected subcutaneously by squeezing warble
swellings on the backs of yaks on a breeding farm
in Haiyan County, Qinghai Province, China. The
morphology has been observed by scanning electron microscopy, to identify the larvae.
It was found that the transcriptome of the third
instar larvae had the highest number of matches
with transcripts from M. domestica, followed by
Ceratitis capitata (Wiedemann) and Drosophila
melanogaster. There were a total of 10,916 predictable open reading frame (ORF) sequences in the
transcriptome sequence of larvae of H. sinense.
Among these, 7,559 (69.25% of the total) sequences had a completed structure. However, the third
instar larvae did not have extensive expression of
genes associated with morphogenesis.
The results will open up more studies on the
transcription of H. sinense in the future.

KEYWORDS:
Larvae, Hypoderma spp, transcription, annotation

INTRODUCTION
Larvae of Hypoderma spp. could cause subcutaneous myiasis to develop in warbles under the
skin of domestic and wild ruminants and other
mammals, such as cattle, and thus greatly impair
livestock production. In China, Hypoderma larvae
has become one of the most popular pests of yaks
and cattle, especially in Tibetan Plateau. Currently,
there are three species of Hypoderma: H. bovis (L.),
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RNeasy Mini Kit (QIAGEN).

MATERIALS AND METHODS
Collection of Larvae. In 2013, samples of 20
third instar larvae were collected subcutaneously by
squeezing warble swellings on the backs of yaks on
a breeding farm in Haiyan County, Qinghai Province, China. And then larvae were frozen in liquid
nitrogen and stored in the laboratory for further
usage. The morphology has been observed by scanning electron microscopy, to identify the larvae.
Results have previously been described in details[6].

FIGURE 1
Agarose gel electrophoresis showing amplified
full-length Cdna

Molecular Identification of Larval. Genomic
DNA of the larvae was extracted and purified with
DNeasy tissue kit (Qiagen, Germany) according to
PDQXIDFWXUHU¶VLQVWUXFWLRQV7KHJHQRPLF'1$ZDV
used as a template for PCR amplification of the 18S
rRNA gene with a pair of universal bacterial primer
8F (5'-AGAGTTTGATCCTGGCTCAG-3') and
1392R (5'-ACGGGCGGTGTGT-3') [6]. The obtained PCR products were purified with a PCR purification kit (Qiagen, Germany) and sequenced
using an ABI DNA sequencer (Applied Biosystems,
USA). Basic local alignment search tool (BLAST)
analysis of the obtained 18S rRNA gene sequence
was conducted by using CLUSTAL X software.
Morphology was observed by scanning electron
microscopy to identify the larvae. Results have previously been described in details [6].

FIGURE 2
Agarose gel electrophoresis showing results of
cDNA normalization

cDNA Library Construction and Sequencing. Total RNA of each sample was extracted using
the Trizol reagent. Extracted RNA was dissolved in
30 μl DEPC water. Electrophoresis was used to
determine RNA quality, and nanodrop2000 was
used to measure the RNA concentration. SMARTerTM PCR cDNA Synthesis Kit (Clontech Laboratories, Inc., Mountain View, CA) was used to obtain
the full-length cDNA. RNeasy Mini Kit (QIAGEN,
LOCATION) was used for RNA purification, followed by eluting in 30 μl DEPC water. Evrogen
Trimmer-2 cDNA normalization kit (Evrogen,
LOCATION) was used to equalize the
full-length-enriched cDNA. SMRTbellTM Template
Prep Kit (Pacific Biosciences, Menlo Park, CA)
was used to construct PACBIO database. cDNA
sequencing was completed using a DNA Sequencing Reagent Plate 4.0 (Pacific Biosciences).

FIGURE 3
Agarose gel electrophoresis showing the
full-length cDNA library
TABLE 1
Original data analysis
Total sequence num
Total sequence base
Smallest seq
Largest seq
Average length

PYQ
2408356
2831339980
35
40009
1175.6

Transcriptome Sequencing Results. The results of transcriptome sequencing were shown in
two formats, which are h5 and fasta to more efficiently facilitate the data analysis and comparison.
Table 1 and Figure 4 showed the raw sequencing
data, which included 2,408,356 sequences and a
total of 2,831,339,980 bp, respectively. It can be
seen that the shortest sequence contained only 35
bp, while the longest sequence had 40,009 bp with
an average sequence length of 1,175.6 bp.

RESULTS AND DISCUSSION
The optimal number of PCR cycles to obtain
the full-length cDNA was 27 (Figure 1) and Figure
2 shows the result of cDNA normalization. ¼ DSN
was selected as the template and 19 PCR cycles was
chosen as the PCR condition for the following experiments. Fragments of < 1 kb and > 1 kb size in
the agarose gel (Figure 3) were purified using the
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FIGURE 4
Histogram showing the distribution of sequence lengths

FIGURE 5
Number of different structures resulting from sequencing
TABLE 2
Analysis of full-length transcriptome sequences
Number

Number

Number of

Number

Number

Number of

Number of

Number of

Average

of

of

three

of poly-A

of

non-full-length

full-length

full-length

full-length

reads of

five

prime

reads

filtered

reads

reads

non-chimeric

non-chimeric

insert

prime

reads

reads

read length

˄CCS˅

reads

166306

84585

63482

1014

short
reads

100747

95527

27097

73626

3292
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FIGURE 6
Distribution of sequence lengths of transcriptome assembly
in all gene annotation databases used in this study.
The sequence of the gene with 320 reads showed a
high similarity with the pre-mRNA-processing factor from Musca domestica L. Meanwhile, the sequence of the gene with 257 reads was quite similar
to the V-type proton ATPase subunit G-like gene
from M. domestica. Quantification of expression
levels indicated that the expression level of these
genes was the highest in the third instar larvae. The
read length of one was found in 39,154 genes, suggesting that those genes with the low read length
maintained a low expression level during the third
instar. Nevertheless, some genes may have had low
expression level throughout the H. sinense lifespan.

Due to the low quality of the original reads of
PacBio sequencing, the same inserted fragments in
zero-mode wave guides (ZMW) was incorporated
to get the high quality circular consensus sequence
(CCS) for further data analysis. Statistical results of
the full-length transcriptome sequence included the
ones of linkers and polyA, and excluded the chimeric sequences. The transcriptome software chosen for data analysis is from Pacific Biosciences,
which could incorporate the original sequences into
WKH&&67KURXJKWKH¶DQG¶HQGVRIWKHSULPHUV
the integrity of the insert fragments was determined
and the low-read and chimeric sequences was subsequently removed (Table 2, Figure 5).
To determine the integrity of cDNA, the seTXHQFHLQWHJULW\RIWKH¶DQG¶HQGVZDVDFFHVVHG
7KH¶HQGRIP51$XVXDOO\KDVD PRGLILHGSRO\
adenylation (poly-A) signal sequence, therefore, the
complete sequence result will contain a poly-A or
poly-T sequence. The base distribution of the inserted fragments in their front and end terminals as
well as poly-A signal sequence at both ends were
analyzed, accordingly. Due to differences in transcript expression levels, some transcripts contain
substantial redundant information during sequencing. Hence, the overlapping sequence regions from
the same source sequence were integrated in order
to obtain a group of unigene sequences during
analysis (Table 3, Figure 6).

TABLE 3
Analysis of sequence assembly
Total sequence num
Total sequence base
Smallest seq
Largest seq
Average length

43495
64931978
300
40009
1492.9

Annotation. Trinity software was used to assemble the transcript sequence, followed by transcript annotation to identify various biological
functions of the transcripts. Before the transcript
annotation
(http://trinityrnaseq.sourceforge.net/analysis/extract
_proteins _from_trinity_transcripts.html), the assembled transcript sequence underwent gene prediction first. It was found that there were a total of
10,916 predictable open reading frame (ORF) sequences (Figure 7). Among these, 7,559 (69.25% of
the total) sequences had a completed structure.

Quantification of Expression Levels. Three
genes with the highest read numbers had 464, 320,
and 257 reads, respectively. And no corresponding
gene matching the gene with 464 reads was found
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FIGURE 7
Open reading frame (ORF) type distribution
RNA sequences. The sequences with the lowest
level of similarity (20±40%) accounted for 1.05%
of the total sequence number, which was the same
as the results in Figure 8B, indicating that there
were significant differences between species.

Functional Annotation. All spliced nucleotides were sequenced, followed by comparison with
individual databases by using BlastX (i.e., NR;
String; Swissprot; and Kyoto Encyclopedia of
Genes and Genomes (KEGG)) to obtain the corresponding annotations[7].

Annotation in the GO Database. Currently,
annotated sequences in the biological process categories [8] of hormone secretion (2) and cell death (5)
were still rare. The annotated sequences in biological phase and rhythmic process were less than 1%
(< 48). The numbers of annotated sequences of
RWKHU FODVVLILFDWLRQV ZHUH   ,Q WKH FDWHJRU\ RI
cellular components, the related genes of collagen
trimer (5), nucleoid (0), symplast (0), and extracellular matrix part (3) were few; and annotated sequences of extracellular matrix, cell junction, synapse part, virion part, virion, and synapse were less
than 1% (< 48).
In the molecular functions category, binding
and catalytic activity were the most prominent with
annotated sequences > 10% (> 489), and binding
was the most prominent molecular function. The
Lev4 GO category, where binding is located, contained all the categories with the numbers of annotated sequences > 480 in MF (Table 4 and Figure 9).
However, the numbers of sequences in chemoattractant activity, guanylínucleotide exchange factor
activity, translation regulator activity, protein binding transcription factor activity, protein tag, metallochaperone activity, morphogen activity, and antioxidant activity were all less than 1% (< 48).
Meanwhile, chemoattractant activity (0), metallochaperone activity (0), and morphogen activity (0)
had no annotated sequence.

Annotation in the NR Database. Figure 8A
showed that the transcriptome of the third instar
larvae had the highest number of matches with
transcripts from M. domestica, followed by Ceratitis capitata (Wiedemann) and Drosophila melanogaster. According to the taxonomic classification,
they all belong to the same family and genus, thus
they are closely related species phylogenetically.
The genomic data of these species have been reported and the statistical results indicated that the
gene expression profiles of H. sinense are relatively
close to M. domestica. Sequence homology was
shown in Figure 8B, in which: the expected value
(E-value) of 0 accounted for 39.28% of the total
sequence number; sequences with 1e-30±1e-20
E-value accounted for 10.78% of the total sequence
number; and sequence number with less than zero
E-value accounted for 60.72% of the total sequence
number. The results showed that although M. domestica, C. capitata, and D. melanogaster had a
high degree of match with H. sinense, there were
substantial differences in the sequences, reflecting
the species specificity of H. sinense. Although Figure 8B demonstrated a significant difference at the
RNA level, high homology was seen at the level of
amino acid sequence as shown in Figure 8C. This
indicateed that the differences of specific functional
protein sequences in these closely related organisms
were smaller than the differences at the level of
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A

B

C
FIGURE 8
Results distribution in NR database
(A) Pie chart showing the species distribution to compare between the sequencing sample species and their similar
species. Each segment in the pie chart represents a particular specie, the larger the area of the segment, the more the
sequence number of the particular specie; (B) Pie chart showing the E-value distribution. The smaller the E-value the
greater the reliability of the matching result. E-value of 1 × 10-5 was generally used in the comparison to screen the
threshold value of the result. In the pie chart of E-value distribution, each segment represents an interval of E-value;
the larger the area of the segment, the higher E-value of gene number in this particular interval; and (C) Pie chart
showing the similarity distribution. Similarity means the ratio of similar amino acids to total amino acid. Each segment in the pie chart represents a similar interval; the larger the area of the segment, the more genes in this particular
interval.
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TABLE 4
Categories with 480 or more sequences in the level 4 categories of molecular function (MF)
GO Term (Lev3)
Ion binding
Ion binding
Organic cyclic compound binding
Organic cyclic compound binding
Heterocyclic compound binding
Heterocyclic compound binding
Small molecule binding
Carbohydrate derivative binding

GO Term (Lev4)
Cation binding
Anion binding
Nucleoside phosphate binding
Nucleic acid binding
Nucleoside phosphate binding
Nucleic acid binding
Nucleotide binding
Ribonucleotide binding

Seq Number
620
579
740
733
740
733
740
482




FIGURE 9
Histogram showing the level two classification in GO database
Note: X-axis and Y-axis represents the level 2 classification terminology of GO database. Left Y-axis represents the percentage of isogenes in level two classification among the total number of isogenes. Right
Y-axis represents the number of isogenes. The three text colors of green, light-blue, and pink represent
biological process, cellular component, and molecular function, respectively.

tions.

Among the three categorized annotation results (biological process, cellular component, and
molecular function), the sequence number with less
than 1% (< 48) or zero annotation may have been
due to the loss during transcriptome sequencing or
possibly mistakes occurring during the sequencing.
In addition, gene expression of these categories in
third instar H. sinense was very low, which may be
due to the low demand of development-related activities or functions during the third instar. Categories with a greater annotated sequence number
might be due to more related activities and func-

Annotation in the Clusters of Orthologous
Groups (COG) Database. The transcript number
of general function prediction was the highest, furthermore, the translation, ribosomal structure, and
biogenesis also had more than 296 transcripts (Figure 10). However, no transcript was found in nuclear structure and extracellular structures and also
few transcripts were found, which is related to defense mechanisms (7) or cell motility (11).
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FIGURE 10
Histogram showing the classification in the Clusters of Orthologous Groups (COG) database
Note: Each color column in the histogram represents a functional classification in the COG database (specific meanings of different columns were denoted using uppercase letter A to Z in the figure labels). The
height (i.e., Y-axis) of each column represents the transcript number in the particular function.

FIGURE 11
Histogram showing the number of unigenes or transcripts involved in the 20 most common pathways
Note: The numbers of unigenes or transcripts involved in the 20 most common pathways from highest to
the lowest were listed from left to right hand side in the histogram; the higher the column, the more active
the biological pathway in the measured sample. In-depth analysis was performed according to different
sorting and orders of the most common pathways.
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FIGURE 12
Annotation analysis in KEGG database
Note: Y-axis represents the name of metabolic pathways in KEGG database; X-axis represents the number of genes involved in that particular pathway and the percentage of the number of genes among the
total number of annotated genes. Genes involved in the metabolic pathways in KEGG were divided into
five categories: A. Metabolism; B. Environmental information processing; C. Genetic information processing; D. Cellular processes; and E. Organismal systems.
genesis.
The third instar larva will develop into the
pre-pupa stage and the development will continue
until they exit through the host skin and fall to the
ground. Then Larvae will drill into the soil and pupate. Once the third instar larvae leave the host,
feeding is completed for the remainder of the life
cycle. As the third instar larvae reduces food consumption, related gene expression can also be found
decreased. In addition, the energy and body structures of larvae are gradually shifted towards metamorphosis and reproduction-related metabolic activity. For example, actively expressed genes can
directly or indirectly promote the metamorphosis of
third instar larvae into pupae.

Annotation in the KEGG Database. Figures
11 and 12 show differences in gene expression level
of metabolic pathways in the third instar larvae.
Genes associated with ribosome pathway had the
greatest expression levels (391). And only four
genes were found to be associated with cell motility.
Two categories of biological process, hormone
secretion and cell killing remained at the lowest
level in the transcriptome sequencing. In the points
of molecular functions, related genes associated
with chemoattractant activity, metallochaperone
activity, and morphogen activity were not sequenced, which might be because of the low or
even no expression. As Larvae in the host are provided with ample food in a protected environment,
thus the third instars continuously develop in the
host before dropping to the ground and pupating.
Therefore, genes associated with hormone secretion
and cell killing in response to environmental disturbances showed no obvious expression difference
for larval use and are likely to be expressed at low
levels. Genes involved in chemoattractant activity
are also found in this category. It is known that metallochaperone activity is the activity of metal-related chaperone proteins and it is associated
with organ morphogenesis, such as wing formation.
However, the third instar larvae did not have extensive expression of genes associated with morpho-

CONCLUSIONS
This results have already opened up the study
of the transcription of H. sinense, and more following-up work is still need to be carried out in the
future. For example, a large number of non annotated genes still occurred in H. sinense.
Competing interests. The authors declare that
they have no competing interests.
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silicon is not classified into any group of chemical
elements that are vital to plants. It is not classified as
a macroelement or microelement, either. However,
recent studies have shown that silicon should be classified as a vital element to plants [3, 4, 5].
Considerable amounts of silicon can be found
in most plants and they are comparable to the content
of calcium, magnesium and phosphorus. For example, the content of silicon in grasses is greater than
the content of any other mineral [6, 7]. Silicon,
which can be found in the tissues of many plants, reinforces cell wall sand enhances resistance to diseases [8]. The natural content of silicon in plant tissues ranges from a few hundred percent of dry
weight in sugar beets, through a few percent in cereals, up to 10% in rice [9, 3, 10, 7]. Silicon occurs in
a soil solution as monosilicic acid and it is taken up
by plants in this form, after which, as a polymer of
hydrated SiO2, it is accumulated on the epidermis of
various tissues [3]. The condensation of this acid
causes the formation of branched or even three-dimensional structures. The process of silicon uptake
was described recently. In some cases plants
transport silicon directly to places of infection [11,
12, 13, 14].
Plants form organosilicon compounds in cell
walls and become more resistant to hydrolytic enzymes produced by phytopathogens [15, 16]. Silicon
in rice plants is responsible for their immunity to rice
blast, brown spot of rice and seedling blight [3]. It
was also reported to be responsible for inhibiting
powdery mildew on cucumbers when it was applied
to leaves [17] and for killing herbivorous insects
[18]. Many exact experiments have proved that silicon reduces the effects of abiotic stresses [19, 20]. It
keeps high content of water in plants and reduces
transpiration under the condition of water deficiency
[21]. Silicon limits the negative effects of high and
low temperatures during the growth season [21]. All
these benefits of silicon fertilisation make us conclude that it should be considered as a macroelement
in plant nutrition. Tests on artificial substrates,
which lacked a water-soluble and available form of

ABSTRACT
Winter oilseed rape, winter wheat and maize
fall within the most important crops in Poland and
other European countries. Each year insect pests and
fungal diseases cause significant loss to the yield and
seed quality. Pests and diseases can be controlled
chemically, but according to the EU legislation,
every member-state is committed to produce agricultural goods under Integrated Pest Management
(IPM) policies. This approach is used to manage
fungi, weeds and pest damage by the most economical means and with the least possible negative impact
on the environment. Adequate fertilisation may successfully reduce the potential threats under the IPM
guidelines. The aim of the study was to determine
the influence of foliar application of silicon on the
reduction of the negative effects of biotic stresses
caused by herbivorous insects and fungal pathogens.
The study was conducted on winter oilseed rape,
winter wheat and maize in 2014 and 2015. The study
showed that the stimulator reduced damage caused
by major pest sand fungal infestation and it improved
yield parameters. The study proved that the silicon
stimulator applied to leaves successfully reduced the
incidence of pests and damage caused by diseases,
thus increasing the yield.

KEYWORDS:
Foliar application, silicon, biotic stress reduction, insects,
fungal diseases

INTRODUCTION
Silicon (Si) is the second (after oxygen ± 46%)
most common element found in the Earth's crust
(about 30%). Sand, quartz and silica are synonyms
of the same basic mineral (SiO2) [1]. Only a relatively short time ago silicon was taken into consideration in the context of plant nutrition [2]. From the
point of view of soil fertilisation and plant nutrition,

3300

© by PSP

Volume 27 ± No. 5A/2018 pages 3300-3305

Fresenius Environmental Bulletin

(treatment at phase BBCH 31);
Retengo Plus 183 SE (pyraclostrobin 133 g per
l; epoxiconazole 50 g per l), at a dose of 1 l per ha,
in maize plantations (treatment at phase BBCH 39).

silicon, caused considerable divergence from normal
development of plants. There were symptoms of
growth, development and reproduction disorders as
well as increased sensitivity to toxic substances,
pathogens and pests [22].
Although the importance of silicon fertilisation
for agriculture has been known for a long time, it is
difficult to use this element due to the instability of
liquid, water-soluble forms of silicon, which could
be absorbed by plants. The outstanding benefits of
silicon caused scientists and technologists to develop
stable liquid forms for foliar application. The aim of
the experiments presented in this manuscript was to
determine whether silicon applied to leaves could reduce the effects of biotic stresses caused by herbivorous insects and pathogenic fungi. As winter oilseed
rape, winter wheat and maize fall within the most
important crops in Poland and other European countries, they were chosen for the experiments. Also,
although there have been numerous studies concerning the soil application of silicon, very little is known
about the foliar application [23, 24]. Moreover, there
are no reports on the foliar application of silicon to
the crops under study.

Field experiments. The experiments were performed in accordance with the EPPO PP 1/219 (1),
EPPO PP 1/078 (3), EPPO PP 1/017 (3), EPPO PP
1/236 (1), EPPO PP 1/028 (3), EPPO PP 1/013 (3),
EPPO PP 1/271 (2) and EPPO PP 1/285 (1) guidelines. The trial site was Winna Góra, Wielkopolska
Region, Central Poland, GPS coordinates (N
52°12'28.8''; E 17°26'16.5''). The experiments were
conducted on winter oilseed rape (Artoga variety),
winter wheat (Figura variety) and maize (Wilga variety) plantations in 2014 and 2015, in randomised
complete blocks in four replications (N=4) for each
product tested. The plot area was 16.6 m2. The soil
had the following characteristics ± soil type: argillaceous sand, soil quality class: IIIa, organic matter:
1.14%, soil pH: 4.9. Oilseed rape was sown on 26
August 2013 and 25 August 2014 (sowing density ±
3.75 kg/ha) and harvested on 28 July 2014 and 30
July 2015. Winter wheat was sown on 27 September
2013 and 23 September 2014 (sowing density ± 190
kg/ha) and harvested on 20 August 2014 and 17 August 2015. Maize was sown on 28 April 2014 and 6
May 2015 (sowing density ± 80,000 seeds/ha) and
harvested on 29 October 2014 and 30 October 2015.
The products under study were applied three
times:
- winter oilseed rape: BBCH 21±36, BBCH
50±61, BBCH 69±73,
- winter wheat: BBCH 22±29, BBCH 30±51,
BBCH 51±73,
- maize: BBCH 12±16, BBCH 18±20, BBCH
19±39
The first treatment was conducted at early
VWDJHV RI WKH SODQWV¶ SKHQRORJLFDO GHYHORSPHQW
when the foliar tissues and meristem were the most
sensitive to herbivore infestation and fungal diseases.
During the field experiments the average temperature and the total rainfall (mm) were as follows:
March 2014 6.5qC and 47.0 mm, April 2014 11.0qC
and 40.0 mm, May 2014 14.1qC and 113.2 mm, June
2014 18.2qC and 40.0 mm, July 2014 24.0qC and
64.3 mm, March 2015 4.9qC and 50.1 mm, April
2015 8.7qC and 20.1 mm, May 2015 17.9qC and 31.9
mm, June 2015 18.1qC and 54.8 mm, July 2015
21.6qC and 99.5 mm.
Optysil containing 200 g SiO2 per l was applied
in two different experimental variants (Table 1). The
products under study were applied to plants by
means of a backpack sprayer with a 50 cm boom
(sprayer volume 6.0 l, nozzle ID: 4 TeeJet
XR11002VSnozzles).

MATERIALS AND METHODS
Mineral growth stimulator tested in field experiments. A commercially available mineral
growth stimulator named Optysil was examined in
field trials. It was developed by Intermag Sp. z o. o.
- a company located in Olkusz, Poland - as a product
containing liquid, fully water-soluble SiO2 at an
amount of 200 g per litre. It contains stabilised silicon acids, which are fully absorbable and transportable inside plants. The structure of naturally occurring silicic acids is very unstable.Within a few hours
or days they change from a liquid state into a gel,
which is insoluble in water and cannot be absorbed
by plants. So far, the unpublished experimental study
conducted in collaboration with the Institute of Plant
Physiology, Polish Academy of Sciences has provided particularly good documentation concerning
the influence of Optysil on reduction of the effects
of abiotic stress.
Fungicides used in field experiments. The
following doses of fungicides containing active substances from the group of triazoles, strobilurins and
ketoamines were applied in the experiments:
Horizon 250 EW (tebuconazole 250 g per l), at
a dose of 1 l per ha ± in winter oilseed rape plantations (treatment at phase BBCH 21);
Soligor 425 EC (tebuconazole148 g per l; spiroxamine 224 g per l; prothioconazole 53 g per l), at
a dose of 1 l per ha ± in winter wheat plantations
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TABLE 1
Variants of the experiment
Name of fertiliser
Control
Optysil with fungicidal protection
Optysil without fungicidal protection

Fertiliser dose [kg per ha]
±
0.5
0.5

European corn borer (OstrinianubilalisHubner). The assessment was made at phase BBCH 8597. The degree of damage caused by European corn
borers was assessed in the field. 400 maize plants
were randomly collected (100 plants from each plot)
in each variant of the experiment and they were examined for insect damage. Table 4 shows the percentage of plants (per 100) damaged by European
corn borers in each variant of the experiment.

The trials were carried out with standard fertilisation:
- oilseed rape: Polifoska 450 kg/ha (N-18,
P2O5-54, K2O-144, MgO-9, SO3-40.5), ammonium
nitrate N34% (235 kg/ha) ± twice
- winter wheat: Amofoska 400 kg/ha (N-16,
P2O5-64, K2O-72, S-40, CaO-20), ammonium nitrate
34% 235 kg/ha (N-80) and ammonium nitrate 34%
176 kg/ha (N-60)
- maize: Amofoska 450 kg/ha (N-18, P2O572, K2O-81, S-45), Superfosfat 250 kg/ha (P 2O5-20,
S-19), urea 46% 200 kg/ha (N-96).
The crops were fully protected with pesticides.
In each variant of the experiment the researchers assessed damage to oilseed rape siliques caused by
cabbage seed weevils, wheat plants ± by cereal leaf
beetles, and maize plants ± by European corn borers.
Apart from that, the percentage of fungal infestation
and the yield were assessed.

(2) Fungal infestation. Winter oilseed rape.
The assessment was made at phase BBCH 79±81.
When the siliques were ripe, 400 oilseed rape plants
were randomly collected (100 plants from each plot)
in each variant of the experiment. One silique was
collected from each plant ± altogether 400 siliques
were assessed. The siliques were examined macroscopically for the presence of pathogens causing
grey mould (Botrytis cinerea) and Alternaria disease
(Alternaria spp.). The percentage of the surface infested with the pathogens was assessed. The macroscopic analysis was confirmed by means of a microscope.

Assessment methods. (1) Insect damage.
Cabbage seed weevil (CeutorhynchusassimilisPayk.). The assessment was made at phase
BBCH 79-81. When the siliques were ripe, 400
oilseed rape plants were randomly collected (100
plants from each plot) in each variant of the experiment. One silique was collected from each plant ±
altogether 400 siliques were assessed. The siliques
were examined for the presence of holes made by
cabbage seed weevils and brassica pod midges and
for the presence of larvae inside. The results shown
in Table 2 are mean values for all plots in a particular
variant of the experiment.

Winter wheat. The assessment was made at
phase BBCH 75. 400 bundles of wheat plants were
randomly collected (100 bundles from each plot) in
each variant of the experiment. One plant was collected from each bundle ± altogether 400 plants were
assessed. Each plant was examined for the presence
of pathogens causing culm base diseases: eyespot
(Oculimacula spp.) and foot rot (Fusarium spp.) as
well as spike diseases: Fusarium head blight
(Fusarium spp.), glume blotch (Stagonosporanodorum) and sooty mould (Alternaria spp.) Culm
base diseases were ranked according to a three-level
grading scale, where 0 ± no symptoms, 1 ± mild infestation (necrosis in up to 30% of the culm circumference), 2 ± medium infestation (necrosis in 30±
50% of the culm circumference), 3 ± severe infestation (necrosis in more than 50% of the culm circumference). The percentage of the spike surface infested with pathogens was assessed. Each time macroscopic assessments were confirmed by means of a
microscope.

Cereal leaf beetle (Oulemamelanopa L.). The
assessment was made at phase BBCH 49. 400 bundles of wheat plants were randomly collected (100
bundles from each plot) in each variant of the experiment. One plant was collected from each bundle ±
altogether 400 plants were assessed. Each plant was
separately assessed for damage to flag and subflag
leaves. The leaves were examined for the degree of
damage caused by cereal leaf beetles. The following
scale of damage was assumed:
- severe ± 70-100% of leaf surface,
- medium ± 30-70% of leaf surface,
- small ± less than 30% of leaf surface.
Table 3 shows the percentage of plants with a
particular degree of damage in each variant of the
experiment.

Maize. The assessment was made at phase
BBCH 67. The presence of fungi was assessed according to disease symptoms on 400 plants (100
plants in each plot). The plants were examined for
the presence of maize smut on stems (Ustilagozeae)
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± no symptoms of the disease were found on maize
panicles and cobs. Leaves were examined for the
presence of brown spots (Aureobasidiumzeae, formerly: Kabatiellazeae). Cobs were examined for the
occurrence of fungi of the Fusarium genus.

with grey mould and Alternaria disease. It reduced
grey mould infestation by 43-52% in the variants
without fungicidal protection and by 57-70% in the
variants with fungicidal protection. Alternaria infestation was reduced by 21-39% and 48-68%, respectively.
Table 3 shows the effect of Optysil on winter
wheat. The product reduced damage caused by cereal leaf beetles to flag leaves and subflag leaves by
22-80%. Also, the occurrence of the most common
fungal diseases, which usually cause considerable
loss in the yield of wheat, was reduced. In both years
of the experiments ear diseases (sooty mould, glume
blotch and Fusarium head blight) were reduced by
almost 100%. The occurrence of stem base diseases
(eyespot and foot rot) was also reduced, but the silicon was less effective.
The role of silicon in limiting damage to maize
caused by European corn borers was inconclusive,
because in both years of the study there were divergent results (Table 4). Optysil also reduced the fungal infestation of maize. There were similar results
in the experimental variants where Optysil was applied with or without fungicidal protection. Optysil
reduced maize infestation by 80-100%.

RESULTS
The study examined how the mineral growth
stimulant (based on liquid silicon) applied to winter
wheat, oilseed rape and maize leaves in field trials
reduced damage by insects and the occurrence of
fungal diseases.
The effect of the mineral growth stimulant
on the reduction of damage caused by insects and
fungi. Table 2 shows the results of field experiments
conducted in 2014 and 2015, where the liquid silicon
product was applied to winter oilseed rape to reduce
damage to siliques caused by cabbage seed weevils.
In both years the percentage of siliques damaged by
cabbage seed weevils (Ceutorhynchusassimilis) decreased significantly. Also, in both years of the research the silicon noticeably reduced the infestation

TABLE 2
The results of experiments on winter oilseed rape

Parameters
Percentage of siliques
damaged by cabbage seed
weevils
Percentage of
Grey mould
siliques inAlternaria
fested with
disease
fungi
Yield [tonnes per ha]

2014
Optysil with
fungicidal protection

Optysil without fungicidal
protection

Control

7.75

4.25

3

22.14

9.54

15.52
3.96

Control

2015
Optysil with
fungicidal protection

Optysil without fungicidal
protection

11.71

1.86

4.70

12.8

24.39

7.37

11.91

8.07

9.53

17.8

5.67

14.21

4.78

4.83

3.4

3.84

3.59

28.25

2015
Optysil with
fungicidal
protection
20.00

Optysil without fungicidal
protection
22.00

TABLE 3
The results of experiments on winter wheat

Flag leaf

70

2014
Optysil with
fungicidal
protection
14

Subflag leaf

58

18

24

33.75

21.00

18.75

48
12

10
6

12
6

40
11

8
5

13
5

20

1

1

15

1

3

10

0

1

5

0

1

10

0

0

10

0

1

6.33

7.32

7.20

8.13

8.49

8.16

Parameters
Percentage of
leaves damaged
by cereal leaf
beetles

Eyespot
Foot rot
Sooty
Percentage of
mould
plants infested
Glume
with fungi
blotch
Fusarium
head blight
Yield [tonnes per ha]

Control

Optysil without fungicidal
protection
18
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TABLE 4
The results of experiments on maize

Parameters
Percentage of plants damaged by
European corn borers
Fusarium
Percentage of
stalk rot
plants infested
Corn smut
with fungi
Brown spot
Yield [tonnes per ha]

2014
Optysil with
fungicidal protection

Optysil without fungicidal
protection

Control

21

7

9

5

0

5
2
6.29

0
0
7.91

Control

The effect of the mineral growth stimulant
on yield. The results in Table 2 show that the application of silicon increased the yield of oilseed rape
by 5-22%. There were similar tendencies observed
in winter wheat (Table 3) and maize (Table 4). The
increase in the yield ranged between 0.4 to 15% and
2 to 26.7%, respectively.

2015
Optysil with
fungicidal protection

Optysil without fungicidal
protection

37.14

44.99

±

1

4

0.5

±

0
0
7.97

5
0
8.57

1
0
8.74

±
±
±

products. Other authors also confirmed this observation [29].
The experiments showed that the occurrence of
pests and fungal diseases in winter oilseed rape, winter wheat and maize plantations could be limited by
foliar application of the fertiliser containing silicon.
'XHWRWKHSUREOHPRISHVWVDQGSDWKRJHQV¶LQFUHasing resistance to crop protection products, the essential rule of the prevention strategy assumes reducing
the selection pressure of insecticides and fungicides.
The results of the experiments show that it is possible to achieve this goal by using stimulators containing absorbable silicon to limit damage caused by
pests and pathogens. The experiments also proved
that damage to the most important European crops
caused by insects and pathogens could be reduced by
applying silicon not only to soil but also to leaves.
The research results should be used in a stratHJ\SUHYHQWLQJSHVWVDQGSDWKRJHQV¶UHVLVWDQFHDQG
as the basis of integrated crop protection programmes.

DISCUSSION AND CONCLUSIONS
The study showed that when silicon was applied to oilseed rape, winter wheat and maize leaves,
it reduced the number of plants infested with fungal
diseases and the amount of damage caused by pests.
The reduction of biotic stresses increased the yield
of the crops. The liquid silicon product strengthened
WKH SODQWV¶ FHOO ZDOOV DQG LW ZDV PRUH GLIILFXOW IRU
cabbage seed weevils, cereal leaf beetles or European corn borers to damage them because of the
physical barrier. It was followed by lesser fungal infestation of the plants. Moreover, being a monocotyledonous plant, the winter wheat contains more silicon than the oilseed rape [25]. It has already been
known that when the number of plants damaged by
pests was reduced, fungal infestation was also reduced and the yield was higher. This fact was described by .RUEDVHWDO>@DQG:ĊJRUHNHWDO>@
It is also a well-known fact that plants respond to disease infestation by translocating silicon to the site of
infection. The mechanism might be explained by the
formation of organosilicon constituents in host
SODQWV¶FHOOZDOOVZKLFKDUHKLJKO\UHVLVWDQWWRSDWK
ogenic enzymes [15].
The divergence in silicon limiting maize damage caused by European corn borers may have been
caused by abiotic stress factors ± drought, water deficit at a later period of vegetation and changes in the
maize plant physiology, which affected its metabolism [16]. On the other hand, the occurrence of the
most common fungal diseases, which usually cause
considerable loss in the yield of maize, was reduced.
This finding confirms the fact that major fungal diseases [28] can be controlled not only with chemical
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DRIVING MECHANISMS AND PEAK LEVELS OF CO2
EMISSIONS IN CHINA: EVIDENCE FROM A
SIMULTANEOUS EQUATION MODEL
Feng Dong*, Xinqi Gao, Haimiao Yu, Ruyin Long
School of Management, China University of Mining and Technology, Xuzhou 221116, China

emitter [2]. In the long run, international and domestic pressure to reduce carbon emissions will compel
China to implement energy conservation, emission
reduction, and low-carbon development [3]. However, China is now in the rapid development stage of
industrialization and urbanization. As an important
input factor, energy consumption is essential [4].
Therefore, proper handling of the equilibrium relationship between energy conservation and economic
development is of great importance [5]. In 2015, the
rate of increase in coal consumption was the lowest
in recent decades, but coal still accounted for the
highest portion of energy consumption. As high-carbon fossil energy, coal plays an important role in increasing carbon emissions because coal accounts for
the largest portion of energy consumption. Moreover, compared to other fossil energy sources, the utilization efficiency of coal is lower [6]. On the other
hand, the secondary industry centered on larger industries is the main area of energy consumption. Industrial carbon emissions account for more than 70%
of national carbon emissions. In addition, industrial
coal consumption accounts for about half of Chinese
energy consumption. It is mainly rooted in the heavy
chemical industry with its high resource consumption, where it is the leading force promoting economic growth in China. Nonetheless, the energy intensity of the secondary industry is the highest in
three industries. In other words, the energy utilization efficiency of the secondary industry is lower [7].
Carbon emission reduction and control are the
major obstacles to promoting modernization in developing countries [8]. In addition, it is commonly
understood that carbon emissions can be reduced and
controlled by transforming the economic growth pattern in China. This is also an important way to deal
with global climate change in China [9], but the task
is arduous. Energy conservation and emission reduction should be carried out under the premise of reasonable economic development. What is more, as a
GHYHORSLQJ FRXQWU\ &KLQD¶V SULRULW\ LV WR SURPRWH
economic development. At the United Nations Climate Change Conference in Paris, China stated the
goal of reaching its carbon emission peak levels
around 2030. At this point, compared with 2005 levels, carbon emissions per unit GDP will have decreased by 60%±65% [10]. The proportion of nonfossil energy will reach about 20% by 2030 [11].

ABSTRACT
As climate change is an important environmental problem around the world, the development
trends and the time of peak carbon emissions in
China arouse extensive international attention. In
this study, a simultaneous equation model is constructed from a systems perspective to investigate
the dynamic action mechanisms of economic scale,
industrial structure, energy mix, and energy efficiency or their internal disturbance factors on carbon
emissions. The results specify that rapid economic
development is accompanied by large amounts of
carbon emissions. Under the premise of a low-carbon economy, adjustment of energy mix and industrial structure is the main way to reduce carbon emissions. From the efficiency standpoint, the increase in
energy utilization rate could also effectively mitigate
carbon emissions. Based on a simultaneous equation
model reasonable predictions of the endogenous and
exogenous variables are produced in the system, and
the development trend of carbon emissions in China
in the near future is analyzed. The simulation analysis determines that under the assumption of 5.5%
economic growth, carbon emissions could reach a
peak at 11.2 billion tons in China by 2030. Finally,
according to simulations of the carbon emissions development trend, policy suggestions for energy savings and emission reduction in China are provided.
These provide a reference point for policy-making to
achieve the goal of peak carbon emissions in 2030 in
China.
KEYWORDS:
Carbon emissions, Peak levels, Simultaneous equation
model, Economic scale, structural effect, technical effect

INTRODUCTION
Since reform and opening-up in China, rapid
development has taken place at the cost of high energy consumption and destruction of the ecological
environment [1]. According to statistical data on carbon emissions in 2007, China has exceeded the
8QLWHG6WDWHVWREHFRPHWKHZRUOG¶VODUJHVWFDUERQ
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³7KH WK )LYH-Year Plan to Control Greenhouse
*DV (PLVVLRQV :RUN 3ODQ´ SURMHFWHG WKDW FDUERQ
emissions per unit GDP would decrease by 18%
compared with 2015 levels. Accordingly, it also expressed the intent to achieve effective control of total
carbon emissions and to strive to reach peak emissions levels in the heavy chemical industry around
2020. In addition, it established that henceforth, any
development index formulated in any region, industry, and department should take into account the requirements of carbon emission policy. These goals
and measures indicate determination to achieve carbon emission reductions in China. These efforts not
only attempt to control global warming, but also fundamentally deal with climate change by transforming the economic development pattern in China and
by creating a low-carbon economy with sustainable
development. As a whole, how and when China will
reach carbon emissions peak levels in China are now
worldwide concerns.
As for environmental problems under global
warming, scholars in China and worldwide have explored the issue on carbon emission reduction and
control. They have mainly focused on researching
the driving factors of carbon emissions and on setting up predictive models to forecast future carbon
emissions [12-15]. Carbon emissions in most western countries such as England, the United States,
France, and Italy have reached their peak levels already, and therefore carbon emissions research in
these countries focuses on analysis of influencing
factors, and driving mechanisms discussed mostly at
the national [16-18] or regional levels [19, 20].
In the last 30 years, Chinese economy has
maintained a rapid average annual growth of 9%, but
it happened at the cost of high energy consumption
and carbon emissions [21]. Global surface temperature has presented an increasing trend, and this has
been due to massive emissions of greenhouse gases
[22]. The main component of greenhouse gases is
carbon dioxide, and 20% of greenhouse gas emissions come from China [23, 24]. Moreover, carbon
emissions are mainly due to high energy consumption in China. Thus, many scholars have carried out
widespread studies on the relationships among economic development, energy consumption, and carbon emissions [25-31]. Some of these have discussed
these issues only within China, whereas others have
conducted comparative analyses among countries.
Rather, they all contain detailed discussions from the
perspectives of causal associations and interaction
mechanisms based on econometrics. There are,
nonetheless, certain differences in the specific conclusions due to the limited time ranges and various
methods utilized.
Energy consumption is the main source of carbon emissions, and the major factor resulting in high
energy consumption and carbon emissions is economic output [32]. However, the driving factors of
carbon emissions include not only economic output,
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but also demographic factors [33], energy mix [3436], industrial structure [37, 38], energy intensity
[39], regional factors [40, 41], urbanization level
[42, 43], trade factors [44], and investment factors
[45, 46], which also have a certain effects on carbon
emissions. Reducing carbon emissions involves decreasing the use of fossil energy, adjusting energy
mix, energetically developing the tertiary industry to
optimize the industrial structure, and promoting energy intensity reductions, especially for the secondary industry. All these measures will inhibit further
increases in carbon emissions.
Based on a number of studies on the driving
mechanisms of carbon emissions, scholars set up a
predictive model to study the development trend of
carbon emissions and analyze when China will reach
peak levels. Studies predicting carbon emissions can
be roughly divided into three classes. The first involves simple prediction of carbon emissions at future times [47-51]. The second category comprises
empirical analysis of the conditions that must be met
to reach peak carbon emissions levels [52-55]. The
third class of studies attempts to determine when
China will reach peak carbon emissions levels by
predicting future carbon emissions [56-58]. Overall,
total carbon emissions increase in all scenarios,
whereas under many energy conservation and emission reduction measures, the growth rate is very slow
and gradually decreases until reaching the peak levels. As for the exact timing of peak carbon emissions,
the conclusions in literature are inconsistent. Taking
a boundary year of 2030, some of them think that the
peak will occur around or before 2030 [24, 58], but
others believe that it will occur after 2030 or even
around 2040 [56, 59].
The driving factors behind carbon emissions
have been fully discussed in previous literature. SpeFLDOO\EDVHGRQ&KLQD¶VQDWLRQDOFRQGLWLRQVDQGVLW
uation, a certain amount of studies have predicted the
development trend of future carbon emissions and
analyzed the deadline for reaching peak carbon
emissions levels. These research findings have enriched the state of the carbon emission problem in
China. Nevertheless, relatively few studies have addressed the problem of peak carbon emissions in
China, and the studies that do exist are mostly based
on the scenario analysis method. In response to this
situation, based on a driving mechanism analysis of
carbon emissions, a simulation study on peak carbon
emissions is carried out in this study. The model and
variable selection involve some innovations. A simultaneous equation model from previous research is
mostly employed for factor analysis and only rarely
as a prediction model. The Chinese government has
performed a simultaneous equation model to predict
the national GDP, and the results have been comparatively accurate. Therefore, this simultaneous equation model is utilized in this study. As for specific
variables, previous prediction studies on carbon
emissions have always considered only the action
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mechanisms of particular variables on carbon emissions, while ignoring interactive effects among the
variables. In fact, dynamic change should be taken
into account when analyzing the effects of a given
set of variables on carbon emissions. This is also an
advantage of the simultaneous equation method. In
addition, variables reflecting time-varying attribute
such as urbanization level and energy price are added
to the model used in this study.
The remainder of this paper is organized as follows. Methodology and data are described in Sect. 2.
Section 3 presents and discusses the driving mechanisms of carbon emissions and simulation research
of peak carbon emissions in China. Section 4 contains conclusions and policy implications.

three effects are represented by economic scale, energy mix, industrial structure, and energy efficiency,
and a system of simultaneous equations can be constructed by using the endogenous variables of carbon
emissions, industrial structure, energy mix, and energy efficiency. Other variables representing the
structural and technical effects are selected as exogenous variables. To represent the scale effect, using
the Environmental Kuznets Curve that relates carbon
emissions and economic growth, a first-degree term,
a quadratic term, and a cubic term of economic scale
are included in the equation for carbon emissions. In
addition, an economic development level variable
(per-capita GDP) is selected as one of the influencing factors on the structural and technical effects.
The simultaneous equation can be specified as:

METHODOLOGY AND DATA

ln CO2 C1 u ln GDP  C2 u ln GDP  C3 u ln GDP  C4 u ln IS

Construction of the simultaneous equation
model. A simultaneous equation model uses several
interrelated equations to represent simultaneously
the interdependence relations of economic variables
in an economic system. According to previous research [7, 30, 34, 37], the driving factors of carbon
emissions consist mainly of scale effect, structural
effect, and technical effect, with all three influencing
each other. Meanwhile, variations in effect will also
be induced by other variables that thereby indirectly
affect carbon emissions. Therefore, it is incomplete
to describe the driving mechanism of carbon emissions by constructing only one equation. With the
systematic nature of simultaneous equations, the

ln IS C8  C9 u ln PGDP  C10 u ln CITY  C11 u ln EFFI  C12 u ln IS 1

2

3

 C5 u ln EM C6 u ln EFFI  C7 u ln CO2 1
C13 u ln IE  C14 u ln CO2 1
ln EM

C15  C16 u ln PDGP  C17 u ln IS  C18 u ln EFFI  C19 u ln IS 1

C20 u ln P  C21 u ln CO2 1
2

ln EFFI C22  C23 u ln PGDP  C24 u ln PGDP  C25 u ln IND
 C26 u ln POP C27 u ln EM  C28 u ln EFFI 1  C29 u ln P

Ł
In this study, the simultaneous equation model
is composed of four basic equations: the first representing carbon emissions, the second representing
industrial structure, the third representing energy
mix, and the fourth representing energy efficiency.
The variables used in the simultaneous equation model and their corresponding descriptions are
presented in Table 1.

TABLE 1
Variable description in the simultaneous equation model
Variable
symbol

Variable

CO2

Carbon emissions

GDP
IS
EM
EFFI

Economic scale
Industrial structure
Energy mix
Energy efficiency

PGDP

Per-capita GDP

IND

Proportion of total import
and export
value to GDP
Industrialization level

POP

Human capital

P

Energy price

CITY

Urbanization level

IE

Definition
Calculation using standard coal converted by different energy efficiencies and the corresponding
carbon emission factors
Conversion of GDP index into constant 2000 prices
Value added of the secondary industry/GDP
Coal consumption/total energy consumption
GDP/energy consumption
Per-capita GDP converted into constant 2000 prices using
the per-capita GDP index
Total import and export value /GDP
Industrial value added/GDP
Average higher education students at school in every one
hundred thousand people
Purchase index of fuel and power price converted into
constant 2000 prices
Urban population/total population

3308

© by PSP

Volume 27 ± No. 5A/2018 pages 3306-3317

Fresenius Environmental Bulletin

2015. Given the long time span and the instability of
WKH GDWD D ³VSXULRXV UHJUHVVLRQ´ LV SRVVLEOH DQG
therefore the variables are transformed into their natural logarithms. Table 2 provides the descriptive statistics of the data.

In the estimation equation, two estimation strategies, i.e., the single-equation estimation method and
system estimation, can be utilized. The single-equation estimation method always leads to invalid and
biased results, by contrast, system estimation can
generally solve the problem. By considering all
equations as a whole and fully the links among all
equations, the system of simultaneous equations is
defined by the system estimation procedure. Once
estimates of the unknown parameters have been obtained, a simultaneous equation model reflecting objective reality has been developed. Finally, the predicted values of one or several economic variables
can be generated by prediction through the model.
Based on an analysis of the internal driving
mechanisms of carbon emissions, this study focuses
mainly on the trend of carbon emission development.
In the simultaneous equation model, carbon emissions are predicted under the condition of predicting
the exogenous variables. To determine the exogenous variables in the system, including energy price,
human capital, and proportion of total export and import value to GDP, the grey Markov metabolism GM
(1, 1) model is performed to predict these variables
dynamically. Given urbanization and industrialization levels, the dynamic predictions by using GM (1,
1) model are always higher or lower than actual values, which are inconsistent with current economic
reality in China. Therefore, the method proposed by
Niu [59] is employed, which adjusts growth rate in
the model to some extent based on existing data. In
addition, in the face of current Chinese economic
conditions and the uncertainty of economic development, various hypothetical scenarios are constructed
for economic scale and economic development level
to investigate the results simulated by the model.

RESULTS AND DISCUSSION
Driving mechanisms of carbon emissions.
Taking into account the cross impacts of relevant
variables on the actual Chinese economy, to obtain a
better description of the interaction mechanisms
among the variables, time-series data during 1980±
2015 in China are employed to construct the simultaneous equation model of carbon emissions. Given
the recognized order and rank conditions in the simultaneous model, the simultaneous equations constructed in this research are over-identified. Through
three-stage least squares (3SLS), the system of equations is estimated. Moreover, a single-lagged endogenous variable is introduced into the equations to
eliminate first-order autocorrelation. In the simultaneous equations, all exogenous variables and predetermined variables act as instrumental variables for
the endogenous variables. Then the system of equations is estimated by the 3SLS method, as shown in
Table 3.
Column 2 in Table 3 describes the economic
determinants of carbon emissions. The equation incorporates scale, structural, and technical effects.
With other conditions remaining constant, if economic development at larger production scale takes
place, more pollutants are discharged, and therefore
a positive coefficient is expected. At a given production scale, highly polluting industries produce more
pollutants, and thereby the structural effect coefficient is expected to be positive. Better emission reduction technology can abate pollution intensity. If
the other two factors are constant, emissions are expected to be negatively correlated with the technical
effect. The second column in Table 3 provides the
estimation results of the economic determination of
carbon emissions.

Data. The data used in this study come from the
³&KLQD6WDWLVWLFDO<HDUERRN´DQGWKH³&KLQD(QHUJ\
6WDWLVWLFDO <HDUERRN´ 7R GHWHUPLQH HQHUJ\ SULFH
because a purchase index of fuel and power price
was published in 1989, energy price data during
1980±1988 are obtained by using the weighted average of the prices of industrial coal, petroleum, and
power production and the proportions of these in energy mix. The data time series extend from 1980 to

TABLE 2
Descriptive statistics of variables
Variable
Carbon emissions
Economic scale
Industrial structure
Energy mix
Energy efficiency
Per-capita GDP
Proportion of total import and export value to
GDP
Industrialization level
Human capital
Energy price
Urbanization level

Mean
419373.72
0.55
44.95
72.15
125.02
122.05

SD
250844.11
0.19
1.91
3.26
114
103.99

Min
143024.52
0.25
40.9
64
15.28
19.63

Max
975250.05
0.93
48.1
76.2
397.85
367.09

36.51

14.20

12.45

64.24

39.53
972.70
475.95
11.34

1.88
870.33
158.89
35.28

34.3
114
263.36
19.40

43.9
2524
744.76
56.10
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TABLE 3
Estimation results through the simultaneous equation model by using 3SLS method
Coefficient
C
lnGDP
(lnGDP)2
(lnGDP)3
lnIS
LnIS (-1˅
lnEM
LnEM (-1)
lnEFFI
LnEFFI (-1˅
lnPGDP
(lnPGDP)2
LnCITY
lnIND
lnPOP
lnP
LnCO2 (-1)
lnIE

lnCO2

lnIS
5.1938

lnEM
1.9412

2.0072
-0.3859
0.0322
0.4034

lnEFFI
6.6242

0.0619
0.7048

1.0568

-1.4671

-0.2148

-0.1694

0.8971
-0.1271

0.4129

0.1317

0.3706
1.1040
-0.0919

-0.5159

0.2699
R2=0.9978
D.W=1.4747

-0.2866
0.0635
R2=0.8857
D.W=1.5947

-0.0141
-0.1363
R2=0.9458
D.W=2.5025

-0.2971
-0.1300
0.1731
R2=0.9968
D.W=1.5736

introduced into the equation. The environment pressure represented by increased carbon emissions can
also promote industry structure optimization and upgrading to some extent, thus, the elasticity is negative (0.2866). The per-capita GDP elasticity of industrial structure is positive (0.4129), which sugJHVWV WKDW WKH HIIHFW RI SHRSOH¶V OLYLQJ VWDQGDUG RQ
industrial structure is significant. With higher living
standards, the requirement for industrial products increases, thereby increasing the proportion of the secondary industry. As for other variables, the elasticity
of urbanization level is negative (0.5159). The development of urbanization can promote the tertiary industry. It has a significant promotional effect on industrial structural adjustment and decreases the proportion of the secondary industry to some extent.
The elasticity of import and export trade is positive
(0.0635). Import and export trade, especially export
trade, involves mostly manufactured goods, so
changes in the secondary industry and import and export trade development tend to occur in the same direction.
Column 4 in Table 3 describes the economic
determinants of energy mix. In this equation, industrial structure adjustment and energy efficiency increase have a positive (0.0619) and negative
(0.1271) effect on energy mix, respectively. As the
main energy consumption sector, changes in the secondary industry tend to occur in the same direction
as changes in energy mix, and the impact of industrial structure is relatively weak, but importantly, the
increase in energy efficiency optimizes the energy
consumption structure and reduces energy consumption centered on coal. A lagged carbon emissions
term is also introduced into the equations. The environmental pressure associated with increased carbon
emissions can promote optimization and upgrading
of energy mix to some extent, and therefore the elas-

From a systematic perspective, the major factor
promoting increased carbon emissions is economic
scale, with the coefficients of the first-degree term,
the quadratic term, and the cubic term being positive
(2.0072), negative (0.3859), and positive (0.0322)
respectively. This indicates an upside-down Nshaped curvilinear relationship between carbon
emissions and economic scale. Increasing economic
scale is accompanied by rising carbon emissions.
When reaching peak levels, a decreasing trend in
carbon emissions may appear with economic development. This verifies the theoretical possibility of
simultaneously maintaining economic growth and
attaining peak carbon emissions. The industrial
structure elasticity of carbon emissions is positive
(0.4034). Industrial structure is characterized by the
proportion of the secondary industry to GDP. The
secondary industry consists of energy exploitation
and processing industry, which consume huge
amounts of energy and produce serious environmental pollution; therefore, the industrial structure elasticity is positive. In the process of decreasing the proportion of the secondary industry, carbon emissions
must be reduced. The energy mix elasticity of carbon
emissions is positive (1.0568). Change in energy mix
can have an inhibiting effect on carbon emissions.
The energy efficiency elasticity of carbon emissions
is negative (0.2148) because technical progress inhibits carbon emissions. As energy efficiency increases, carbon emissions are mitigated.
Column 3 in Table 3 presents the economic determinants of industrial structure. Increased energy
efficiency, depending on technical progress and the
decrease in the proportion of highly polluting industries, contributes to industrial structural optimization
and upgrading. It can be observed that the energy efficiency elasticity of industrial structure is negative
(0.1694). A lagged term of carbon emissions is also
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in China and to investigate quantitatively the specific
relationships among the variables in the system. On
this basis, the development trend of carbon emissions in China is forecast through the prediction
model constructed by the simultaneous equations.
The grey prediction theory was first proposed
by Deng in 1982 [60]. It obtains the change rule of a
series by summarizing the information given in
small samples and conducts reasonable predictions.
The modified GM (1, 1) prediction method progressively abandons old information and adds new information, which greatly increases model simulation
accuracy. The grey prediction method is mainly used
to forecast series over short time spans and with
small fluctuations. Accordingly, prediction through
a Markov chain calculates the change in a series according to the transition probability between states.
It plays a significant role in series with large fluctuations. Thus, combined prediction by these two
methods is more reasonable for forecasting series
[61]. The grey Markov metabolism GM (1, 1) model
is employed to predict exogenous variables, including energy price, human capital, and proportion of
total import and export value to GDP dynamically.

ticity is negative (0.1363). The per-capita GDP elasticity of energy mix is positive (0.1317), which is not
ideal. In theory, with higher living standards, the
amount of coal consumption should decrease. One
possible reason is that the decrease in personal coal
consumption cannot counteract the increase in industrial coal consumption. Meanwhile, per-capita carbon emissions continue to increase in China. As for
other variables, the energy price elasticity with respect to energy mix is negative (0.0337). Rising energy price increases the use-cost of energy, which
promotes optimization of energy mix. Nevertheless,
because the cardinality of coal is high and the price
is low, this impact is weak.
Column 5 in Table 3 provides the determinants
of the technical effect. In this equation, the rising industrialization level and changes in energy mix (proportion of coal consumption to total energy consumption) have negative effects (0.2971 and 1.4671)
on energy efficiency, which counteract the energy
efficiency increase. First-degree and quadratic terms
of per-capita GDP are introduced, with positive
(1.1040) and negative (0.0919) coefficients, respectively, indicating an upside-down U-shaped relationship between per-capita GDP and energy efficiency.
This phenomenon suggests a dynamic curvilinear relationship, that is to say, energy efficiency in China
rises first and then falls with increasing per-capita
GDP. As for other variables, the human capital elasticity of energy efficiency is negative (0.1300). The
human capital coefficient is expected to be greater
than zero, but the results specify that human capital
has no effect on increasing energy efficiency at the
present stage. The energy price elasticity of energy
efficiency is positive (0.1730). This specifies that
rising energy price can significantly promote an increase in energy efficiency.

First, the predicted value of variable

Yk

during

2016±2035 is calculated by the metabolism GM (1,
1) method. Second, the state is determined by clustering analysis on the ratio of the actual variable
value in the 2000±2015 sample period to the simu-

>Q , Q @

lated value obtained by the grey method: Q
i

1i

2i

, where i «n. Then the transition probability
of the Markov states is estimated as

Pij

m

= M ij

m

M i , where i

«n , and

m

the probability matrix is P . Third, by combining
the predictions of the transition probability matrix
for a variable, the variable is re-predicted, and the
predicted value of the variable is finally got as:

Simulation of peak carbon emissions. In the
above discussion, the simultaneous system of equations is utilized to analyze the dynamic action mechanisms of carbon emissions on economic scale, energy efficiency, energy mix, and industrial structure
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FIGURE 1
Predicted trend of human capital, energy price, and proportion of total import and export value to GDP
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r1 are 0.03, 0.0005, respectively. The predicted results for specific variables are shown in Fig. 2.
Rapid economic development is accompanied
by serious environmental pollution. Carbon emission reduction and control in China have attracted
wide attention. Before 2010, the GDP growth rate
was higher, but since then the economic development pattern has been gradually reformed in China.
After 2010, the GDP growth rate gradually decreased from high-speed growth to high-middle
speed growth. Moreover, with deep changes in the
economic development pattern, the GDP growth rate
will slow down in preparation for a gradual future
increase. Since future GDP evolution is uncertain,
the GDP growth rate is assumed in the four scenarios
examined in this study, and the carbon emission development trends under different economic development patterns are specifically analyzed. As the GDP
growth rate changes, per-capita GDP growth rate
will also undergo corresponding changes. The four
specific scenarios are provided in Tables 4 and 5.

Y u (Q1 i  Q2 i 2 ) . The predicted rek

sults for the three exogenous variables are presented
in Fig. 1.
For exogenous variables, including urbanization level and industrialization level, dynamic prediction by the combination is always higher or lower
than the results obtained by the grey Markov metabolism GM (1, 1) model. It is inconsistent with current
economic reality in China. Thus, the method proposed by Niu [59] is utilized, which adjusts the
growth rate of data to some extent under the assumption of the existing growth rate of data. The formula
is described as follows:

X t =X 0 *(1+r0 -r1 *t )^t
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(2)

where X0 and Xt are the initial and predicted values of the data. r0 and r1 represent the growth rate
and the rate of change of the initial value, respectively. The urbanization levels of r0 and r1 are 0.022
and 0.0005, and the industrialization levels of r0 and
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FIGURE 2
Predicted trend of the urbanization level and industrialization level
TABLE 4
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FIGURE 3
Natural logarithm of CO2 emissions during 2016-2035 under different scenarios.
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FIGURE 4
CO2 emissions from 2016 to 2035 under different scenarios
The energy utilization efficiency increased significantly in the fourth scenario (25,000 Yuan/ton).
During the prediction period, the carbon emissions growth rate is faster and increases linearly before 2020. During 2016±2020, the average annual
carbon emissions growth rate is 2%. Reaching peak
levels during 2020±2030, carbon emissions growth
gradually slows down. During 2016±2030, the average annual carbon emissions growth rate is 0.09%.
Depending on the ratio of carbon emissions to constant GDP in 2000, carbon emission intensity in each
corresponding year is calculated. In 2020, carbon
emission intensity is 1.8215, 47% and 23% less than
those in 2005 and 2015, respectively. In 2030, carbon emission intensity is 1.1999, 65% and 49% less
than those in 2005 and 2015, respectively. These results further confirm that the carbon emission reduction goal of 40%±45% by 2020 and 60%±65% by
2030 can be achieved in China [50]. It specifies that
the annual rate of descent of carbon emission intensity is greater than the annual GDP growth rate by
comparing the annual decreasing rate of carbon
emission intensity and the annual growth rate of eco-

Results and discussion on peak carbon emissions simulation. Due to certain assumptions about
the economic development pattern in the four scenarios, and under the premise of given exogenous
variables, the development trend of carbon emissions in China is predicted. The simulated results indicate that carbon emissions reach a peak in 2030 under the economic output and per-capita GDP in the
fourth scenario. In the other three scenarios, peak
carbon emissions are not achieved. The specific scenarios are presented in Figs. 3 and 4.
Figures 3 and 4 specify that carbon emissions
are 12.4, 12.1, and 11.8 billion tons in the first, second, and third scenarios in 2030. Carbon emissions
in China still do not reach a peak, and continue to
grow slowly. However, in the fourth scenario, carbon emissions in China reach a peak at 11.2 billion
tons by 2030. After this, carbon emissions slowly decrease, and GDP and PGDP growth rates are 5.5%
and 5.3%, respectively, in 2030. In China, energy
mix, i.e., the proportion of coal consumption to total
energy consumption, is 41.6%. Industrial structure,
the proportion of the secondary industry is 35.1%.
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sions. A simulation analysis of peak carbon emissions is then performed by using the simultaneous
equation model for four specific scenarios. Carbon
emissions are found to reach a peak at 11.2 billion
tons in 2030 in the fourth scenario. Accordingly, energy mix and industrial structure are 41.6% and
35.1%, respectively. The energy utilization efficiency is 0.25 10, 000 Yuan per ton, and the GDP
growth rate is 5.5%.
According to the conclusions above, the following policy implications are proposed to help
China reach peak carbon emissions levels as soon as
possible.
The first is to establish an energy price system
and promote the market determination of energy
price. Adjusting energy price increases the use cost
of energy and thereby decreases energy demand
[62]. Previously, energy price is mostly under state
macro-control and could not fully reflect energy demand [63, 64]. However, the analytical results in this
study suggest that the inhibiting effect of energy
price on carbon emissions is not significant. Therefore, it is necessary to set up a reasonable regulation
system of energy price.
The second is to undertake careful slowdown of
economic development and to focus rather on enhancing the quality of economic growth. Accordingly, there is a need to upgrade and optimize industrial structure and energy mix under the conditions
of current Chinese economic reality. The secondary
industrial sector has been the backbone of economic
growth in China, accounting for about 70% of total
energy consumption. Fossil energy based on the coal
has been the main source of increased carbon emissions [65]. Thus, on the one hand, outdated industry
with high-energy processes and high consumption
can be eliminated gradually, thereby achieving industrial upgrading; moreover, the development of
clean energy will be accelerated, resulting in decreasing the ratio of coal consumption. On the other
hand, according to the four specific simulation analyses on carbon emission development trends, economic scale is the major factor of energy-related carbon emissions, and therefore the speed of economic
development could be carefully slowed down to pursue a viable balance between development and sustainability.
The third approach is to increase overall national innovation capability and to mitigate energyrelated carbon emissions by raising energy utilization efficiency. Empirical results specify that energy
utilization efficiency has a great effect on carbon
emission reduction. In this study, national innovation
capability is represented by human capital. Since reform and opening-XS&KLQD¶VLQQRYDWLRQFDSDELOLW\
has rapidly expanded; nevertheless, human capital is
found to have an insignificant effect on increasing
the energy utilization rate. Thus, the energy utilization rate should be further improved by other means,
for example, by establishing a carbon trading market

nomic scale. This is in accordance with the conditions for reaching peak obtained by He [53].
Carbon emission reduction and control
measures decrease the amount of energy consumed
and inhibit economic growth to some extent. In this
context, we explore which scenario carbon emissions could reach a peak in, and the development
trend of carbon emissions is simulated. According to
simulations of four scenarios, carbon emissions
reach a peak in 2030 only in the fourth scenario. The
economy-energy-environment system is complex,
with many factors influencing each other. Economic
growth is accompanied by increased carbon emissions. On the other hand, increases in energy utilization efficiency and optimization of energy mix and
industrial structure can mitigate carbon emissions. In
other words, the increase or decrease in carbon emissions is determined by the comprehensive effects of
the relevant driving factors. In the first three scenarios, carbon emissions continue to increase, which
suggests that the increase in energy-related carbon
emissions caused by economic growth is not completely counteracted by changes in industrial structure and energy mix and promotion of energy efficiency. There are two ways to reach peak carbon
emissions levels. The first is to maintain the existing
economic growth rate, implement stricter emission
reduction and energy conservation measures, tighten
low-carbon standards, and then reduce carbon emissions further, or else capture or store CO2. For example, afforestation has been carried out to increase the
ability of the ecological system to store CO2; and
CO2 is also absorbed and stored by the oceans;
ZKDW¶V PRUH CO2 can be recycled and reused by
chemical and biological techniques. The second approach is to inhibit or reverse the increase in carbon
emissions by adjusting the speed of economic development. Actually, this corresponds to the fourth scenario. The scenario simulation specifies the feasibility of this pattern. In the interplay among scale, structural, and technical effects, the scale effect is the major factor. Economic scale affects the specific economic growth pattern. Given a certain economic
scale, carbon emissions are reduced by the inhibiting
influence of structural and technical effects, in particular, technical effects have great carbon emission
reduction potential.

CONCLUSIONS AND
POLICY IMPLICATIONS
In this study, from the perspectives of scale,
structural, and technical effects, the driving mechanisms and variation trends of carbon emissions have
been analyzed. In addition, a simultaneous equation
model for carbon emissions is constructed. The scale
effect is found to increase carbon emissions, whereas
structural and technical effects inhibit carbon emis-
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[9] 'RQJ)/RQJ5<<X%/:DQJ</L-<
:DQJ < 'DL <- <DQJ 4/ DQG &KHQ +
  +RZ FDQ &KLQD DOORFDWH &2 UHGXFWLRQ
WDUJHWVDWWKHSURYLQFLDOOHYHOFRQVLGHULQJERWK
HTXLW\DQGHIILFLHQF\"(YLGHQFHIURPLWV&RSHQ
KDJHQ$FFRUG SOHGJH 5HVRXUFHV &RQVHUYDWLRQ
5HF\FOLQJ  
[10] 'RQJ ) /RQJ 5< /L =/ DQG 'DL <-
  $QDO\VLV RI FDUERQ HPLVVLRQ LQWHQVLW\
XUEDQL]DWLRQ DQG HQHUJ\ PL[ (YLGHQFH IURP
&KLQD1DW+D]DUGV  
[11] 'RQJ)/RQJ5<%LDQ=);X;+<X
%/DQG:DQJ<  $SSO\LQJD5XJJLHUR
WKUHHVWDJH VXSHUHIILFLHQF\ '($ PRGHO WR
JDXJHUHJLRQDOFDUERQHPLVVLRQHIILFLHQF\HYL
GHQFHIURP&KLQD1DW+D]DUGV  
[12] $QGUHRQL9*DOPDULQL6/XQG+DQG.DL
VHU0-  'ULYHUVLQ&2HPLVVLRQVYDUL
DWLRQ $ GHFRPSRVLWLRQ DQDO\VLV IRU  ZRUOG
FRXQWULHV(QHUJ\  
[13] &KDQJ . =KDQJ & DQG &KDQJ +  
(PLVVLRQV UHGXFWLRQ DOORFDWLRQ DQG HFRQRPLF
ZHOIDUH HVWLPDWLRQ WKURXJK LQWHUUHJLRQDO HPLV
VLRQVWUDGLQJLQ&KLQD(YLGHQFHIURPHIILFLHQF\
DQGHTXLW\(QHUJ\  
[14] +XLVLQJK'=KDQJ=0RRUH-&4LDR4
DQG /L 4   5HFHQW DGYDQFHV LQ FDUERQ
HPLVVLRQV UHGXFWLRQ 3ROLFLHV WHFKQRORJLHV
PRQLWRULQJ DVVHVVPHQW DQG PRGHOLQJ - &OHDQ
3URG  
[15] $QJ%:6X%DQG:DQJ+  $VSD
WLDO±WHPSRUDO GHFRPSRVLWLRQ DSSURDFK WR SHU
IRUPDQFH DVVHVVPHQW LQ HQHUJ\ DQG HPLVVLRQV
(QHUJ\(FRQ  
[16] *DUPDQQ 6   'R JRYHUQPHQW LGHRORJ\
DQG IUDJPHQWDWLRQ PDWWHU IRU UHGXFLQJ &2
HPLVVLRQV" (PSLULFDO HYLGHQFH IURP 2(&'
FRXQWULHV(FRO(FRQ  ±
[17] .DVPDQ$DQG'XPDQ<6  &2HPLV
VLRQV HFRQRPLF JURZWK HQHUJ\ FRQVXPSWLRQ
WUDGHDQGXUEDQL]DWLRQLQQHZ(8PHPEHUDQG
FDQGLGDWHFRXQWULHV$SDQHOGDWDDQDO\VLV(FRQ
0RGHO  
[18] $NERODW'DQGùHQ\L÷LW8  6KRUWWHUP
HIIHFWRIGLIIHUHQWLUULJDWLRQZDWHUOHYHOVRQVRLO
FDUERQ GLR[LGH &2  HPLVVLRQ )UHVHQ (QYL
URQ%XOO
[19] %DXU $+ /DXI 6 )|UVWHU 0 DQG .OHLQ
VFKPLW %   (VWLPDWLQJ JUHHQKRXVH JDV
HPLVVLRQVRI(XURSHDQFLWLHV²0RGHOLQJHPLV
VLRQV ZLWK RQO\ RQH VSDWLDO DQG RQH VRFLRHFR
QRPLF YDULDEOH 6FL7RWDO (QYLURQ   

[20] 0RXWLQKR 9 0RUHLUD $& DQG 6LOYD 30
 7KHGULYLQJIRUFHVRIFKDQJHLQHQHUJ\
UHODWHG &2 HPLVVLRQV LQ (DVWHUQ :HVWHUQ
1RUWKHUQDQG6RXWKHUQ(XURSH7KH/0',DS
SURDFKWRGHFRPSRVLWLRQDQDO\VLV5HQHZ6XV
WDLQ(QHUJ\5HY  ±

based on market trade mechanisms. Besides increasing the energy technology level, carbon capture and
storage as a key component of carbon emission reduction should be paid more attention to [66]. This
technology has potentially epoch-making significance for carbon emission reduction. Carbon emissions are in the ocean or geological storage after carbon capture, but the technology is still in the development and demonstration stage. Practical implementation procedures for carbon capture and sequestration require further research.
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URQ'HY(FRQ  
[57] <XDQ-+;X<+X==KDR&+;LRQJ
03 DQG *XR -6   3HDN HQHUJ\ FRQ
VXPSWLRQDQG&2HPLVVLRQVLQ&KLQD(QHUJ\
3ROLF\  
[58] 0L=):HL<0:DQJ%0HQJ-/LX=
6KDQ<//LX-5DQG*XDQ'%  6R
FLRHFRQRPLFLPSDFWDVVHVVPHQWRI&KLQD V&2
HPLVVLRQV SHDN SULRU WR  - &OHDQ 3URG
  
[59] 1LX 6 /LX < 'LQJ < DQG 4X :  
&KLQDʾV HQHUJ\ V\VWHPV WUDQVIRUPDWLRQ DQG
HPLVVLRQV SHDN 5HQHZ 6XVWDLQ (QHUJ\ 5HY
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toxicity of Al also increases with solubility increasing, which up to the most toxic at a pH level of 5.0
to 5.4 [7].
Although some studies proved evidences for
the toxic effect of Al and low pH [8-10], most of
them have focused on the toxic effect of low concentration of Al (≤ 200 μg L-1), those Al concentration
are far below the typical Al concentrations in surface
water, which are usually in the range from 400 to 600
μg L-1 [11, 12]. In recently, acid deposition is becoming more frequently with environment exacerbation,
resulting in more Al mobilized from the soil into the
water, and Al concentrations showed an increasing
trend [13, 14]. So it is necessary to explore the effects of higher Al concentration on fish under low
pH environment.
In this study, common carp, a typical model to
study aquatic toxicology [15-17], was employed as a
target organism to determine the effect of Al (0, 800
μg L-1) in combination with different pH (pH=5 and
pH=7) for different exposure time (1, 3 and 9 days)
on: (1) some ions (Na+, Cl-, Ca2+ and K+) concentrations in plasma of common carp, (2) the related
ATPase (Na+/K+ ATPase and Ca2+ ATPase) activity
in liver and kidney of common carp, (3) the red
blood cell (RBC) and white blood cell (WBC) of
common carp.


&$% &!%

5>4 ><1/51> -:0 ?1>? /;:05?5;:> Juvenile
common carp (     ) (standard length:
12.09 ± 0.32 cm; wet weight: 21.3±1.3 g) were obtained from a local aquatic breeding base in Jinhua,
China. This fish was administrated according to our
previous methods [18]. Briefly, the fish were acclimated in large glass tanks containing de-chlorinated
tap water for fifteen days prior to subsequent experiment. They were fed commercial common carp food
once each day during the acclimation and the experiment periods, meanwhile, the residual food and feces were removed after feed for one hour. The experiment was conducted with the water temperature
at 25 ± 1°C, the dissolved oxygen above 5.0 mg L-1

%&$&

Aquatic acidification has been becoming a major issue in recent years. Concomitant with aquatic
acidification, Aluminum (Al) toxicity also pose
threat to the fish. The purpose of the present study
was to assess the combined effect of aquatic acidification and Al on ion concentrations in plasma,
ATPase activities in liver and kidney, and health status of fish. Juvenile common carp were exposed to
solutions with different combined concentrations of
pH (7, 5) and Al (0, 800 μg L-1) for 1, 3, 9 days. We
found that 9 days exposure to Al increased the levels
of Na+ and Cl-. The K+ level significantly increased
in low pH and low pH/Al treatments after exposure
for 1 and 9 days. Furthermore, the activities of
Na+/K+-ATPase and Ca2+-ATPase in liver were significantly decreased after exposure for 3 and 9 days,
which indicated that the liver played an important
role in coping with the stress. Besides, the increase
of RBC and decrease of WBC also reconfirmed the
toxic effect of low pH and Al on common carp.
These results provide some evidence on understanding the impact of low pH and Al on the health status
of fish.
+)!$%
Aluminum, low pH, common carp, ions regulation,
ATPase activity, haematological parameter
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In the decades, aquatic environmental acidification has been attracted more attentions [1, 2].
Aquatic acidification not only cause negative effect
on aquatic ecosystem [3, 4], but also further exacerbate the toxic effect of metals. Some investigators
proposed that aquatic acidification can exacerbate
aluminum (Al) toxicity [5, 6], the Al was relatively
insoluble at pH 6.0~8.0, but the solubility increases
linearly with the reduction in pH, meanwhile, the
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attained by continuous aeration, and a 12 h light/dark
photoperiod. During this experiment, all animal-care
and experimental procedures were in accordance to
the principles and guidelines of our university low
governing the protection of animals.

fish were firstly removed and rinsed with ice-cold
physiological saline (0.86%), and dried on filtrating
paper. And then samples were placed in Dounce homogenizer and homogenized in the solution (100
mM imidazole-HCl buffer, pH 7.6, 5mM Na2EDTA,
200 mM sucrose, 0.1% sodium deoxycholate). Finally, the homogenates were centrifuged at 3000 r/
min at 4°C for 10 min to eliminate cellular debris and
cartilage fragments. The supernatant was used for biochemical assays. Protein concentrations in the liver
and kidney were estimated using Diagnostic Reagent
Kit (Coomassie protein assay dye) according to the
manufacturer’s instructions.

C<1=591:?-8 01>53: Six juvenile common
carp were used per glass tank (24 L), and each concentration was run in duplicate, with different Al and
pH levels. Al solutions were prepared by dissolving
aluminum sulfate (Al2(SO4)3•18H2O) in de-chlorinated tap water; pH levels were maintained by adding
hydrochloric (HCl). Al concentrations and pH levels
were designed: 0, 800 μg L-1 and 5, 7, respectively.
Experiments followed a fully-factorial design; i.e. 4
treatment combinations. To understand the different
duration toxicity of Al and pH on fish, samples were
taken at 1, 3 and 9 days. During the experiment, pH
meter (Leici, Shanghai, China) was always put into
the water to monitor the pH levels, and control the
pH in the ± 0.1 range; approximately 50% of the experimental medium was refreshed every 48 h with
fresh solution (preliminary experiment indicated this
maintained stable levels) to maintain the initial Al
concentration in a semi-static system.

%?-?5>?5/-8 -:-8D>5> All data are presented as
mean ± 1 SD. To understand the toxicity of low pH
and Al, all parameters were evaluated by One-way
analysis of variance (ANOVA) followed by Duncan’s multiple range test. Statistical significance was
established at P < 0.05. All statistical analyses were
carried out with SigmaPlot 11.0.


$%'&% %'%%! %

&41?;C5/1221/?;28;B<8;:5;:/;:/1:
?=-?5;:5:<8->9-Aquatic acidification is becoming a high-profile environmental issue, which caused
a combined stress involving pH reduction (H+ increase) and Al concentration increase on fish. Ions
imbalance, as the direct consequences for the toxic
effect of low pH and Al, is responsible for the physiological and biochemical change [21-23]. In this
study, in order to understand the toxic effect of low
pH and Al on common carp, several related plasmatic ions concentrations were measured (Figure 1).
We found that both Na+ and Cl- exhibited similar
change trends, i.e. 1 and 3 days exposure had little
effect on the concentration of Na+ and Cl- in plasma,
except for the Al treatment at 3 days (Figure
1A&1B). This result indicated that 1 and 3 days exposure didn’t disrupt the Na+ and Cl- concentrations
in blood, the slight elevation of Cl- level at 3 days
probably because more Al accumulated in fish, resulting in higher levels of Cl- in blood. Moreover, Al
toxicity increased with exposure duration increasing,
thereby significantly repressed the Na+ and Cl- levels
at 9 days. This phenomenon probably resulted from
the reduction of active uptake of ions. In addition,
the passive efflux of ions caused by paracellular permeability of the branchial epithelium was considered
as another main reason [21, 24].
Different from Na+ and Cl-, plasmatic K+ concentrations displayed obvious change. After exposure for 1 day, low pH treatment as well as the combined treatment of low pH and Al significantly increased the plasmatic K+ concentrations, and then
the concentrations of K+ recovered the normal levels
after exposure for 3 days (Figure 1C). This indicated

:-8D>5> ;2 419-?;8;35/-8 <-=-91?1=> -:0
181/?=;8D?1> 5: 25>4 .8;;0 Hematological parameters have been considered as the important diagnostic indicators to assess the state of fish health, which
were usually used in environmental monitoring and
assessing. In our study, the blood samples were obtained according to Yang et al., [19]. Briefly, after
exposure for 1, 3 and 9 days, four fish from each
treatment were sampled and over-anaesthetized with
MS222. Blood samples were collected from the caudal vein using 0.5-mL disposable heparinized syringes equipped with a 30-gauge needle, subsequently, part of blood samples were centrifuged to
separate erythrocytes from the serum at 3000 rpm for
15 min at 4°C. The RBC and WBC counts were determined under a light microscope with an improved
Neubauer hemocytometer (Tianlong XB-K-25;
Jiangsu, China). The rests of blood sample were sent
to a local hospital of Jinhua (Zhejiang, China) to analyze the levels of electrolytes (K+, Na+, Cl- and
Ca2+) in serum. 
:-8D>5> ;2 ?41 -/?5A5?51> ;2 - &"->1
-:0- &"->15:750:1D-:085A1=ATPases are
a class of enzymes that catalyze the decomposition
of ATP and provide the energy for the life process.
The activity of ATPase was a typical indicator for
assessing the toxic effect of external contamination
on fish. The activities of Na+/K+ ATPase and Ca2+
ATPase (μmol Pi h-1 mg-1 protein) were determined
using the Diagnostic Reagent Kit (Nanjing
Jiancheng Bioengineering Institute; Jiangsu, China)
according to our previous methods [20]. Briefly, the
liver and kidney dissected from the above sampled
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that instant stimuli lead to the augment of K+ concentrations in plasma, but fish subsequently adapted
the stress via the auto-regulatory process [25]. As
compared with the low pH treatment or Al treatment,
the combined effect of low pH and Al showed an
even more serious effect, increasing the concentration of plasmatic K+ to a higher level after 9 days
exposure. In terms of previous studies, we speculated that the increase in plasmatic K+ may be due to
the cation exchange of H+ and K+ between intracellular and extracellular space, because many investigators pointed out that low pH-base balance and potassium disorders are intertwined, intracellular K+
can be released from muscle as H+ enters [26, 27].
In addition, our results also clearly indicated that low
pH exacerbated Al toxic effect, resulting in higher
K+ concentration in plasma. In this study, Ca2+ levels
were also measured, however, there no significant
varies was observed in Ca2+ concentrations, after exposed to low pH/Al for 1, 3 and 9 days (Figure 1D).
This may be due to the compensatory mechanism of
fish, which retrieval ion regulation to overcome the
stress caused by low pH/Al exposure [28].

is primary active transporters of cations, which is responsible for transporting K+ into the cell and Na+
out from the cell to the blood. While Ca2+-ATPase is
responsible for the maintenance of Ca2+ homeostasis
in fish [29, 30]. In the present study, we measured
the activities of Na+/K+-ATPase and Ca2+-ATPase in
kidney and liver (Figure 2). After exposed for 1, 3
and 9 days, either low pH or Al didn’t show significant effect on the activity of Na+/K+-ATPase in kidney (Figure 2A). This can be attributed to the function of rapid modulation in Na+/K+-ATPase activity
of kidney. Similar results were reported by Tipsmark
and Madsen [31], they found a rapid regulation of
Na+/K+-ATPase activity in the salmonid kidney, and
rapid regulation function of kidney was proved that
result from the regulation of the endocrine system
[32, 33]. However, compared with Na+/K+-ATPase,
the activity of Ca2+-ATPase exhibited different tendency, low pH and Al had an interactive effect, decreasing the Ca2+-ATPase activity after exposure for
1 day (Figure 2B). This indicated that low pH and Al
showed a synergistic effect on the activity of Ca2+ATPase. When exposure duration prolonged to 3
days, the Ca2+-ATPase activity in all the treatments
recovered the normal level, this is because fish overcome the stress caused by low pH and Al via autoregulation mechanism [25]. The activity of Ca2+ATPase was repressed again in the combined treatment of low pH and Al, after exposure for 9 days. It
meant that toxic effect caused by low pH and Al exceeded the capacity of fish, thereby damaging on fish
and decreasing the activity of Ca2+-ATPase.
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;2 -&"->1-:0- &"->15:750:1D-:0
85A1=Low pH/Al exposure can influence the ion homeostasis, and fish need counteract the passive loss
of ions by virtue of the regulatory of some enzymes.
Na+/K+-ATPase and Ca2+-ATPase were considered
to play a major role in this process. Na+/K+-ATPase
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fect and decreased the activity of Na+/K+-ATPase after exposure for 3 days (Figure 3A). This result was
confirmed previous observation from Silva et al.,
[35], they found that chronic dietary AlCl3 administration significantly decreased the Na+/K+-ATPase
activity. This is because Al can inhibit the phosphatase activity of Na+/K+-ATPase via increasing the
amount of [3H]ouabain binding [36]. Besides, both

Liver, as the important organ of the body that
functions in detoxification, has attracted more attentions [34]. Due to the sample of first day losing, we
measured the ATPase activities of liver at 3 and 9
days. The Na+/K+-ATPase and Ca2+-ATPase activities of the liver showed similar variation after 3 and
9 days exposure (Figure 3). Al had a significant ef-
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low pH and Al decreased the activity of Na+/K+ATPase, and they showed an interactive effect and
inhibited on the Na+/K+-ATPase activity after exposure for 9 days. This indicated that after exposure for
9 days, both low pH and Al induced stress on fish
and inhibited the activity of Na+/K+-ATPase. Furthermore, low pH exacerbated the toxic effect of Al
on the Na+/K+-ATPase activity. This synergy effect
mainly attributed to more inorganic Al might accumulate in the fish body under the condition of low
pH [37], resulting in higher toxicity on fish.
Meanwhile, we found that low pH combined
with Al decreased the activity of Ca2+-ATPase after
exposure for 3 days. Moreover, it showed higher inhibition, with the exposure duration increase to 9
days. This result is consistent with that of Na+/K+ATPase, it was assumed to that more severe damage
on fish with the exposure duration increasing. This
is because low pH elevated the Al concentration in
fish, resulting in more damage on the fish.

In the present study, 9 days exposure to Al or
low pH/Al induced the levels of Na+ and Cl- decrease, however, the K+ level significantly increased
in low pH and low pH/Al treatments after exposure
for 1 and 9 days. Meanwhile, the activities of Ca2+ATPase in kidney showed a decrease after exposure
to low pH/ Al treatment for 1 and 9 days. Moreover,
we found that the activities of Na+/K+-ATPase and
Ca2+-ATPase in liver were significantly decreased
after exposure for 3 and 9 days both for Al treatment
and low pH/Al treatment. These results indicated
that short-term exposure to low pH and Al can disrupt plasmatic ion balance, influencing ATPase activities. Furthermore, we also found that fish can
overcome stress via the auto-regulation process after
exposure to 3 days, and the stress increased with the
exposure duration increasing, resulting in damage on
fish. RBC increased and WBC decreased also reconfirmed the toxic effect of low pH and Al on common
carp. Besides, our study also demonstrated that low
pH could aggravate the harmful effect of Al on common carp and cause severe damage. These observations are of importance for further assessment studies: since the aquatic acidification is becoming more
severe, low pH would amplification Al concentration and toxicity in aquaculture environment. These
results provide some evidence on understanding the
impact of low pH and Al on the health status of fish.
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&41 ?;C5/ 1221/? ;: 419-?;8;35/-8 <-=-91
?1=> Due to providing reliable information on fish
health status, haematological parameters were usually used to understand the real-time effect of the
chemical stressors on common carp [38, 39]. In this
study, the counts of RBC and WBC showed an obvious increase in response to Al exposure for 1 day
(Figure 4). These probably be attributed that fish
need to improve RBC level to reinforce metabolism
via increasing O2 uptake [40, 41]. Meanwhile, fish
improved WBC count to eliminate the stress caused
by Al exposure. Fish displayed auto-regulation
mechanism in the following exposure, the RBC
didn’t show any significant variation, and WBC exhibited slight decrease in the low pH treatment after
exposure for 3 days. It is known that WBC, as the
important part of immune system, plays the crucial
role in organism defense functions [42, 43]. The reduction of WBC counts implied that low pH exposure weakened immune capability of common carp,
and thereby decreasing defense capacity and increasing the susceptibility to contaminants. Besides, after
9 days exposure, RBC showed a significant increase
in each treatment, and WBC level showed a significant reduction. This may be because exposure duration increasing induced more stress, thereby further
influenced the immune capability of common carp,
and carps need to elevate the RBC to strengthen the
metabolism to alleviate the toxicity. 
In short, exposure to low pH and Al disrupted
the plasmatic ions’ homeostasis, inhibited the activities of Na+/K+-ATPase and Ca2+-ATPase, and pose
a threat on the health of carp. Our results clearly indicated that 9 days exposure induced more severe
threat (significantly repress WBC counts) than that
of short-term (1 and 3 days) exposures. Moreover,
we found that the increase of K+ levels in plasma and
auto-regulation capacity play a crucial role in deal
with the stress caused by Al and low pH.
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     ) is a viroid in the family Pospiviroidae. GYSVd-1 is found
in important production areas, is very easily spread
mechanically by contaminated cutting tools[4], and
infected graft [4, 5] propagation materials [6] and
causes severe damage to the quality and quantity of
grapevines. Grapevines in the eastern Mediterranean, southeastern Anatolia and Aegean region of
Turkey were found to be infected with GYSVd-1 by
PAGE and RT-PCR analyses [7, 8, 9].
Rapid diagnosis of viroid infections can be obtained by bioassays, polyacrylamide gel electrophoresis (PAGE), molecular techniques such as polymerase chain reaction (PCR) and hybridization assays.
The most widely used method to detect specific
sequences of RNA or DNA of plant viruses and viroids is polymerase chain reaction. PCR is an in vitro
amplification of the target sequences. Three essential
steps to PCR include melting of target DNA, annealing of primers and extension by a Taq polymerase.
The specificity of the method is because of the olygonucleotide primers that define the target sequence
to be amplified [10]. Use of the polymerase chain reaction PCR to amplify cDNA products reversed transcribed from RNA is a simple, enzymatic assay that
enables detection of plant viruses. PCR provides the
ability to amplify specific sequences from trace
amounts. Thus, it reduces the sample size required
and enables the detection of viral pathogens in a
rapid and sensitive manner [11, 12].
Real-time PCR is a modification to the polymerase chain reaction that allows accurate, reliable
and high throughput quantification of specific nucleic acids by fluorescent detection of labeled PCR
products [13]. The detection is based on the measurement of the fluorescent signal emitted by probes
during newly formed PCR products. Real-time PCR
differs from RT-PCR by measuring the amplification
of PCR product per cycle throughout the PCR process. Thus, real-time PCR allows the amplification
to be monitored in real time throughout the reaction
[14].

GYSVd-1 is very easily spread mechanically
by contaminated cutting tools and infected graft
propagation materials and reduces the quality and
quantity of grapevines. Rapid diagnosis of viroid infections can be obtained by bioassays, polyacrylamide gel electrophoresis (PAGE), molecular techniques such as polymerase chain reaction (PCR) and
hybridization assays. In this study, we aimed to compare three molecular methods including molecular
hybridization, real-time PCR and RT-PCR in order
to detect GYSVd-1 in grapevines. In the diagnostic
analyses conducted with 50 potentially positive
grapevine samples, GYSVd-1 was detected in 45 of
50 samples by one or more detection techniques. 18
samples were found to be positive by all methods. 18
other samples gave positive results in real-time PCR
and RT-PCR analyses but were negative in molecular hybridization tests. Two samples were positively
determined by real-time PCR and molecular hybridization tests. Six grapevine samples were determined
only with real-time PCR tests and one sample only
with RT-PCR tests. Three molecular methods for detecting GYSVd-1 were compared in this work and
we concluded that real-time PCR was the most sensitive amplification method followed by RT-PCR
and molecular hybridization. In addition, the realtime PCR method is less time consuming than the
other methods.


)( #$
GYSVd-1, Real-time PCR, RT-PCR, Molecular Hybridization, Grapevine, Viroid
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Viroids are the smallest known plant pathogens
and have been identified as agents of several economically significant crop diseases. They comprise
small (246–401 nt), uncapsidated, covalently closed
circular, non-coding RNA molecules that rely entirely on host factors for their replication [1, 2, 3].
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[22]. The tubes were centrifuged at 14000 rpm for 5
min after they were incubated at 56°C for 3 min. After the supernatant was transferred to new microcentrifuge tubes, 250 μl of 96% ethanol was added.
Then, the procedure was continued as described in
“GeneJET Plant RNA Purification Mini Kit” (Fermentas, USA). To verify the amount of RNA, total
RNA was quantified by image analysis of the ethidium bromide-stained RNA gel.

-$B7=2/<3<The TNA obtained from this
method were used for complementary DNA synthesis via reverse transcription according to the First
Strand cDNA Synthesis Kit Protocol (Fermentas,
USA). 2 μl of RNA, 1 μl of forward and reverse primer (0.5 μg/μl) and 9 μl of DEPC-treated water were
mixed and incubated at 70°C for 5 min. 4 μl of 5x
reaction buffer, 1μl of RibolockTM Ribonuclease inhibitor (20u/μl) and 2 μl of10mM dNTP mix were
added to the mixture and incubated at 37°C for 5
min. After 1 μl of Revert AidTM M-MuLV Reverse
Transcriptase (200u/μl) was added, the mixture was
incubated at 42°C for 60 min. and 70°C for 10 min.,
respectively. The synthesized cDNA was stored at 20°C.

85/->5+;B,;3.3C+=387RNA extracts from
plant tissues were processed and applied to a nylon
membrane using a dot blot apparatus. Nucleic acids
were further bound by ultraviolet light exposure for
3 min. Prehybridization was carried out for 2 h at
56°C in 50% deionized formamide, 5X SSC, 0.1%
(w/v) N-laourylsarcosine, 0.02% (w/v) SDS, and 5%
(w/v) blocking reagent (Roche Inc.). Prehybridization solution was removed and replaced with 20 mL
of hybridization mixture containing a DIG-labeled
RNA probe denatured by heating at 70°C for 2 min;
it was then incubated overnight at 56°C. After hybridization, the membrane was washed twice in 2X
SSC containing 0.1% SDS at room temperature for
5 min and twice in 0.1X SSC containing 0.1% SDS
at 68°C for 15 min. To detect the hybridized probe,

Molecular hybridization is a less common
methodology in diagnostic laboratories that offers
great advantages when compared to PCR-based
methods. For example, molecular hybridization allows for near-total absence of contamination problems and a much greater flexibility. Indeed, its specificity can be adjusted to make the hybridization test
as specific or as general as required.
The potential of molecular hybridization as a
diagnostic tool in Plant Virology was first demonstrated for the detection of viroids [15] for which no
serological method could be used due to the lack of
protein component in their structural constituents.
The technique was later applied to plant viruses [16,
17]. Several aspects affecting the different steps of
the molecular hybridization technique (which include the synthesis of the labeled probe, sample
preparation, hybridization and detection) have been
described in previous reviews [18, 19, 20].
In this study, we aimed to compare three molecular methods including molecular hybridization,
real-time PCR and RT-PCR in order to detect GYSVd-1 in grapevines.
%#$% $

$+695/$9/-36/7<Fifty plant specimens that
were potentially positive for GYSVd-1 according to
previous studies [9] were obtained in 2014 from major grapevine production areas in the Aegean region
of Turkey (Figure 1). All samples were collected and
stored at -20 OC.
>-5/3--3.A=;+-=387RNA extraction was
carried out according to the new-combined method
as described in [21]. This method is the combination
of modified Silica-capture and Commercial kit protocol. According to this method, a 500 mg leaf sample was homogenized with 2 ml of grinding buffer.
The extract was transferred to new Eppendorf tubes
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schedule for the target agent in real-time PCR studies
are given in Table 2.
Interpretation of real-time PCR results was
made according to melting (melting point) analysis
performed after PCR. For this purpose, the amplified
PCR product was heated in increments of 0.1°C from
65°C to 95°C, and the temperature at which the double-stranded structure of the PCR product was denatured was determined. The expected melting point
for the target (GYSVd-1) according to the size of the
amplified region was 89°C. Specimens below the
specified melting point were negative; other samples
were evaluated as positive. In the melting analysis,
the melting point of the negative control was determined as 79°C. In the evaluations, only the samples
peaking at the corresponding temperature were evaluated as primer dimers and considered as negative.

binding to anti-DIG Fab fragments conjugated to alkaline phosphatase (Roche Inc.) and subsequent
chemiluminescent detection using CSPD (Roche
Inc., Cat. No. 11363514910) as the substrate were
used [19]. Molecular hybridization studies were processed and applied according to the procedure described by [23] and probes were supported from
[24].

587371 +7. </:>/7-371 cDNA was separated on a 2% agarose gel, recovered using the ZymocleanTM Gel DNA Recovery Kit (Zymo Research, USA), and purified with the DNA Clean and
ConcentratorTM Kit (Zymo Research) according to
the manufacturer’s instructions. Purified DNA fragments were ligated into the pSPT18 vector to transform into Escherichia coli MJ 109, as described
above. The cDNA clones were sequenced using an
automated DNA sequencer (Applied Biosystems,
#$&%$
USA), [23].

#/?/;</ %;+7<-;39=+</ !# The reverse
In the diagnostic analyses conducted with 50
transcriptase PCR assay was carried out as described
potentially positive grapevine samples, GYSVd-1
by [9]. PCR products were run on a 1.5% agarose gel
was detected in 45 of 50 samples by one or more dein TBE buffer containing 10 µg/ml of ethidium brotection techniques. 18 samples were found to be posmide at 100V for 60 minutes. The gels were photoitive by all methods. 18 other samples gave positive
graphed by a gel camera system under UV light. The
results in real-time PCR and RT-PCR analyses but
sizes of PCR products were 400 bp for PCR and priwere negative in molecular hybridization tests. Two
mers used for detecting GYSVd-1 are presented in
samples were positively determined by real-time
Table 1 [6] .
PCR and molecular hybridization tests. Six grape
vine samples were determined only with real-time
#/+5=36/ !# Real-time PCR assays were
PCR tests and one sample only with RT-PCR tests
performed using the LightCycler® Nano Real-time
(Table 3).
PCR System from the Roche Company and the
The molecular hybridization method had the
FastStart Essential DNA Green Master Mix under
lowest sensitivity, with only 20/45 (44%) GYSVdappropriate PCR conditions for GYSVd-1. cDNA
1-positive samples detected using this process. 37/45
mixture was amplified with FastStart Essential DNA
(82%) positive samples were detected with RT-PCR.
Green Master (2x) (Roche, Germany), which inUsing real-time PCR 44/45 (98%) positive samples
cluded SYBR Green I dye. At the end of the last PCR
were detected (Table 4).
cycle, melting analyses were performed for eliminatAnalysis results of detection techniques for
ing non-specific products like primer dimers [25].
GYSVd are shown in Figure 2.
Water and negative controls were used in every stage
of molecular assays. The PCR mix content and the

% 
!;36/;<></.08;./=/-=371)$'. 
!;36/;
7+6/
GYSVd-1f
GYSVd-1r

$/:>/7-/ E=8 E

%

;+16/7=<3C/

#/0/;/7-/

AAAATGCGCGCAGTGAGTCCGATCTCA
ACACACGGCATCGCTCAC

60.0
60.1

400 bp

Koltunow and
Rezaian, 1988


% 
'+5>/<80!#63A-87=/7=+7.-B-5/<+9953/.08;)$'.37;/+5=36/!#<=>.B
!#-87=/7=
'85>6/D5
!#9;81;+6
20 µM Forward Primer
20 µM Reverse Primer
cDNA
DNase, RNase Free Water
2x DNA Green Master Mix
%8=+5#/+-=387'85>6/

0,3
0,3
2
7,4
10
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3<=80)$'. =/<=/.<+695/<37?/<=31+=/.,B.300/;/7==/-273:>/<
>6,/;80$+695/
18
18
2
6
1
5
Total 

/=/-=387/=28.
#%!#
+
+
+
+


!#
+
+
+



+
+


*RT-PCR=Real-time PCR, PCR=Classical PCR, MH=Molecular Hybridization

% 
869+;3<8780/=/-=387%/-273:>/<
%/-273:>/<
%/<=#/<>5=<
/=/-=387#+=38
85/->5+;B,;3.3C+=387
20/45
44%
!85B6/;+</2+37#/+-=387!#
37/45
82%
#/+5%36/!##%!#
44/45
98%
*GYSVd-1 was detected in 45 of 50 samples by one or more detection techniques
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Three molecular methods for detecting GYSVd-1 were compared in this work and we concluded that real-time PCR was the most sensitive
amplification method followed by RT-PCR and Molecular hybridization. In addition, the real-time PCR
method is less time consuming than RT-PCR and hybridization methods. Real-time PCR is easy to perform and faster than RT-PCR. It provides a specific
and very sensitive method for the detection of nucleic acid targets. It allows the detection of target sequences with a limited amount of starting template
and eliminates the requirement for processing steps
such as gel electrophoresis and ethidium bromide
staining [26].
The presence of Taq DNA polymerase inhibitors in plant tissues may limit the usefulness of the
molecular hybridization method for these samples.
These results confirm the necessity of developing a
more sensitive hybridization method. Both PCR
methods appear to be important for the diagnosis of
GYSVd-1. Real-time PCR has proven to be a very
sensitive method for the diagnosis of GYSVd-1 infection. The method is efficient, fast and practical,
providing potential for use in routine diagnostic laboratories.
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It is necessary to consider the human factor
when making comparisons of molecular analysis
studies in plant diseases. Errors made by people during analysis, misconfigured tests, and the incorrect
use of chemicals can significantly change the results
of the analysis. Molecular studies made with the
same methods can give different results when done
by different people in different laboratories. In order
to avoid these different results, optimization studies
must be carried out very carefully, and the chemicals
used must be selected correctly and used in the right
proportions.
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into soil bed that is covered by stubbles remaining
from the previous crop [1]. The arable land that is
under CA has increased from about 6 million ha in
1980s, to about 150 million ha in 2000s [2]. gaining
momentum that is stemmed from the reported environmental and economic benefits in research studies
and demonstrations.
CA has also a positive effect on soil structure
(biotic and abiotic) [3-7] through the accumulation
of more organic substance, leading to more effective
use of water resources [8-10]. It is also considered to
be an environmentally friendly production system as
it helps preventing erosion and greater carbon sequestration, and CO2 emission potential as compared
to CS [11- 16]. In terms of the climate change which
is central in rural development policies and practice,
CA is a promising technology which is potentially
contributing to sustainable agricultural practices to
adapt climate change [11, 14, 17-18]. From the economic standpoint, CA reduces production costs
through lower labor and fuel needs. Furthermore, it
helps diversifying the income distribution and
spreading the need for labor more evenly across the
seasons [17-20].
In Turkey, scientific studies on tillage methods
were initiated by pioneering scientist “Numan
Kıraç” in 1931. After similar studies, a consensus
formed that the soil must absolutely be rehabilitated.
Detailed results regarding to time of tillage and tillage methods and tools to be used were presented.
With the effect of supports made and developing machinery - equipment park, our farmers have also begun to adopt and implement suggested tillage methods. Farmers also often burn stubble to avoid extra
tillage and reduce costs. This makes soils more vulnerable to erosions and leads to reduction in organic
substance and water use efficiency. In addition, it
forms an impediment for suitable crop rotation to
place in and seeding to be made in ideal conditions
[21-22].
In Turkey, a number of projects conducted by
Ministry of Food, Agriculture, and Livestock
(MFAL) and universities reported that reduced tillage and direct seeding systems held promise for sus-

Conservation agriculture (CA) is a valuable
practice for managing agroecosystems for an improved and sustained productivity, increased profits
and food security while preserving and enhancing
the natural resource base, particularly in dry areas. It
is potentially considered to be a promising system
for sustainable crop production in the rain-fed areas
of Turkey. However, bio-economically efficient
crop rotations under CA need to be developed for
successful practice of the system. Thus, in the current study, the cost of production and net profit in
various crop rotation options in CA and conventional
cropping system (CS) under rain-fed conditions
were compared in Konya Province of Central Anatolian Region in Turkey for a period of three years.
Crop rotations were designed around various combinations of bread wheat (W), chickpea (C), Hungarian
vetch (HV) and safflower (S) crops. The total net
profit of nine crop rotation systems in CA were 1.55
times greater than those in the CS system. In a 4year-crop rotation, chickpea and Hungarian vetch in
rotation with wheat and safflower provided a more
efficient crop rotation option as compared to cerealfallow (F) rotations.


+)"$%
Economic analysis, Conservation agriculture, Crop rotation, Turkey
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Due to growing environmental concerns, economic production demands, and obligation to save
energy, the radical changes have begun to be made
in cropping systems across the globe. Conservation
agriculture system is considered to be a promising
alternative to conventional tillage in arable farming
systems. Direct seeding, also called zero tillage is
one of the important elements of the CA and is practiced with minimal soil disturbance (no more than
20% soil disturbance) and planting the seeds directly
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%>?0C <1- The research was carried out at
Bahri Dağdaş International Agricultural Research
Institute (BDIARI) 37°510N, 32°330E, 1,008 m asl),
Konya, Turkey, from 2011-to 2014 (Figure 1). Air
temperatures and precipitation at the site during the
experiment period are given in Table 1.
The study area is 5 km away from the city center and its coordinates are between North latitude of
37o 52’, 37o 51’, 37o 51’, 37o 50’ and East longitude
of 32o 32’, 32o 36’, 32o 32’, 32o 35’. The physical
and chemical properties of soil in the study site were
presented in Table 2. The analyses were conducted
in the Soil Analysis Laboratory of Selçuk University, Agricultural Faculty in Konya province.

tainable cropping [23-30, 18]. These results, especially MFAL, attracted attention of machinery manufacturers and farmers, who are stakeholders of the
issue. The support made by MFAL, in the scope of
the project of “The Conservation of Agricultural
Lands for Environmental Purposes (CATAK)” has
been implemented in Turkey [31] but slightly as a
result of that machinery manufacturers develop machinery and that producers begin to apply.
This study attempted to put forward the economic results of conventional tillage and direct seeding system by cost analyses in case of substituting
either forage legumes or food legumes besides cereal-fallow system that is widely applied in the rainfed areas of Konya region. Meanwhile the importance of this type of environmentally friendly
techniques in terms of agricultural and rural development was mentioned by emphasizing that it supports sustainable agricultural production.
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October
36.6
34.0
10.2
30.1
11.7
November
9.2
37.2
6.0
32.6
3.1
December
28.6
63.0
8.8
42.0
3.3
January
83.2
26.6
58.8
35.9
-0.4
February
38.0
33.6
17.4
28.0
-0.6
March
15.0
8.6
20.4
27.5
5.0
April
9.0
33.0
19.2
32.3
14.6
May
40.0
32.6
26.0
43.3
16.5
June
8.6
17.0
31.4
24.3
23.3
July
1.0
2.2
3.0
6.6
26.4
Total/Mean 269.2 287.8
201.2
302.6
10.3
* The climate data was compiled from BDIARI METOS climate station.
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14.2
9.7
12.4
7.3
7.1
6.1
3.5
-2.6
1.7
1.5
2.1
0.0
4.4
3.9
1.4
7.0
7.2
5.7
11.3
12.3
11.0
17.8
15.5
15.7
21.1
19.7
20.2
22.8
25.1
23.6
11.0
10.0
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pH
EC
L
OM
N
NH4-N
NO3-N
Pb
Pk
Ph
SN
FS
FCv
SNv
FSv

'95>
(1:1)
(1:1; µS cm-1)
(%)
(%)
(%)
(mg kg-1)
(mg kg-1)
(g cm-3)
(g cm-3)
(%)
(w/w,%)
(w/w,%)
(v/v,%)
(v/v,%)
(v/v,%)

-.17
Power of Hydrogen
Electric Conductivity
Lime
Organic Matter
Total Nitrogen
Ammonium Nitrogen
Nitrate Nitrogen
Volume Weight
Particle Density
Calculated Porosity
Wilting Point
Available Water
Field Capacity
Volumetric Field Capacity
Volumetric Wilting Point

(-7?1
8.37±0.07
447±51.19
35.50±2.01
4.16±0.56
0.13±0.02
27.28±2.44
14.51±3.89
1.23 ±0.08
2.63
53.13±3.12
16.53±2.63
13.02±1.98
36.31±2.15
20.28±2.50
16.03±2.53


& 
&41;;7510$:>->5:9%C=>1859$-592103<5/?7>?<-7%C=>18
$:>->5:9%C=>18!:










=>

+1-<
Wheat
Hungarian Vetch
Safflower
Wheat
Chickpea
Hungarian Vetch
Wheat
Hungarian Vetch
Wheat

90

+1-<
Fallow
Wheat
Wheat
Wheat
Wheat
Wheat
Safflower
Wheat
Chickpea

B;1<5819>-7 01=539 The experimental design was split plot in a randomized complete block
with four replications. Seeding systems was the main
plot while the rotation was the sub plot. Plot sizes
were 10 m length and 6 m width in seeding and in
harvesting, in 6 m length and 3.2 m width. The study
has been designed so that a yield from every plant
can be obtained every year. In accordance with the
results of the study, based on all data of each plant in
rotation every year, the average of 3rd year was extrapolated to 4th year. As a result, from study subjects
free from the effect of year, an opinion was obtained
in such a way that it will enable to evaluate the systems, which are necessary to be tried for long years,
from economic point of view.
As plant material, bread wheat (Karahan’99),
chickpea (Gökçe), safflower (Remzibey), and Hungarian Vetch (Altınova) were used. In the study, 9
different quad rotation system was formed. These
systems were presented in Table 3.

->- :771/>5:9 The data related to production and cost parameters were recorded for each rotation system by the researchers at every application
(Soil preparation, sowing, fertilizer application, pesticide application, harvesting). The production costs
were calculated for each crop as variable expenditures and fixed expenditures [32]. The items of expenditures were presented in Table 4.
In the CA system, the seeding was made
through a direct seeder with a single disk (Özdöken

>4

+1-<
Wheat
Fallow
Fallow
Fallow
Fallow
Hungarian Vetch
Wheat
Wheat
Wheat

>4+1-<
Fallow
Wheat
Wheat
Wheat
Wheat
Wheat
Safflower
Wheat
Chickpea

..<1@5->5:9
W-F-W-F
HV-W-F-W
S-W-F-W
W-W-F-W
C-W-F-W
HV-W-HV-W
W-S-W-S
HV-W-W-W
W-C-W-C

AŞ, Konya, Turkey), at 20 cm row spacing. Before
planting, glyphosate application was made for weed
control. In CS, the first tillage was realized by moldboard plow and the following secondary operations
by the combination of sweep + harrow or disc harrow. In seeding, traditional cereal seeder was used.
Also in both application, stubbles were left in the
field.
For each activity, Gross Production Value
(GPV) was calculated by multiplying the crop production(kg/ha), by the prices of product. All prices
were drawn from the market prices and the value of
Turkish Lira that was converted to American Dollar
through exchange rate of the year 2014 (1 $ = 2.19
TL), declared by Central Bank in Turkey [33]. In calculation of inlet expenditures, the average fertilizer
and diesel fuel prices of Ministry of Food, Agriculture, and Livestock [34], and the product prices of
Konya Commercial Exchange for the year 2014 as
product prices were taken into consideration [35]. In
calculation of expenditures of harvest and labor
force, the average values of the year 2014, obtained
from the interviews made by BDIARI, Department
of Economic Statistics and Extension with producers
during R&D activities were used. For each activity,
gross profit was calculated by subtracting total variable expenditures made these production activities
from Total Crop GPV. Net Profit was calculated by
subtracting production expenditures (variable expenditures and fixed expenses) from Gross Production Value [32].
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•
Soil Preparation (1st, 2nd,3th etc.))
•
Seed and Seeding Cost
•
Fertilizer Cost
•
Fertilizing Cost
•
Pesticide (Insecticide, Herbicide, Fungicide) and Application Cost (Labor)
•
Harvesting Cost
•
Transportation Cost
•
Capital Interest (Total Variable Cost* Half of Republic Turkey, Ziraat Bank Current Interest Rate (0.05))
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The success of the direct sowing system is in
Turkey, which is at the initial stages, consideration
of economic factors is important in terms of becoming widespread and espousing of the system by the
farmers. Today, conventional tillage is a more prevalent practice across the study area. General practice
for the conventional tillage involves using moldboard plow, and mostly sweep + harrow or disc harrow in the following operations and seeding is carried out by conventional cereal seeding machine
(Grain drill). While this system based on intensive
tillage, especially erosion, causes negative effects in
the structure of soil, it increases fuel consumption
and labor force demand. This, also leading increased
production costs and product quality to be negatively
affected, damages to the sustainable agricultural
structure [36-40]. However, in direct tillage, besides
eliminating these negativities aspects, it is known
that together with seeding, soil structure is improved
and that it is made more productive [20]. As reflections of this study, an interest formed in direct seeding, our farmers have begun to implement the practice. However, in case that the operations that are
necessary to be made in direct seeding is applied as
a whole, it is expressed that the desired benefits will
emerge [41]. Direct seeding should be managed as a
whole system which requires efficient crop rotation
and stubble retention and cannot be a practiced by
only as a mere elimination of intensive tillage operations. Although operation of zero tillage and leaving stubble in field is a perceivable application for
farmers, it is necessary that crop rotation to be implemented in the light of scientific data. Hence, crop
rotation should be determined based on the agro-ecological conditions of the regions. In developing crop
rotations, besides t the agro-ecological suitability of
a crop, it is imperative to consider the subsequent effect of crops for the yield of the following crops.
Bio-economic efficiency of the rotation systems and
tillage methods will ultimately determine their potential for adoption by farmers. In the dryland conditions of the central Anatolian region, small grain
winter cereals form the basis of agricultural production. In the main cereal belts of the country, cereal-

*"%&

•
Field Rent
•
General Management Cost (Total Variable
Cost* 0.03)

fallow rotations are commonly practiced traditional
cropping system, Subsidies made in the different periods and economic changes that emerge enabled
some species to take place in fallow areas. However,
these applications were temporarily adopted and
could not be sustained without the continuity of the
subsidies.
With this study, economic aspects of crop rotation systems under CA was revealed. The province
of Konya, in which the study is carried out, is the
province of Turkey having the largest land existence
with the surface area of 4,081,382 ha and agriculture
is made in the area of 1,904,439 ha. In 595,859 ha of
this area, irrigated agriculture is made. The share of
dry areas arable lands in the total agricultural land is
68.75%. Annual rainfall varies between 300 and700
mm. 35.5% of cultivated agricultural land is fallow,
while its 61.5% is cultivated. The most cultivated
crops in rain-fed regions are wheat, barley, chickpea,
and Hungarian vetch [42]. In study region, there are
predominantly fallow and rotation system based on
these products. Therefore, rotation system included
in the scope of research represents the most common
rotation systems in dry agricultural system of Konya.
In the region, in which conventional tillage system is
dominant, direct seeding system is becoming increasingly practiced. This study is important in terms
of introducing economic performances in both production systems that are practices in dry agricultural
areas.
As a result of the study, it was calculated that 3
times less expenses in tillage expenditures of 9 possible different rotation systems were made in zero
tillage+direct seeding system according to CS totally
(Table 3). In contrast, the seed and planting costs are
calculated by 3.50% and 32.52% more respectively.
As a result, it can be said that zero tillage +direct
seeding system is more profitable by 35.54% compared to CS+conventional seeding (Figure 2). In another tillage trial carried out in dry agricultural areas
in the region in 2002, in 3 different rotation systems
(Fallow-Wheat, Chickpea-Wheat and WheatWheat), it was reported that the applications of zero
tillage and reduced tillage are more profitable compared to conventional system [18].
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revealed that the net profit of 7 systems (Systems 1,
2, 3, 5, 6, 7, and 9) was positive (net profit:
873.61$/ha, 584.68$/ha, 583.62$/ha, 538.22$/ha,
295.75$/ha, 293.63$/ha and 202.84$/ha respectively) (Figure 4, Table 6). In conservative agricultural system, although the economic return of the rotation system including at least 1-time fallow application was higher than the rest, it was found that the
rotation systems, in which fallow is eliminated and,
instead of it, the legumes (chickpea and Hungarian
vetch) were produced, had also positive return (Figure 4, Table 6). Similar positive economic outcomes
of including food and forage crops in crop rotations
were also reported by different studies [43-44].

When economic performances of CA and CS
systems are individually examined, it appears that
the first 5 rotations (System 1-5) applied in conventional agricultural system provided a positive return
(Figure 3, Table 5). In this system, the rotation having the most return is no.1 (W-F-W-F) with
866.35$/ha. The common feature of 5 systems having positive returns (net profit: 866.35$/ha,
413.22$/ha, 360.34$/ha, 303.68$/ha, and 176.08$/ha
respectively) is that there must be at least one time
of fallow in a rotation system of 4 years. In conventional system, fallow is an indispensable element of
rotation in rain-fed agricultural areas (Figure 3).
The economic comparison of 9 rotation systems in the CA is presented in Table 6. The results
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Soil Preparation Cost
(% in Prod. Cost)
Seed Cost
(% in Prod. Cost)
Seeding Cost
(% in Prod. Cost)
Fertilizer and
Fertilization Cost
(% in Prod. Cost)
Pesticide and Application Cost
(% in Prod. Cost)
Harvesting Cost
(% in Prod. Cost)
Transportation Cost
(% in Prod. Cost)
Total Variable Cost
(% in Prod. Cost)
Total Fixed Cost
(% in Prod. Cost)
Total Production Cost
($/Ha)
Yield (1st Crop,
Kg/Ha)
Yield (2nd Crop,
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Yield (3th Crop,
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Yield (4th Crop,
Kg/Ha)
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work in a system of healthy and efficient soils,
plants, and animals [47]. There is also a perception
in the study region about the benefit of CA system
by the farmers. A study carried out in Konya province, 62% of the farmers using CA system indicated
that the system is beneficial in terms of fuel, labor
and time saving [48]. It means that they are looking
this system as environmentally friendly and cost reduction system.

This study confirmed the profitability of the
CA reported by several previous studies in Turkey
[45-46, 27]. One of them was carried out with the
different seeding systems on sesame agriculture in
Harran Plain in the years of 2002-2004 [45]. They
emphasized that direct seeding application, which is
more advantageous in terms of cost and time saving,
should be become widespread in the locality. In another study that was conducted in Çukurova Region
of Turkey, it was reported that the second product
silage maize, compared conventional tillage and
conservative tillage seeding system from economic
and technical point of view. They suggested that direct seeding method provided an approx. 85-92%
saving through reduced fuel consumption and increased work productivity [46]. Çarman and Marakoğlu, in the study they carried out between the years
of 2006-2008 in Konya province of Turkey, compared the different tillage systems for wheat production. Trials were carried out in the form of 4 different
applications as conventional tillage, reduced tillage
(vertical shaft rotary tiller), direct seeding, and direct
seeding (with herbicide application). When the values of fuel consumption were examined, it was identified that conventional method, reduced tillage
method and direct seeding method caused fuel consumption of 51.5 lt/ha, 28 lt/ha, and 9.1 lt/ha respectively [27].
As we know that agriculture is reaching the
limits of available land and water resources. For this
reason, increasing agricultural production and rural
rural income in the future depends on more conscious and effective use of these resources. The
methods in CA such as no tillage, direct seeding etc.,
integrates ecology into the farming system design
and considers the complex biological web that is at

"!'%"!

Due to environmental concerns that develops,
economic production demands, and obligation to
save in energy use, in the recent years, in the world
and Turkey, radical changes have been made in tillage. Depending on these thoughts and changes, conservative tillage, alternative to conventional tillage,
especially method of direct seeding rapidly becomes
widespread. In the recent years, together with the
negative effect of global warming, drought conditions have becoming increasingly evident in dry areas of Turkey. Drought is one of the most important
stress factors of environment. The efforts to struggle
with drought increase its importance every passing
day. Especially crop rotation, studies on conservative soil agricultural systems to enable water to be
conserved in soil gradually become widespread. The
studies on crop rotation and seeding systems should
be updated and strengthen especially in rain-fed conditions together with climatic change seen in the recent times and developing technology, although the
studies begun in 1930 about crop rotation, especially
in Central Anatolian Region of Turkey.
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In this study, the economic aspect of the rotation of wheat with various crops and fallow in rainfed conditions in the CA and CS systems was
demonstrated. On this purpose, chickpea, Hungarian
vetch, and safflower, which are able to be in rotation
with wheat in the rain-fed condition, were included
to the rotation. In Central Anatolian Region, among
the plants, which is commonly seeded, legumes have
a large importance in terms of suitability.
In conclusion, the rotation system, under CA,
in terms of providing positive return to the producers, stood out as compared to CS system. In particular, in rain-fed agricultural areas, reducing fallow areas, through direct seeding system is a promising option in terms of including the legumes such as Hungarian vetch and chickpea in the crop rotations. As
a result of the study, 15.50% decrease in total production expenditures was calculated in general average of total 9 rotation systems. In direct seeding system, although 10.49% total decrease in gross production value was experienced due to yield loss, in general average, 35.54% increase in net profit was determined.
Increasing the practice of CA, which is at the
introductory stage in Turkey, larger areas should be
dedicated to CA as a tool for to attain the strategic
targets of MFAL. ÇATAK program, one of the supports provided by MFAL has a great importance and
an application helping to be adoption of tillage methods in the different provinces of Turkey. Majority of
fallow areas keeping a large space in the existing
system can be included in production and secondcrop agriculture can be made in the areas, which has
appropriate ecology that is not cropped due to time
limitations for tillage. In addition, in Turkey where
the soils are lost through erosion, and about 70% of
agricultural areas contain low organic matter, direct
seeding system will make contribution to carrying
out agricultural production system in a sustainable
structure. Together with all of these contributions,
the farmers will achieve a more profitable production model, and will add plus value to the national
economy. As a reflection of these positive developments, year-dependent changes will be bottomed out
by ensuring national food security supply to a healthier structure, and consumers will be affected by the
price fluctuations at minimum level.
The other important point is in sides of adaptation and mitigation to the climate change. This type
of the techniques has potential benefits for reducing
carbon emissions in the atmosphere. Therefore, to
achieve sustainable food production with minimal
impact on the soil and the atmosphere, conservation
tillage practices are becoming more important now.
This is climate-smart practice and promising system
with its contribution to environment, habitat and also
farmers income. Because of that it is very important
tool in terms of agricultural, rural and environmental
development.


The data of the study was compiled from the
Project “Konya İlinde Kuru Koşullarda Geleneksel
ve Doğrudan Ekim Yöntemlerinde Farklı Münavebe
Sistemlerinin Karşılaştırılması-Comparison of Different Rotation Systems in Traditional and Direct
Sowing Methods in Rainfed Conditions of Konya
Province in Turkey” supported by the Ministry of
Food, Agriculture and Livestock, General Directorate of Agricultural Research and Policies (TAGEM/TA/11/07/01/003) in Turkey.
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environmental aspects. Dyes are commonly used in
textile, rubber, paper and leather industries. Moreover, the effluents containing dyes pose serious health
threats to human due to their carcinogenicity and
lead to mutagenic and toxic effects on organisms.
Among numerous separation techniques attempted
for dye removal, the adsorption process is commonly
favored owing to its simplicity and effectiveness.
The applied adsorbents include natural and synthetic
materials with adsorption efficiencies varying from
one to another. Synthetic dyes are mostly employed
for textile dyeing, leather dyeing, color photography,
paper printing and as additives in petroleum product
[1]. Reactive dyes are the most common dyes used
because of their importance, such as bright colors,
excellent color fastness and ease of application [2,
3]. These dyes have different chemical structures but
majority of reactive dyes are azo compounds that are
linked by an azo groups [4]. Many reactive dyes are
toxic to some organisms and they are very harmful
for living creature in water [5]. In addition, since
reactive dyes are highly soluble in water and their
removal from effluent is difficult by conventional
physicochemical and biological treatment methods
[6, 7] such as adsorption [8], coagulation [9],
oxidation [10], reduction [11], filteration [12], and
biological treatment [13]. Among them, adsorption
and biological treatment are two important methods
available for wastewater treatment. The biological
treatment is difficult to start up and control [14] and
intermediate product (aromatic amines) formed
during anaerobic reduction of azo dyes are known to
be potential carcinogens [15]. Adsorption on the
other hand, should be a favourable procedure due to
their advantages of low cost (or even free of expense), accessibility, and eco-friendliness. The
adsorption capacity depends on several factors such
as nature of adsorbent, the nature of adsorbate and
the solution condition [16]. Generally, the
commercially activated carbon is indeed effective

In this study, batch adsorption of Congo Red
(CR) dye from aqueous solution using leaves powder
of sygium cumini (SC) was investigated. The effect
of several operating endowmentess on adsorption
namely contact time, adsorbent dose, temperature
and ionic strength on the removel of dye from
aqueous solution have been also investigated. The
adsorption kinetics were described by using different
Kinetic models such as pseudo-first-order, pseudosecond, Elovich models, liquid film diffusion model,
the modified Freundlich equation and the Bangham
equation. The experimental data fitted very well to
the
pseudo-second-order
kinetic
model.
Thermodynamic endowments namely change in
Gibbs free energy (ΔG°), change in enthalpy (ΔH°)
and change in entropy (ΔS°) were calculated for
adsorption of CR on the leaves powder of SC. It
showed that adsorption of CR onto leaves powder of
SC was exothermic process. This study demonstrated that leaves powder of sygium cumini (SC) are
effective, environmentally friendly and low-cost biomaterial for dye removal from aqueous dye solutions and industrial effluents.


,*"%&
Adsorption, Congo Red, Syzgium cumini, Pseudo-firstorder model, Exothermic Process.
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Nowadays, environmental problems have becoming major focus of scientific attention because of
their impact on public health. Among these issues,
the study on the separation of dyes from aqueous solutions is important not only from the point of selective separation for industrial uses but also from the
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the effluents discharged from textile, paper, printing,
leather industries etc. [37, 38]. All of the reagents
were of analytical grade and deionized water was
used throughout the experiments.

for color removal but the high cost of activated
carbon has restricted its widespread use. Therefore,
searching a low-cost and effective adsorbents should
be of considerable significance for practical
application of adsorption [17]. In recent years, research studies have particularly focused on the adsorbents made from plant wastes materials like
walnut husk [18], composites [19], biochars from
crop residues [20], natural clinoptilolite [21], sesame
hull [22], biomass of penicillium YWO1 [23],
natural zealite [24], cross-linked succinyl chitosan
[25], modified bentonite [26], modified attapulgite
[27], clay material [28-30], activated carbon [31],
dehydrated beet pulp carbon [32], polyurethane
foam [33], etc as adsorbent for removal of dyes from
wastewater. In this contex, agriculture by-products
have shown its potential as a low-cost adsorbent and
they are usually being modified chemically in order
to enhance their adsorption capacty toward dye [34].
However, there are some adsorbents which do not
have good adsorption capacities for anionic dyes
because most have anionic or hydrophobic surfaces.
Hence, there is a need to search for more effective
adsorbents [35].
In our previous work we have used leave
powder of morus albal as an adsorbent for the
removal of CR from wastewater [36]. To extend our
research, we have used the leaves powder of SC as
adsorbent for removal of Congo Red (CR) anionic
dye from aqueous solution. The effect of various
parameters such as contact time, amount of
adsorbent, temperature and ionic strength on
removal of CR dye from aqueous solution was also
investigated. The adsorption kinetics and
thermodynamics for adsorption of CR on the leaves
powder of SC was also part of study.


+#% !'

1@<?/2;A The syzgium cumini (jamun) is an
evergreen tropical tree found in south Asia i.e. India,
Burma, Ceylon and the Andaman Islands etc. They
are rich in tannin and contain the enzymes esterase
and galloyl carboxylase which are presumed to be
active in the biosynthesis of the tannins. The essential oil distilled from the leaves is used to scent soap
and is blended with other materials in making inexpensive perfume. The leaves, steeped in alcohol, are
prescribed in diabetes. The leaf juice is effective in
the treatment of dysentery, either alone or in combination with the juice of mango leaves. Jambolan
leaves may be helpful as poultices on skin diseases.

1@<?/.A2 Congo Red (Sodium salt of
benzdinediazobis-1-nephthylamine-4-sulphonic
acid) is a benzidine-based azo dye as a adsorbate in
this study. The molecular formula of CR is
C32H22N6Na2O6S2 and its molecular stucture is
shown in Fig. 1. Congo Red (CR) mainly occurs in

(% 
52:60.9@A?B0AB?2<3<;4<%21%1E2



1@<?=A6<; Batch adsorption of Congo Red
(CR) dye was carried out by immersing leaves
powder of SC into measured volume of dye aqueous
solution at room temperature. The flasks were
shaked at constant speed of 120 rpm. The
concentration of CR was determined by UV/VIS
spectrophotometer (UV-2550, SHIMADZU) at 490
nm. The CR adsorption onto the leaves powder of
SC at time t, was calculated by equation 1.

 =

 − 
×


(1)

Where Co and Ct are the concentration of CR at
initial state and at time t respectively. Similarly V
and W are volume of CR aqueous solution and
weight of adsorbent respectively.
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3320A <3 <=2?.A6<;.9 3.0A<?@ Herein, the effect of operational parameters namely contacts time,
dosage, temperature and ionic strength on the removal of CR dye from aqueous solution has been investigated. Their details are given below.

3320A <3 <;A.0A '6:2 The influence of
contact time on the removal of CR from aqueous
solution by leaves powder of SC was investigated
keeping SC dosage (0.1 g), concentration of dye 25
mg/L, volume of solution (40 ml) and stirring speed
(120 rmp) at room temperature. The attained results
are shown in Fig. 2. It is clear that the uptake of CR
dye is very fast in the start and then it continue to
increase slowly with contact time until it got a state
of equilibrium after 130 minutes. It is due to the fact
that that several vacant sites are present for
adsorption of dye on the leaves power of SC in the
initial stage of reaction. But with the passage of time
the available active sites are hard to be occupied due
to repulsive forces between solute molecules on the
solid and bulk phase.
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3320A <3 A2:=2?.AB?2 The percentage
removal of CR from aqueous solution with
temperature was studied keeping the contact time,
dosage of SC, stirring speed, volume of solution and
concentration constant and results are depicted in
Fig. 4. It has been observed that the removal of CR
decreases with increasing temperature. The removal
of CR is found to be decreased from 90.20 % to
56.05 % with increasing the temperature from 273 K
to 333 K. These results show that adsorption of CR
on leaves poder of SC was exothermic process.
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3320A<3.:<B;A<3.1@<?/2;A<;A52?2:<C.9<3
<;4<?213?<:.>B2<B@@<9BA6<;
3320A <3 1<@.42 The adsorbent dose is a
crucial parameter. It has significant influence on the
adsorption of dyes. The effect of dosage on the
removal of CR from aqueous solution was studies
keeping the other conditions constant and results are
given in Fig. 3 . The percentage removal of CR is
found to be increased with the adsorbent dosage. The
percentage removal of CR is found to be increased
from 90.20% 96.60 % with increase in the amount of
leaves powder from 0.02 g to 0.1 g. This enhanced
removal of CR dye is attributed to the increase in the
number of available sorption sites on the surface of
the SC leaves powder. As shown in Fig. 3, that the
removal of CR was rapid in the initial stage and then
it becomes almost unchange with further increasing
the amount of SC leaves powder. It can be seen that
the removal of CR was maximum at SC dosage of
0.1 g. Therefore, 0.1 g was selected as optimum
amount and used in further experiments to get
excellent results. The observed two stage-dependent
adsorption behaviour have also been reported in the
literature [39].
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3320A<36<;60@A?2;4A5The ionic strength of
the solution is a crucial parameter that control both
electrostatic and nonelectrostatic intractions
between the dye and the adsorbent surface. The
effect of ionic strengh on the removal of CR from
solution was investigated by addition of different
quantity of sodium chloride to the dye solution. The
romoval of CR dye is found to be decreased with
increasing the concentration of salt as shown in Fig.
5. The removel of dye is found to be decreased from
90.20 % to 56.87 % with increasing the
concentration of salt from 0 M to 0.5M . This could
be due to the competition between the CR anions and
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Cl- for the active sorption sites [40].

Table 1. This value of adsorption capacity is in good
agreement with the experimental value (5.63 mg/g).
The value of correlation cofficient is (R2>0.99)
which shows that experimental data fitted well to the
pseudo-second-order model.

1@<?=A6<;6;2A60@Several adsorption models are used to study the controlling mechanism of
adsorption process such as chemical reaction and
diffusion control.

(%
#@2B1<36?@A<?12?86;2A60@3<?.1@<?=A6<;<3
<;4<%21<;A<&92.C2@=<D12?
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9<C605:<129The most interesting model to
describe the activated chemisorption is the Elovich
equation [44]



#@2B1<6?@A"?12? :<129 The linearized
form of the Lagergren Pseudo-first-order rate
equation is given by [41]

log( −  ) = log  −

1
2.303

=

β

ln(αβ ) +

1

β

ln 

(5)

Where α and β are constant. The parameter α is
considered as initial sorption rate (mg/g.min) and β
is related to the extent of surface coverage and
activation energy for the chemisorption. The plot of
qt vs lnt for Elovich model is represented in Fig. 8.
The values of α and β are determined from intercept
and slope of Fig. 8 and are given in Table 1. The
values of correlation cofficient (R2) was 0.971 lower
than that of pseudo-second-order model.

(2)

Where qe and qt is the amount of adsorbate
adsorbed at equilibrium and time t repectively and k1
(/min) is the rate constant of pseudo-first-order
adsorption model. The plots of log(qe-qt) vs time for
pseudo-first-order model is shown in Fig. 6. The
value K1 is calculated from slope of eq. 2 and is
given in Table 1. These plots are linear, however the
linearity of these curves does not necessarily assure
the mechanism due to the inherent disadvantage of
correctly estimating equilibrium adsorption capacity
[42]. Further, there is a large difference between
experimental adsorption capacity value (qe, exp) and
calculated adsorption capacity value (qe, cal),
therefore pseudo-first-order model does not explain
the rate process.

#@2B1<&20<;1"?12?:<129The linearized
form of pseudo-second kinetic model is expressed as
[43]



1
=
+
2
  2  

1

(3)
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&92.C2@ #<D12?



where k2 (g/mg.min) is the rate constant of
pseudo-second-order model. The graphical
representation of pseudo-second-order model is
given in Fig. 7. The value of adsorption capacity (qe)
can be calculated from slope of Fig. 7and is given in
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>2:448 :6;8 4:4:6;G:44:6;H4:4
Pseudo-first-order
qe (exp) qe (cal) k1 ×10-2 R2
5.63 5.98 1.80 0.922

Pseudo-second-order
Elovich model
-3
2
α
β
R2
qe
k2 ×10
R
6.39 9.38
0.996
2.94
0.29 0.971

' 
6>B61369:1633B@6<;:<129:<163621?2B;96052>B.A6<;.;1.;45.:2>B.A6<;?.A20<;@A.;A
831:6;84:6;8<:4
Liquid film diffusion model
Modified Freunlich equation
Bangham equation
2
-2
2
2
m
k
R
ko ×10
kfd×10
Cfd
R
α×10-3
R2
4.3
0.058
0.922
2.78
0.042
0.965
5.8
5.13
0.984

6>B61369:1633B@6<;:<129The liquid film
model is expressed as [45]
(6)
ln(1 −  ) = −   

given as

ln  = ln(  ) +

1
ln 


(8)

The graphical representation modified
Freundlich model is represented in Fig. 10 . The
values of m and k were determined from slope and
intercept of Fig. 10 and are given in Table 2. The
correlation coefficient value was 0.965 for CR
adsorption onto leaves powder of SC.

Where Kfd is liquid film diffusion rate constant,
and F=qt/q. The plot of ln(1-F) vs time for liquid film
model is depicted in Fig. 9. The value of Kfd is
calculated from slope Fig. 9 and are given in Table
2. The value of correlation coefficient (R2) is 0.922
which is lower than pseudo-second-order model. It
indicates that liquid film diffusion model is not
suitable to explain the experimental data.


(% 
<163621?2B;19605:<1293<?.1@<?=A6<;<3
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'52 .;45.: >B.A6<; Bangham equation
[47] is given as
⎛  ⎞
(9)
⎛   ⎞
⎜
⎟


(%
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'52 :<163621 ?2B;19605 :<129 The
modified Freundlich eaquation was orignally
developed by Kuo and Lotse [46]
(7)
 =    1 / 

log log⎜
⎟ = log⎜ 2.303 ⎟ + α log 
⎝
⎠
⎝  −   ⎠

Where Co is the initial concentration of dye
solution (mg/L), V is volume of solution (mL), qt is
amount of dye adsorbed (mg/g) at time t, m is weight
of adsorbent used (g/L). α (<1) and ko (mL/(g/L) are
constants. The plot of loglog(Co/Co-qtm) Vs logt for
CR adsorption onto leaves powder of SC is given in
Fig. 11. The values of α and m were calculated from
slope and intercept of Fig. 11 and are shown in Table
2. The double logarithmic plot did not give linear
curves for CR removal by leaves powder of SC

where qt amount of adsorbed dye (mg/g) at time
t, k apparent adsorption rate constant (L/g.min), Co
the initial dye concentration (mg/L), t the contact
time (min) and m is the Kuo-Lotse constant. The
values of k and m were used to eualuate the effect of
dye surface loading and ionic strength on the
adsorption process.
Linear form of modified Freundlich equation is
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enthalpy (ΔHo) indicates that the adsorption of CR
onto leaves powder of SC is exothermic process.
Similarly the negative values of entropy (ΔSo) CR
adsorption shows decrease in randomnes at the
adsorbate-adsorbent interface during the adsorption
of CR onto leaves powder of SC.


indicating that the diffusion of adsorbate into pores
of the sorbent is not the only rate controling step [48,
49]. It may be that both film and pore diffusion were
important to different extent in the removal CR from
aqueous solution.


(% 
.;45.::<1293<?.1@<?=A6<;<3<;4<%21
<;A<&92.C2@ #<D12?

1@<?=A6<;A52?:<1E;.:60@ Thermodynamic endowments show the feasibility and
spontaneity of adsorption process. The parameters
namely change in Gibb’s free energy (ΔGo),
enthalpy (ΔHo) and entropy (ΔSo) were determined
from given equations

Δ  Δ 
ln  =
−



 = 

Δ  = Δ  − Δ 


(% 
#9<A<3 'C@9;803<?.1@<?=A6<;<3%<;A<A52
92.C2@=<D12?<3&

' 
'52?:<1E;.:60=.?.:2A2?@3<?.1@<?=A6<;<3
%<;A<A5292.C2@=<D12?<3&
ΔH
(KJ/mol)
-6.31

ΔS
(J/mol)
-17.18

273K

ΔG (KJ/mol)
278K 288K 298K

4.76

4.94

5.11

5.71

(10)
"!(&"!

(11)

In this study, the adsorption of anionic dye CR
from aqueous solution on leaves powder of SC was
investigated at room temperature. The influence of
contact time, dosage, temperature and ionic strength
on the removal of CR from aqueous solution was
also studied. These results revealed that removal of
CR was increased with increasing contact time,
dosage but decreases with ionic strength and
temperture. Adsorption Kinetics showed that
experimental data fitted well with the pseudosecond-order model. Moreover, thermodynamic
study indicated that the adsorption of CR on the
leaves powder of SC was exothermic process. The
negative value of ΔSº suggested that the randomness
decreases between adsorbate-adsorbent during
adsorption.Thus the leaves powder of SC is an
excellent adsorbent for CR dye removal from
wastewater.







(12)

where Kc, Ca, Ce, R, T are the the equilibrium
constant, amount of dye (mol/L) adsorbed on the
adsorbent per litre (L) of the solution at equilibrium,
equilibrium concentration (mol/L) of dye in solution,
general gas contant (8.31 J/mol.K) and absolute
temperature (K) respectively. Similarly ΔGo, ΔHo
and ΔSo are the change in Gibb’s free energy
(KJ/mol), enthalpy (KJ/mol) and entropy (J/mol.K)
respectively. The plots of lnKc verses 1/T for CR
adsorption onto leaves powder of SC is represented
in Fig. 12. The adsorption enthalpy (ΔHo) and
entropy (ΔSo) were determined from slope and
intercept of Fig. 12 and are given in Table 3. The
values of Gibb’s free energy (ΔGo) were positive at
all temperature studied. The values of ΔGo are found
to be increases with increase in temperature as
shown in Table 3. It might be because of intraction
between adsorbent and adsorbate, with unbalanced
competition imputed to heterogeneity of adsorbent
surface and system got energy from external source
at higher temperatures. The nagative value of
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many substances that possess a wide range of interesting biological and chemical properties. For example, oxadiazole and thiadiazole have drawn much interest in synthetic organic and medicinal chemistry
[9±11]. Among these isomers, 1,3,4-oxadiazole is
more widely studied by researchers because of its biological activities such as virucidal [12], genotoxic
[13], antitubercular [14], anti-HIV [15], anti-inflammatory [16], anticancer [17±21], antimalarial [22],
lipid peroxidation inhibitor [23], antimicrobial [24,
25] and remarkable analgesic. 1,3,4-oxadiazole acts
as a surrogates for carboxylic acids, esters and carboxamides which continuously draws interest for development of newer drug moiety [26]. Due to the
broad range of biological activities.
In continuation of our studies on enzyme activities [27±31], we report herein the synthesis of a new
series of bisoxadiazole substituted sulfonamide compounds and their inhibitory effects on the activity of
purified PON1.

ABSTRACT
In this study, new bisoxadiazole substituted
sulfonamide compounds were synthesized and in
vitro inhibition effects of the compouds on purified
human serum paraoxonase 1 (PON1) were investigated by using the method of Gan et al. The results
showed that all the synthesized compounds inhibited
the paraoxonase 1 enzyme activity. The compounds
6d and 6e were found to be most active compounds
(IC50=26.5 μM and 28.6 μM) for PON1, respectively.

KEYWORDS:
Paraoxonase, bisoxadiazole, sulfonamide, antioxidant activity, inhibition

INTRODUCTION
One of the most important issue of medicine in
the previous century is obesity and its related comorbidities. Obesity increases the incidence of
premature death and cardiovascular disease (CVD).
[1]. The anti-atherogenic effect of HDL is largely attributed to paraoxonase-1 (PON1) which synthesized by the liver and it has significant anti-inflammatory, antioxidant potency [2]. PON1 was able to
inhibit oxidation of LDL and proven to be protective
against the proinflammatory activation in the vessel
wall by destroying biologically active lipids in oxLDL [3].
A few human studies indicates that reduced
PON1 activities are related with increased oxidative
stress, inflammation [4, 5] and may be a risk factor
for coronary heart disease [6]. PON1 activity was
found to be decreased in obese subjects when compared to healthy controls [7]. However, one research
showed that there is an inverse relationship between
PON1 activity and the incidence of coronary events
with high cardiovascular risk [8].
Heterocyclic compounds, especially containing
five member rings serve as the core components of

MATERIALS AND METHODS
The materials used including sepharose 4B, Ltyrosine, 1-napthylamine, paraoxon, protein assay
reagents were obtained from Sigma Chem. Co. Melting points were determined by a Yanagimoto micromelting point apparatus (Surrey, UK) and are uncorrected. IR spectra was acquired on a SHIMADZU
Prestige-21 (200 VCE) (Kyoto, Japan) spectrometer.
1
H and 13C NMR spectra were acquired at VARIAN
Infinity Plus in 300 and 75 Hz (Palo Alto, California), respectively. 1H and 13C chemical shifts are referenced to the internal deuteranated solvent. The elemental analysis was carried out with a Leco CHNS932 (St. Joseph, Michigan) instrument. All chemicals were purchased from Merck (Darmstadt, Germany), Alfa Aesar (Ward Hill, MA) and Sigma-Aldrich (Taufkirchen, Germany) and analytical grade.
General procedure for the preparation of 4sulfonylamide ester (2). Sulfanilic acid (10 mmol)
was refluxed in 50 mL of ethanol for 24 hrs by cata-
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General procedure for the synthesis (E)-N'hydroxy-4-(5-(4-sulfamoylphenyl)-1,3,4-oxadiazol-2-yl)benzimidamide (5). Hydroxylamine hydrochloride (2.5 mmol) and 4-(5-(4-cyanophenyl)-1,
3, 4-oxadiazol-2-yl) benzenesulfonamide (4) (1
mmol) were dissolved in DMF (6 ml) and K2CO3
(2.5 mmol) was added to the mixture. Then, it was
heated for 12h at 80oC, after the reaction was completed. The mixture was cooled to room temperature
and poured into ice cold water. It was then filtered
and crystallized from ethanol.

lyzed 1.0 mL of sulfuric acid. At the end of the reaction, the solvent was evaporated and the obtained
product was washed with cold water and dried.
General procedure for the preparation of 4sulfonylamidebenzohydrazide (3). 4-sulfonylamide ester (10 mmol) and Hydrazine hydrate (25
mmol) in ethanol were refluxed for 24 hrs at 70 °C.
The reaction mixture was cooled to room temperature and the solid was filtered then washed with water and dried.
General procedure for the synthesis of 4-(5(4-cyanophenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide (4). 4-cyanobenzoylchloride (1 mmol)
and 4-sulfonylamidebenzohydrazide (3) (1 mmol)
were dissolved in DMF (6 ml) and K2CO3 (2 mmol)
was added to the mixture. To the reaction flask, catalytic amount of iodine was added. Then, it was
heated for 12 hrs at 80oC. After the reaction was
completed, the reaction mixture was cooled to room
temperature and poured into ice cold water. It was
then filtered and crystallized from acetone.

O

O

OH

General procedure for the synthesis of acyl
substituted 4-(hydrazine carbonyl) benzene sulphonamide derivatives (6a-t). Acylchloride derivatives (1 mmol) and (E)-N'-hydroxy-4-(5-(4-sulfamoylphenyl)-1, 3, 4-oxadiazol-2-yl) benzimidamide (4) (1 mmol) were dissolved in DMF (6 ml) and
K2CO3 (2 mmol) was added to the mixture. Then, it
was heated for 12h at 80oC, after the reaction was
completed. The mixture was cooled to room temperature and poured into ice cold water. It was then filtered and crystallized from acetone. The prepared
compounds shown in Scheme S1 were characterized
by 1H NMR, 13C NMR, IR and elemental analysis.
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4-(5-(4-(5-hexyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6e): Yield 75 %, m.p. 252 o&,5 .%UȞFP-1) :
3245 (NH2), 1679 (C=N), 1318 and 1150(S=O); 1H
NMR (300 MHz, DMSO-d6, , ppm) : 8.01 (2H, d,
=CH ), 7,95 (2H, d, =CH), 7.60 (2H, s, -NH2), 7.54
(2H, d, =CH ), 7.51 (2H, d, =CH), 2.52 (2H, t, -CH2),
1.60 (2H, m, -CH2), 1.33 (2H, m, -CH2) 1.30 (4H,
m, -CH2), 0.96 (3H, t , -CH3). 13CNMR (75 MHz,
DMSO-d6, ppm): 166.4, 165.2, 164.4, 164.0, 136.8,
134.0, 132.3, 131.1, 127.5, 127.1, 126.5, 125.3, 33.2,
31.8, 30.2, 29.5, 24.2, 13.9; Anal. Calcd. For
C22H23N5O4S : C, 58.26; H, 5.11; N, 15.44; O, 14.11;
S, 7.07. Found: C, 57.98; H, 4.88; N, 16.66; O,
14.52; S, 7.36.

4-(5-(4-(5-methyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6a) : Yield 70 % , m.p. 296 o&,5 .%UȞFP-1) :
3255 (NH2), 1680 (C=N), 1318 and 1149 (S=O);
1
HNMR (300 MHz, DMSO-d6, , ppm) : 8.04 (2H, d,
=CH ), 7,92 (2H, d, =CH), 7.64 (2H, s, -NH2), 7.56
(2H, d, =CH ), 7.52 (2H, d, =CH), 2.45 (3H, s , CH3). 13CNMR (75 MHz, DMSO-d6, ppm): 168.5,
165.8, 164.5, 163.6, 139.4, 134.1, 132.5, 130.8,
128.2, 127.4, 127.1, 126.3, 14.8; Anal. Calcd. For
C17H13N5O4S : C, 53.26; H, 3.42; N, 18.27; O, 16.69;
S, 8.36. Found: C, 53.42; H, 3.458; N, 18.47; O,
16.95; S, 8.21.
4-(5-(4-(5-propyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6b): Yield 78 % , m.p. 270 o&,5 .%UȞFP-1) :
3245 (NH2), 1686 (C=N), 1316 and 1152(S=O); 1H
NMR (300 MHz, DMSO-d6, , ppm) : 8.00 (2H, d,
=CH ), 7,91 (2H, d, =CH), 7.60 (2H, s, -NH2), 7.54
(2H, d, =CH ), 7.50 (2H, d, =CH), 2.55 (2H, t, -CH2),
1.55 (2H, m, -CH2) 0.98 (3H, t , -CH3). 13CNMR (75
MHz, DMSO-d6, ppm): 166.5, 164.8, 164.1, 163.2,
138.5, 133.8, 132.9, 130.1, 127.8, 127.1, 126.4,
125.8, 35.3, 24.2, 13.8; Anal. Calcd. For
C19H17N5O4S : C, 53.47; H, 4.16; N, 17.02; O, 15.55;
S, 7.79. Found: C, 53.65; H, 4.42; N, 17.41; O,
15.98; S, 7.61.

4-(5-(4-(5-heptyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6f): Yield 83 %, m.p. 278 o&,5 .%UȞFP-1) :
3248 (NH2), 1662 (C=N), 1321 and 1153(S=O); 1H
NMR (300 MHz, DMSO-d6, , ppm) : 7.98 (2H, d,
=CH ), 7,96 (2H, d, =CH), 7.58 (2H, s, -NH2), 7.52
(2H, d, =CH ), 7.49 (2H, d, =CH), 2.54 (2H, t, -CH2),
1.60 (2H, m, -CH2), 1.33 (2H, m, -CH2) 1.28 (6H, m,
-CH2), 0.96 (3H, t , -CH3). 13CNMR (75 MHz,
DMSO-d6, ppm): 166.9, 165.8, 164.6, 164.3, 136.1,
134.4, 132.6, 131.5, 127.8, 127.4, 126.2, 125.0, 33.5,
31.2, 30.4, 29.5, 29.0, 24.6, 14.2; Anal. Calcd. For
C23H25N5O4S : C, 59.08; H, 5.39; N, 14.98; O, 13.69;
S, 6.86. Found: C, 59.44; H, 4.89; N, 15.66; O,
14.54; S, 7.32.

4-(5-(4-(5-butyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6c): Yield 80 % , m.p. 274 o&,5 .%UȞFP-1) :
3250 (NH2), 1680 (C=N), 1315 and 1150(S=O); 1H
NMR (300 MHz, DMSO-d6, , ppm) : 8.02 (2H, d,
=CH ), 7,93 (2H, d, =CH), 7.61 (2H, s, -NH2), 7.55
(2H, d, =CH ), 7.51 (2H, d, =CH), 2.55 (2H, t, -CH2),
1.60 (2H, m, -CH2) 1.35 (2H, m, -CH2) 0.98 (3H, t ,
-CH3). 13CNMR (75 MHz, DMSO-d6, ppm): 166.4,
165.1, 164.6, 164.2, 138.8, 134.6, 132.4, 131.1,
127.7, 127.2, 126.0, 125.2, 34.5, 33.8, 23.5, 13.9;
Anal. Calcd. For C20H19N5O4S : C, 56.46; H, 4.50;
N, 16.46; O, 15.04; S, 7.54. Found: C, 56.55; H,
4.38; N, 16.11; O, 15.44; S, 7.32.

4-(5-(4-(5-octyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6g): Yield 85 %, m.p. 265 o&,5 .%UȞFP-1) :
3260 (NH2), 1674 (C=N), 1322 and 1150(S=O); 1H
NMR (300 MHz, DMSO-d6, , ppm) : 8.04 (2H, d,
=CH ), 7,98 (2H, d, =CH), 7.60 (2H, s, -NH2), 7.54
(2H, d, =CH ), 7.40 (2H, d, =CH), 2.50 (2H, t, -CH2),
1.63 (2H, m, -CH2), 1.34 (2H, m, -CH2) 1.29 (8H,
m, -CH2), 0.96 (3H, t , -CH3). 13CNMR (75 MHz,
DMSO-d6, ppm): 166.7, 166.4, 164.9, 164.1, 136.6,
134.1, 132.5, 131.9, 128.5, 127.9, 127.2, 125.8, 33.2,
31.3, 30.2, 29.5, 29.2, 29.0, 23.6, 14.0; Anal. Calcd.
For C24H27N5O4S: C, 59.86; H, 5.65; N, 14.54; O,
13.29; S, 6.66. Found: C, 60.05; H, 5.88; N, 14.62;
O, 13.58; S, 7.02.

4-(5-(4-(5-pentyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6d): Yield 80 % , m.p. 315 o&,5 .%UȞFP-1) :
3260 (NH2), 1685 (C=N), 1317 and 1146(S=O); 1H
NMR (300 MHz, DMSO-d6, , ppm) : 8.00 (2H, d,
=CH ), 7,94 (2H, d, =CH), 7.62 (2H, s, -NH2), 7.56
(2H, d, =CH ), 7.50 (2H, d, =CH), 2.50 (2H, t, -CH2),
1.62 (2H, m, -CH2) 1.30 (2H, m, -CH2), 1.28 (2H, m,
-CH2) 0.97 (3H, t , -CH3). 13CNMR (75 MHz,
DMSO-d6, ppm): 166.2, 165.4, 164.2, 164.0, 137.8,
134.2, 132.0, 131.4, 127.3, 127.0, 126.2, 125.5, 33.5,
32.8, 30.5, 29.3, 14.1; Anal. Calcd. For C21H21N5O4S
: C, 57.39; H, 4.82; N, 15.94; O, 14.56; S, 7.30.
Found: C, 57.64; H, 4.98; N, 16.15; O, 15.10; S,
7.42.

4-(5-(4-(5-nonyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide
(6h): Yield 76 %, m.p. 240 o&,5 .%UȞFP-1) :
3265 (NH2), 1688 (C=N), 1316 and 1145 (S=O); 1H
NMR (300 MHz, DMSO-d6, , ppm) : 8.00 (2H, d,
=CH ), 7,97 (2H, d, =CH), 7.64 (2H, s, -NH2), 7.52
(2H, d, =CH ), 7.42 (2H, d, =CH), 2.48 (2H, t, -CH2),
1.65 (2H, m, -CH2), 1.33 (2H, m, -CH2) 1.30 (10H,
m, -CH2), 0.96 (3H, t , -CH3). 13CNMR (75 MHz,
DMSO-d6, ppm): 166.6, 165.4, 164.0, 163.7, 136.0,
134.5, 132.3, 131.2, 128.1, 127.5, 126.8, 124.8, 32.8,
31.5, 30.7, 29.7, 29.5, 29.2, 29.1, 23.5, 14.1; Anal.
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129.50, 125.43, 124.11, 114.85, 109.12, 104.18,
41.36; Anal. Calcd. For C23H17N5O5S: C, 58.10; H,
3.60; N, 14.73; O, 16.82; S, 6.74. Found: C, 58.45;
H, 4.12; N, 15.03; O, 17.25; S, 7.12.

Calcd. For C25H29N5O4S: C, 60.59; H, 5.90; N,
14.13; O, 12.91; S, 6.47. Found: C, 60.85; H, 5.78;
N, 14.44; O, 13.28; S, 6.25.
4-(5-(4-(5-pentadecyl-1,2,4-oxadiazol-3yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfonamide (6i): Yield 76 %, m.p. 241 o&,5 .%UȞ
cm-1) : 3260 (NH2), 1682 (C=N), 1318 and 1148
(S=O); 1H NMR (300 MHz, DMSO-d6, , ppm) : 7.99
(2H, d, =CH ), 7,96 (2H, d, =CH), 7.60 (2H, s, -NH2),
7.50 (2H, d, =CH ), 7.41 (2H, d, =CH), 2.46 (2H, t, CH2), 1.60 (2H, m, -CH2), 1.31 (2H, m, -CH2) 1.30
(22H, m, -CH2), 0.96 (3H, t , -CH3). 13CNMR (75
MHz, DMSO-d6, ppm): 166.6, 165.4, 164.0, 163.7,
136.0, 134.5, 132.3, 131.2, 128.1, 127.5, 126.8,
124.8, 32.2, 31.7, 30.4, 29.8, 29.8, 29.8, 29.8, 29.8,
29.8, 29.8, 29.8 29.4, 29.0, 22.5, 14.0; Anal. Calcd.
For C31H41N5O4S : C, 64.22; H, 7.13; N, 12.08; O,
11.04; S, 6.47. Found: C, 60.85; H, 5.78; N, 14.44;
O, 13.28; S, 5.53.

4-(5-(4-(5-p-tolyl-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4 - oxadiazol-2-yl) benzenesulfonamide
(6m) : Yield 77 %, m.p. 256 o&,5 .%UȞFP-1):
3188 (NH2), 1668 (C=N), 1315 and 1148 (S=O);
1
HNMR (300 MHz, DMSO-d6, , ppm) : 8.48 ± 8.17
(4H, m, =CH ), 8.11 (4H, m, =CH), 7.84 (2H, dd,
=CH ), 7.61 (2H, s, -NH2), 7.31 (2H, dd, =CH), 2.79
(3H, s, -CH3). 13CNMR (75 MHz, DMSO-d6, ppm):
168.02, 164.39, 163.07, 152.08, 143.59, 131.46,
130.22, 128.74, 127.83, 127.21, 116.59, 110.52,
103.68, 22.01; Anal. Calcd. For C23H17N5O4S: C,
60.12; H, 3.73; N, 15.24; O, 13.93; S, 6.98. Found:
C, 60.54; H, 4.05; N, 15.67; O, 14.52; S, 7.43.
4-(5-(4-(5-benzyl-1,2,4-oxadiazol-3-yl) phenyl)-1,3,4-oxadiazol-2-yl)
benzenesulfonamide
(6n) : Yield 70 %, m.p. 220 o&,5 .%UȞFP-1) :
3057 (NH2), 1678 (C=N), 1323 and 1152 (S=O);
1
HNMR (300 MHz, DMSO-d6, , ppm) : 8.37 (2H, d,
=CH ), 8.33 (2H, d, =CH), 8.24 (2H, t, =CH), 8.14
(2H, d, =CH ), 7.43 (2H, t, =CH), 7.40 (2H, s, -NH2),
7.28 (2H, d, =CH), 7.16 (2H, d, =CH), 4.49 (2H, s, CH2). 13CNMR (75 MHz, DMSO-d6, ppm): 170.39,
164.75, 147.60, 147.38, 134.66, 130.19, 129.52,
129.04, 128.72, 128.49, 128.25, 127.38, 115.30,
42.65; Anal. Calcd. For C23H17N5O4S: C, 60.12; H,
3.73; N, 15.24; O, 13.93; S, 6.98. Found: C, 60.55;
H, 4.37; N, 15.68; O, 14.48; S, 7.42.

4-(5-(4-(5-acetoxymethyl-1,2,4-oxadiazol-3yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfon
amide (6j): Yield 75 %, m.p. 219 o&,5 .%UȞ
cm-1) : 3260 (NH2), 1765 (C=O), 1675 (C=N), 1320
and 1154 (S=O); 1HNMR (300 MHz, DMSO-d6, ,
ppm) : 8.00 (2H, d, =CH ), 7,91 (2H, d, =CH), 7.63
(2H, s, -NH2), 7.55 (2H, d, =CH ), 7.50 (2H, d, =CH),
5.20 (2H, s , -CH2), 2.15 (3H, s , -CH3). 13CNMR (75
MHz, DMSO-d6, ppm): 174.3, 167.5, 164.4, 163.8,
163.2, 138.6, 134.5, 132.8, 131.2, 129.2, 128.4,
127.5, 126.6, 68.9, 21.2; Anal. Calcd. For
C19H15N5O6S : C, 51.70; H, 3.43; N, 15.87; O, 21.75;
S, 7.26. Found: C, 51.95; H, 3.72; N, 15.34; O,
21.99; S, 7.62.

4-(5-(4-(5-phenyl-1,2,4-oxadiazol-3-yl)phenyl) -1,3,4-oxadiazol-2-yl) benzenesulfonamide
(6o) : Yield 85 %, m.p. 268 o&,5 .%UȞFP-1) :
3067 (NH2), 1673 (C=N), 1317 and 1148 (S=O);
1
HNMR (300 MHz, DMSO-d6, , ppm) : 8.16 (4H, d,
=CH ), 7.95 (2H, d, =CH), 7.83 (2H, d, =CH ), 7.69
(2H, s, -NH2), 7.68 (2H, d, =CH), 7.66 (2H, t, =CH),
7.51 (1H, t, =CH). 13CNMR (75 MHz, DMSO-d6,
ppm): 171.98, 167.14, 166.05, 151.42, 138.17,
134.79, 132.58, 132.42, 130.71, 129.50, 128.06,
127.73, 114.10; Anal. Calcd. For C22H15N5O4S: C,
59.32; H, 3.39; N, 15.72; O, 14.37; S, 7.20. Found:
C, 59.75; H, 3.78; N, 16.14; O, 14.79; S, 7.62.

4-(5-(4-(5-ethylacetoxyl-1,2,4-oxadiazol-3yl)phenyl)-1,3,4-oxadiazol-2-yl)benzenesulfon
amide (6k): Yield 80 %, m.p. 268 o&,5 .%UȞ
cm-1) : 3265 (NH2), 1762 (C=O), 1690 (C=N), 1316
and 1151 (S=O); 1HNMR (300 MHz, DMSO-d6, ,
ppm) : 7.98 (2H, d, =CH ), 7,89 (2H, d, =CH), 7.61
(2H, s, -NH2), 7.54 (2H, d, =CH ), 7.50 (2H, d, =CH),
4.20 (2H, q , -CH2), 3.55 (2H, s , -CH2), 1.35 (3H, t
, -CH3). 13CNMR (75 MHz, DMSO-d6, ppm): 171.7,
166.9, 164.7, 163.5, 163.0, 138.2, 134.9, 132.3,
131.5, 129.6, 128.7, 127.2, 126.3, 62.9, 34.5, 14.5;
Anal. Calcd. For C20H17N5O6S: C, 52.74; H, 3.76; N,
15.38; O, 21.08; S, 7.04. Found: C, 53.05; H, 3.98;
N, 15.63; O, 21.54; S, 7.42.

4-(5-(4-(5-(3-fluorophenyl) -1,2,4-oxadiazol3-yl) phenyl) - 1,3,4 - oxadiazol-2-yl) benzene sulfonamide (6p) : Yield 76 %, m.p. 285 oC; IR (KBr,
ȞFP-1) : 3259 (NH2), 1686 (C=N), 1324 and 1151
(S=O); 1HNMR (300 MHz, DMSO-d6, , ppm) : 8.43
(2H, d, =CH ), 8.39 (2H, d, =CH), 8.32 (2H, d, =CH
), 8.24 (2H, d, =CH), 8.13 (1H, d, =CH), 8.06 (1H,
d, =CH), 7.96 (1H, m, =CH), 7.65 (2H, s, -NH2).
13
CNMR (75 MHz, DMSO-d6, ppm): 168.24,
167.15, 164.06, 162.64, 147.50, 134.07, 132.54,
132.14, 129.18, 126.89, 126.51, 124.89, 121.61,
118.88, 115.23; Anal. Calcd. For C22H14FN5O4S: C,

4-(5-(4-(5(4-methoxyphenyl)-1,2,4-oxadiazol-3-yl)phenyl)-1,3,4-oxadiazol-2-yl)benzene
sulfonamide (6l): Yield 84 %, m.p. 301 oC; IR (KBr,
ȞFP-1) : 3197 (NH2), 1682 (C=N), 1312 and 1142
(S=O); 1HNMR (300 MHz, DMSO-d6, ppm) : 8.43
± 8.02 (6H, m, =CH ), 7.94 ± 7.80 (4H, m, =CH),
7.65 (2H, s, -NH2), 7.20 (2H, d, =CH ), 3.88 (3H, s,
-CH3). 13CNMR (75 MHz, DMSO-d6, ppm): 169.15,
163.44, 162.10, 153.24, 142.75, 130.13, 131.25,
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The crude PON1 solution was then subjected to
hydrophobic interaction chromatography column,Sepharose-4B-coupled L-tyrosine- 1-naphthylamine, synthesized according to Sinan et al.[32]. The
paraoxonase was eluted with ammonium sulfate gradient using 0.1 M Na2HPO4 buffer with and without
ammonium sulfate pH 8.00. The purified PON1 enzyme was stored in the presence of 2 mM CaCl2 at
+4 °C, in order to maintain activity.
PON1 enzyme activity towards paraoxon substrate was quantified spectrophotometrically by the
method described by Gan et al. [34]. The reaction
was followed for 2 min. at 37 żC by monitoring the
appearance of p-nitrophenol at 412 nm in a Biotek
automated recording spectrophotometer. A molar
extinction coefficient ( )ܭof 17100M-1 cm-1 for p-nitrophenol in 100mM Tris-base buffer (pH 8.0) was
used for the calculation. PON1 activity (1 Ul -1) was
defined as 1 μmol of p-nitrophenol formed per minute [32±34].
For the inhibition studies of bisoxadiazole substituted sulfonamide derivatives as PON1 inhibitors,
different concentrations were added from stock solution (10-3 M) to the enzyme activity. Paraoxonase activity with these chemicals was assayed by following
the hydration of paraoxon. Activity values (%) of
PON1 for six different concentrations of each these
sulfonamide derivatives were determined by regression analysis using the Microsoft Office Excel.
PON1 activity was accepted as 100 % in the absence
of the sulfonamide derivatives and IC50 values of the
mentioned reagents were determined from the
graphs.

57.02; H, 3.05; F, 4.10; N, 15.11; O, 13.81; S, 6.92.
Found: C, 57.45; H, 3.42; N, 15.54; O, 14.23; S,
7.35.
4-(5-(4-(5-(4-bromophenyl)-1,2,4- oxadiazol3-yl) phenyl) -1,3,4 - oxadiazol-2-yl) benzene sulfonamide (6r) : Yield 71 %, m.p. 347 oC; IR (KBr,
ȞFP-1) : 3271 (NH2), 1681 (C=N), 1322 and 1155
(S=O); 1HNMR (300 MHz, DMSO-d6, , ppm) : 8.41
± 8.33 (4H, m, =CH ), 8.15 (2H, d, =CH), 8.06 (2H,
d, =CH ), 7.92 (2H, d, =CH), 7.73 (2H, d, =CH ) 7.62
(2H, s, -NH2). 13CNMR (75 MHz, DMSO-d6, ppm):
168.63, 165.93, 164.20, 159.56, 149.67, 141.05,
133.85, 132.43, 131.98, 130.64, 127.58, 123.09,
116.32; Anal. Calcd. For C22H14BrN5O4S: C, 50.39;
H, 2.69; Br, 15.24; N, 13.36; O, 12.20; S, 6.11.
Found: C, 50.95; H, 3.12; N, 13.74; O,12.59; S, 6.62.
4-(5-(4-(5-(2-bromophenyl) -1,2,4-oxadiazol3-yl) phenyl) -1,3,4-oxadiazol -2- yl) benzene sulfonamide (6s) : Yield 76 %, m.p. 214 oC; IR (KBr,
ȞFP-1) : 3259 (NH2), 1683 (C=N), 1316 and 1148
(S=O); 1HNMR (300 MHz, DMSO-d6, , ppm) : 8.38
(2H, d, =CH ), 8.25 (2H d, =CH), 8.12 ± 8.08 (1H,
m, =CH ), 8.07 (2H, d, =CH), 7.97 (1H, d, =CH),
7.76 (2H, d, =CH), 7.73 (1H, d, =CH), 7.65 (2H, s, NH2), 7.49 ± 7.46 (1H, m, =CH). 13CNMR (75 MHz,
DMSO-d6, ppm): 168.06, 167.96, 163.01, 158.61,
154.83, 143.06, 139.99, 135.84, 134.57, 133.71,
131.40, 129.53, 128.04, 127.33, 121.80, 110.28;
Anal. Calcd. For C22H14BrN5O4S: C, 50.39; H, 2.69;
Br, 15.24; N, 13.36; O, 12.20; S, 6.11. Found: C,
50.92; H, 3.15; N, 13.72; O,12.55; S, 6.61.

TABLE 1
IC50 values of bisoxadiazole substituted
sulfonamide derivatives.

4-(5-(4-(5-(4-nitrophenyl) - 1,2,4- oxadiazol3-yl) phenyl) -1,3,4- oxadiazol -2- yl) benzene sulfonamide (6t) : Yield 74 %, m.p. 332 oC; IR (KBr,
Ȟ FP-1) : 3116 (NH2), 1675 (C=N), 1523 (N=O),
1320 and 1151 (S=O); 1HNMR (300 MHz, DMSOd6, , ppm) : 8.96 (2H, d, =CH ), 8.65 (2H, d, =CH),
8.42 (2H, d, =CH ), 8.33 (2H, d, =CH ), 7.95 (2H, d,
=CH), 7.92 (2H, d, =CH ) 7.60 (2H, s, -NH2).
13
CNMR (75 MHz, DMSO-d6, ppm): 167.90,
163.34, 156.96, 150.96, 144.72, 131.80, 129.86,
129.10, 127.72, 125.48, 124.43, 119.40, 118.61;
Anal. Calcd. For C22H14N6O6S: C, 53.88; H, 2.88; N,
17.14; O, 19.57; S, 6.54. Found: C, 54.25; H, 3.32;
N, 17.46; O, 19.90; S, 6.95.

Compound
6a
6b
6c
6d
6e
6f
6g
6h
6i
6j
6k
6l
6m
6n
6o
6p
6r
6s
6t

Biochemical studies of PON1. Blood samples
were taken from healthy human volunteers. Human
serum was isolated from fresh human blood collected in a dry tube. The blood samples were centrifuged at 26916 g for 15 min. and the serum was recovered. Firstly, crude serum PON1 was isolated by
ammoniumsulfate precipitation (60±80% fraction)
[32]. The precipitate was collected by centrifugation
at 26916 g for 20 min. and then redissolved in
100mM Tris±HCl buffer (pH 8.0) [33].
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IC50 Values (μM)
98.4
39.3
40.6
26.5
28.6
36.7
34.8
36.7
37.1
37.3
40.4
42.8
46.6
42.9
49.9
56.3
51.3
45.6
44.7
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compounds as novel bisoxadiazole substituted sulfonamide derivatives are likely to be adopted as candidates or pathfinder for the treatment of cardiovascular diseases. Additionally, these reagents should
be further evaluated in In vivo studies. Because, there
is no clear evidence in the literature about inhibition
of PON1 which strongly associated with cardiovascular diseases risk.
When the results are examined, 6d and 6e have
been identified as the most active compounds for the
inhibition of the PON1 enzyme. Because, groups
with electron density such as sulfur, oxygen and nitrogen present in sulfonamide derivatives may inhibit the enzyme by electrostatically interacting with
positively charged groups (such as Ca2+ ions or positively charged amino acid groups) contained in
PON1. For this reason 6d compound has the optimal
carbon chain length for functional group interactions
in the PON1 active side. As a result, 6d compound
the best inhibitor for inhibition of PON1 was thought
to be by us.

RESULTS
4-Sulfonylamide ester was prepared from sulfanilic acid in ethanol with catalytic amount of sulfuric acid by refluxing for 24 hrs. The ester group
was converted to the hydrazide with hydrazine hydrate in ethanol at 70 °C for 24 hrs. The compound
(4) containing cyano group was obtained from the
reaction of 4-cyanobenzoylchloride and compound
(3) in DMF at 80 oC with catalytic amount of iodine
under basic conditions. The amidoxime formation
was carried out by reaction of hydroxylamine hydrochloride and the compound (4) in DMF in the presence of base. The final target products, substituted
bisoxadizolylsulfonamide compounds (6a-t), were
synthesized with the interaction of the compound (5)
and acylchloride derivatives.
From the 1H NMR spectra, sulfanilamide NH2
rezonances at around 7.60 ppm and =CH proton
peaks on the aromatic ring come between 7.00 and
8.20 ppm. From the 13C NMR spectra, the signals of
oxadiazole ring are seen at around 164 ppm. In the
infrared spectra of the prepared compounds, it was
possible to observe the absorptions around 3260
cm-1 relating to NH2 stretchings. As can be seen in
the literature [35], there are two peaks assigned to
S=O as symmetric and asymmetric stretching. The
peaks of asymmetric and symmetric stretch are appeared around 1320 and 1150 cm-1, respectively. All
spectra and elemental analyses support the structure
of the synthesized compounds.
PON1 inhibition assays with Paraoxon-ethyl
were applied to all bisoxadiazole substituted sulfonamide derivative compounds as a substrate in order
to evaluate inhibitory effects of PON1. The results
revealed that the compounds inhibited the PON1 enzyme activity. The IC50 values of the compounds for
PON1 have been outlined in Table 1. The IC50 values
were between 26.5 μM and 98.4 μM for PON1 enzyme activity. Among the compounds, 6d was found
as the most active compound (IC50 = 26.5 μM) for
PON1 inhibitory activity.
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off increasing indemnities demands, and desertification of natural environments [2]. Water erosion is
controlled by climatic characteristics, topography,
soil properties, vegetation, and land management.
Detachment of soil material is caused by raindrop
impact and drag force of running water. [3]. Soil erosion by water, is one the most important environmental problems due to its serious threat to agriculture and food security [4].
The European Mediterranean countries are
particularly prone to erosion, because they are subject to prolonged dry periods followed by heavy erosive rains falling on steep slopes characterized by
fragile soils [5, 6]. The Mediterranean basin has been
under very strong human influence for centuries [79]. For that reason, soil erosion has reached serious
levels as a result of anthropogenic changes in the
land cover [10].
There are various soil erosion models. Universal Soil Loss Equation (USLE), which is an empirical model is the most commonly used model in the
literature. Despite their shortcomings and limitations
the Universal Soil Loss Equation (USLE) and Revised Universal Soil Loss Equation (RUSLE) are
still the most frequently used equations for estimation of soil erosion [11, 12]. This is mainly due to the
simple, robust form of the equations as well as their
success in predicting the average, long-term erosion
on uniform slopes or field units. Many researchers
also apply them to watershed or larger areas to estimate soil erosion [13].
The USLE was originally applied to the prediction of soil losses from agriculture in the USA in order to preserve soil resources, but has been extended
for use in numerous countries. In many cases, the
formula used to determine the values of R, K, L, S,
C and P in the USA have been adopted in other countries, although local experimental data have been
used to develop local alternatives in some areas. The
revised USLE (RUSLE) [12] was developed to take
advantage of knowledge and data obtained in the
1980s and 1990s [14].
The spatial data which can be used in erosion
mapping and mapping method validation, can be obtained from existing topographic, soil, land use

ABSTRACT
The aim of this study was to investigate the soil
erosion in a selected area, that contained different
physiographic units located on various slopes and
have different soil series, using the RUSLE model
in the Mediterranean Region of Turkey. Meteorological, soil data, topographic information and data obtained from land observations were used to produce
past and present erosion risk maps and potential soil
losses. Landsat satellite images that belong to the
same months of different years (1990, 2016), were
also used to asses the changes in the study area. The
P factor of RUSLE model was generated by two different scenarios. For this reason, two different risk
maps of the same year were produced. Results had
shown that RUSLE, P=1 scenario produced more reliable/realistic results than P factor obtained by
Wener method. According to P=1 scenario, the maximum annual soil loss in the study area was 3.219 t
ha±1 per year in 1990 and 3.514 t ha±1 per year in
2016. The average soil losses in the study area were
0.16 and 0.21 t ha±1 per year for 1990 and 2016, respectively. In the study area, soil erosion had slightly
increased in the last 26 years, according to all scenarios.

KEYWORDS:
Erosion, RUSLE, GIS, Adana, Yumurtalik

INTRODUCTION
Erosion is the detachment and transportation of
material from a surface, and it occurs whenever the
eroding or driving forces generated by water and
wind exceed the resisting forces of rock soils [1].
Soil erosion by water is a major degradation problem
in semi-humid to semi-arid Mediterranean landscapes. Its negative impacts are tremendous, including reduction of soil productivity, silting of dams,
pollution of watercourses, deficits in water availability, serious damages to properties by soil-laden run-

3359

© by PSP

Volume 27 ± No. 5A/2018 pages 3359-3366

Fresenius Environmental Bulletin

study area are interpreted, the soil temperature regime of the study area is determined as "thermic" and
the soil moisture regime is determined as "xeric"[21].
Agriculture is the common economic activity in
the study area. Maize, sunflower, cotton, soybean
and citrus are cultivated and there are no forest assets
except the northern border of the area. There are various forest trees in the densely forested area in the
north [22].
For estimating the soil loss many different
models can be used. Among the available models,
RUSLE was applied in the study area because of its
common use in the literature and the compatibility
with GIS.
UTM map projection and WGS 84 datum are
selected to be reference system and all maps and data
were transferred to the chosen projection and datum.
The database has been prepared for each feature. The
input datasets for the RUSLE model were rainfall,
soil characteristics, elevation and the Normalized
Difference Vegetation Index (NDVI). To this extent,
the long-term (from 1970 to 2016) rainfall and the
other required climatic datasets of Yumurtalik were
taken from the Turkish Republic General Directorate
of Meteorology. The points that belong to the
different physiographic units, which have different
degrees of slope, are determined in the study area
and the data about soil characteristics were obtained
from these sampling points. Firstly, different
physiographic units were determined on the stereo
image of the study area. These units are hilly (high)
fields, colluvial skirts, bajada, aluviales, flatbottomed land and shore sand dunes. In these areas,
different gradient classes are determined by ArcGIS,
and as a result, 55 points are determined from each
existing gradient group of each physiographic unit to
define control points. 10 metre spatial resolution
elevation data were obtained from 1:25,000
topographical maps of the study area.
RUSLE model Rainfall and Runoff Erosivity
Factor (R) equation, developed by Lo [23] and used
by [24] and [25], was used for computing the R factor. R factor of 1990 is computed 265.34 MJ. mm.
haí hí yríand R factor of 2016 is computed 282.73
MJ.mm.haí hí yrí for the study area.
The RUSLE model Soil erodibility (K) factor
was estimated by using the K-factor proposed for the
USLE model by [12]:
K= ª 2,1.10 , M .(12  OM )  3,25.(s  2)  2,5.( p  3) º .0,1317
(2)

maps, field measurements, weather reports, terrestrial and airborne laser scanning, aerial photographs
and satellite imagery. Among these possibilities, satellite imagery, provides repeatable measurements
over large areas with desirable spatial and temporal
resolution [15]. With satellite imagery, it is possible
to detect eroded areas and determine their spatial
range, as well as assess erosion factors like vegetation cover, slope, or soil type. These parameters can
then be used as input factors in erosion models [16].
The use of remote sensing and geographical information system (GIS) techniques makes soil erosion estimation and its spatial distribution feasible,
with reasonable costs and accuracy over large areas
[17, 18].
In this study, adapted version of USLE:
RUSLE [8] model has been applied to the selected
areas. Soil losses were predicted using this model for
1990 and 2016 periods. After the risk maps were produced, RUSLE model was cross checked and soil
loss detection efficiencies were tested by the field
works.
The RUSLE model. The Revised universal
soil loss model is an empirical model that is the most
widely used model for erosion modelling. Revised
universal soil loss equation is as follows:
E= R.K .LS .C.P
(1)
where, E is the average annual soil loss
(ton·haí·yrí); R is the Rainfall and Runoff erosivity
index (in MJ mm/ha/ hr/yr); K is the soil Erodibility
factor (in ton/MJ/mm); LS is the Slope and Length
of Slope Factor; C is the Cropping Management Factor; P is the is the supporting conservation practice
factor [19].

MATERIALS AND METHODS
The study area is situated in the Yumurtalik district of Adana province, Turkey (Fig. 1). It is located
at 36°46ƍ±36°48ƍ N and 35°40ƍ±35°49ƍE (UTM Zone
36N± WGS84). The RUSLE model was applied in
an area covering about 100 km2. In the study area
three different geological units are present: Tertiary
and sub-PLGGOH0LRFHQH.DUDWDú)RUPDWLRQ 7PN 
7HUWLDU\ DQG 8SSHU 0LRFHQH .Õ]ÕOGHUH )RUmation
(Tk) and Quaternary aged alluvium (Qa) [20].
The climate of the study area differs in part
from the typical Mediterranean climate in terms of
precipitation. Precipitation and temperature data in
the Adana province is 19 °C and the average amount
of precipitation is 637.3 mm. However, when the
long-term (42 years) climatic data of the study area
are taken into account, it is observed that the precipitation is higher than Adana (792.2 mm). The average annual temperature is similar to the annual temperature of Adana. When the climatic data of the

4

«
¬

1,14

100

»
¼

M: The textural factor (percentage silt + fine sand
IUDFWLRQFRQWHQWPXOWLSOLHGE\ íFOD\IUDFWLRQ
OM: The organic matter content (%);
S: The soil structure class
P: The permeability
K is expressed in SI units of t ha h haíMJímmí.
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FIGURE 1
Maps of Turkey (a) Adana Province (b) The Study Area

FIGURE 2
The location of the soil samples in the study area.

The combined LS factor was estimated using
the flow accumulation theme. The computation was
done with the hydrology tool in ArcMap by using the
filled DEM of the study area. In the study, the technique was proposed by [29] is used for estimating the
RUSLE LS factor:
LS = (A /22.13)1.6 x (Sin B/0.0896)1.3
(3)
The RUSLE Cropping Management Factor (C)
is used in both the USLE and the RUSLE to reflect
the effect of cropping and management practices on
erosion rates [12]. It is an important factor in
RUSLE, since they represent the conditions that can
be easily changed to reduce erosion. The C factor is
calculated by computing a set of sub-factors (soil
loss ratio, premise area usage, coverage, surface coverage, and surface roughness), each with different
uniformity and multiplied by each other. However,
the determination of the data for the variables to be
obtained in the equations used to calculate each subfactor leads to great work and economic difficulties
in many studies. In order to avoid this situation, the
C factor can be estimated based on the remote sensing data which quantitatively indicates the existence

The Eq. (2) has been used to estimate the soil
erodibility. The required parameters for computing
the K factor were carried out by collecting soil samples. 55 soil samples are used for the RUSLE K factor (Fig. 2). Geographical locations of each soil samples were recorded by means of global positioning
system (GPS). The soil samples were analyzed for
texture [26], and textural classes were determined
from the soil texture triangle. The soil samples were
analyzed for organic matter [27]. Texture values obtained from the field studies were used to calculate
permeability.Computed K factor for each soil sample unit was encoded into the GIS coverage by
means of ordinary Kriging interpolation considering
the study area boundary as the outer extent [28].
DEM (digital elevation model) of the study
area was prepared by digitizing 10 metre interval
contours from 1/25.000 scale topographic map of the
study area by using ArcMap Spatial Analyst extensions.
The topographic analyses (slope) were carried
out using a Raster Interpolation extension of
ArcMap.
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In the second scenario, by applying the Wener
method, it is aimed to produce different significant
values that are between 0 and 1, for different inclinations in the study area. These obtained values have
been used for the following land uses: irrigated and
nonirrigated arable lands, forests, permanent crops,
fruit trees, citrus plantations and olive groves.

of vegetation cover which is known as the Normalized Vegetation Index (NDVI) [5]. 1990 and 2016
Landsat TM data sets of the study area with spatial
resolution of 30 metres were used for the generation
of NDVI images of 1990 and 2016. After the production of the NDVI images, the following formula
developed by [5] was used to generate the C factor
maps of 1990 and 2016 from NDVI values:
C = e( -Į ( NDVI / ( ȕ-NDVI)))
(4)
In the Eq.(4), the values of 2 and 1 were selected for the parameters Į and ȕ, respectively,
which seems to give good results as mentioned in the
related literatures.
Two different scenarios have been considered
while calculating the RUSLE Conservation Practice
(P) factor. In the field, if soil conservation precautions are not taken, P factor can be taken as 1 [11].
In the study area, applications for soil conservation,
such as in Turkey, are in limited levels. For this reason, in the first scenario, the P factor of 1990 and
2016 was taken as 1 for all the study area.
The second scenario, in this Project is the
Wener method [30, 31] was used to determine the
value of the P factor, and the equation was:
P = 0,2 + 0,03.S
(5)
where, S is the slope grade (%)

RESULTS AND DISCUSSION
In order to define the two scenarios of erosion
applied in this study, careful analysis of the factors
of the RUSLE model, has been carried out (Fig. 3).
Four erosion risk maps (2 for 1990 and 2 for 2016)
were created with the RUSLE model for both 1990
and 2016. The soil losses were investigated considering several dynamics using the RUSLE model
(Fig. 4).
The two scenarios of the RUSLE model in the
study area were obtained by evaluating the factors to
be applied to the model. In both scenarios, areas exposed to erosion risks in the region are outlined, depending on the proposed parameters.

FIGURE 3
The distribution of the RUSLE factors: a) K factor, (b) LS factor, (c) C factor for the year 1990,
(d) C factor for the year 2016, (e) P factor (Generated by Wener method).
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FIGURE 4
Distribution of the Erosion Maps of the different scenarios : (a) 1990 erosion map of the study area (assuming P factor as 1.), (b) 1990 erosion map of the study area (Wener method was used for generating P
factor. ), (c) 2016 erosion map of the study area (assuming P factor as 1.), (d) 2016 erosion map of the
study area (Wener method was used for generating P factor. ).
TABLE 1
Study area RUSLE model scenarios-erosion classes relationship

In the study, erosion classes were created according to the following rules; < 0.5 t/ha/yr; 0.5-1
t/ha/yr; 1-2 t/ha/yr; 2-5 t/ha/yr; 5-10 t/ha/yr; 10-20

0.14
0.14
0.23
0.24
-

8324
274
3
-

96.78
3.19
0.03
-

Average
Erosion

80.17
14.02
5.68
0.14
-

Average
Erosion

6895
1206
489
12
-

%

0.07
0.63
1.16
-

Hectares

98.23
1.68
0.09
-

%

8446
144
8
-

Scenario 2

Hectares

0.13
0.68
1.27
2.32
-

Average
Erosion

85.43
11.93
2.50
0.13
-

2016
Scenario 1
%

%

7346
1026
215
11
-

Average
Erosion

Hectares

Erosion
(t/ha/yr)
< 0.5
0.5-1
1-2
2-5
5-10
10-20
20-50

Hectares

1990
Scenario 2

Scenario 1

0.08
0.62
1.10
-

t/ha/yr and 20-50 t/ha/yr erosion classes that frequently used in the literature [32]. From the erosion
classes mentioned above; < 0.5 t/ha/yr; 0.5-1 t/ha/yr;
1-2 t/ha/yr; 2-5 t/ha/yr; 5-10 t/ha/yr erosion classes
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As the result, it was determined that the high
erosive/very high erosive areas were observed from
the bare soil with no cover and, fine-textured soils
which can be easily transferred, and the terrains with
the steep slopes. Therefore, the amount of transported soils in such areas were very high. It was also
found that, based on the changes in land use and land
cover through the years, the erosion density and the
quantity of annual soil loss had increased in the study
area.

were identified in the study area.
The results of the four erosion risk maps obtained for the study area, which were examined in
terms of the relationship between erosion classes and
the Rusle model scenarios in 1990 and 2016 are presented in Table 1.
According to the results obtained by RUSLE, it
was concluded that C factor and the precipitation in
the study area had changed over the years from 1990
to 2016. However, the assessment of other the factors that affect erosion helped researchers to identify
soil loss quantity, erosion risk values and the distribution for the respective years. Due to the increase
in precipitation in 2016 compared to 1990 in the
study area, the amount of soil loss in 2016 is higher
than the amount of soil loss in 1990.
When the annual soil loss quantity results are
examined, 1990 was the year with the soil loss quantities of 3.219 t/ha/yr for scenario 1 and 1.769 t/ha/yr
for scenario 2. In the following phases, this rate
showed an accelerated increase and reached 3.514
t/ha/yr in 2016 for scenario1 and 1.906 t/ha/yr for
scenario 2. The average soil losses were 0.16 t/ha/yr
for scenario1 and 0.07 t/ha/yr for scenario2 for 1990
and 0.21 t/ha/yr for scenario1 and 0.09 t/ha/yr for
scenario 2 for 2016, respectively. [33] reported a
similar average soil loss (16.38 t/ha/yr) for the Seyhan River basin and [34] reported a similar average
soil loss (6.19 t/ha/yr) for the Kuseyr Plateau in the
Mediterranean Region.
Both scenarios were found to give very good
results in flat, near-flat areas in the study area. It is
observed in the land controls that, Scenarios 1 and 2
were found to have very good results in 0-2%, 2-6%
and 6-12% slope classes.
The north/northeast, southeast and central regions of the study area are consist of higher slope
classes (12-20%, 20-35%). These regions are the
most inclined regions of the study area. The soil
losses of the forest lands in the north/northeast of the
study area which have a slope of over 35% were well
established in the soil loss maps obtained with from
scenarios.
Scenario 1 yielded the most realistic results for
all slope classes in the north/northeast regions of the
study area, while Scenario 2 is calculated the soil
losses less in 20-35% sloping lands located in the
outskirts of the forest area in this region.
Areas located at the center of the study area that
have slope classes of 12-35 % were examined, and it
was observed that from both scenarios realistic results were obtained from the 20-35% slopes. However, it has been estimated that Scenario 2 has calculated the soil losses less in the 12-20% slope classes.
When the high-sloping lands in the southeast of
the study area were examined, it was observed that
both scenarios had similar realistic results with slope
classes 20-35% and for slopes >35%. However, it
has been estimated that Scenario 2 is calculated the
soil losses less in the 12-20% slope classes

CONCLUSION
As a result; field and, the laboratory observations and land controls, following conclusions were
derived for the study area:
In the study, the RUSLE model, used together
with GIS and RS data, was found to produce accurate
results and thus it was preferred for the study area
due to its convenience and applicability and data
availability. The model is especially useful for
changing factors such as rainfall and runoff erosivity
index, support practice and land cover factors.
This work is only at prototype level; but it is
important because it contains different physiographic units, slopes and soil groups.
It is observed that in the north / northwestern
region of the study area, the slope is 35% or more,
and the slope is 12-35% in the center of the study
area. In these regions where the slope is high, and in
dry and irrigated agriculture areas, soil loss due to
erosion is higher. Also; it has been determined that
in areas where the land is flat or slightly ondulated,
there is not much loss of soil due to erosion, but on
the contrary, it is determined that there is a slight increase in top soil WKLFNQHVV GXH WR DFFXPXODWLRÕQ
from the high slope areas. Especially when the soil
profiles of the lands with high inclination and the areas that have boundaries with them are examined, it
is seen that, some features of the surface and subsurface soils are different and variable, due to the erosion. In some areas where the slope is low, soil loss
is low because of the favourable soil texture and permeability conditions.
Dissemination of agriculture with pressure
from irrigation systems will increase soil losses in
the erosive areas where surface irrigation methods or
flood irrigation are used. From the interviews with
the farmers in the region, it can be said that there is
more loss of soil in the shallow soils found in the
high slope areas. In the study area, the shallowest
soils are observed in the areas where the slope is
high, the soil texture is course and the agricultural
activities are limited. The deep soils are observed in
the base lands with the flat- slightly ondulating slope
classes with heavy textures and high permeability.
During the land controls it is observed that, in
the first RUSLE scenario, the erosion risk maps that
uses P factor as 1 identifies the erosion levels: < 0.5
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[8] Efe, 5DQG7D÷ÕO, S. (2007) Quantifying landspace pattern change and human impacts on
southern lowlands of the Mt. Ida (NW Turkey).
J Appl Sci. 7, 1260±1270.
[9] Korkmaz, H., Çetin, % .XúoX, V., Ege, ø
Bom, $ g]úDKLQ, E. and .DUDWDú, A. (2012)
Temporal changes in land use in Asi river delta.
J Environ Biol. 33, 463±473.
[10] Grauso, S., Diodato, N. and Verrubbi, V.,
(2010) Calibrating a rainfall erosivity assessment model at regional scale in Mediterranean
area. Environ Earth Sci. 60, 1597±1606.
[11] Wischmeier, W.H. and Smith, D.D. (1978) Predicting Rainfall Erosion Losses. U.S. Department of Agriculture Press, Handbook No. 537.
[12] Renard, K.G., Foster, G.R., Weesies, G.A.,
Mccool, D.K. and Yode R.D.C. (1997) Predicting Soil Erosion by Water: A Guide to Conservation Planning with the RUSLE. U.S. Department of Agriculture Press, Handbook No. 703.
[13] Zhang, H., Yang, Q.,Li, R., Lu, Q., Moore, D.,
He, P., Ritsema, C.J. and Geissen, V. (2013) Extension of a GIS Procedure for Calculating the
RUSLE Equation LS Factor. Computer and Geosciences. 52, 177-188
[14] Kinnel, P.I.A. (2010) Event Soil Loss, Runoff
and the Universal Soil Loss Equation Family: A
Rewiev. Journal of Hydrology. 385, 384±397.
[15] Lubczynski, M.W. and Gurwin, J. (2005) Integration of various data sources for transient
groundwater modeling with spatio-temporally
variable fluxes - Sardon study case, Spain. Journal of Hydrology. 306(1-4), 71-96.
[16] Niemiec, M. (2009) Satellite Remote Sensing
for Water Erosion Assesment. Annals of Geomatics. 2(2), 99-106.
[17] Millward, A.A. and Mersey, J.E. (1999) Adapting the RUSLE to model soil erosion potential
in a mountainous tropical watershed. CATENA.
38(2), 109±129.
[18] Wang, G., Gertner, G., Fang, S. and Anderson,
A.B. (2003) Mapping multiple variables for predicting soil loss by geostatistical methods with
TM images and a slope map. Photogramm. Eng.
Rem. Sens. 69(8), 889±898.
[19] Gundogan, R., Akay, A.E., Okatan, A., Yuksel,
A. and Oguzkan, E.A. (2010) Land Suitability
Evaluation for Reducing Soil Losses in
Kahramanmaras, Turkey. Fresen. Environ. Bull.
19, 2680-2691
[20] MTA (2010) General Directorate of Mineral
Research and Exploration. 1, 25000 scale
printed maps. Ankara.
[21] Soil Survey Division Staff. (2010) Keys to Soil
Taxonomy by Soil Survey Staff. United States
Department of Agriculture. Natural Resources
Conversation Services.

t/ha/yr; 0.5-1 t/ha/yr; 1-2 t/ha/yr; 2-5 t/ha/yr; erosion
classes very accurate.
The second RUSLE scenario, the erosion risk
maps that use P factor generated by Wener method
identifies the erosion levels: < 0.5 t/ha/yr; 0.5-1
t/ha/yr; 1-2 t/ha/yr erosion classes accurate, however, in some parts of the land, 2-5 t/ha/yr erosion
class is defined as 1-2 t/ha/yr erosion class.
As the result of the land controls in the study
area, it was observed that the first RUSLE scenario
is the most appropriate scenario for the study area.
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rally in Turkey and important product for the economy. Liquorice is a commonly used as medicinal
plant and dietary supplement. Additionally, fresh or
dry roots of liquorice and also liquorice extract were
used for the prepararion of confectionery and other
food commodities [9-10]. Ginger, the root of 
 , has been widely used as a food condiment and a nutritional supplement all over the world.
Due to ginger has high content of minerals, vitamins
and phytochemicals recently it has gained considerable attention in the Europe and USA as a botanical
dietary supplement [11]. Nutmeg, the dried seed kernel of    , has been used as spice.
Turmeric, the rhizome of   , has been
used as a spice and medicine and also plant extracts
have found some pharmacologic activities [12].
Botanical products including liquorice, ginger,
turmeric and nutmeg have been prone to be contaminated by mycotoxins such as aflatoxins and ochratoxin A (OTA) during the harvesting, handling, storage and distribution [13]. Their contamination depends several factors such as origin of plants, ecology of the area, mode of harvesting, process of drying and transportation and storage [14]. Due to the
health hazards of mycotoxins for human, many
countries have established regulations for the levels
of mycotoxins in spices including botanical products. European Commission Regulation number
105/2010 has established maximum level of the contaminant OTA as 15 μg/kg in nutmeg, ginger and turmeric, 20 μg/kg for liquorice root and 80 μg/kg for
liquorice extract which used in beverages and confectionary [15]. The Republic of Turkey Ministry of
Food, Agriculture and Livestock adopted the limits
of EU for OTA in food products in Turkey [16].
Previously, we analysed the cereal-derived
food products [17], grape and grape products [18]
and red pepper flakes [19] for the analysing of OTA
contamination. Although OTA has been analyzed
worldwide in botanicals such as liquorice [9, 20-28],
ginger [8, 11, 14, 24, 29-37], turmeric[8, 32, 38-39],
and nutmeg [24, 30, 31, 33, 39, 40] there is no information in the literature for the analysis of OTA in
such botanicals in Turkey. Data are needed to assess
the contamination of OTA in widely consumed botanicals in Turkey. Therefore, the aim of this study is
to obtain preliminary results on the contamination of
OTA in widely used botanical products in Turkey.

"#!#
Ochratoxin A (OTA) is a nephrotoxic mycotoxin and one of the common contaminants of various foodstuffs. OTA contamination of ginger, turmeric, liquorice and nutmeg was determined using
HPLC-fluorescence technique after immunoaffinity
column clean-up. Limit of quantification (LOQ) and
limit of detection (LOD) for OTA were 0.05 and
0.015 μg/kg, respectively. Nine out of 13 (69.2%)
ginger samples, four out of 7 (57.1%) liquorice samples twelve out of 12 (100%) turmeric samples and
seven out of 7 (100%) nutmeg samples contained
OTA in the ranging from 0.05 to 2.1, 0.7 to 121.3,
0.2 to 16.3 μg/kg and 0.1 to 43.7 μg/kg, respectively.
Overall, one liquorice (121.3 μg/kg), one turmeric
(16.3 μg/kg) and two nutmeg (32-43.7 μg/kg) samples were contaminated with OTA exceeded the
permisble limits established by EU. Overall, this is
the first report on the OTA contamination of botanical products and we observed preliminary results
which would contribute to the further studies in Turkey.
'%!"
Ochratoxin A, Ginger, Turmeric, Liquorice, Nutmeg, Immunoaffinity column, HPLC-FLD.

#!$#
Ochratoxin A (OTA) is one of the most common naturally occuring mycotoxins mainly produced
by some species of  and 
OTA is nephrotoxic, hepatotoxic, neurotoxic, teratogenic, and immunotoxic [1-5] and has been classified in group 2B (possible human carcinogen) by the
International Agency for Research on Cancer
(IARC) [6]. There are numerous reports of OTA occurence inmany foods such as cereals, dried fruits,
wine, beer, coffee, cacao,and spices [7].
Botanical products have been obtained from
different parts of plants and rich in pytochemicals
and antioxidants. Additionaly, botanical products
have some medicinal properties and have been commonly used in household treatments [8]. Liquorice
(     .) has been cultivated natu-
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supernatant was diluted with 20 mL PBS buffer containing 1% Tween 20 and mixed. The diluted extract
was centrifuged at 3000 rpm for 15 min instead of
filtration through a microfibre filter as indicated in
the method of Truckess et al. [41] 20 mL (1 g sample
equivalent) of the supernatant was then passed
through the OchraTestTM immunoaffinity column at
a flow rate of 1 drops per second. The column was
washed with 10 mL of PBS containing 1% Tween 20
and 10 mL of purified water. At last, OTA was eluted
with 1.5 mL of methanol and the eluate was then diluted with 1.5 mL of purified water. Finally, 100 μL
of the aliquot was injected into high performance liquid chromatography (HPLC) equipped with fluorescence detection (FLD).

#!"#"

")473-+633-+:165Seven dried liquorice samples (of which, 2 of powdered and 5 of root samples),
13 dried ginger samples (of which, 8 of powdered
and 5 of root samples), 12 dried turmeric samples (of
which, 8 of powdered and 4 of root samples) and 7
dried nutmeg samples (each of powdered) were purchased during the spring and summer period of the
year 2016 from traditional bazaars and local markets
in Istanbul, Turkey. The taxonomic identity of each
botanical samples was confirmed by the Department
of Botany, Science Faculty, Istanbul University.
Some characteristics of the studied botanical products are given in Table 1. The dried root materials
were ground by using a Waring Blender (Conair
Corp., Stamford, CT, USA) and powdered samples
were used for analysis wtihout any pre-treatment.
Each sample sealed in plastic packages was kept at
2-8°C until they were analysed.

  )5)3>919 The chromatographic
analysis was carried out on an LC-20A Shimadzu
(Kyoto, Japan) liquid chromatographic system
equipped with an RF-10A XL fluorescence detector
as previously described [19]. Confirmation of OTA
in positive samples was performed following the
method of Zimmerli and Dick by formation of the
methyl ester derivative [42].

-:06,<)31,):165Selectivity of the method
was assessed by comparing the OTA-free blank and
the same spiked liquorice, ginger, turmeric and nutmeg samples. To assess the linearity of the method,
calibration curve was prepared with six levels of
OTA standard solutions in the range of 0.05-40
μg/kg and each injected in triplicate. Peak areas were
plotted versus concentration. The linearity was determined by linear regression analysis and least
square method and expressed as determination coefficient (r2). Limit of detection (LOD) (signal-to noise
ratio = 3) and limit of quantification (LOQ) (signalto noise ratio = 10) for OTA were used to assess the
sensitivity of the method.
Recovery experiments were performed at two
spiking levels (1 and 5 μg/kg) by adding the OTA
standard solutions to the OTA-free blank botanical
samples. Four experiments were repeated on each
spiked levels in the matrixes of four botanical products and each injected for three times. Intra-day
method precision was assessed by analysing four independent spiked samples at concentrations of 1 and
5 μg/kg with triplicate injection on the same day. Inter-day analysis was performed by similar experiments on 4 different days. Intra- and inter-day precision was evaluated as the relative standard deviation
of replicate results (RSDr).

# 
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Dried
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0-41+)39A stock standard solution of OTA
in the concentration of 50 ng/μL (in benzene:acetic
acid; 99:1, v/v) was obtained from Supelco (Cat. No:
46912). The immediate standard solutions (0.1 and 1
ng/μL) were prepared in ethanol and stored at -20ºC.
HPLC working standard solutions were prepared in
methanol:water (1:1, v/v) in the final concentrations
ranges from 0.05 to 40 μg/kg, which are equal to 1 g
botanical samples. HPLC-grade acetonitrile, methanol and other analytical reagents were obtained from
Merck (Darmstadt, Germany) and Riedel-de Haën
(Seelze, Germany). Phosphate-buffered saline
(PBS), pH 7.4, was prepared as previously described.
[19] The immunoaffinity columns OchraTestTM were
obtained from VICAM (Watertown, MA, USA).

")473- -=:8)+:165 )5, 144;56)..151:>
+3-)5;7Botanical samples were extracted according to Truckess et al. [41], with some modifications.
Five g of sample was put in a 20 mL centrifuge tube.
1 g NaCl and 25 mL metanol-0.5% NaHCO3 (70:30,
v/v) were added and mixed on a vortex mixer until
sample particles and extract solvent are well mixed.
Then, the mixture was shaken at 400 rpm for 10 min
and centrifuged for 15 min at 3000 rpm. A 5 mL of

!"$#""$""

-:06, <)31,):165 Method validation was
conducted based on the European Commission Regulation no 401/2006 with regard to method perfor-
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mance criteria for mycotoxin analysis [43]. Selectivthe mean levels (range; percentage) of positive samity was evaluated by comparing the extracts of OTAples for OTA were 32.6 μg/kg (0.7-121.3 μg/kg;
57.1%), 0.8 μg/kg (0.05-2.1 μg/kg; 69.2%), 3.2
free blank and the same spiked samples. There were
μg/kg (0.2-16.3 μg/kg; 100%), 12.5 μg/kg (0.1-43.7
no interfering peaks at the area near the OTA peak in
μg/kg; 100%) in liquorice, ginger, turmeric and nutthe liquorice, ginger, turmeric and nutmeg samples.
meg samples, respectively. Of the OTA-positives
Lineariy was assessed using OTA calibration
samples one (14.3%) liquorice powder exceeded the
curve at the six concentrations (0.05-40 μg/kg) with
limit of 20 μg/kg, one (8.3%) turmeric root and two
a determination coefficient r2 = 0.9998. LOD was obtained to be 0.015 μg/kg and LOQ level was 0.05
(28.6%) nutmeg samples exceeded the limit of 15
μg/kg of OTA for each matrixes. The extraction reμg/kg regulated by EU [15].
coveries are presented in Table 2. The average recoveries at the concentrations of 1 and 5 μg/kg were
# 
89.8-90.2; 96.2-98.2; 98.7-97.1; 95.7-99.3 for liquo!-+6<-8>,):).689712-,#15:0-4):81+-9
rice, ginger, turmeric and nutmeg, respectively with
.68.6;8*6:)51+)3786,;+:95 )
a relative standard deviation (RSD) less than 7.8%.
Intra-day and inter-day repeatability of the method
Botanicals Spiking
Recovery *
RSDr
expressed as RSDr values obtained for OTA were
level (μg/kg) (%, Mean ± SD) (%)
1.63-6.36% and 1.5-7.8%, respectively (Table 3),
Ginger
1
96.2 ± 3.4
3.6
which revealed that precision of the method was ac5
98.2 ± 3.3
3.3
Turmeric 1
98.7 ± 1.7
1.7
ceptable and in accordance with European Commis5
97.1 ± 2.3
2.3
sion Regulation no 401/2006 [43].
Liquorice 1
89.8 ± 1.3
1.5

5
90.2
±
1.5
1.6
#15*6:)51+)3786,;+:9We analysed toNutmeg
1
95.7 ± 3.6
3.8
tally 39 botanicals including liquorice (7), ginger
5
99.3 ± 7.7
7.8
(13), turmeric (12) and nutmeg (7) samples collected

from local markets in Istanbul. As shown in Table 4,


# 
5:8),)>)5,5:-8,)>78-+191656.#15*6:)51+)3786,;+:95 

Spike
d
1
5
1
5
1
5
1
5

Ginger
Turmeric
Liquorice
Nutmeg

Intra-day
Concentration (μg/kg)
Found
(Mean ± SD)
0.98 ± 0.04
4.8 ± 0.08
1.00 ± 0.02
4.82 ± 0.11
0.92 ± 0.04
4.51 ± 0.09
0.95 ± 0.04
4.98 ± 0.32

RSDr
(%)
4.28
1.63
2.37
2.22
4.31
1.98
4.56
6.36

Inter-day
Concentration (μg/kg)
Found (Mean ±
RSDr (%)
SD)
0.96 ± 0.03
3.6
4.9 ± 0.16
3.3
0.99 ± 0.02
1.7
4.9 ± 0.11
2.3
0.9 ± 0.01
1.5
4.51 ± 0.07
1.6
0.96 ± 0.04
3.8
4.96 ± 0.39
7.8

Spiked
1
5
1
5
1
5
1
5

# 
++;88-5+-6.#15*6:)51+)3786,;+:9,-:-8415-,;915/ 

Botanicals

No. of
samples

Positive
(%) a

No. of samples with OTA level (%) a
< LOD

a
b

Liquorice

7

Ginger

13

Turmeric

12

Nutmeg

7

4
(57.1)
9
(69.2)
12
(100)
7
(100)

3
(42.9)
4
-

0.05-5 μg/kg
(%)
2
(28.6)
9
(69.2)
10
(83.3)
5
(71.4)

5-15 μg/kg
(%)
1
(14.3)

> 15 μg/kg
(%)
1
(14.3)

-

-

1
(8.3)

1
(8.3)
2
(28.6)

-

Percentage of samples tested that were contaminated by OTA
Mean contamination of positive samples
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Range of contamination
(μg/kg)

Mean of contamination
b
(μg/kg ± SD)

0.7-121.3

32.6 ± 59.2

0.05-2.1

0.8 ± 0.7

0.2-16.3

3.2 ± 4.8

0.1-43.7

12.5 ± 17.7

&%

# '  !









 !#!$ "#"


# 
<)13)*3-,):)65:0-6++;88-5+-6.#15*6:)51+)3786,;+:9
No. samples
with OTA
(%) a

Range of
OTA contamination
(μg/kg)

Liquorice root

19

9 (47.4)

0.3-216.5

Liquorice sweet
Dry liquorice root
Fresh liquorice root
Liquorice sweets
Liquorice extract
Liquorice block
Liquorice confectionery
Liquorice root
Dried liquorice extract
Liquorice confectionery
Liquorice root
Fresh liquorice
Dry liquorice
Liquorice root
Liquorice

19
15
8
4
2
1

18 (94.7)
15 (100)
8 (100)
4 (100)
2 (100)
1 (100)

0.4-3.0

44

21 (47.7)

1
28

1 (100)
28 (100)

54

33 (61.1)

1.5

6
10
2
12
15

5 (83.3)
5 (50)
1 (50)
1 (8.3)
13 (86.7)

1.4-84.4
13.0-30.4

Dried liquorice root

12

12 (100)

3.8-36.7

0.2

Nutmeg
Dried ginger root
Ginger
Turmeric

12
12
25
25

12 (100)
7 (58.3)
2 (8)
9 (36)

0.3-60.7
0.0-12.7
23.0-80.0
11.0-102.0

0.2
0.2
0.035

Botanicals

a

Mean of
OTA contamination
(μg/kg)

No. samples

Reference

Germany

[21]

0.5
0.5
0.5
0.5
0.5

Spain

[20]

1.3

0.5

Spain

[9]

8.8
89.6

0.12

0.01
0.35

Iran
Italy

[23]
[25]

0.3
<0.024

0.8
<0.095

China
China

[28]
[22]

0.024
0.003

0.095
0.01

China
China
Czech
Republic

[26]
[27]

India

[32]

Belgium
Netherlands
Russia

[30]

0.3
0.3
63.6
9.2
3.8
16.0
39.5

39.0
18.7
0.01-94.7

0.01

5

0 (0)

-

-

Nutmeg
Ginger

7
39

0 (0)
29 (74.4)

1.0-10.0

-

-

7

0 (0)

Nutmeg
Ginger
Nutmeg
Nutmeg
Turmeric
Mouldy fresh ginger
Normal fresh ginger
Ginger powder
Ginger tea bag
Nutmeg
Ginger
Moldy fresh ginger
Ginger powder
Baked ginger
Ginger peels
Ginger tea bag
Ginger

20
20
13
5
1
5
5
5
5
1
1
3
3
3
3
5
25

20 (100)
6 (30)
0 (0)
2 (40)
1 (100)
0 (0)
0 (0)
0 (0)
2 (40)
1 (100)
1 (100)
3 (100)
2 (66.7)
0 (0)
0 (0)
2 (40)
5 (20)

Turmeric

2

2 (100)

Turmeric
Dry ginger
Ginger
Ginger
(in rainy season)
Ginger (in dry season)

35
36
30

20 (57.1)
20 (55.6)
15 (50)

31

24 (77.4)

89

33 (37.1)

0.7-7.6
1.1-1.2

LOQ
(μg/kg)

Country

Ginger

Ginger

LOD
(μg/kg)

-

0.02

0.06

2.6

0.02
0.09
0.25
0.1
0.1
0.3
0.3
0.3
0.3

0.06
0.3
0.8
0.3
0.3
0.9
0.9
0.9
0.9

2.7
11.7
82.8
3.1

0.3-5.2
0.3-0.4
0.1-1.4
1.5-4.3

-

0.2-3.6

0.1
0.1
0.1
0.1
0.1
0.5

0.3
0.3
0.3
0.3
0.3
1.5

0.1
125.9
82.8
0.1

USA
Germany

[24]

[34]
[31]

China
China
Poland

[29]
[40]
[39]

China

[35]

Iraq

[33]

China

[36]

China
Malaysia
India

[38]

[37]

2.0
2.0
0.05

[8]

0.2

Abidjan

[14]

0.2-9.9

0.1

0.3

Nigeria

[11]

0.2-12.0

0.1

0.3

Percentage of samples tested that were contaminated by OTA

amount of OTA in liquorice products in which 321
samples yielded a maximum of 905 μg/kg. Moreover, Bresch et al. [21], Arino et al. [20], Yang et al.
[28], Khalesi et al. [23], Chen et al. [22], Wang et al.

For comparative purposes, available information in the literature on the occurence of OTA in
botanical samples worldwide were summarized in
Table 5. Kabelitz and Sievers [44] reported high
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[26], Ostry et al. [24] have reported OTA concentrations in liquorice roots which would be starting material for the medicinal and dietary products. Among
above studies Bresch et al. [21] reported that about
50% of the liquorice roots were contaminated by
OTA at the high concentrations in the range of 0.3216.5 μg/kg. Our results showed that the occurence
of OTA was similar with those of studies above in
liquorice powder and root samples. Only one liquorice powder sample has very high level of OTA
(121.3 μg/kg) regarding the EU limits. Khalesi et al.
[45] and Khalesi [10] pointed out that the different
levels among the samples might be due to the variety
of the raw materials (roots) and eco-physiological
and storage conditions.
Our results indicated that low level of OTA
(0.05-2.1 μg/kg) have been found in nine of 13 ginger root and powder samples. Accordingly, OTA
levels detected in ginger samples from Czech Republic [24], China [29, 35, 37], Iraq [33], Abidjan, USA
[34], Nigeria [11] ranged from 0.0 to 12.7 μg/kg and
were below the regulatory limit for OTA in ginger
established by EU. In India, Thirumala-Devi et al.
[32] reported that only two of the 25 ginger samples
contained OTA at the levels of 23-80 μg/kg. In another study from India, Jeswal and Kumar [8] also
found that twenty of 36 ginger samples contained
OTA with the mean level of 82.8 μg/kg, 12 of these
samples contained OTA in very high levels in the
range of 101-400 μg/kg. However, OTA were not detected in ginger samples marketed in Belgium, Netherlands and Russia [30], Germany [31], China [35].
We observed that all of the 12 turmeric root and
powder samples contained OTA in the range of 0.216.3 μg/kg, only one turmeric root sample exceeded
the limit of EU. Waskiewicz et al. [39] and Ali et al.
[38] studied a smal quantitiy of turmeric samples and
showed OTA contamination (mean value of 2.73 and
1.89 μg/kg, respectively) under the limit of EU. In
India, Thirumala-Devi [32] indicated that nine out of
25 turmeric samples contained OTA in the range of
11-102 μg/kg. Similarly, another study from India
Jeswal and Kumar [8] indicated that 20 out of 35 turmeric samples contained OTA with the mean value
of 125.9 μg/kg.
In present study, 100% of seven nutmeg powder samples contained OTA in the range of 0.1-43.7
μg/kg and 2 (35,96 and 43.7 μg/kg) of them exceeded
the limit of EU. Kong et al. [40] in China,
Goryacheva et al. [30] in Belgium, Netherlands and
Russia showed no OTA contamination in nutmeg
samples. Reinhold and Reinhaldt [31] and Waskiewicz et al. [39] detected OTA levels with the mean
value of 2.56 and 2.73 μg/kg, respectively. However,
Ostry et al. [24] indicated 100% of twelve nutmeg
samples contained OTA in the range of 0.30-60.7
μg/kg and Toma and Abdulla [33] showed one sample has OTA contamination (82.8 μg/kg) which is
higher than the limit of EU.
A number of studies have been carried out to

determine the occurence of OTA in spices and botanicals. However, to our knowledge, no report was
found in the literature ragarding the occurence of
OTA in liquorice, ginger, turmeric and nutmeg samples in Turkey. Only one study from Tosun and
Arslan [46] who showed three of 4 ginger samples
contained aflatoxin B1 in the range of 3.8-23.1 μg/kg
and 2 of ginger samples have aflatoxin B1 more than
limit of EU. In present study we showed that some
of botanical samples found to be contaminated by
OTA. Especially, unpacked form of the such products which marketed in the traditional markets and
bazaars is prone to the contamination with changeable amounts of OTA. The main cause of contamination may be due to the storage conditions influenced
by many factors including temperature, humidity and
air-conditioning. Especially, we observed high levels
in liquorice which cultivation naturally occurs in
Turkey and is important product for the economy.
$""
In summary, these preliminary results regarding the occurence of OTA in botanical products from
local markets in Istanbul were observed for the first
time. OTA level was found in the range of 0.05121.3 μg/kg in the botanical samples with one
(14.3%) liquorice powder exceeded the limit of 20
μg/kg, one (8.3%) turmeric root and two (28.6%)
nutmeg samples exceeded the limit of 15 μg/kg regulated by EU. [15] Further studies covering larger
number of samples which include other types of botanicals and spices in open market are needed to
carefully considered for OTA contamination.
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involved in the inhibitory effects and are called
allelochemicals [2]. These are also included under
the group secondary plant metabolites, that haven’t
direct effect on growth of target plant, but provide
defensive mechanisms [3]. Allelochemicals can act
on plants in a variety of ways: inhibiting germination by disrupting cell division, interfering with
mechanisms of energy transfer such as respiration,
limiting water and nutrient uptake, loosing dry
matter, leaf area, amount of pigments, carbohydrates and proteins [4-6]. Kilinc and Kutbay [7]
have given detailed account of the direct and indirect stimulatory or inhibitory effects of one plant on
another through release of chemical compounds
into the environment.
These interactions affect structure and dynamism of plant associations, especially succession.
From this point of view, exudation of chemicals
from the plants could be a threat for the habitat,
local species and biodiversity. Even if the invading
species are present inside the protected areas they
can destroy the biodiversity, interbreed with local
species and change the genetic pool thus annihilating the species [8].
The effects of water extracts of various parts
of &)()' #&# L. (Fam: Ericaceae), '()'
&()' L. (Fam: Cistaceae), ()&'(&"$#)" L.
(Fam: Solanaceae), &,$%(&'%!! (Bory) Fomin (Fam: Aspidiaceae), ,%&)" "%(&$!)"
Willd. (Fam: Guttiferae), #)! *'$' (L.) Aiton
(Fam: Asteraceae), )&)'#$!' L. (Fam: Lauraceae), and !*%$"& L. (Fam: Lamiaceae) on
the germination and seedling growth of barley
(monocotyledons) and cucumber (dicotyledons)
have been investigated at length under laboratory
conditions. Bioassays under laboratory condition;
where external conditions are controlled; give regular and reliable results with complete germination
and seedling growth of the test species.
Although several &)! species have been
used in folk medicine,  $"")#' has been reported to be highly toxic to the mankind [9]. In a
study by Manolakou et al. [10] with  $"")#'
ssp. $"")#', 93 compounds have been identified
in the total essential oils. Sesquiterpenes are the

The present study was conducted to observe
the effects of &)! $"")#' L. ssp. $"")#'
on seed germination and seedling growth of barley
and cucumber. Different concentrations of the extract showed inhibition in all parameters. The maximum reduction was recorded in the germination of
barley (60 %) and a lowest vigor index noted when
50 percent leaf extract was applied. The maximum
decrease in root (91.88 %) and shoot (82.46 %)
length in the barley seedlings occurred in 50 percent flower extract. The maximum reduction in root
fresh weight (80.28 %), dry weight (71.43 %) and
shoot fresh weight (80.33 %) was found in 50 percent flower extract application and whole plant
extract was responsible for 50 percent reduction in
the shoot dry weight of barley seedlings. No germination in cucumber was observed in 50 percent
flower extract application. The maximum reduction
of germination rate (53 %) and vigor index in other
groups was again around 50 percent with fruit extract application. The greatest reduction was recorded in root (62.16 %) and shoot (27.55 %) length,
root fresh (75.86 %) and dry (36.59 %) weights,
and shoot fresh (56.76 %) and dry (13.64 %)
weights in cucumber seedlings after applying 50
percent leaf extract. Roots were more affected than
shoots and the extracts taken from flowers and
leaves were more suppressive as compared to the
fruits and whole plant.
%# 
&)! $"")#' extract, ))"' '(*)',
*)!&, germination, seedling growth.

$&)"

!"!
Interactions between plants play a crucial role
in natural ecosystems. Root exudation, leaching by
dew and rain, and volatilization or decaying of
plant tissues results in the release of compounds
into the environment [1]. These compounds are
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most dominant class of compounds in the oils of
leaves and inflorescences, while rich in monoterpenes with α-pinene being the dominant component
occurre in oils of fructescences. In the present
study, effects of $"")#' ssp. $"")#'extract
on seed germination and seedling growth of barley
and cucumber were investigated.

for the control, if necessary. Seeds were considered
to be germinated after the root emerged from the
caryopses and germination percentage was recorded
up to one week. After one week, root- shoot lengths
and fresh weight of the seedlings was measured.
The aqueous extract of different parts of 
$"")#' spp. $"")#' considered 100 percent
was diluted with distilled water to 25 and 50 percent levels respectively. Barley and cucumber seeds
were sown in pots (20 x30 cm2, 25 seeds per pot)
filled with perlite. The pots were left in a growth
chamber (light/dark regime of 16/8 h at 25±1 0C,
relative humudity of 60-70 % and light intensity
350 µM m-2 s-1). Seedlings were irrigated with 200
ml distilled water every other day, with Hoagland
solution [11] and treatments given once a week for
4 weeks. After harvesting, plant samples were analyzed for growth measurements. Vigour index was
determined according to Abdul-Baki and Anderson
[12], Anonymous [13]. Results were analyzed according to LSD test at p< 0.05.

! ! 
The plants of &)!$"")#' ssp. $"")#'
were collected from National Park (Kalamaki),
Kusadasi, Turkey in June. Twenty-five grams of
fresh biomass from the species were soaked in 25
ml distilled water. The samples prepared in this
way from fresh biomass of each species were cold
extracted at a temperature of 24±2 0C for 24h. The
extracts were then filtered using whatman filter
paper. Twenty five seeds of each barley and cucumber were sown in petri dishes (10 cm diameter)
with two layers of whatman filter paper saturated
with 5 ml of distilled water without (control) or
with extracts. The seed surface was sterilized before
use. The experiment was laid out in RCBD with
factorial arrangements, having four replications.
The petri dishes were placed in a growth chamber
at 25±1 0C under a light/dark regime of 16/8 h.
Dishes were watered once in every 2-3 days with
either aqueous solution of extracts or distilled water

 "!  "



The findings from the application of extracts
prepared from different parts of  $"")#' spp.
$"")#' on seed germination and seedling growth
of barley and cucumber are summarised in Tables
1, 2, and 3.

!
!-**++*(763+644327-*4*5(*27&,*,*51.2&7.32.26**)63+ )&;630)6**)0.2,6
3+'&50*;&2)(8(81'*5

!#(&('
&!,' ))"&'
Control
50
56
$"")#' ssp. $"")#' (flower)
2*
0*
$"")#'ssp. $"")#'(bottom leaf)
0*
5*
$"")#'ssp.$"")#'(upperleaf)
0*
0*
‘LSD’ test was applied. * indicates at significant p< 0.05
!
!-**++*(763+644325337&2)6-3370*2,7-63+ )&;630)6**)0.2,63+
'&50*;&2)(8(81'*5

&!,'
))"&'
!#('
Root length
Shoot length
Root length
Shoot length
(cm)
(cm)
(cm)
(cm)
Control
5.028±1.020
5.156±2.469
3.679±1.562
1.025±0.471
$"")#' ssp. $"")#' (flower)
2.950±0.000* 2.250±0.000*
----------------------------$"")#' ssp. $"")#' (bot. leaf) ----------------------------0.975±1.055*
0.067±0.119*
$"")#' ssp. $"")#' (up. leaf)
--------------------------------------------------------‘LSD’ test was applied. * indicates at significant p< 0.05
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! 
!-**++*(763+644325337&2)6-337+5*6-:*.,-73+ )&;630)6**)0.2,63+'&50*;
&2)(8(81'*5

!#('

Control

&!,'
Root fresh
Shoot fresh
weight (g)
weight (g)
0.046±0.016
0.045±0.021
0.020±0.000*
0.026±0.000*
---------------------------------------------------------

$"")#' ssp. $"")#' (flower)
$"")#' ssp. $"")#' (bot. leaf)
$"")#' ssp. $"")#' (up. leaf)
‘LSD’ test was applied. * indicates at significant p< 0.05

))"&'
Root fresh
Shoot fresh
weight (g)
weight (g)
0.042±0.017
0.108±0.050
----------------------------0.010±0.009*
0.002±0.003*
-----------------------------

! 
!-**++*(763+644327-*4*5(*27&,*3+,*51.2&7.32.26**)65337&2)6-337
0*2,7-63+ :**/630)6**)0.2,63+'&50*;
Germination (%)
Vigour index
Control
98
847.700
25% flower extract
75*
369.600*
50% flower extract
59*
041.418*
25% fruit extract
94*
521.700*
50% fruit extract
64*
302.272*
25% leaf extract
89*
347.278*
50% leaf extract
38*
038.000*
25% whole plant extract
97
453.544*
50% whole plant extract
95*
327.750*
‘LSD’ test was applied. * indicates at significant p< 0.05

Root length (cm)
8.650 ± 0.128
4.928 ± 0.155*
0.702 ± 0.098*
5.550 ± 0.187*
4.723 ± 0.161*
3.902 ± 0.136*
1.000 ± 0.193*
4.628 ± 0.305*
3.450 ± 0.235*

Shoot length (cm)
10.260 ± 0.253
5.321 ± 0.222*
1.800 ± 0.083*
7.714 ± 0.317*
4.764 ± 0.286*
5.685 ± 0.330*
1.983 ± 0.311*
9.600 ± 0.223*
4.590 ± 0.256*

! 
!-**++*(763+644327-*4*5(*27&,*3+,*51.2&7.32.26**)65337&2)6-337
0*2,7-63+ :**/630)6**)0.2,63+(8(81'*5

Germination (%)
Vigour index
Root length (cm)
Shoot length (cm)
Control
76
880.384
11.584 ± 0.246
2.944 ± 0.382
25% flower extract
51*
332.673*
6.523 ± 0.471*
2.495 ± 0.187
50% flower extract
―
―
―
―
25% fruit extract
49*
526.946*
10.754 ± 0.220*
2.635 ± 0.353
50% fruit extract
23*
170.844*
7.428 ± 0.326*
2.628 ± 0.790
25% leaf extract
62*
424.142*
6.841 ± 0.280*
2.797 ± 0.791
50% leaf extract
26*
113.958*
4.383 ± 0.810*
2.133 ± 0.467*
25% whole plant extract
67*
609.231*
9.093 ± 0.244*
2.794 ± 0.805
50% whole plant extract
54*
351.972*
6.518 ± 0.327*
2.765 ± 0.185
‘LSD’ test was applied. * indicates at significant p< 0.05
Water extracts of various organs of  $"
")#' ssp. $"")#' affected the germination of
barley and cucumber seeds at all concentrations.
Inhibition was greater with 50 percent extract than
with 25 percent extract. 50 percent leaf extract
showed the maximum inhibition, with germination
reduced to 62 percent in barley, but 50 percent
flower extract had no effect on the germination in
cucumber. Treatment with whole plant extract had
little effect on germination (Tables 4 and 5).
The root and shoot length of 4-weeks-old
seedlings of barley and cucumber were much lower
as compared to the control. With all treatments, the
lengths of roots showed more inhibition than the

lengths of shoots. The greatest inhibition was
achieved with 50 percent flower extract in root
length (91.88 %) and in shoot length (82.46 %) of
barley and with 50 percent leaf extract in root
length (62.16 %) and in shoot length (27.55 %) of
cucumber (Tables 4 and 5). Vigour index in all test
groups was reduced as compared to the control
(Tables 4 and 5).
The fresh and dry weight of 4 weeks old barley and cucumber seedlings were significantly
affected by the treatment with two different concentrations of flower, fruit, leaf, and whole plant extracts of $"")#' ssp. $"")#'. Both fresh as
well as dry weights of barley and cucumber seed-
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)' L. extract inhibited the germination of $&()
!$!& L. seeds [27]. Decreased germinability was reported to be an important indicator of
allelopathic effect of plants. An indirect relation
between lower germination rate and allelopathic
inhibition may be the consequence of inhibition of
water uptake [28] or mitotic activity [1] and alteration in the synthesis or activity of gibberellic acid
(GA3) [29].
Manohar et al. [30] determined that #(#
"& L. causes inhibitory effect over the germination and growth of !-! (L.) Benth and
!& '''$$ Roxb. ex DC which may be possibly due to allelochemicals present. In general, the
negative effects of allelochemicals increase with the
concentration of the extract [31-35]. The inhibition
of seed germination has also been found to be dependent on the concentration [27, 36, 37]. In a
study, all concentrations of  $!& root and
leaf extracts significantly inhibited the germination
of ))&( %%$ L. depending on concentration
[38]. Likewise, Hegazy et al. [39] showed application of ,"%!$()' L. extract reduced the germination of rice. The increase in the extract concentration led to a significant reduction.
In the present study a reduction of vigour index in all test groups was observed as compared to
the control (Tables 4 and 5). This may be due to
reduced germination and root length as proposed by
Singh and Rao [40] as well. When compared to the
control, the root length inhibition was greater than
that of the shoots (Tables 4 and 5). This may also
be due to the contact of the roots with the filter
paper, leading to constant absorption of the extract
solution.
Both root and shoot fresh/dry weights of 4
weeks old seedlings of barley and cucumber were
also reduced by  $"")#' ssp. $"")#' (Tables 6 and 7). In a previous study on barley and
wheat, the elongation and dry weight of seedlings
has been reported to be reduced by the walnut allelochemical juglone (5-hydroxy-1,4-naphthoquinone) in a similar pattern [41]. Also, Lipinska et al.
[42] reported that the aqueous extracts obtained

lings were reduced by exposure to the flower extract as compared to the other treatments (Tables 6
and 7).
Results of this study showed that flower, fruit,
leaf and whole plant extract of  $"")#' spp.
$"")#' have phytotoxic effects on seed germination and seedling growth of barley and cucumber.
This relationship could be explained by the presence of various suppresive allelochemicals especially ferulic acid in the studied extracts as reported
by Saxena et al. [14] and Khanh et al. [15] as well.
The name of the phenolic compound ferulic
acid comes from the giant fennel Latin name ( &)
!$"")#'). Phenolic compounds are wide-spread
in seeds, fruits and other plant tissues, occuring
either in a free state or conjugated with sugars as
glucosides and esters. Numerous studies have
shown that many phenolics are inhibitory to germinating seeds or growing plants [16-18].
In some instances, these substances affect
fundamental plant process such as photosynthesis,
respiration, plant water relations as discussed at
length by Rice [19]. Inhibitory effects of weeds on
germination and seedling growth of crops varies
from weed to weed [20]. The allelopathic effects of
various parts of same weeds also differ for their
effects on germination and initial growth of plants
[21]. Water extracts of various concentrations of
flower, fruit, leaf and whole plant of  $"")#'
spp $"")#' had varying degrees of inhibition on
the germination and seedlings growth of barley and
cucumber, reflecting the inhibitory potential of
extracts from different parts of this plant. In fact,
involvement of ferulic acid in the physiological
processes of plants has been studied decades back
[22-25], where the resrearchers have reported a
reduction in the leaf area expansion and shoot dry
weight, suppression in the germination, inhibition
in the radicle growth and seedling growth in cucumber.
Seed germination is considered to be the most
critical stage especially under stress conditions.
During germination, biochemical changes take
place, which provide subsequent growth and development [26]. Allelochemicals of ,$',")'")(

! 
!-**++*(763+6443253376-337+5*6-&2))5;:*.,-763+ :**/630)
6**)0.2,63+'&50*;
Control
25% flower extract
50% flower extract
25% fruit extract
50% fruit extract
25% leaf extract
50% leaf extract
25% whole plant extract
50% whole plant extract

Root FW (g)
0.071 ± 0.079
0.038 ± 0.094*
0.014 ± 0.061*
0.051 ± 0.017
0.035 ± 0.013*
0.036 ± 0.011*
0.015 ± 0.054*
0.057 ± 0.014
0.026 ± 0.071*

Shoot FW (g)
0.122 ± 0.028
0.060 ± 0.016*
0.024 ± 0.010*
0.093 ± 0.029*
0.056 ± 0.022*
0.064 ± 0.025*
0.030 ± 0.011*
0.108 ± 0.022
0.050 ± 0.016*

‘LSD’ test was applied. * indicates at significant p< 0.05
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Root DW (g)
0.007 ± 0.001
0.005 ± 0.001
0.002 ± 0.007*
0.008 ± 0.001
0.005 ± 0.001
0.005 ± 0.001
0.005 ± 0.006
0.008 ± 0.001
0.004 ± 0.001*

Shoot DW (g)
0.013 ± 0.003
0.006 ± 0.001*
0.003 ± 0.008*
0.011 ± 0.003*
0.006 ± 0.002*
0.007 ± 0.003*
0.003 ± 0.001*
0.010 ± 0.002
0.001 ± 0.002*
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! 
!-**++*(763+6443253376-337+5*6-&2))5;:*.,-763+ :**/630)
6**)0.2,63+(8(81'*5
Control
25% flower extract
50% flower extract
25% fruit extract
50% fruit extract
25% leaf extract
50% leaf extract
25% whole plant extract
50% whole plant extract

Root FW (g)
0.145 ± 0.039
0.057 ± 0.029*
―
0.116 ± 0.033*
0.071 ± 0.034*
0.056 ± 0.022*
0.035 ± 0.010*
0.089 ± 0.038*
0.062 ± 0.032*

Shoot FW (g)
0.123 ± 0.036
0.101 ± 0.059*
―
0.122 ± 0.033*
0.099 ± 0.036*
0.104 ± 0.040*
0.078 ± 0.014*
0.112 ± 0.054*
0.110 ± 0.062*

Root DW (g)
0.0037 ± 0.001
0.0020 ± 0.001*
―
0.0029 ± 0.001*
0.0020 ± 0.001*
0.0019 ± 0.001*
0.0016 ± 0.001*
0.0022± 0.001*
0.0019 ± 0.001*

Shoot DW (g)
0.022 ± 0.002
0.020 ± 0.003
―
0.021 ± 0.003
0.019 ± 0.002
0.021 ± 0.003
0.019 ± 0.002
0.020 ± 0.003
0.020 ± 0.003

‘LSD’ test was applied. * indicates at significant p< 0.05
from the leaves of the $!)"%&## L. all donors
significantly inhibited root and shoot growth of
&$'(' %!!&',  %&## and '() &)&
L. Similarly, reduced mean root and shoot growth
of rice seedlings was significant in all !$()' extract concentrations too [39].

[5] Narwal, S.S., Palaniraj, R., Sati, S.C. (2005)
Role of allelopathy in crop production. Herbologia. 6(2), 1-66.
[6] Unal, B.T. (2013) Effects of growth regulators
on seed germination, seedling growth and some
aspects of metabolism of wheat under allelochemical stress. Bangladesh Journal of Botany.
42(1), 65-72.
[7] Kılınç, M., Kutbay, H.G. (2008) Plant Ecology.
Palme Publishing, Ankara, 490.
[8] Ozturk, M., Sakcalı, S., Başlar, S., Güvensen,
A. (2006) Environmental protection and allelopathy. Workshop on Allelopathy. 13-15 June.
Yalova, Turkey.
[9] Marchi, A., Appendino, G., Pirisi, I., Ballero,
M., Loi, M.C. (2003) Genetic differentiation of
two distinct chemotypes of &)! $"")#'
(Apiaceae) in Sardinia (Italy). Biochemical
Systematics and Ecology. 31(12), 1397-1408.
[10]Manolakou, S., Tzakou, O., Yannitsaros, A.
(2013) Volatile constituents of &)! $"
")#' L. subsp. $"")#' growing spontaneously in Greece. Records of Natural Products.
7(1), 54-58.
[11]Hoagland, D.R., Snyder, W.C. (1933) Effects
of deficiencies of boron and certain other elements:(b) Susceptibility to injury from sodium
salts. Proceedings of the American Society for
Horticultural Sciene. 30, 288-294.
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[14]Saxena, S., Sharma, K., Kumar, S., Sand, N.K.,
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151(3), 325-339.

" 

Plants possess different types of chemicals
which upon exudation effect the plants surrounding
them. In this way they control their environment in
a better way. From the present study, it is evident
that,  $"")#' spp. $"")#' is considerably
phytotoxic to the growth and development of barley
(monocotyledons) and cucumber (dicotyledons). It
does supress neighbouring plants as well in nature,
as is seen in pure communities of this plant in nature under the Mediterranean climatic conditions.
This investigation seems to us important for biodiversity conservation in nature.
#! 
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microcystin-producing Microcystis is not only important but also emergent.
The pomegranate, Punica granatum L. belongs
to the punicaceae species and grows in many countries [8]. Pomegranate peel has been widely used as
flavouring agents [9], traditional Chinese medicine
[10]. It is safe, innocuity and low cost. In our previous studies, the ethyl acetate extracts of the pomegranate peel and seed were identified by GC-MS. Allelochemicals (lauric, myristic, hexadecanoic, linoleic, oleic, stearic, cis-6-octadecenoic, gallic acid,
and N-phenyl-2-naphthalenamine) were found to be
significantly active against some harmful algae [11].
However, the use of pomegranate peel as flocculant
has not been reported in the literature.
The objectives of this study are to investigate
the flocculating properties of natural flocculant from
pomegranate peel for Microcystis aeruginosa, and to
test the actual effect of the flocculant.

ABSTRACT
The aqueous extract from pomegranate peel
(AEPP) was used to remove Microcystis aeruginosa.
The flocculating properties of the natural flocculant
from pomegranate peel to M. aeruginosa were investigated, which included the factors (i.e., the particle
size of the pomegranate peel, the ratio of the material
to the solvent, the addition of the natural flocculant,
membrane pore size and density algae) influencing
the removal of the algae from solutions. The removal
efficiencies of algae were found to be significantly
different with the pore sizes of the used membranes
for filtration. The particulate matter in the aqueous
extract had good effect of aid to the coagulation. In
addition, the addition of AEPP pronouncedly influenced the algae removal, giving rise to the removal
efficiency up to 13.99%, 26.55%, 63.84%, and
94.63% at the addition amount of 0.5, 0.7, 1.0, and
3.0 mL, respectively. Therefore, the natural flocculant from pomegranate peel was strongly confirmed
to offer the favorable characteristics in M. aeruginosa removal.

MATERIALS AND METHODS
Algae culture. M. aeruginosa which was a
common species in eutrophic surface water was selected for this study. It was received from the Culture
Collection of Algae at the Institute of Hydrobiology,
Chinese Academy of Sciences. The algae were cultured in sterilized BG11 medium (pH 7.4) at 25 oC
with light intensity of 2500 lux (12:12 h light: dark
cycle).

KEYWORDS:
pomegranate peel, natural flocculant, algae removal, Microcystis aeruginosa

INTRODUCTION
Toxic cyanobacterial blooms occur worldwide
in eutrophic lakes, rivers and reservoir [1-2], which
potentially produce a wide variety of toxins, including neurotoxins, hepatotoxins, cytotoxins and lipopolysaccharide endotoxins [3]. This leads to the impairment of water quality and disable its use for
drinking water, recreation or protection of aquatic
life [4]. In addition, the chronic exposure to microcystins can cause widespread and serious health
problems to animals and humans, such as hepatic,
gastric and epidermic diseases, neurological impairment, and death [5-7]. Considering those environmental pollution and public health, the removal of

Preparation of aqueous extract. Pomegranate
peel was naturally dried in trays away from the sunlight. After drying, the peel was weighted and powdered to get 20-80 mesh size. The pomegranate peel
was extracted with ultrapure water at room temperature (25 oC) for 24 h. The extract was filtered with
qualitative filter paper (10-ȝP IRUthe removal of
residues, and the final volume was adjusted to the
initial volume. The aqueous extract was stored at 4
o
C.
The coagulation experiments were performed
in algal suspensions at room temperature. First, 3mL
of the AEPP was diluted to 30 mL, then 5 mL of diluted AEPP was took to 45 mL of algae suspension
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to 92.32% (Fig. 1). Compared to others, the one with
particle size at 80 mesh yielded the optimum removal efficiency of 92.32%.

in a 100 mL beaker. In control groups, the AEPP was
replaced by ultrapure water. After 12 h, a sample
was collected from 2 cm below the surface for analysis.

Effect of the ration of the material to solvent
on M. aeruginosa cell removal. With the increasing
ration of the material to solvent in range of 0.03-0.09
g/mL, the removal rate of AEPP on M. aeruginosa
was increased rapidly, while a decrease was noted
when further increasing the ration (Fig. 2). This phenomenon occurred as a result of the increased effective constituent and thereby enhanced flocculation
effect. However, the insufficient extract of the effective constituent with a high ratio of material to solvent would limit the flocculation effect. Therefore,
the optimum ratio of material to solvent was balanced at 0.09 g/mL.

Analysis methods. M. aeruginosa cells were
harvested by centrifugation (at 12000 rpm) and then
suspended in 0.5% NaCl solution in order to keep the
cells alive. The initial cell concentration for all flocculation experiments here was controlled at optical
density of 0.100 -0.150 at the wavelength of 680 nm
(OD680 nm) [12]. The concentration of chlorophyll a
was measured as an indicator of the concentration
change of M. aeruginosa cells during the flocculation experiment. The chlorophyll-a concentration
was determined using standard methods [13].
The clearance of algae (r, %) of every sample
based on the chlorophyll-a concentration was determined after the 12 h exposure by the formula as follows:
T2  T1
(1)
r
u 100%
T2
where T1 and T2 were the chlorophyll-a concentrations of the algae and the control after the flocculation, respectively.

Removal efficiency of algae (%)

100

Data analysis. Differences between groups
were evaluated by one-way analysis of variance
(ANOVA) with the removal efficiency of algae and
membrane pore size as factors. A probability level of
0.05 was used to establish the significance (p < 0.05).
All the statistical analyses were carried out by software of SPSS 17.0 and Origin 8.0.
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The algae removal efficiencies as a function of
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FIGURE 1
Particle size effect of the pomegranate peel
extract on the algae removal

FIGURE 3
Effect of the addition of AEPP on algae removal
Effect of the addition of AEPP on M. aeruginosa cell removal. 0.5, 0.7, 1, 3, 5, 7, 10 mL of the
AEPP were diluted to 30 mL, then 5 mL of diluted
AEPP was added to 45 mL of the algae suspension,
then stood for 12 h. These controls all showed the
actual effect of flocculation. It can be seen that there
is an obvious rise in the removal efficiency of algae
with the addition of the AEPP in the range of 0.5-3
mL, but it has remained the same when the added

RESULTS AND DISCUSSION
Effect of the particle size of pomegranate
peel on M. aeruginosa cell removal. The aqueous
extract of pomegranate peel with different particle
sizes (20, 40, 60 and 80 meshes) showed the different algae removal efficiencies in the range of 85.31%
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AEPP exceeded 3 mL (Fig. 3).

CONCLUSIONS

Effect of the membrane pore size on M. aeruginosa cell removal. In order to further investigate the removal efficiency of algae by AEPP, we
tested AEPP through membranes with three different
pore sizes: (1) 10-15 ȝm; (2) 0.45 ȝm; (3) 0.22 ȝm.
Fig. 4 shows the comparison of these three filtrated
AEPP through different pore size membrane as coagulant at 12 h settling time. There were significant
differences in removal efficiencies of algae with the
filtrated AEPP through different pore size membranes (p < 0.01). In contrast, the filtrated AEPP
through 10-15 ȝm pore size membrane generated the
highest removal efficiency, which was up to 88.50%
in 12 h. The filtrated AEPP through 0.45 ȝm pore
size membrane followed at a rate close to 79.15%.
The filtrated AEPP through 0.22 ȝm pore size membrane removed 62.30%. Thus, filtration has certain
influence on the flocculation. The results showed
that the particulate matter in the aqueous extract had
good effect of aid to the coagulation.

The following conclusions can be drawn from
the present results:
Pomegranate peel has been observed as an effective flocculant agent for M. aeruginosa removal
in surface water treatment. In addition, the pomegranate peel as a natural flocculant is safe, innocuity,
simple operation, low cost and high availability, so
it is very attractive to be used as flocculant.
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Effect of the membrane pore size on algae
removal
Flocculation is one of the most widely applied
physical/chemical technologies in water treatment
[14-16]. The ability of the aqueous extract from
pomegranate peel being used as a natural flocculant
may be related to its constitute of tannins. The literature reported that tannin occupied 25% ~ 30% of
the dry pomegranate peel [17]. Tannins may be a
new source of coagulant and flocculant agent [18],
which was used as flocculant in wastewater treat [1922] and algae removal [23-25]. For example, Zhan
and Zhao [20] investigated the adsorption characteristics of lead removal of a newly developed tannin
adsorbent synthesized from wattle tannin, a kind of
natural condensed tannins. Palma et al. [21] used tannins extracted in situ from Pinus radiate bark in order to polymerize a solid which was used in heavy
metal removal. Bark itself was combined with a tannin solid into adsorption columns.
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the environment. Water contamination causes
around five million of the world population to die
every year [1, 2]. Many industrial activities particularly plastic, textile, printing, transportation, food
and leather [3, 4] have significantly contributed to
water contamination. As a matter of fact, about 15%
of dye contaminations are derived from textile and
other industries, worldwide [5, 6]. For example, it
was estimated that about 950 million tonnes of dyeing wastewater were produced in China in 2012 [7].
Hence, the treatment of water from these polluted
environments is important for the ecological protection [8].
Dyes are classified based on their nuclear structure, namely as anionic and cationic. Anionic dyes
have a negative charge due to the presence of sulphonate groups, meanwhile cationic dyes have a positive charge due the presence of protonated amine or
sulphur groups in the aqueous solution. Industrial effluents containing both anionic and cationic dyes are
of great concern. The anionic dyes (Congo red and
Methyl orange) and cationic dyes (Methylene blue
and Rhodamine B) are toxic and even carcinogenic
[9]. Toxic dyes are normally presence in water environment at high concentrations. Due to their thermal
stability as well as ability to absorb and reflect sunlight that enters the water, the photosynthesis of algae and aquatic plants will be reduced. This scenario
will seriously affect the food chain. Furthermore, the
presence of little amount of dyes in water can be
highly visible and undesirable, making it unsafe for
the human consumption [10]. For example, excessive levels of Methylene blue may cause a number
of diseases such as digestive and respiratory systems
problems, as well as nausea, vomiting and profuse
sweating [11].
Chemical precipitation, coagulation-flocculation, electrochemical treatment and adsorption have
been employed to sequester dyes from aqueous solution [12, 13]. Adsorption is one of the most effective
treatment processes as it is a simple operation and
incurs low operational cost as compared to other
techniques; which have drawbacks like sludge formation, high energy and conservation cost. Undoubtedly, activated carbon is a popular and widely
used adsorbent for organic dyes removal. This is

In this work, lala clam shell was utilised as an
alternative low-cost adsorbent for the remediation of
water contaminated by two classes of dyes, namely
anionic (Congo red (CR) and Methyl orange (MO))
and cationic (Methylene blue (MB) and Rhodamine
B (RB)) dyes from aqueous solution. Batch adsorption experiments were performed to assess the effects of various experimental parameters such as solution pH, adsorbent dosage and initial adsorbate
concentration. The applicability of lala clam shell to
remove dyes from aqueous solution was evaluated in
both single- and mix-systems. The optimum pH for
CR, MO and RB removal was found at pH 2.0, while
pH 8.0 was the optimum value for MB adsorption.
At an initial concentration of 2.5 to 100 mg/L, the
amount of four dyes adsorbed onto lala clam shell
was in the order of CR> MB> RB> MO, in a singledye adsorption system. Whereas, in the case of a
mix-dye adsorption system, the amount of four dyes
adsorbed was found in the order MB> RB> MO>
CR. The adsorption equilibrium data were correlated
with both Langmuir and Freundlich isotherm models. The results showed that the equilibrium data
were perfectly represented by the Freundlich isotherm model. The biomass adsorbent was characterised using the Field Emission Scanning Electron Microscope (FESEM) and Fourier Transform Infrared
(FTIR) Spectrometer. Overall, outcomes from this
study suggested that lala clam shell, a fishery waste,
can be beneficial and efficient instead of expensive
adsorbents for water treatment.
*)"%&
Adsorption, lala clam shell, dyes, water treatment
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Water contamination by various pollutants
such as dyes, heavy metals and pesticides poses a serious threat to the environment and human health.
Both organic and inorganic substances with a nonbiodegradable characteristic can be accumulated in
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crushed and sieved through 150-250 µm size fractions by using a protocol of the American Society for
Testing and Materials (ASTM) standard sieve. The
stock solutions of 100 mg/L were prepared with appropriate amount of dyes (CR, MO, MB and RB) by
dissolving in the deionised water. Each dye was prepared separately by dissolving 25 mg of the dye in
250 mL deionised water and then, the stock solution
was diluted to the required concentrations.

mainly due to its large surface area and high adsorption capacity. However, its application in developing
countries is limited due to its high-cost production
and regeneration issue [14, 15]. In 2013, the global
market for activated carbon totalled $1.9 billion,
driven primarily by Asia-Pacific and North American regions for application in water treatment and
then reached $2.1 billion, in 2014 [16].
Effective adsorbents for water treatment should
have several characteristics such as low-cost, readily
available in large quantities and easily can be disposed. The capability of several low-cost and ecofriendly adsorbents such as %'" biomass
[8], $"&' spp. waste [17], rice straw [11], orange peel [18], mesoporous hollow shells [5] and
  " epicarp [3] to treat dye contaminated water has been assessed in the last few years.
The key property was the presence of functional
groups (hydroxyl, amine and carbonate) and lignocellulosic compounds in these adsorbents that contributed to bind dyes during the adsorption process.
In the present work, the natural waste from
fishery industry, namely the short neck clam ( "
%" "%$) shell or locally known as lala was
used as an alternative adsorbent for water treatment.
Lala clam shell is abundantly available in Malaysia,
Indonesia and Libya with no economic value. It has
not been used for purification of water contaminated
by dyes. Moreover, the shell waste is primarily composed of calcium carbonate (95%), which may be
beneficial for the adsorption mechanism [19].
Hence, the main objective of this study was to investigate the effectiveness of lala clam shell as an adsorbent for the removal of anionic and cationic dyes
from aqueous solution in the single- and mix-dye
systems. A systematic evaluation involving several
experimental parameters such as the pH solution, initial adsorbate concentration and adsorbent dosage
was performed.

4-=-/?1=5>-?5;: >?@051> The surface area
and average pore diameter analyses were performed
using a Quantachrome Autosorb 1 Surface Analyser.
The Brunauer-Emmett-Teller (BET) multipoint
technique [20] was applied for surface area measurement, while the Barrett, Joyner and Halenda method
[21] was used for pore diameter determination.
The presence of functional groups on materials,
as well as the interaction between functional groups
with dyes were identified and studied using a
Thermo Nicolet 6700 Fourier Transform Infrared
(FTIR) Spectrometer. FTIR analysis was conducted
over 32 cumulative scans in the wavenumber ranging from 4000 to 400 cm-1. The surface morphology
of the Lala clam shells before and after dye adsorption was examined using a Hitachi SU 8020 UHR
Field Emission Scanning Electron Microscope
(FESEM).
0>;=<?5;: 1C<1=591:?> The batch adsorption experiments were carried out in 250 mL conical
flasks by adding approximately 0.5 g of an adsorbent
in 50 mL of dye solution of the desired concentration
at optimum conditions. The samples were equilibrated by shaking at 100 rpm for 1 h using a Protech
Orbital Shaker (model 720) and samples were separated through a piece of filter paper (Filtre Fioroni
601, 110 mm). The concentration of dyes was measured using an Agilent Cary 60 UV-Vis spectrophotometer at maximum wavelength (λmax) values as
shown in Table 1. The calibration curve was lined
between the absorbance and various concentration of
the dye solution (1, 2, 3, 4 and 5 mg/L) to acquire the
absorbance-concentration profile (equilibrium dye
concentration).
The effect of pH solution was studied in the pH
range of 2.0-8.0. The pH solution was adjusted by
adding a few drops of diluted 0.05 mol/L HCl or 0.05
mol/L NaOH solutions, and measured using a pH
meter. About 0.5 g of the adsorbent was added to 50
mL of 5 mg/L dye solution. The mixture was then
shaken for 1 h at 100 rpm. The isotherm studies were
accomplished by shaking 0.5 g of adsorbent in 50
mL of dye solution with an initial dye concentration
ranging from 2.5 mg/L to 100 mg/L. The experiment
was performed at an optimum pH. The effect of adsorbent dosage on adsorption capacity was studied
using four various doses of adsorbent, ranging from
0.025 g to 0.200 g. The adsorbent was added into 50

'%&! '"&

4195/-8> Lala clam shells were collected
from a restaurant in Tanjong Malim, Perak. NaOH
and HCl were purchased from HmbG Reagent
Chemicals. In this work, two anionic (CR and MO)
and two cationic (MB and RB) dyes were studied.
The chemical structure and physiochemical properties of dyes studied are listed in Table 1. CR, MB and
RB were supplied by Merck, while MO was acquired
from Bendosen. All chemicals used were of analytical grade and deionised water was used throughout
this study.

#=1<-=-?5;: ;2 -0>;=.1:? -:0 -0>;=.-?1
The lala clam shells were washed and rinsed by using tap water, then thoroughly with deionised water
to remove dirt. Finally, the shells were dried in an
oven at 70 oC for 24 h. After drying, the shells were
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mL of 5 mg/L dye solution, shaken and filtered as
described earlier.
The competitive adsorption study was accomplished in the mix-dye system. About 0.5 g of lala
clam shells was added to 50 mL solution containing
(5, 20 or 100 mg/L) of each dye. The adsorption of
the mix-dye system was investigated using a similar
procedure to that of the single-dye system experiment. The equilibrium concentration of each dye was
measured using the UV-Vis spectrophotometer. The
dried filtrate was characterised using FTIR and
FESEM.
All experiments were run in triplicates. The adsorption capacity at equilibrium (!) was calculated
using Equation (1):

=

(  −  ) 





(1)

where ! is the amount of dye adsorbed at equilibrium
(mg/g), o is the initial dye concentration (mg/L), e
is the equilibrium dye concentration (mg/L),  is the
weight of the adsorbent (g) and  is the volume of
dye solution (L). The removal percentage of dye for
the adsorption process was estimated using Equation
(2):

Removal % =

( o − e ) ×100

(2)

o


' 
'41/4195/-8>?=@/?@=1-:0<4D>5;/4195/-8<=;<1=?51>;20D1>>?@0510
Molecular weight
(g/mol)

λ max
(nm)

Industrial use

Congo Red
(CR)

696.67

499

Textiles, paper
and rubber.

Methyl
Orange
(MO)

327.34

461

Printing and
research
laboratories.

Methylene
Blue
(MB)

319.85

665

Wood, silk and
cotton.

Rhodamine B
(RB)

479.02

554

Textiles, paper
and leathers.

Dyes

Chemical structures

3388

&%

# '  !









 !#!$ "#"

100

20

80

15

60
10

40
20

5

0

0
2

3

4

5

<
CR

6

7

14,8
14,6
14,4
14,2
14,0
13,8
13,6
13,4
13,2
13,0
12,8

60
50
40
30
20
10
0

8

2

MO
-

80
70

3

4

<
MB

5

6

7

%19;A-8;2%

25
%19;A-8;2 

120

%19;A-8;2 "

%19;A-8;2%



8

RB


.



(% 
221/?;2>;8@?5;:<;:-0>;=<?5;:;2-:5;:5/0D1>--:0/-?5;:5/0D1>.;:?;8-8-/8-9>4188
%&('&!&(&&"!

0>;=<?5;: >?@051> &5:3810D1 >D>?19 2
21/? ;2 >;8@?5;: < The expulsion of dyes from
wastewater by adsorption is highly reliant on the pH
of the solution, which influences the surface charge
of the adsorbent, degree of ionisation and speciation
of the adsorbate [22].
Figures 1(a) and 1(b) show the effect of pH solution on the percentage removal of anionic and cationic dyes by lala clam shells, respectively. It was
clear that the percentage removal of two anionic dyes
(CR and MO) decreased with an increase in the pH
and optimum pH was recorded at pH 2.0 (Figure
1(a)). A similar optimum pH value was observed for
adsorption of CR onto biomass of "$# %
## [23], adsorption of MO onto chitosan [24]
and activated carbon [25]. This observation can be
related to electrostatic repulsion between the sulfonates (SO32-) groups and excessive OH- ions at the
high pH values.
In contrast, the effect of pH solution on the percentage removal of two cationic dyes (MB and RB)
by lala clam shells is shown in Figure 1(b). The percentage removal of MB increased with an increase
in the pH and the maximum removal efficiency was
achieved at pH 8.0. In this case, the percentage removal of RB was decreased with an increase in the
pH and the maximum efficiency was obtained at pH
2.0. A similar trend was reported for adsorption of
MB by tea waste [26],  "$ '" biomass
[27] and adsorption of RB by steel slag [28]. The adsorption behaviour of MB and RB was greatly influenced by their functional groups.
MB, like other cationic dyes produced an intense molecular cation (C+) and reduced ions (CH+),
which exists in aqueous solution in the form of positively charged ions [29, 30]. Thereby, the high pH

values will cause the adsorbent surface become negatively charged and results in higher adsorption.
Meanwhile, RB contains a carboxyl group structure
as shown in Table 1. The sharp decreased in percentage removal at the higher pH values was likely due
to electrostatic repulsion between the carboxyl group
and the excessive hydroxide ions.
221/? ;2 -0>;=.1:? 0;>-31 The adsorbent
dosage is one of the important parameters in determining the capacity of adsorbent and fundamental to
optimise an adsorption system as adsorbent dosage
controls the availability of adsorption site [31, 32].
Figure 2 presents the effect of adsorbent dosage on
adsorption of CR, MB, RB and MO onto lala clam
shells. It was observed that as the amount of adsorbent was increased, a sharp decrease in adsorption
capacity from 9.8 mg/g to 1.5 mg/g, 7.5 mg/g to 0.8
mg/g, 1.5 mg/g to 0.2 mg/g and 2.5 mg/g to 0.1 mg/g
was obtained for CR, MB, RB and MO, respectively. 
A lower adsorbent dosage which presumed a
larger overall total surface area of lala clam shell was
being exposed and thus more dyes were adsorbed
onto the surface per gram unit of lala. Besides, the
higher adsorbent dosage surface of lala clam shell
became masked due to the accumulation particles on
the adsorbent; it thus created adsorbent aggregation
and reduction in the total surface area of contact by
the active sites, namely carbonate group (CO32-) of
lala clam shell. The same behaviour of other adsorbents on dyes was reported in the literature [22, 33,
34, 35].

221/?;25:5?5-8-0>;=.-?1/;:/1:?=-?5;:Experiments were carried out at different initial concentrations (2.5 to 100 mg/L) of dye, while the other
parameters were kept constant and performed at optimum pH. Figure 3, presents the amount of dye ad-
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can be potential protonation sites, and thus there are
different possible types of protonated dye molecules
[37]. Figure 4 shows the protonated CR at optimum
pH [37, 38].
From Figure 4, in the acidic condition at optimum pH 2.0, it can be imagined that the protonated
amino (NH3+) or azo nitrogens (-N=NH+) having
positive charge can be adsorbed over the high negatively charged CO32- surface of lala clam shells.
However, MO is also an anionic dye but contains one
azo group (-N=N-), so it comes last in the order after
two cationic dyes that can be adsorbed more than
MO onto the surface of lala clam shells.

9;@:?;20D1-0>;=.1093 3

sorbed as a function of initial concentration. It is essential to note that the amount of all dyes adsorbed
by lala clam shells increased with an increase in the
initial concentration of the dye solution. This outcome can be explained by two main factors, namely:
(1) the probability of the increase due to the collision
between the molecules of dyes and adsorbent surface, and (2) the high diffusion rate of dyes into adsorbent [36]. 
The amount of four dyes adsorbed onto lala
clam shells was in the order of CR > MB > RB >
MO. Although CR is an anionic dye, it contains two
amine groups (-NH2) and diazo groups (-N=N-) that
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8-8-/8-9>4188>
Dyes
CR
MO
MB
RB

F (mg/g)
4.375
0.010
0.320
0.014

Freundlich
1/n
0.726
0.677
0.825
0.496

2
0.962
0.959
0.998
0.699

0>;=<?5;: 5>;?41=9> The interaction and
distribution of dyes on the surface of adsorbent are
described using the adsorption isotherm models [36,
14]. Two widely used isotherm models, namely
Freundlich and Langmuir were applied to analyse
equilibrium data. Freundlich isotherm model is an
empirical equation used to describe adsorption at
multilayer heterogeneous with sites that had different energies of adsorption [14]. The linear form of
the Freundlich equation is expressed as Equation (3)
[39].
1
(3)
log !e = log F +  e
where e is the equilibrium concentration of solute
(mg/L), !e the amount of solute adsorbed per unit
weight of adsorbed at equilibrium (mg/g), F (mg/g)
and  are the Freundlich constants related to adsorption capacity and intensity, respectively. The liner
plot of log !e against log e will give the F and 
values.
The Langmuir isotherm model deals with adsorption at monolayer homogeneous surface of the
adsorbent where all sites on adsorbents have equal
energy [36]. The linear form of the Langmuir isotherm is represented by Equation (4) [40].

max(mg/g)
15.480
1.004
11.669
0.311

Langmuir
(L/mg)
0.559
0.013
0.028
0.047

2
0.739
0.286
0.609
0.641

e e 1
(4)
=
+
e
 b
where  is the maximum adsorption at monolayer
(mg/g) and  is the Langmuir constant related to the
affinity of binding sites (mL/mg). In addition,  is a
measure of the energy of adsorption. The  and 
can be determined from the linear plot of e/!e
against e.
The isotherm constants and correlation coefficient () obtained from Freundlich and Langmuir
isotherm models are listed in Table 2. Based on 
values, the equilibrium adsorption data for all dyes
fitted the Freundlich isotherm model better than
Langmuir isotherm, indicating the heterogeneous of
the adsorbent surface. Similar results were obtained
by Dey et al. [36] for MB removal using ( %#
"'( waste, Mahmoud et al. [18] for CR and MO
adsorption using orange peel, and Balasubramani
and Sivarajasekar [41] for RB removal using activated carbon. The 1/ values calculated from the
Freundlich isotherm model lie between 0 and 1. This
implies that the adsorption of four dyes onto Lala
clam shells was favourable [42].
The adsorption capacities F calculated from
the Freundlich isotherm equation for CR, MO, MB
and RB, were 4.375, 0.010, 0.320 and 0.010 mg/g,
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where o is the initial adsorbate concentration
(mg/L), L is the value shows the nature of the adsorption process to be unfavourable (L>1), linear
(L = 1), favourable (0<L<1), or irreversible (L =
0). The L values were 0.187, 0.825, 0.718 and 0.634
for CR, MO, MB and RB, following the adsorption
by lala clam shells. It is clear that the L values were
in the range of 0 < L < 1. This suggests that the adsorption of four dyes was favourable.
The maximum adsorption capacity  (mg/g) of
lala clam shells for CR, MO, MB and RB were
15.48, 1.00, 11.66 and 0.31 mg/g, respectively. It
was compared to other adsorbents. The maximum
adsorption capacities of lala clam shells were compared to several other adsorbents, as shown in Table
3. The difference in  values of the adsorbents can
be related to their unique physical and chemical
characteristics [54] and experimental conditions.

respectively. The removal of dyes by using several
other adsorbents has been studied in the recent years
and some of these reports provided F values. Although these values were obtained under different experimental conditions, they were useful to compare
the performance and capacity of the adsorbents. The
F value obtained in this study was greater than those
reported for kaolin (1.089 mg/g for CR) [43], aminefunctionalized hollow mesoporous shells (1.291
mg/g for CR) [5], ( %#"'((0.021 mg/g for
MB) [36],sugarcane bagasse (0.110 mg/g for MB)
[31] and activated geopolymer (0.002 mg/g for MO)
[44].
The essential characteristics of the Langmuir
isotherm can be expressed by a separation factor
(L), which is defined in the following Equation (5)
[42]:

L =

1
1+ o

(5)

' 
'419-C59@9-0>;=<?5;:/-<-/5?51>9-C;2>1A1=-8-0>;=.1:?>
Adsorbents
""## # root
Peanut shell
Zeolite
Calcareous soil
Cow dung ash
%'"
( %#"'( biomass
Rice husk ash
Spent rice biomass
Activated carbon modified by silver nanoparticles
Fly ash
%%#$"biomass

Dye
CR
CR
CR
MB
MB
MB
MB
MB
MB
MO
MO
MO

max(mg/g)
1.58
15.09
3.77
1.76
5.31
4.94
8.20
6.90
8.30
0.69
1.20
0.50

References
[45]
[46]
[47]
[33]
[48]
[8]
[36]
[49]
[50]
[51]
[52]
[53]
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Adsorption system

Dyes
MB
RB

Single-dye
system
MO

CR

MB

RB
Mix-dye
system
MO
CR

Dye concentration (mg/L)
Initial
Equilibrium
5
0.57
20
3.64
100
4.32
5
3.00
20
10.55
100
13.01
5
3.99
20
15.06
100
57.30
5
0.10
20
0.32
100
1.59
5
0.67
20
1.51
100
2.02
5
2.86
20
10.32
100
12.33
5
4.21
20
14.31
100
57.23
5
4.72
20
18.95
100
59.13

3392

Amount of dye
adsorbed (mg/g)
0.44
1.64
9.56
0.22
0.95
8.73
0.10
0.49
4.28
0.48
1.96
9.84
0.43
1.84
9.78
0.21
0.96
8.75
0.07
0.56
4.27
0.02
0.10
4.08
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Adsorbent

Dyes
MB

RB
Lala clam
shell
MO
CR

MB

Activated carbon
derived from
mangrove stem

RB

MO
CR

Dyes concentration (mg/L)
Initial
Equilibrium
5
0.67
20
1.51
100
2.02
5
2.86
20
10.32
100
12.33
5
4.21
20
14.31
100
57.23
5
4.72
20
18.95
100
59.13
5
0.54
20
1.50
100
2.70
5
2.06
20
10.54
100
15.44
5
4.96
20
15.28
100
61.52
5
4.91
20
19.29
100
64.81

0>;=<?5;:>?@051> 5C0D1>D>?19 It is important to study the potential of lala clam shells to
adsorb dyes in the mix-dye system because of their
general existence in real water and wastewater. In
this study, four dyes were mixed at different initial
concentrations of 5, 20 and 100 mg/L. All experiments were performed with 0.5 g of lala clam shells.
Table 4 shows the amount of MB, RB, MO and CR
adsorbed onto lala clam shells at different initial dye
concentration of 5, 20 and 100 mg/L.
It was noticed that the amount of MB, RB and
MO adsorbed were convergent somewhat in both the
single and mix-dye systems at different initial concentration of 5, 20 and 100 mg/L. A different amount
of adsorption was observed for CR. The amount of
CR adsorbed by lala clam shells decreased from
0.48, 1.92 and 9.75 mg/g (single-dye system) to 0.02,
0.08 and 3.90 mg/g (mix-dye system) at initial concentration of 5, 20 and 100 mg/L, respectively. The
ability of lala clam shells to adsorb dyes in the mixdye system was in the order of MB > RB > MO >
CR, meanwhile a different trend was obtained for
single-dye system of which the order was CR > MB
> RB > MO.
It was observed that the amount of CR adsorbed
became last in the order of the mix-dye system. This
can be explained by two main factors: (1) for mixdye system, the experiment was not performed at the
optimum pH value of each dye, which purposely to
mimic real wastewater environment, and (2) CR is
an anionic dye that possess a negative charge and
larger size as compared to MO. In contrast, MB is
the cationic dye that has a positive charge and

Adsorbent of
dyes (mg/g)
0.43
1.84
9.78
0.21
0.96
8.75
0.07
0.56
4.27
0.02
0.10
4.08
0.44
1.84
9.70
0.29
0.94
8.44
0.01
0.47
3.84
0.01
0.07
3.51

smaller size than RB, which might lead to a stronger
affinity with the negatively charge of lala clam
shells. The impacts of the competing ions observed
in the present study are also relevant to the earlier
reports [55-57].
Besides, Table 5 shows the comparison of the
amount of dyes adsorbed by lala clam shells and activated carbon derived from mangrove stem in the
mix-system. From Table 5, it was clear that MB was
the best dye adsorbed by both adsorbents in the mixsystem, in the order of MB > RB > MO > CR. The
results suggest that lala clam shells have a good potential and can replace activated carbon to remove
dyes from wastewater. For example, with 100 mg/L
of initial concentration of dyes at the equilibrium, the
concentration was decreased to 2.02, 12.33, 57.23
and 59.13 mg/L for MB, RB, MO and CR, respectively. It was observed that the equilibrium concentration became less than 50% for cationic dyes and
about 50% for anionic dyes following treatment with
lala clam shells, indicates a great potential for future
applications.
4-=-/?1=5>-?5;: >?@051> &@=2-/1 -=1- -:0
<;=105-91?1=The surface area, pore volume and
pore diameter of lala clam shells were measured as
2.09 m2/g, 0.164 cm3/g and 0.147 nm, respectively.
According to the International Union of Pure and
Applied Chemistry (IUPAC) classification, the pore
of the lala clam shells is considered as micropores (d
< 2 nm).
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&  -:-8D>5> FESEM analysis was performed to observe the surface morphology of the lala
clam shells before and after the interaction with
dyes. The analysis is also useful for determining the
particle shape. The FESEM images of lala clam
shells before and after being loaded with CR, MO,
MB and RB at 10,000x magnifications are shown in
Figures 6. Lala clam shells have an uneven structure
with non-uniform size distribution on the surface
(Figure 6(a)). Subsequent interaction with dyes, the
surface of lala clam shells became rough, more uneven and heterogeneous (Figures 6(b), 6(c), 6(d) and
6(e)). The change in the surface morphology of lala
clam shells could be due to the reorganisation of surface functional groups binding the CR, MO, MB and
RB molecules [60]. From Figure 6(d), it is clear that
lala clam shells are covered by MB molecules adsorbed. A similar observation was reported by Su et
al. [27] for adsorption of MB onto  "$ '
" (Cogon grass).


'%-:-8D>5>FTIR is an effective analytical
instrument for identifying functional groups and
characterising covalent bonding information. The
FTIR spectra of the lala clam shells, before and after
the adsorption of dyes are shown in Figure 5. Based
on Figure 5, the two prominent bands appeared at
1448 cm-1 and 853 cm-1 are the characteristics of carbonate (CO32-) [58]. The band at 1781 cm-1 can be
assigned to carbonyl (C=O) groups. There were significant changes in the FTIR spectrum of lala clam
shells after interaction with dyes. For example, the
absorption band of CO32- group at 1448 cm-1 shifted
to 1444, 1464, 1462 and 1467 cm-1 following the interaction with CR, MO, MB and RB. In addition, the
absorption intensity of this band decreased after the
adsorption of MB. Presumably, the shift in wavenumber of the functional groups may be due to the
interaction of dyes with active sites of the adsorbent
[59]. A new peak observed at 2630 cm-1 after interaction with MO can be assigned to C-H stretching.
Overall, it is evident from FTIR analysis that carbonate group is the main adsorption site in lala clam
shells.
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very well with the Freundlich isotherm equation.
The adsorption performance of lala clam shells was
comparable with mangrove stem derived activated
carbon, a commercial adsorbent used in water treatment. Therefore, the developed adsorption treatment
system is useful and applicable for the removal of
organic dyes from contaminated water.

As elucidated throughout the study, lala clam
shells have several significant advantages over established adsorbents for water treatment. Most notably advantages are abundant availability and good
performance, which can be used as an alternative
low-cost adsorbent for the removal of dyes from
aqueous solution. Its key property is the presence of
carbonate group (CO32-) that can bind functional
groups of dyes during the adsorption process. The
adsorption process is greatly influenced by several
experimental parameters such as the pH solution, initial dye concentration and adsorbent dosage. The order of selective adsorptions was different in the single- or mix-dye system. The equilibrium data fitted

!") !'&
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health. Especially arsenic (As) pollution is particularly serious. According to the statistics, the average
concentration of soil Arsenic in China is 11.2mg/kg,
in the range of 95% is 2.5~33.5mg/kg [1]. Arsenic
will be difficult to be degraded after entering the soil
and long-term presence in the soil. It will be at risk
if the human body is exposed to it. When the arsenic
is low, people do not pay much attention to it until
the outbreak of pollution is concerned. Many countries and regions have developed soil arsenic standards, but the standards of each country and region are
inconsisWHQW 1HWKHUODQGV¶ ³0LQLVWU\ RI Housing
Spatial Planning and Environment" provides for arsenic in soil restoration intervention is 55mg / kg.
Japanese standards for arsenic in soil prescribed
150mg / kg in 2002. The Chinese standard provision
of arsenic in a dry land was 15mg/kg in the "Soil Environmental Quality Standards", which is more stringent than most countries in the world standard. The
human body can be exposed to Arsenic contamination through the mouth of the air into the air dust,
breathing inhalation of soil particles, skin contact
and so on. Long-term exposure to Arsenic content is
too high in the soil environment, can cause skin damage and will greatly increase the risk of cancer and
other diseases. In order to discover and control arsenic pollution in a timely manner, this article starts
from the low concentration of arsenic to study the
risk of harm, thus providing a basis for the improvement of the standard.
Developed countries had established the pollution site health risk assessment system and created a
national pollution site database since the 1980s [2].
The database of exposure parameters created by European countries can provide them with better environmental management services [3]. Labieniec et al.
[4] used probabilistic distribution functions to assess
the uncertainty of carcinogenic risk in the contaminated area due to geographical characteristics, material fate, and uncertainty in the transport process prediction. Bonomo et al. [5] conducted a risk assessment of a waste gas plant in northern Italy, discussed
the uncertainty of the risk assessment results and the
sensitivity of the exposure factor. Barnthouse et al.
[6] used the Monte Carlo technique to study the uncertainty of this process into an uncertain state about

ABSTRACT
Based on the investigation of contaminated
sites in the coal chemical industries in Shanxi, using
technical guidelines for risk assessment of contaminated sites (HJ 25.3-2014), to conduct human health
risk assessment of arsenic (As) in three major exposure pathways, including ingestion of particles, skin
contact and inhalation of particles. Results showed
that the comprehensive carcinogenic risk of As was
more than the risk limit of USA EPA 10-6 and meant
hazarding significantly to human health. The main
exposure pathway of As was ingestion of particles,
which could account for 86.63% of total carcinogenic risk. The sensitivity analysis of the exposure
model parameters, including ingestion of particles
and inhalation of soil particles, were made respectively. The results of 10000 times Monte Carlo simulation showed that at the 95% confidence level, the
minimum and maximum carcinogenic risk of As was
4.52×10-8 and 1.95×10-5. Both OSIRc and PM10 had
a great impact on the models. It also showed that
there existed a certain probability that carcinogenic
risk was lower than the recommended risk limit
10-6. With the increase of As concentration in the
contaminated sites, the probability got lower and
lower. Therefore, it is suggested that the uncertainty
of parameters has impact on the assessment result.
The value of the sensitive soil parameters must be
determined very carefully to ensure a reasonable risk
assessment result.

KEYWORDS:
Carcinogenic risk, coal chemical industry, As, soil, uncertainty, Monte Carlo

INTRODUCTION
Coal chemical industry can produce coal gasification with heavy metals and other harmful substances, which can easily be migrated to the soil,
groundwater, air and other environmental media in
the process of dumping landfill, resulting in serious
environmental problems and endangering human
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risk assessment models developed by the United
States Environmental Protection Agency (USEPA).
Li Zhiyuan et al. [16] used Monte Carlo simulations
to minimize the uncertainties of the above calculations and reduce assessment uncertainties generated
by distribution factors; values obtained directly
within China were given the highest priority when
available. Qu Changsheng et al. [17] used Monte
Carlo simulation techniques which based on a U.S.
Environmental Protection Agency model to accommodate the uncertainties associated with health risk
assessment of heavy metal pollution in the Qixia lead
and zinc mining area.
In view of the difficulties encountered in the
management of coal chemical pollution sites in
China, it is of great theoretical and practical significance to carry out the research on the health risk assessment of coal chemical plant site and the method
of analyzing the uncertainty analysis of risk assessment, and provide the scientific basis of repair decision.

an effect when he studied the uncertainty of extrapolating the toxicity of a single species to the ecosystem. Glorennec et al. used the Monte Carlo method
to analyze the uncertainty in the evaluation of lead
exposure in children of old mines, and increased the
confidence of the evaluation results by 25% to 95%
by considering the mineral species to reduce the bioavailability of lead exposure [7]. Compared with
developed countries, China's human health risk assessment started late, especially for the lack of statistical data on the pollution status of many coal
chemical plant sites, and less research on the effects
of pollutants on human health. Therefore, there is a
certain degree of uncertainty about the health risk assessment of the estimated results. It is necessary for
the risk decision process to understand the uncertainty of the health risk assessment, that is, the credibility of the evaluation results [8]. At present, the
processing of uncertainty is less and the development is not perfect.
In recent years, China's scholars have achieved
some results on the arsenic contaminated site of human health risk research. Zhaomin Dong et al. [9]
researched 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
(TCDD) illustrated uncertainty sources and how to
maximize available information to determine uncertainties, and thereby provide an µDGHTXDWH¶ protection to contaminant exposure. In order to reveal the
Cd contamination in rice and paddy soils and the
health risks to the population consuming the local
rice grain, Wang M et al. [10] conducted the field
surveys in eight towns in Youxian, China. Zheng Na
et al. [11] investigated heavy metal contamination in
the street dust due to metal smelting in the industrial
district of Huludao city. Ran Xiao et al. [12] focused
on soil contamination and the health risk in villages
in China with historical artisanal mining activities.
Heavy metal levels in soils, tailings, cereal and vegetable crops were analyzed and health risk assessed.
Yan Hu et al. [13] used the SFERC approach that
was based on quotient probability distribution and
environmental risk level fuzzy membership function
methods. The SFERC approach is an effective tool
for characterizing uncertainty and variability in environmental risk assessments and for managing contaminated sites. HaoYin et al. [14] assessed health
impacts and external which costs related to PM2.5
pollutions in Beijing, China with different baseline
concentrations and valuation methods. The idea is to
provide a reasonable estimate of the total health impacts and external cost due to PM2.5 pollutions, as
well as a quantification of the relevant uncertainty.
Yang Jiankang et al. [15] assessed the human health
risk through three exposure pathways (i.e. ingestion,
skin contact and inhalation exposure) from tap water
in six districts from trihalomethanes (THMs) in
drinking water of a certain city in China, using the

EXPERIMENTAL SECTION
Sample Collection and Analysis. First of all,
we need to investigate the methanol plant, and then
carry out a comprehensive sampling analysis. Soil
sampling point is located in the methanol plant cinder accumulation area under the wind (southeast direction), the soil samples was sampled from five
points from the yard 0 (edge), 10, 50, 80, 150 M,
each point longitudinal 0-20 cm surface soil. The soil
samples were stored in plastic sealing bags and
stored in a portable freezer until they were returned
to the laboratory. After drying the soil samples in an
oven for 8 h at 105oC, they were crushed to 200
meshes. The samples were digested in an UltraCLAVE microwave high-pressure reactor (Milestone, Milano, Italy) for 175 min. Next, 50 mg of the
soil sample were digested in 5 mL 40% HF, 2 mL
65% HNO3 and 1 mL 30% H2O2. Inductively-coupled plasma mass spectrometry (ICP-MS, Thermo
Scientific Xseries2, Thermo Fisher Scientific, and
Waltham, MA, USA) was used to determine the
amounts of the trace elements. Arsenic(As) was determined using ICP-MS with collision cell technology (CCT) due to its volatility. Polyfluoroalkoxy
volumetric flasks were used without drying on an
electric hot plate to avoid volatile loss. Alaser particle size analyzer was used to determine the texture
of the soil samples [18]. The main information, arsenic content and other basic information as shown in
Figure 1 are below.
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FIGURE 1
As content of soil sample.
TABLE 1
Calculation formula of soil exposure for sensitive land.
Exposure
Routes
Ingestion
of
particles

Formula for Calculation of Exposure Dose

Formula for Calculation of Soil
Pollution Risk

26,5F î('F î()F 26,5D î('D î()D

ቁ î$%6
%:F
%:D
î  ୭୧ୱ ൌ   ୡୟ ൈ ୱ୳୰ ൈ  
2,6(5FD
$7FD
6$(& î66$5& î()F î('F î(9 î$%6G
î
'&6(5FD
Skin
%:& î$7FD
 ୢୡୱ ൌ  ୡୟ ൈ ୱ୳୰ ൈ  ୢ
6$(D î66$5D î()D î('D î(Y î$%6G
contact
î 

%:D î$7FD
30 î'$,5& î('& î3,$)îሺIVSRî()2F IVSLî(),&
Inhalation   ୡୟ
%:D î$7FD
 ୮୧ୱ ൌ   ୡୟ ൈ ୱ୳୰ ൈ  ୧
of
30 î'$,5D î('D î3,$)îሺIVSRî()2D IVSLî(),
particles

%:D î$7FD
Note: The major parameters in the exposure dose calculation models can be searched in the references [18].
ቀ

Health risk assessment of sensitive land is mainly
targeted at children and adults. There is not surface
water, groundwater as a practical situation of drinking water near the coal chemical industry. And combined with the literature has been reported, this study
selects ingestion, skin contact, inhalation of soil particles in three ways as the main route of exposure,
conducting arsenic risk assessment of human health.
The exposure model is estimated based on Table 1
and the carcinogenic risk formula is shown in Table
1.

Health risk Assessment. Health risk assessment can be estimated by using models for health
risk. The American Academy of Sciences presents
four steps: Hazard identification, Exposure Assessment, Dose-response Assessment, and Risk characterization [19]. Further research, in order to describe
the risk assessment in detail, the US Department of
Environmental Protection refined: Data collection
and analysis, Exposure Assessment, Toxicity Assessment, Risk characterization [20]. In China, an HJ
25.3-2014 [21] pollution site risk assessment technical guideline was introduced in 2014. Contaminated site risk assessment includes hazard identification, exposure assessment, toxicity assessment, risk
characterization, and calculation of soil and risk control values. The following is a combination of arsenic-based arsenic exposure to human health risk assessment methods. Because the surrounding area of
the chemical industry has the potential to be developed as a civilian land, there is a possibility that children and adults will have prolonged exposure to site
pollution. Therefore, according to the classification
of land mode, the land should belong to the residents,
represented by sensitive land exposure scenarios.

Analysis of Uncertainty. The types of uncertainty can be divided into objective and subjective
uncertainties. In particular, the uncertainty includes
the uncertainty of the parameters (measurement error, sampling error and system error), uncertainty of
the model (due to the need to simplify the real process, the wrong description of the model structure,
the model misuse, the use of improper substitution
variables) and scenario uncertainty (description error, set error, assessment. Uncertainty analysis in the
process of environmental risk assessment refers to
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experiment is carried out on the parameters with
large influence on the model.
ୈ
ͳ݈ܽݑ݉ݎܨǣ ܴ ൌ σ  ൈ ͳͲͲ˄˅

the qualitative or quantitative expression of the uncertainty of data collection, toxicity evaluation and
exposure evaluation. Such as the reliability of the
collected data, the evaluation of certain assumptions
in the model, the uncertainty of the input parameters,
and the probability events that may occur [22]. Yang
Liu et al. [23] used Enrichment factors (EF), maximum leached amount (Lam), maximum leach ability
(Lrm), effects range low (ERL) and effects range
median (ERM) to evaluate potential environmental
risk resulting from the leaching behavior of environment-sensitive trace elements (including As) from
coal gangue. It can be analysed quantitatively.
In this study, we use Monte Carlo analysis
(MCA) for uncertainty analysis. Monte Carlo
method [24, 25, 26] is a branch of experimental
mathematics, is to follow a certain distribution of
random numbers to simulate the reality of the system
may occur in a variety of random phenomena. The
analysis steps include: (1) Define the statistical distribution of the input parameters; (2) Random sampling from these distributions; (3) Repeat the model
simulation using the randomly selected parameter
series; (4) Analyze the output value and get more
reasonable results. In particular, the uncertainty of
the parameters is expressed by the probability
method, which makes the risk evaluation more objective. However, its drawback is that the evaluation
process is more complex and it is difficult to determine the merits of the MCA itself [27]. EPA tends to
apply the probability technology of MCA to study
the consequences of accidents at different probabilities, and provide a more extensive reference for environmental risk managers [28]. At present, the
Monte Carlo method is the most common method for
handling uncertainties in evaluation systems.
Based on total carcinogenic risk levels, accounting for ingestion of soil particles, skin contact,
inhalation of soil particles under the three exposure
pathways to the risk of cancer. This can be analyzed
to determine the main contribution path, and provide
the basis for follow-up risk prevention and control.
It can be calculated using the following formula (1).
Sensitivity analysis is a hypothesis model with
multiple parameters, so that each parameter in its
possible range of changes, to study the changes in
these parameters for the model output value of the
degree of influence. By analyzing the parameters of
the complex model, the sensitivity coefficient of
each parameter is obtained, and the complexity of
the data analysis and processing is reduced for the
parameter with large sensitivity coefficient. The sensitivity ratio of the model parameter (P) can be calculated using the formula (2).
In this paper, the Monte Carlo analysis of the
Yulin sampling area with relatively low pollution
concentration is carried out using Oracle Crystal Ball
(Version11.1.1) risk management software. Based
on the analysis of risk contribution rate and parameter sensitivity analysis, the random number statistics

ୈ

ʹ݈ܽݑ݉ݎܨǣ  ൌ

మష భ
భ
ౌమష ౌభ
ౌభ

ൈ ͳͲͲΨ˄˅

RESULTS AND DISCUSSION
Carcinogenic risk Assessment Results. In the
sensitive land use mode, the health risk assessment
of Yulin sampling area was carried out by the model
established in this paper and the pollutant concentration data sampled in the field. The carcinogenic risk
values of arsenic in the three exposure pathways
were determined, respectively, as shown in Table 2
EHORZ FRQFHQWUDWLRQLQPJNJ-1). The risk of carcinogenesis is shown in Figure 2.
TABLE 2
Site carcinogenic risk assessment results.
Area
0M
10M
50M
80M
150M

CRois
1.11E-05
1.24E-05
8.61E-06
7.57E-06
7.62E-06

CRdcs
9.40E-07
1.05E-06
7.30E-07
6.42E-07
6.46E-07

CRpis
7.70E-07
8.60E-07
5.98E-07
5.26E-07
5.30E-07

CRn
1.28E-05
1.43E-05
9.94E-06
8.74E-06
8.80E-06

FIGURE 2
Carcinogenic risk of As in the sampling
area.

A single pollutant arsenic at the five sampling
points, the ingestion of soil pathways carcinogenic
risk value, 5 sampling points are more than 10-6 [29].
Through skin contact with soil route, inhalation of
soil particles pathway, were lower than the standard
10-6 cancer risk. But the total carcinogenic risk was
more than 10-6. Especially at the highest concentraWLRQRIPJNJ-1, the total risk level reached a
maximum of 1.43 × 10-5.
By comparing the risk level of the single path
with the total risk level by the formula (1), the individual risk contribution rate can be obtained. The
risk of ingestion of particles can reach 86.63%,
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model is the same as the change of the two parameters, but the change is less sensitive. At the same
time, the sensitivity coefficient of EDa is higher than
that of children in the daily intake of OSIRc, which
indicates that the change in the former results has a
greater impact on the results of the model output.
Adult body weight BWa sensitivity parameter is
negative, indicating that when the adult body weight
changes, the output changes in reverse, that is, the
risk value will continue to decrease.
According to the contribution rate of risk, it can
be seen that inhalation of soil particles accounts for
6.02% of the total risk value, so the uncertainty analysis of the model parameters of inhalation of soil particles exposure pathway is carried out. We select
sampling area sampling point 80M, 0-20cm soil
samples, calculating the risk value. In the selection
of parameters, due to inhalation of particulate matter
is an important way of migration of arsenic into the
human body, so respirable particulate matter may
have a greater impact on the results of human health
risk model. As the adult lung capacity is large, daily
intake of air more than children, so there may be a
higher risk exposure, so the choice of PM10, adult
daily air intake DAIRa as a sensitivity analysis parameters. And analyze the sensitivity of the parameters by comparing the changes in their corresponding
risk levels. The results of the sensitivity analysis are
shown in Table 4.
From Table 4, the sensitivity coefficient of
PM10 in the air can be 1, which shows that the risk
assessment model is more sensitive to the change of
the same parameter. The sensitivity coefficient of
adult daily air respiration DAIRa is between o and 1,
and the performance of risk assessment models and
variations of these two parameters are the same to
change, but changes in the performance are less sensitive. Therefore, the inhalable particulate PM10 is
an important parameter in the risk model of inhalation of soil particle exposure pathways. While daily
air respiration has a weaker effect on the model.

which is the highest risk level for single pathways.
The contribution rates of skin contact and inhalation
of soil particles are 7.35% and 6.02%, respectively.
As shown in Figure 3.

FIGURE 3
Individual risk contribution rates.
Sensitivity Analysis Results. According to the
contribution rate of risk, it can be seen that ingestion
of particles accounts for 86.63% of the total risk
value, so the uncertainty analysis of the model parameters of ingestion of particles exposure pathway
is carried out. We select the sampling area sampling
point 80M soil samples (drying), and the arsenic
concentration is 3.22mg / kg. Because children are
more sensitive to environmental risks of calculating
risk values, while the possibility of exposure and intake are larger than adults on the ingestion of particles, the daily ingestion of particles of the object selection is children. In addition, regarding the carcinogenic risk environment, adult exposure time is
longer, so the exposure period parameters are selected for adults. The results of the sensitivity analysis are shown in Table 3.
From Table 3, children daily intake of soil
OSIRc, children exposed EDa sensitivity coefficient
are less than 1 greater than 0. The risk assessment

TABLE 3
Ingestion of particles exposure model parameter sensitivity analysis results.
OSIRc
OISERca
CRois
Sensitivity Analysis
EDc
OISERca
CRois
Sensitivity Analysis
BWa
OISERca
CRois
Sensitivity Analysis

100
1.07E-06
5.15E-06
0.472
6
1.59E-06
7.67E-06
0.633
54.8
1.59E-06
7.67E-06
-0.342

150
1.32E-06
6.36E-06
0.573
7
1.76E-06
8.48E-06
0.668
58.8
1.55E-06
7.48E-06
-0.329

200
1.57E-06
7.57E-06
0.641
8
1.92E-06
9.29E-06
0.697
62.8
1.51E-06
7.31E-06
-0.316
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250
1.82E-06
8.79E-06
0.691
9
2.09E-06
1.01E-05
0.721
66.8
1.48E-06
7.17E-06
-0.304

300
2.07E-06
1.00E-05
0.728
10
2.26E-06
1.09E-05
0.742
70.8
1.46E-06
7.04E-06
-0.293

350
2.32E-06
1.12E-05
11
2.43E-06
1.17E-05
74.8
1.43E-06
6.92E-06
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TABLE 4
Sensitivity analysis of parameters of respiration in soil respiration model.
PM10
PISERca
CRpis
Sensitivity Analysis
DAIRa
PISERca
CRpis
Sensitivity Analysis

0.15
9.73E-09
5.26E-07
1.000
13.5
9.27E-09
5.02E-07
0.668379

0.16
1.04E-08
5.61E-07
1.000
14.5
9.73E-09
5.26E-07
0.684023

0.17
1.10E-08
5.97E-07
1.000
15.5
1.02E-08
5.51E-07
0.698258

0.18
1.17E-08
6.32E-07
1.000
16.5
1.06E-08
5.76E-07
0.711265

0.19
1.23E-08
6.67E-07
1.000
17.5
1.11E-08
6.01E-07
0.723197

0.20
1.30E-08
7.02E-07
18.5
1.16E-08
6.26E-07

TABLE 5
Ingestion of soil particle pathway Monte Carlo analysis results.



Area

Average

0M
10M
50M
80M,
150M

1.11E-05
1.24E-05
8.62E-06
7.58E-06
7.63E-06

Standard
Deviation
1.78E-06
1.99E-06
1.39E-06
1.22E-06
1.23E-06

Variance
Coefficient
0.1609
0.1609
0.1609
0.1609
0.1609

Minimum

Maximum

4.46E-06
4.98E-06
3.46E-06
3.05E-06
3.07E-06

1.74E-05
1.95E-05
1.35E-05
1.19E-05
1.20E-05



range of this parameter, the risk value of less than
10-6 is zero, will be a threat to human health.
Under the influence of uncertain parameters,
after the five sampling points are simulated by
Monte Carlo (Figure 5), the following conclusions
are drawn: oral ingestion of soil particles pathways
in a single pollutant arsenic carcinogenic risk range
is about 5×10-6-1.2×10-5.If we recommend the value
of 10-6 as the standard of human health risk level, the
five venues of oral ingestion of arsenic health risks
are much higher than the standard, will be a threat to
human health. Among them, the distance from the
yard 10m in the soil arsenic concentration is the
highest, reaching 5.26 mg/kg. The risk distribution
range is wider than other sampling points, is about
6.83×10-6-1.79× 10-5, and the 95% confidence interval is 8.57×10-6-1.62×10-5. The lowest risk of cancer
risk also reached 6.83×10-6, much higher than the
risk of standard values of 10-6, and the risk is higher
than the probability of 10-5 is 88.85%, which is an
order of magnitude higher than the risk standard
value. Therefore, the high arsenic concentration region is worthy of attention.

Uncertainty Analysis Results. Ingestion of
soil particles pathway model. The contribution rate
of oral ingestion of soil particles accounted for
86.63% of the total risk. In addition, in the sensitivity
analysis, children's daily intake of soil OSIRc sensitivity coefficient is larger. It showed significant effect on the final results of risk assessment. So choose
this parameter as a Monte Carlo stochastic simulation analysis. The cumulative probability distribution model of the input variable is defined as the normal distribution, the input value is 200mg /d and the
standard deviation is 50mg /d. And run 10000 Monte
Carlo simulations, obtained Yulin sampling area 5
sampling points probability risk statistics as shown
in Table 5. The risk profile is shown in Figure 4.



Respiratory Inhalation Soil Particle Pathway Model. The risk of inhalation of soil particulate
matter is 6.02%. Although the proportion is small,
the main routes of exposure of different pollutants
are different. For example, the main risk of chromium comes from respiration inhalation, and its respiratory inhalation carcinogenic slope factor SFi
reaches 329. In addition, the respiratory inhalation
pathway includes a parameter PM10 that is directly
related to the air mass index AQI. In the sensitivity
analysis, the sensitivity coefficient reachs1, the final
risk assessment results are obvious, so there is also
the need for research.


FIGURE 4
Ingestion route risk distribution
As shown in Figure 4, under the condition of a
given input normal distribution, the risk distribution
values of the five sampling points are all greater than
10-6. Therefore, at any sampling point, within the
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FIGURE 5
The results of Monte Carlo in different sampling sites.
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TABLE 6
Monte Carlo analysis results by inhalation in soil particle pathways.
Area

Average

0M
10M
50M
80M
150M

7.66E-07
8.56E-07
5.96E-07
5.24E-07
5.27E-07

Standard
Deviation
4.57E-07
5.11E-07
3.55E-07
3.13E-07
3.15E-07

Variance
Coefficient
0.5967
0.5967
0.5967
0.5967
0.5967

Minimum

Maximum

6.62E-08
7.39E-08
5.14E-08
4.52E-08
4.55E-08

5.57E-06
6.22E-06
4.33E-06
3.81E-06
3.83E-06

TABLE 7
Inhalation of soil particulate pathways is less than the risk limits for deterministic probabilities.



Sampling point
Uncertainty (< 10-6)

0M
77.65%

10M
71.10%

50M
89.22%

80M
92.92%

150M
92.73%

According to Figure 6, the average of the five
sampling points is less than 10-6. However, at 0m and
10m sampling points, the output risk range may be
more than 10-6 within the fluctuation range of the input parameters. The use of crystal ball to determine
WKH ILYH VDPSOLQJ SRLQW¶V FDUFLQRJHQLF ULVN RI QRW
more than 10-6 of the determinism shown in Table 7.
As shown in Table 7, it can be concluded that in the
five sampling points, the gasification residue yard is
0m, that is, the yard sampling point, the arsenic concentration is 4.71 mg/kg. The probability of carcinogenic risk of inhalation of soil particle pathways below risk of 10-6 is 77.65%. At the 10m sampling
point from the yard, the highest concentration of arsenic is 5.26 mg/kg. The probability of carcinogenic
risk of inhalation of soil particle pathways below risk
of 10-6 is 71.10%. So the probability of having a risk
value below 10-6 at two nearest sampling points is
less than 80%, and there is a greater risk of human
health. While the remaining three points lower than
the probability of 10-6 cancer risk levels are higher
than 90%, it can be considered basic to human health
will not cause too much harm. From this table, it can
be concluded that the higher the arsenic pollution
concentration, the lower the probability that the output risk value is less than the recommended value of
10-6 in the input parameter fluctuation range. Otherwise are higher.
In the model of inhalation of soil, under the influence of uncertain parameters, after the five sampling points are simulated by Monte Carlo, the following conclusions are drawn: The risk of carcinogenicity of arsenic in a single pollutant is about
7×10-8 to 1.4×10-6, and the risk distribution range is
broad, which may be related to the high standard deviation of PM10 itself. This means that the greater the
standard deviation of the input probability distribution, the more dispersed the predicted results and the
wider the 95% confidence interval. The risk recommendation value 10-6 as the standard of human health
risk level, combined with Table 7 can be drawn: At
the highest concentration of 5.26mg/kg, the probability of risk below the risk standard value is 71.10%,

For PM10, the recommended value given in the
HJ25.3-2014 standard is the secondary standard of
China's ࠓ ambient air quality standard (GB30952012)ࠔ: PM10 ȝJāP-3. For the sampling area in
this paper, according to the existing literature, Yulin
urban three sampling point data, the mean concenWUDWLRQ RI ZLQWHU PDVV FRQFHQWUDWLRQ ȝJāP-3) was
162.0 ± 91.7. The four sampling points were
ȝJāP-3 in April >@ ZHUH ȝJāP-3 in May
>@7KHUHIRUHȝJāP-3 of PM10 was selected in
Monte Carlo simulation, and ȝJāP-3 was selected
for standard deviation. According to the statistical
analysis of summer PM10 in Changsha city, the concentration distribution of PM10 was fitted by using
four theoretical distribution functions (gamma distribution, lognormal distribution, Weber distribution
and Pearson distribution). The results show that:
Gamma distribution is the highest degree of fitting,
followed by lognormal distribution. Considering the
probability distribution model provided by the software itself, the logarithmic normal model is selected
as the cumulative probability distribution model of
PM10. And run 10000 Monte Carlo simulations, the
VDPSOLQJ DUHD RI ILYH VDPSOLQJ SRLQWV¶ SUREDELOLW\
risk statistics as shown in Table 6. The error analysis
is shown in Figure 6.

FIGURE 6
Scope of risk distribution of respirable
inhalation of soil particulate matter.
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various uncertainties must be considered in dam risk
rate analysis.
The limit state of dams is generally described
by a performance function. Given that the failure
probability of a dam structure is difficult to calculate
directly by numerical integration method, an approximation method is typically used in practical engineering, and a structural reliability index is introduced. The reliability and failure of a structure are
mutually incompatible events. The probability of
failure is complementary to that of reliability. Majority of common dam risk analysis methods based
on reliability theory are conducted under an assumption that the limit state equation is known. However,
in complex dam engineering, the explicit function relationship between performance functions and base
variables is generally unknown.
At present, the limit performance function of
the dam, which cannot be expressed explicitly, is
solved by constructing an approximate explicit expression of an implicit function to replace the real
risk rate with a risk ratio approximating the explicit
expression. A representative of this type of algorithm is response surface method, which has
achieved good results in solving nonlinear problems
in general engineering. However, for the limit state
performance function of higher degrees of nonlinearity of this type of engineering, such as in dams, the
response surface model has difficulty in reflecting
the real situation of the limit state surface in the form
of the function, the extraction of the test sample
point, and so on [3]. Consequently, the accuracy of
the failure probability will be greatly affected.
Therefore, the construction of the dam limit performance function must be further investigated for this
type of complex structure with high nonlinearity.
The risk rate analysis model cannot be predetermined when the performance function of dam structure is implicit or nonlinear. The current study attempts to solve this problem by using Latin hypercube sampling (LHS) to select the sample points, reconstructing the dam performance function through
a Kriging model; incorporating an improved HL-RF
optimization algorithm, and establishing a risk analysis model under the single-dam failure mode.

Majority of common dam risk analysis methods
based on reliability theory are conducted under an
assumption that the limit state equation is known.
However, in complex dam engineering, the explicit
function relationship between performance functions and base variables is generally unknown. That
is, the risk rate analysis model cannot be predetermined when the performance function of the dam
structure is implicit or nonlinear. To solve this problem, Latin hypercube sampling is adopted to select
the sample point, and a Kriging model is used to reconstruct the dam performance function. An HL-RF
optimization algorithm is established, and a risk
analysis model under a single-dam failure mode is
proposed. An engineering example shows that the
proposed method proposed can meet engineering requirements, thereby validating its effectiveness and
precision. The proposed method provides a new way
of solving a risk rate with a complex performance
function.


(&!"
Dam, risk rate, Kriging model, Latin hypercube test, HLRF algorithm

#!$#
The scale of dams is constantly growing, as evidenced in Xiaowan, Longtan, Xiluodu, Nuozhadu,
Jinping, Xiangjiaba, and Baihetan. The technical indexes of these projects have surpassed the existing
standards, indicating the need for stricter requirements for safety management [1, 2]. The dam system
is considerably complex. The physical parameters of
the material, structure, and foundation rock mass of
dams change over space and time. The natural environment conditions and possible factors that contribute to dam failure are uncertain. Data acquisition,
analysis, and evaluation of uncertain factors strongly
influence the dam monitoring system. Therefore,
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method, an appropriate mathematical model, such as
quadratic polynomial must be selected, followed by
determining the parameters to be estimated in the
model. When reconstructing the performance function, the Kriging model avoids the influence of the
established mathematical expression on the proposed performance function, uses the known sample
information, considers the correlation characteristics
of the variable in space, and establishes the approximate function to simulate the unknown information,
thereby remarkably simplifying the operation of
multivariable high-dimensional complex functions.
The reconstructed limit performance function
model can not only express the high complexity of
the structure performance function but also optimize
the sampling method in the traditional response surface method to simulate the fitting surface that is
more consistent with the real limit state surface.
Therefore, the selection of the sampling method and
the expression form of the response surface function
must be studied. In the following, the use of the
Kriging method for reconstructing the dam failure
implicit function and consequently calculating the
failure probability is discussed.

The traditional structural failure probability expression is a high-dimensional integral. Direct integral calculation is considerably difficult. The risk ratio can be calculated by  = φ ( − β ) , where 
is the failure risk rate, and β is the safety index,
which is also the reliability index[4-7]. In the geometric sense, the reliability index can be expressed
as the standard coordinate origin of the state space to
the limit state surface of the shortest distance, as
shown by length  in Figure 1. The point on the
corresponding limit state surface is the checking
point at this time. Regardless of the mathematical expression of the structural limit state equation, the description is the uniform surface as long as the mechanical or physical meaning is the same in a standard coordinate system, and only one point on the surface is closest to the coordinate origin. The obtained
reliability index, as well as the failure probability, is
unique. The result is related only to the limit state
surface and is independent of the mathematical expression of the limit state function. At present, response surface method is widely used for formulating the response surface in advance. In this approach,
a series of sample point fitting response surfaces are
generated by deterministic calculation, and a response surface is constructed based on a deterministic test to simulate the true limit state surface. Response surface method requires that the appropriate
mathematical model be selected in advance. A notable feature of this technique is it can use the sample
information to simulate a structure response under an
unknown state without selecting the original performance function. In the traditional response surface
*


!!!"#!$#
#$!$#
Kriging method [8, 9] assumes that the dam
failure performance function is

 =  (  ),

where

(1)

 = ( 1 , 2 ,...,  ) is an n-dimensional in-

put variable, which usually refers to the environment, dam material, size, load, or other variables.
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  (θ ,   ) = exp( −θ   2 ) .

When the original limit state function of the
dam is an implicit function or the degree of nonlinearity is high, the Kriging model can reconstruct its
performance function. The relationship between the
input and the output is as follows:

From a given linear combination
sponse value

ˆ = ˆ ( ) .

is

Y = ( 1 , 2 ,...,  ) .

ˆ

of the re-

Y = [ 1 ,...,  ] of the training


sample X for each variable of the dam, the response

(2)
The Kriging model consists of linear regression
and nonparametric parts[10, 11]. Given a set of training samples for each variable of the dam, the corresponding response value of the training sample

 = ( 1 , 2 ,...,  )

(8)

* is estimated by
ˆ ( * ) =  Y =  (  β +  ) ,
where  is the interpolation coefficient.
to any given point

(9)

The simulation error can be expressed as

In

ˆ (  ) −  ( * )
*

the Kriging model, the expression of the true failure
performance function of the unknown dam is as follows:

=  Y − (f  ( * ) β +  )

.

(10)

( ) =  (β , ) +  ( ) =  ( ) β + ( ) , 3
where   ( ) β is the linear regression;  ( ) is

=  (  β +  ) − (   (  * ) β +  )

the regression model, which provides the simulated
global approximation in space and reflects the dam

To ensure the unbiasedness of the simulation
process, the mean of the error must be zero; thus,

failure limit state surface;  ( ) is the stochastic
process, which provides the approximate local bias
of the simulation and reflects the deviation of the response (i.e., the deviation from the real function).
The nonparametric part of the stochastic process has the following characteristics:

(11)
From above, the mean variance of  can be obtained as



 (  ( )) = 0,

=   −  + (    −  ( * )) β

μ ( ˆ ( * ) − ( * )) = 0. Therefore,
   −  ( * ) = 0.

σ 2 ( * )

(4)

 (  ( )) = σ  ,

=  (  2 +     − 2  ),

(5)

( (  ), (   )) = σ 2 ⎡⎣ (θ ,  ,   )⎤⎦,

= σ 2 (1 +   − 2  )

(6)

where

2

where

 (θ , * ,  ) = ⎡⎣ (θ , * , 1 ), (θ , * , 2 ),..., (θ , * ,  ) ⎤⎦
is the correlation vector between the point to be
measured and the sample point.
The Lagrangian multiplier is introduced as follows[12]:
(, ω ) = σ 2 (1 +   − 2 r) − ω  (    −  )(13)

 and   are arbitrary interpolation points

in the training samples of the dam parameters;
the standard deviation of

σ

is

 ( );  θ     is the

correlation function containing parameter θ , which
describes the training samples of the variables that
affect the safety of the dam spatial correlation.
The correlation function  can be expressed
as follows:

The approximate response value of
measured can be solved as follows:

(14)
Substituting Equations (16) and (17) into Equation (12) yields

(7)

 =1

where

 =  − 

σ 2 ( * ) = σ 2 ⎡⎣1 + ξ  (   -1 )−1ξ −  -1 ⎤⎦,(15)

,  , and   represent the

th component of dam training samples

 * to be

ˆ ( * ) = f( * ) β * +  ( * ) δ *.



(θ ,  ,   ) = ∏  (θ ,  ) ,

(12)

where ξ =    −1  −  .
The predicted value and its variance at any
point can be obtained by Equations (14) and (15).
Parameter θ in  can be obtained by the likelihood estimation method that maximizes the response
value.

 and   ,

 is the number of known design
variables; and θ  is the constant parameter in the th
direction of the test sample. When all values of θ 
respectively;

are equal, the correlation function is an isotropic
model. The correlation function is typically constructed by the univariate kernel function. This function has many forms, of which the best is the Gaussian correlation function. The specific form of the
function is

σˆ 2 =
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The regression coefficient β of the failure
probability reconstruction model of the dam is related to parameter θ , which must be optimized in
the sample data. In this study, maximum likelihood
estimation method is used to solve the following
maximization problem:

where  = ( 1 , 2 ,...,  ) is the vector of the variables affecting the failure probability of the dam.
Each input variable  (  = 1, 2,...,  ) is com-

1
max(− ( (σˆ 2 ) + ( ))).
2

sample

pared with a distribution function  (  ), and the


(17)

lows.
First, the probability distribution function
 (  ) of the input quantity  is divided into 

Equation (17) is described as a minimization
function as follows:
1


min( (θ )) ⋅ (σˆ 2 ) .

{} of the input variable is selected as fol-



intervals
(18)

  , and an independent equal probability

sampling calculation is conducted in each small area.
The probability  of each interval is

Therefore, to obtain the optimal value of parameter θ , the construction problem of the Kriging
model is transformed into a nonlinear unconstrained
optimization problem. Parameter θ is determined
by the optimization process of a nonlinear function.
Assume that

 = (  ∈  ) .

(21)

In the interval center of gravity during the sampling process,  uniform distribution of random
numbers  in the 0–1 interval are generated, which
are transformed into the equal probability interval
random number as follows:

1

ϕ (θ ) = min( (θ ))  ⋅ (σˆ 2 ), (θ1 ,...,θ ,...,θ ) ,(θ ∈Ω)(19)


ϕ (θ ) is the degree of solution. The optimal solution with ϕ (θ ) as
where Ω is the solution space, and


(22)
+ ( − 1) / N ,

where  = 1, 2,...,  , and   is the random
 =

the evaluation criterion in Ω should be determined.
In Equation (19), a smaller value of ϕ (θ ) is preferred.
Compared with the traditional maximum likelihood estimation method, the genetic algorithm does
not need the gradient information and is suitable for
the parameter optimization of nonlinear multivariable problems [13, 14]. Therefore, the genetic algorithm is used to optimize parameter θ .

number of the th interval.

( − 1) /  <   <  /  , only
one value is generated in each  interval. After the
uniformly distributed random value   is obtained,
the  random numbers generated by the  subGiven that

intervals can be obtained by the inverse transformation of the probability distribution function as follows:
(23)
 = −1 (  ),  = 1, 2,..., k ,

".4.,<2767/<1.<:*26260;*584.8726<;The
Kriging reconstruction of the dam performance
function requires a certain amount of known information. A number of sample points must be selected
within the range of design space, and numerical tests
must be conducted. If the selection range of the sampling space is excessively large, the accuracy of the
model will be reduced. Conversely, the probability
of the greatest impact will be excluded from the sampling point outside the sampling space, thereby reducing the accuracy of the calculation. A typical test
sample is selected by a Latin hypercube design [15,
16], which is a hierarchical sampling technique. The
basic principle is as follows. When  samplings
are conducted, the probability of  random variables are divided into  intervals. For each variable,
the  samplings are in each of the small interval
separately. Then, the sampling points are equally
distributed throughout the whole random space.
Complex dam failure modes are assumed to have the
following mapping relationship: 
(20)
 =  ( ),

where −1 (⋅) is the inverse of the probability distribution function  (⋅) .
The representative parameters of each interval
are selected as follows:

 − 
,

 = −1 (   ),

 =
where



(24)
(25)

is the rank of the th analog range of

the input parameter

 , and 

is a random varia-

ble uniformly distributed in interval ( 0,1) . If
points

 test

( 1 ,...,  ) are chosen in the joint probabil-

ity density function space

(

)


 δ  δ = [ 0,1] , then

the average value of the joint probability density
function  in  test points is
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 (  ) =
where

1 
∑  (  ),
  =1

 = {1, 2 ,...,  }

the original space normal distribution random vector
 into the standard normal space U as follows:

(26)

 =

represents a sample

μ = F R r −f ,

(28)

1
σ = (Y − F β ) R −1 (Y − F β ) .


(29)

−1

2

where

If
then



∑
 =1

 (x) + ε

are the mean and standard devi(33)
;

;

and

β

can be ex-



⎧ μ
μ ⎫
 = ⎨− 1 ,..., −  ⎬ .
σ ⎭
⎩ σ1
In the standard normal space,
pressed as

β = min (u) u,st. (u) = 0 .

(34)

The HL-RF iterative method is commonly used
for solving this problem[17]. Compared with other
optimization algorithms, the HL-RF algorithm consumes less storage, requires less iterations, and is
less affected by the initial value.
Assume that u (  ) is the point of the th iteration in the standard normal space. According to the
geometric explanation of the reliability index β ,
the (+1)th iteration point
as

2

 (x) − ˆ (x)



⎧1 1
1⎫
 =  ⎨ , ,..., ⎬
σ ⎭
⎩σ 1 σ 2

(30)

u (  +1)

can be expressed

(35)
u (  +1) = β (  +1)s(  +1),
where β (  +1) is the distance from point u (  +1) to
the origin, and s (  +1) is the iterative direction.

 >.:*0.:.4*<2>..::7:

1
 =




 = (x) = (T −1 (u − B)) =  (u) ,
Where
u = Tx + B

  =5=4*<2>. >*:2*6,. -.<.,<276 The cumulative variance is used to estimate the accuracy of
the Kriging model, and the cumulative variance is
obtained by


1
 = ∑ [  ( ) − ˆ ( )] .
  =1

(32)

ation of the variables, respectively.

To guarantee the unbiasedness of the estimate,
the variance of the fitting model should be at its
smallest and greater than zero.



,

σ
μ  and σ 


point in the experimental design points.

7-.4.::7:<.;<The constructed model must
be tested to ensure the validity of the Kriging model
of the dam failure probability and to guarantee that
the model can be used as a substitute for the ultimate
performance function of risk rate analysis. This
study uses the following three test indicators to test
the effectiveness of the model:

  !77< 5.*6 ;9=*:. .::7: <.;< The mean
square error of the Kriging model at the prediction
point is
 =  (( ˆ (x) − (x))2 ) = σ 2 (1 + μ  (   RF)−1 μ − r R −1r), (27) 


 − μ 

(31)

In the HL-RF iterative method, the negative

u  on the limit state surface is selected as the iteration direction s (  +1) :
(36)
s(  +1) = −∇ (u (  ) ) .
gradient direction at point

( ) = 0, then ε = 0.01; if ( ) ≠ 0,

ε = 0.

For the general performance function, 4~6 iterations can typically be converged to the check point

!#!#%#!
#$!!"!##

* . However, for the nonlinear performance function, the negative gradient direction often results in
non-convergence. Rotational gradient method can
effectively solve the problem of HL-RF iteration.

After establishing the effective Kriging model,
the shortest distance from the measured point * to
the coordinate origin on the limit state surface should
be determined. By calculating the reliability index
β , the calculation of the risk rate is transformed
into an optimization problem of the shortest distance
in the normal space. Rosenblatt transformation transforms non-normal random variables into equivalent
independent normal random variables; it transforms

The direction of the negative gradient of point u  is
rotated by an angle ϕ , the size of which is deter-

−∇ (u (  ) ) and
direction s (  +1) is repre-

mined by the linear combination of

s( ) .

Then, the iterative
sented by the following formula:

s (  +1) = −∇ (u (  ) ) + μ s (  ) ,
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where

μ =

∇ (u (  ) )
∇ (u

(  −1)

)

optimal estimation model. Verify the accuracy of the
model by error checking.
c. Use the improved HL-RF optimization to
calculate the non-probabilistic risk rate.

2
2

is the rotation coeffi-

cient.
The limit state equation

 (u) = 0

is ex-

!'

The normal storage level of a reservoir is 812m,
and the dead water level is 765m. The normal storage
capacity is 21.749 billion m3; the dead storage capacity is 10.414 billion m3; the regulating capacity is
11.335 billion m3; and the storage capacity is 0.21.
The reservoir has undergone many years of regulation characteristics. The flood control limit of the
reservoir is 804m. The high water level of the flood
control is 810.69m (P=1%); the flood storage capacity is 2.002 billion m3; the design flood level of the
reservoir is 810.92m (P=0.1%); the check flood level
(PMF) is 817.99m; and the total reservoir capacity is
23.703 billion m3. The installed capacity of the
power station is 5850MW(9×650MW); the output is
2406MW; the average annual generating capacity is
23912   ⋅  ; and the installed capacity is
4088h.
The maximum dam height of the core wall
rockfill dam is 261.5 ; the crest elevation is
824.1m; the height of the wave wall is 825.3m; the
crest length is 627.87m; and the crest width is 18m.
The core wall upstream and downstream sides
are equipped with filter layers I and II. The transition
layers are arranged outside the filter layers. The
width of the two upstream filter layers I and II is 4m,
and that of the two downstream filter layers I and II
is 6m. The width of the transition layer is 10 m, and
the gradient of the upstream and downstream walls
is 1:0.2. The minimum foundation elevation is
560.0m; the upstream dam slope is 1:1.9; and the
downstream slope is 1:1.8.
The dam is a large (1) first-class project, and
the permanent main hydraulic structure is Grade 1.
The key building consists of a core wall rockfill dam,
a left bank open spillway, left and right bank spillway tunnels, a left bank underground water diversion, a power generation system, a ground subsidiary
plant, an outlet field and downstream revetment project, and other buildings. The dam material strength
parameters are shown in Table 1.

:2026057-.4+*;.-76<1.:2;37/26;<*+24
2<@,*4,=4*<276First, LHS is used. A total of 20, 60,
100, 200 samples are considered as training samples
in the range of each parameter, and the extracted
training samples  are substituted into the limit equilibrium equation of the simplified Bishop algorithm
to obtain the corresponding response values. The
Kriging model is established by the training samples
and the corresponding response values. The Kriging
model selects the Gaussian function as the variation 

panded at point u (  ) as a Taylor series, and the first
item is preserved, as shown as follows:

 (u (  ) ) + ∇ (u (  ) ) (u (  +1) − u (  ) ) = 0.

(38)
The explicit expression of the reliability index
can be obtained as follows:

β

(  +1)

∇ (u (  ) ) u (  ) −  (u (  ) )
.
=
∇ (u (  ) ) s(  +1)

(39)

Thus, the following iterative calculation formula is obtained:

u

(  +1)

∇ (u (  ) ) u (  ) −  (u (  ) ) (  +1)
=
s .
∇ (u (  ) ) s(  +1)

(40)

Therefore, the calculation procedure of the dam
failure risk rate according to spatial geometric interpretation is as follows.
(1) Transform the dam random variable from
the original space  into the standard normal space
.

u (0) as the origin
and the initial search direction s (0) as the negative
gradient direction at the mean u (0) .
(3) Calculate the first iteration point u (1) , and
determine the new iteration direction s (  +1) accord(2) Select the initial point

ing to the selection coefficient.
(4) Calculate the reliability index

β (  +1) .

(5) Calculate the new iteration point u (  +1) .
(6) Repeat Steps ( 3) to ( 5) until

u (  +1) − u (  ) < ε is satisfied, where ε is the
specified allowable error.
(7) According to  = φ ( − β ) , obtain the risk
of dam failure rate.
In summary, the steps of the Kriging model for
reconstructing the limit state function of the dam to
calculate the failure risk rate are as follows.
a. First, determine the random variables

 = ( 1 , 2 ,...,  ) that affect the failure probability of the dam, and use LHS to extract a certain number of samples as training samples  .
b. Take the extracted training sample  into
the implicit limit equilibrium equation and determine the corresponding response value. Construct
the Kriging model according to the training samples
and the corresponding response values. Complete
the performance function prediction on the initial
samples. Use the genetic algorithm to determine the
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# 
"<*<2;<2,*4<*+4.7/-*55*<.:2*426<.6;2>.8*:*5.<.:;
Mean μ

Standard
deviation σ

Variation
coefficient ρ

Distribution type

γ (kN / m3 )

20.6

0.778

0.038

Normal distribution

ϕ ( )

52.3

1.5

0.029

Logarithmic normal

(kPa)

186

1.0

0.091

Logarithmic normal

Strength indexes
Bulk density of
dam materials
Internal friction
angle of nonlinear
strength
Cohesion

# 
!.;=4<;,758*:2;767/:2026057-.4;?2<1-2//.:.6<<:*26260;*584.
LHS
sampling

θ1

θ2

θ3

MSE

EISE

Err/%

20

35

60

77

3.10

1.54

15.11

3.554

60

150

623

549

2.16

1.03

9.77

3.495

100

120

524

963

0.21

0.0045

0.81

3.292

200

5.25

9.63

11.2

0.17

0.0036

0.77

3.297

Reliability index

β

Risk ratio  

3.962 × 10−4
2.368 ×10−4
4.966 ×10−5
4.878 ×10−5





 =1

 =1

function. In view of anisotropy, for the variables, assume that 1 = γ , 2 = ϕ , and 3 = , respectively,

 =  (  ) = 0 + ∑   + ∑  2

and select different directional parameters

Expand the performance function according to
the Taylor series and retain its first item to calculate
the reliability index β .In the course of the experiment, the quadratic polynomial response surface
method was simulated by 120 times. The calculated
result is that the error is 9.79%, compared with the
Monte Carlo method. It can be seen that the Kriging
risk rate model based on HL-RF algorithm is superior to the traditional quadratic response surface
method in the calculation accuracy and calculation
times.

and

θ1 , θ 2 ,

θ3 . Then,
3

(θ  ,   ) = exp[(∑ −θ    2 ].

(41)

 =1

The optimization parameter

θ 

of the muta-

tion function can be obtained by the genetic algorithm.
By employing LHS, 20, 60, 100, 200 samples
are considered as training samples to be substituted
into the Kriging model. The results are shown in Table 2.

(42)

:20260 57-.47/ <1. ;<*+242<@ ,7.//2,2.6< 7/
-*5;478.;<*+242<@The stability coefficient of the
dam slope can be obtained using a simplified Bishop
algorithm. However, the influence of the random parameter variability on its stability is neglected in the
calculation process, leading to an inaccurate result.
In the following, the relationship between the stability coefficient and the risk of instability is studied
using the Kriging model to calculate the stability coefficient of the dam slope under the given target instability risk rate.
In the slope stability analysis, θ is defined as
the stability coefficient, as shown as follows:

Monte Carlo method is used to calculate 10 6
times as an approximate exact solution,

  = 4.893 × 10−5. As shown by the calculation results in Table 2, the number of samples is increased.
When the number of LHS samples reaches 100, the
result is close to the exact solution. The error is only
1.49%. At the same time, we use the second response
surface to establish the relationship between the stability coefficient and the parameters γ , ϕ ,  .Treat
parameters
as
random
variables

 = ( 1 , 2 ,...,  ) .The response surface is sim-

( ,θ ) =  (  ,θ )
  = −1 (φ ( ))

ulated by the quadratic polynomial without cross
term, and the response surface function is established:
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θ

where

⎧
⎪ ∂ ∂ ∂ ⎫
⎪ . The conver,
,
∇  = ⎨
⎬
⎪ ∂γ ∂ϕ ∂ ⎭
⎪
⎩
gence precision of  is   − β ≤ 0.001, and

is the design parameter, which is the sta-

where

bility coefficient; and X is the basic random variable, X = ( 1 ,  2 ,...,   ). The mean and standard

X are ( μ1 , μ2 ,..., μ ) and
(σ1 , σ 2 ,..., σ  ) , respectively;  is the standard

deviation

of

  −  −1 ≤ 0.001.
Therefore, under the given target reliability
level β  , only the initial value of  must be set,

normal random variable transformed by the basic
random normalization from

 = (1 , 2 ,...,  ) ;

 0 = ( μγ , μ , μϕ ) . Repeated iteration is applied

  is the non-normal cumulative distribution func-

  ; φ is the standard normal distribution
function; and  ( ) is the limit state function of
 (X) in the standard space.

in finding the variables

tion of

and

where

α

dom variable is set to
the

  sat-

  is substi-

tuted into the limit state equation. Given that it is
equal to 0, the design parameter θ = 1.933 is obtained. That is, the dam slope has an acceptable fail-

;

ure probability of

  = 4.893 × 10−5, which has a

corresponding stability coefficient of

 = 1.933 .

The results satisfy the stability requirement. If the
simplified Bishop algorithm is used, the calculated
stability coefficient is

(45)

 = 2.031. The reason for

(50)

the larger result is that the stability of stochastic parameters is not considered during the calculation.
When the slope failure risk rate is 4.66×10-3,
6.87×10-4, and 1.59×10-4, the target reliability indexes are 2.6, 3.2 and 3.6, and the stability coefficients calculated by the Kriging model are 1.532,
1.645, 1.759, respectively. When the other conditions are the same, the stability coefficient of the dam
slope is different at a different risk rate. A low risk
rate corresponds to a large stability coefficient. The
Kriging model not only considers the effect of parameter variability on stability but also identifies the
stability risk of slope stability and obtains the stability coefficient of slope under different risk rates.

(51)

$"

Using the fitting method of Kriging model in
Section 3.3.1 yields
,

(46)

( ,θ ) =  (  ,θ ) = 0, and

(47)

 = ˆ ( * ) = λˆ +  ( * ) −1 (Y −1λˆ).

(48)

The slope limit state performance function is
transformed into
 ( ,θ ) =  ( ) − θ = ˆ ( * ) = λˆ +  ( * )  −1 (Y − 1λˆ) − θ . (49)
According to Equation (50),

 = ( −β ⋅∇  ) / (∇  ⋅∇ )1/2.

of the limit state equation at the initial

isfying the precision is obtained, and

In Equation (44), the gradient vector of the random variable to the limit state equation can be obtained from the composite derivative method, that is,

β = min 

∇0 

 0 = (20.6,52.3,11.0) ,

point can be solved. After 10 iterations, the

 = (γ , ϕ ,  ).

⎧
⎪ ∂ ∂ ∂ ⎫
⎪
,
,
∇  = ⎨
⎬
⎪
⎩ ∂γ ∂ϕ ∂ ⎪
⎭

by Monte Carlo is

set as the target value, and the initial value of the ran-

⎣⎡  + ( + Δ  ) tan ϕ ⎦⎤ − θ ∑ ( + Δ  ) sin α 

α = cos α  (1 + tan ϕ tan α  / θ )

is substituted into Equation (49). If the

  = 4.893 × 10−5 calculated

 = (γ , ϕ , ), the simplified Bishop’s limit state
function in the case of any sliding surface is
 ( ,θ ) =  (  , θ )
(44)
1

meet the accuracy,

equation is 0, then the slope safety factor θ can be
obtained.
When
the
failure
risk
rate

In the following, by finding the unknown slope
stability coefficient θ , the risk rate calculated by
the limit state equation  ( ) is within the given
range.
Assuming the bulk density γ , soil friction angle ϕ , cohesion  , and random variables

=∑



  to

Therefore,

 = ( −β ⋅∇  ) / (∇   ⋅∇  )1/2,

To solve the problem in which the risk rate
model cannot be predetermined due to the high implicit or nonlinearity of the limit state function of the
dam structure, the method of selecting the training
sample points by LHS is proposed. Based on the
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training sample points and the corresponding response values, the performance function of the
Kriging model is reconstructed, and the limit state
function representation of the dam is improved. A
risk model under the single-dam failure mode is established combined with the improved HL-RF iterative calculation. The main conclusions are as follows.
(1) The proposed Kriging model avoids the influence of the given mathematical expression on the
proposed function in the reconstruction of the performance function. The relevant features of the variables in space are fully considered using the known
information, and an approximate function is established to simulate the unknown information. This
process remarkably simplifies the operation of the
multivariable.
(2) The HL-RF iterative method transforms the
calculation of the risk rate into the optimization
problem of the shortest distance in the normal space.
In comparison with other optimization algorithms,
the algorithm consumes less storage, has less iterations, and is less influenced by the initial value.
(3) Stability coefficients are calculated under
different risk rates using the Kriging model. When
the other conditions are the same, the stability coefficient of the dam slope is different at different risk
rates. A low risk rate corresponds to a large stability
coefficient. The Kriging model not only considers
the effects of parameter variability on stability but
also identifies the stability risk of slope stability and
obtains the stability coefficient of slope under different risk rates.
(4) In this study, only the single-failure mode
of the dam risk model is considered. The dam structure is complex, and the typical load combination of
the dam structure presents a common material resistance, which forms the correlation of the multimode failure. The model of the dam risk rate under
multiple failure modes must be further investigated.


&#"

=<17:76<:2+=<276;"<*<.5.6<All authors
named on the manuscript have made a significant
contribution to this work.
Xueqin Zheng contributed to the conception of
the study; Chongshi Gu and Xiao Fu contributed significantly to analysis and manuscript preparation;
Xiao Fu performed the data analyses and wrote the
manuscript; Huaizhi Su and Xiangnan Qin helped
perform the analysis with constructive discussions.
All authors reviewed the manuscript.


!!"
[1] Gu, C.S., Qin, D., Li, Z.C., Zheng, X.Q. (2013)
Study on Semi-Parametric Statistical Model of
Safety Monitoring of Cracks in Concrete Dams.
Mathematical Problems in Engineering.
2013(2), 831-42.
[2] Zhao, E.F., Li, J., Jiang, Y.F. (2014) The seepage
evolution law under the fault creep in right bank
of Longyangxia Dam. Engineering Failure
Analysis. 44, 306-14.
[3] Gomes, H.M., Awruch, A.M. (2004) Comparison of response surface and neural network with
other methods for structural reliability analysis.
Structural Safety. 26(1), 49-67.
[4] Yilmaz, M., Usta, A., Cakir, G., Kahveci, S.N.I.
(2015) The effects of land use type on soil erodibilty indices in Galyan-Atasu Dam Watershed,
Trabzon, N.E. Turkey. Fresen. Environ. Bull. 24,
1082-1090.
[5] Elishakoff, I. (2004) Safety Factors and Reliability: Friends or Foes? Springer Netherlands.
[6] Far, M.S., Wang, Y. (2016) Approximation of
the Monte Carlo Sampling Method for Reliability Analysis of Structures. Mathematical Problems in Engineering. 2016, 1-9.
[7] Koskan, O., Onder, E.G. (2016) Estimation of
missing value in analysis of variance; a simulation study. Fresen. Environ. Bull. 25, 2193-2204.
[8] Adhikary, S.K., Muttil, N., Yilmaz, A.G. (2016)
Ordinary kriging and genetic programming for
spatial estimation of rainfall in the Middle Yarra
River catchment, Australia. Hydrology Research. 47(6).
[9] Durdu, Ö.F. (2009) Spatial predictions of surface water quality based on general regression
neural network: a case study of the Büyük Menderes catchment, Turkey. Fresen. Environ. Bull.
18, 1603-1613.
[10]Kaymaz, I. (2005) Application of kriging
method to structural reliability problems. Structural Safety. 27(2), 133-51.

This work was supported by the Fundamental
Research Funds for the Central Universities (Grant
Nos. 2017B617X14, 2016B05323), Postgraduate
Research & Practice Innovation Program of Jiangsu
Province, National Key R&D Program of China
(Grant No.2016YFC0401601), National Natural
Science Foundation of China (Grant Nos. 41323001,
51479054, 51579086, 51379068, 51579083,
51579085), Jiangsu Natural Science Foundation
(Grant No.BK20140039), Research Fund for the
Doctoral Program of Higher Education of China
(Grant No.20130094110010), Project Funded by the
Priority Academic Program Development of Jiangsu
Higher Education Institutions (Grant No.YS11001),
Central University Basic Research Project (Grant
No.2015B20714).

3417

&%

# '  !    





 !#!$ "#"


[11]Bouhlel, M.A., Bartoli, N., Otsmane, A.,
Morlier, J. (2016) An Improved Approach for
Estimating the Hyperparameters of the Kriging
Model for High-Dimensional Problems through
the Partial Least Squares Method. Mathematical
Problems in Engineering. 2016(4).
[12]Song, J.T., Gu, C.S., Su, H.Z., Gu, H., Huang,
X.F. (2016) Observed displacement data-based
identification method of structural damage in
concrete dam. Engineering Failure Analysis. 66,
202-11.
[13]Kim, B., Su, Y.K. (2008) Use of neural network
method to characterize pressure controlled
charge density of silicon nitride films deposited
by PECVD. Applied Surface Science. 254(15),
4546-51.
[14]Chen, P.C., Chen, C.W., Chiang, W.L. (2008)
GA-Based Fuzzy Sliding Mode Controller for
Nonlinear Systems. Mathematical Problems in
Engineering. 2008(1), 267-90.
[15]Stein, M. (1987) Large Sample Properties of
Simulations Using Latin Hypercube Sampling.
Technometrics. 29(2), 143-51.
[16]Helton, J.C., Davis, F.J. (2002) Latin hypercube
sampling and the propagation of uncertainty in
analyses of complex systems. Reliability Engineering & System Safety. 81(1), 23-69.
[17]Keshtegar, B., Miri, M. (2013) An Enhanced
HL-RF Method for the Computation of Structural Failure Probability Based on Relaxed Approach. Civil Engineering Infrastructures Journal. 1(1), 69-80.

!.,.2>.-
,,.8<.-


   
   

!!"$#!

1760;12=
College of Water Conservancy and Hydropower
Engineering,
Hohai University,
Nanjing 210098 – China
e-mail: csgu@hhu.edu.cn

3418

© by PSP

Volume 27 ± No. 5A/2018 pages 3419-3424

Fresenius Environmental Bulletin

LEVELS OF CADMIUM AND LEAD IN CANNED MEAT
CONSUMED IN SAUDI ARABIA
Muhammad Waqar Ashraf1,*, Abdus Salam2
1

Department of Natural Sciences & Mathematics, Prince Mohammad Bin Fahd University, P.O Box 1664, Al Khobar 31952,
Kingdom of Saudi Arabia
2
Department of Chemistry, Rabigh College of Science and Arts, King Abdulaziz University, P.O. Box 344, Rabigh 21911,
Kingdom of Saudi Arabia

and processing steps, from the production units to
the points of consumption. Processing equipment,
storage and packaging containers are the points of
contact between food and metals and therefore, are
a significant source of metal contamination in food
[1]. Owing to the nutritional value, economic feasibility, diversity and facility of preparation, canned
meat and meat products are a popular food source
in most countries of the world. Thus, it is imperative to enhance the safety and protection of meat
products because of increasing demand of these
foodstuffs world over. In recent years, much attention has been focused on the levels of heavy metals
in fish, chicken, meat and meat products [2-7].
Heavy metals, particularly lead and cadmium, can
enter the body of cattle and sheep by eating fodder
and drinking water containing these heavy metals.
Furthermore, additives such as oil, salt, spices, preservatives can contain significant quantities of
heavy metals [8-9].
World Health Organization has declared that
even low levels, metals such as lead and cadmium,
can be fatal to human beings [10-11]. This is because of tendency of these metals to accumulate in
the living organisms. Lead, for example, bioaccumulates in plants and animals and its concentration generally magnifies in the food chain [12].
Cadmium has a long residence time in human tissue
(10-40 years), especially in the kidneys [13]. The
International Agency for Research in Cancer
(IARC), has categorized Cd as a group 2A carcinogen [2]. Similarly, Pb absorption may cause impaired cognitive development in kids, decreased
bone density and cardiovascular disease in adults.
Therefore, it is of extreme importance to monitor
the levels of lead and cadmium in popular foodstuff. The health risks associated with ingestion of
lead and cadmium are well known and the mechanisms of migration of these metals form foodcontainers are being investigated. There exist a
nonstop need to monitor and control possible
sources of lead and cadmium in food, and stuffs
used for food processing.
Considering the fact that the Eastern Province
of Saudi Arabia has a very high population density,
it is of interest to determine accurately the content
of lead and cadmium in the canned meat products

ABSTRACT
In the present study the levels of lead and
cadmium are reported in canned meat products collected from Eastern Province of Saudi Arabia. Both
metals were measured by graphite furnace atomic
absorption spectrometry (GFAAS). Mean concentrations of Cd in different varieties of meat analyzed varied between 3.5 and 5.46 μg/kg for beef;
3.8 to 5.8 μg/kg for chicken; 4.17 to 7.6 μg/kg for
mutton; 5.8 to 21.4 μg/kg for tuna; 14.9 to 23.96
μg/kg for sardine and 15.4 to 18.2 μg/kg for salmon. The mean concentrations of lead in analyzed
brands of meat varied from 29.72 to 84.86 μg/kg
for beef; 30.92 to 58.30 μg/kg for chicken; 36.95 to
78.62 μg/kg for mutton; 15.86 to 19.64 μg/kg for
tuna; 18.04 to 33.02 μg/kg for sardine and 23.60 to
37.30 μg/kg for salmon. Statistically significant
differences were found for the lead and cadmium
contents between the red meat and fish groups.
Provisional allowed weekly intakes (AWI) were
calculated for both metals. The daily intakes of lead
from consumption of any of the canned meat brands
studied ranged between 0.0316 to 0.1697 μg/kg
bw/week, whereas for cadmium it ranges between
0.008 to 0.048 μg/kg bw/week.

KEYWORDS:
Canned meat, Lead, Cadmium, Saudi Arabia, AWI

INTRODUCTION
There has been an increasing interest in evaluating the levels of heavy metals in food. The ingestion of food is an apparent means of exposure to
metals, not only because many metals are natural
components of foodstuffs but also because of environmental pollution and contamination during food
processing/packaging. Heavy metals such as lead
and cadmium are not only toxic, they are resistant
to biodegradability. Therefore, they can be very
harmful even at low concentration levels when ingested over a long period of time. Metals contamination of food can take place during the handling
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certified values. The results along with limits of
detection are given in Table 2.
Provisionally allowed weekly intakes (AWI)
of these metals from consumption of these commodities were evaluated using the following formula [2]:

which are consumed by the local population. Keeping in view above mentioned facts, the objectives of
this study were manifold; to analyses the lead and
cadmium content of canned meats and meat products sampled from mega cities of Eastern province;
to compare the measured concentrations with those
reported from other parts of the world and to estimate the Allowed Weekly Intakes (AWI) contribution in terms of lead and cadmium concentrations.

( MI u CM )
BWA

AWI ( Pg / Kgbw / day)

Where:
MI = mass ingested per day
CM = metal concentration in the product
BWA = body weight adult (70kg for a Saudi adult)

METHODOLOGY
Cans of different meat products were procured
from groceries, markets, supermarkets, hypermarkets and main food distribution networks, including
most popular markets in areas with high population
densities. Five popular canned meat brands were
selected, namely Panda (A), Goody (B), Halwani
(C), John West (D) and Riomare (E). After opening
each can oil/broth was drained off and meat was
homogenized thoroughly in a food blender. Samples were then subjected to digestion procedure
without delay. About 5 g of sample were digested
in quartz Erlenmeyer flask with 15 ml mixture (25
+ 25 + 1 v/v), of spectroscopic grade nitric: perchloric : sulphuric acids (E. Merck Germany) using
a hot plate at 150ƕC. Aliquots of nitric acid were
added gradually until a complete colorless solution
was obtained. After evaporation, the residue was
dissolved in 10 ml of water with 1ml of concentrated HCl at 100ƕC. Finally, the volume was made up
to 25 ml with water [14]. Cadmium and lead were
analyzed on stabilized temperature graphite furnace
atomic absorption spectrometer (GF-AAS Shimadzu AA-7000).
Obtained results were validated by spiking the
samples with various concentrations of both metals
for the recovery. The recoveries of the metals were
determined by adding increasing amounts of metals
to the samples which were then subjected to the
digestion procedure. The resulting solutions were
analyzed for the metal concentrations. The results
are reported in Table 1.
The accuracy and dependency of the analytical methodology was evaluated by means of trace
elements determination in a standard reference material (NIST-SRM 1577b bovine liver). The
achieved results were in fairly good agreement with

RESULTS AND DISCUSSION
The mean concentrations (μg/kg) of metals
along with range and standard deviation in the different brands of canned meat analyzed are given in
Table 3. It is interesting to note that the levels of Cd
and Pb varied significantly (p<0.05) between the
brands studied. The variations are shown in Figure
1. The differences in the concentrations may be
attributed to factors like differences in the source,
environmental situations and concentrations of
these metals within the meat varieties. The differences in the endogenous concentrations of metals in
these food types may have originated from the differences in feeding traditions, gender, age, physiology, and length of contact of the animal to the contaminated environment. In addition to the endogenous sources, contamination may arise from packaging procedure and additives like seasonings, oil
and soup used during canning process. Average
concentration of Cd in different varieties of meat
analyzed varied between 3.5 and 5.46 μg/kg for
beef; 3.8 to 5.8 μg/kg for chicken; 4.17 to 7.6 μg/kg
for mutton; 5.8 to 21.4 μg/kg for tuna; 14.9 to 23.96
μg/kg for sardine and 15.4 to 18.2 μg/kg for salmon. It is clear that cadmium levels are on the higher
side for canned fish as compared to meat. This may
be attributed to the fact that as a result of long term
exposure, fish tend to accumulate more heavy metals as compared to animals. According to the Codex
Committee for Food Additives & Contaminants
(CCFAC 2001) the allowed limit for cadmium in
food is 50 μg/kg [15]. The concentration of cadmium in canned sardine from Nigeria was much higher (44 μg/kg) than the present study [2].

TABLE 1
Data pertaining to average standard addition recoveries (μg/g)
Metal
μg/g added
μg/g recovered

Cd
5
4±2

3420

10
8±2

Pb
5
4±2

10
9±1
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TABLE 2
Metal levels in SRM NIST 1577b, recoveries and limits of detection (μg/g)
Metal
Pb
Cd

Certified Value
(μg/g)
0.129
0.5

Our Value (μg/g)

Recovery (%)

0.126±0.02
0.48±0.04

97.6
96

LoD
(μg/kg)
0.098
0.092

FIGURE 1
Levels of Pb and Cd in different varieties of canned meat
TABLE 3
Levels (μg/kg) of lead and cadmium along with relevant statistical parameters for the selected brands of
canned foods
Brands
Metals
Range
Luncheon
Beef

Mean±SD
Range

Luncheon
Chicken

Mean±SD
Range

Luncheon
Mutton

Canned
Tuna

Canned
Sardine

Canned
Salmon

Mean±SD
Range
Mean±SD
Range
Mean±SD
Range
Mean±SD

A

B

C
Cd
2.3 7.5

D

Pb
19.9 45.5

Cd
2.8 6.5

29.72 +
10.14

4.3 +
1.64

19.5 95.3

2.5 5.4

Pb
33.2 87.5
57.22
+
21.68
26.5 33.8

37.36 +
32.46

3.86 +
1.28

30.92
+ 3.31

3.8 +
1.30

56.3 98.3

3.5 5.6

41.8 71.2

2.3 6.3

Pb
65.4 102.5
84.86
+
15.30
16.2 64.5
46.34
+
21.09
29.8 44.2

78.62 +
18.60

4.65 +
0.97

55.4 +
12.17

4.17 +
1.93

36.95
+ 5.88

6.22 +
2.15

16.5 22.3
19.64 +
2.27
14.6 22.6
18.04 +
3.25
15.2 42.5
27.8 +
11.35

4.3 6.5
5.82 +
0.87
17.3 29
22.42
+ 4.60
14.8 24
18.2 +
3.63

11.6 18.4
15.86
+ 2.66
14.7 27.6
19.8 +
5.25
26.8 33.5
30 +
2.40

3.9 8.3
5.86 +
1.60
12.5 26
17.94 +
5.01
12.8 24
17.04 +
4.29

14.6 20.6
17.6 +
2.68
17.5 32.5
23.32
+ 6.77
19.3 36.2
26.14
+ 7.05

9.6 25.3
16.6 +
5.98
8.0 19.0
14.9 +
4.56
10.9 28.3
16 +
7.08

4.84 +
2.35
2.6 5.8

3421

E

Cd
1.8 7.5

Pb
22.9 56.7

Cd
2.4 5.2

Pb
55.6 98.5

Cd
2.5 9.5

3.92 +
2.42

35.5 +
12.7

3.5 +
1.07

73.72 +
16.52

5.46 +
2.53

2.7 6.4

25.9 77.5
50.58
+
20.72
33.2 66.9
53.67
+
14.41
12.3 23.5
18 +
4.08
24.3 45.6
33.02
+ 7.85
19.5 27.3
23.6 +
3.76

2.5 6.3

25.8 92.1

1.9 9.2

4.2 +
1.61

58.3 +
29.59

5.08 +
3.00

5.6 9.3

29.5 77.3

2.9 7.6

7.6 +
1.67

49.25 +
22.24

5.12 +
2.03

14.9 23.3
18.28
+ 3.41
14.9 24.9
18.94
+ 3.66
10.5 19.6
15.46
+ 3.49

13.6 21.6
18.2 +
2.96
16.8 34.2
24.2 +
7.07
22.8 56.3
37.3 +
13.44

15.8 26.3
21.44
+ 3.99
19.6 28.6
23.96
+ 3.43
12.3 19.6
16.36
+ 3.15

4.2 +
1.61
3.5 8.7
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TABLE 4
Allowed Weekly Intakes (AWI) for the local population (μg/kg bw/week)
A
Luncheon
Beef
Luncheon
Chicken
Luncheon
Mutton
Canned
Tuna
Canned
Sardine
Canned
Salmon

B

C

D

E

Pb

Cd

Pb

Cd

Pb

Cd

Pb

Cd

Pb

Cd

0.0594

0.0086

0.1144

0.0097

0.1697

0.0078

0.0710

0.0070

0.1474

0.0109

0.0747

0.0077

0.0618

0.0076

0.0927

0.0084

0.1012

0.0084

0.1166

0.0102

0.1572

0.0093

0.1108

0.0083

0.0739

0.0124

0.1074

0.0152

0.0985

0.0102

0.0392

0.0116

0.0316

0.0117

0.0352

0.0332

0.0360

0.0366

0.0364

0.0429

0.0360

0.0448

0.0396

0.0359

0.0466

0.0298

0.0660

0.0379

0.0484

0.0479

0.0556

0.0364

0.0601

0.0341

0.0523

0.0320

0.0472

0.0309

0.0746

0.0327

TABLE 5
International comparison of the present data (μg kg-1)
Cd (μg kg-1) Pb (μg kg-1)
3.8
37.3
3.9
77.1
4
50
<5
< 10-20
6
40
1,22
1,35
70
530
10
119
186
324
1
<5
<1
< 16
<1
< 14
1,8
< 14
35,7
14,7
1,3
13
277
52
N.D.
10
N.D.
6
40
0.74

Country
KSA
Iran
Slovenia
Poland
Poland
Spain
Iraq
Iraq
Croatia
Swedish
Denmark
Denmark
Denmark
Spain
Finland
Chile
Finland
Finland
Turkey

Meat Type
Beef, Mutton, Fish, Chicken
Beef
Beef
Chicken
Beef
Mutton
Beef
Chicken
Fish
Beef
Beef
Chicken
Mutton
Beef
Beef
Fish
Beef
Chicken
Chicken

Reference
This Work
[5]
[16]
[17]
[18]
[19]
[20]
[20]
[21]
[22]
[23]
[23]
[23]
[24]
[25]
[26]
[27]
[27]
[7]

The maximum lead concentrations which are allowed in meat from different animals are regulated
by the EU Directive 466/2001, according to which
the allowed levels for lead are 100μg/kg. The levels
of lead measured during the present study are within acceptable limits.
Ingestion of heavy metals from food consumption is dependent upon two factors; the metal
concentration in food and the quantity of food consumed. In this study, we also attempted to evaluate
possible health threats from the consumption of
canned meat in Saudi Arabia. Allowed weekly intakes were calculated with mean concentration values of meat consumed per week and average body
weight of 70 kg. The results in Table 4 show allowed weekly intake for a 70kg adult Saudi person

The mean concentrations of lead in analyzed
brands of meat varied from 29.72 to 84.86μg/kg for
beef; 30.92 to 58.30 μg/kg for chicken; 36.95 to
78.62 μg/kg for mutton; 15.86 to 19.64 μg/kg for
tuna; 18.04 to 33.02 μg/kg for sardine and 23.60 to
37.30 μg/kg for salmon. The highest mean concentration of lead in analyzed samples was observed in
sample C for luncheon beef (84.86μg/kg). Data
trend showed that Pb concentrations are higher in
red meat products (mutton and beef) as compared to
fish. In addition to the endogenous contents in these
samples, other possible sources of Pb contamination include leaching of lead from soldering of cans
and processing procedures applied. The concentration of lead in canned sardine and tuna were comparable to the ones reported elsewhere (Table 5).
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[6] Caglar, M., Ozgur C. (2016) Assessment of
some heavy metals in canned fishes for human
health. Fresen. Environ. Bull. 25, 4157±4162.
[7] Ercan, K. and Ayhan F. (2011) Determination
of metal levels in the muscle tissue and livers
of chickens. Fresen. Environ. Bull. 20, 2896 2901.
[8] Okyere, H., Voegborlo, R.B. and Agorku, S.E.
(2015) Human exposure to mercury, lead and
cadmium through consumption of canned
mackerel, tuna, pilchard and sardine. Food
Chemistry. 179, 331±335.
[9] Shiber, J.G. (2011) Arsenic, cadmium, lead and
mercury in canned sardines commercially
available in eastern Kentucky, USA. Marine
Pollution Bulletin. 62, 66±72.
[10] World Health Organization (WHO) (2000)
Lead. In: Safety evaluation of certain food additives and contaminants. Fifty-third meeting
of the Joint FAO/WHO Expert Committee on
Food Additives (JECFA). Geneva: WHO Food
Additives Series. 44, 273±312.
[11] World Health Organization (WHO) (2001)
Cadmium. In: Safety evaluation of certain food
additives and contaminants. Fifty-fifth meeting
of the Joint FAO/WHO Expert Committee on
Food Additives (JECFA). Geneva: WHO Food
Additives Series. 46, 247±305.
[12] Halliwell D., Turoczy N. and Stagnitti, F.
(2000) Lead concentrations in Eucalyptus sp.
in a small coastal town. Bulletin of Environmental Contamination and Toxicology. 65,
583±590.
[13] Rubio, C., González-Iglesias, T., Revert, C.,
Reguera, J.I., Gutiérrez, A.J. and Hardisson, A.
(2005) Lead dietary intake in a Spanish Population (Canary Islands). Journal of Agricultural
and Food Chemistry. 53, 6543±6549.
[14] Ashraf, W., Seddigi, Z., Abulkibash, A. and
Khalid, M. (2006) Levels of selected metals in
canned fish consumed in Kingdom of Saudi
Arabia. Environmental Monitoring & Assessment. 117, 271±279.
[15] CCFAC (Codex Committee on Food Additives
and Contaminants) (2001) Comments submitted on draft maximum levels for lead and cadmium. Agenda 16c/16d, Joint.
[16] Doganoc, D.Z. (1996) Lead and cadmium concentrations in meat, liver and kidney of Slovenian cattle and pigs from 1989 to 1993. Food
Additives and Contaminants. 13, 237±241.
[17] Falandysz, J. (1991) Manganese, copper, zinc,
iron, cadmium, mercury and lead in muscle
meat, liver and kidneys of poultry, rabbit and
sheep slaughtered in the northern part of Poland, 1987. Food Additives and Contaminants.
8, 71±83.

consuming 20 grams of canned meat (on average)
per day. The daily intakes of cadmium from consumption of any of the studied canned meat brands
range between 0.008 to 0.048 μg/kg bw/week. Accordingly a higher intake is expected by consuming
canned sardine corresponding to sample E followed
closely by sardine corresponding to sample A. The
European Food Safety Authority [6] has set AWI
for Cd as 2.5 μg/kg bw/week. The daily intakes of
lead from consumption of any of the canned meat
brands studied ranged between 0.0316 to 0.1697
μg/kg bw/week. This indicated a higher intake by
consuming luncheon beef corresponding to sample
C, followed closely by luncheon mutton corresponding to sample A. The recommended daily
intake for Pb is set at 25 μg/kg bw/week [2]. It was
found AWIs for Cd and Pb were below their provisional tolerable daily intake or their recommended
daily intakes. Therefore, it can be concluded that no
long term health hazard from consumption of the
meat varieties studied. However, regular monitoring of these products is required to caution against
any long term health hazard.
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A pot experiment was conducted to assess the
fertilizer value of ten digestates obtained from typical agricultural substrates (DA), and with the addition of waste from the agri-food industry (DW). The
test plant was maize. The digestates obtained from
typical agricultural substrates contained more N, P
and Cu, and the digestates from co-fermentation of
farm residue with organic industrial waste contained
more K, Mg, Ca, Zn, Fe and Mn. The heavy metals
present in the digestates did not exceed (except iron)
their respective amounts found in unfermented pig
slurry. The maize-growing experiment proved the
positive effect of digestates on maize yields, which
were more than three times as high in the DAfertilized combinations (mean 377.45 g f.m./pot) and
more than twice as high in the DW-fertilized combinations (mean 223.25 g f.m./pot) as in the control
combination (105.25 g f.m./pot). It is concluded that
the tested digestates can be recommended for agricultural use, but their fertilizer value will depend
mainly on their nitrogen content. When assessing the
fertilizer value of digestates, the important issue is to
focus on balancing the potassium dose introduced
into the soil with the digestate rather than concentrating only on nitrogen or the monitoring of heavy metals content.



[2]. The utilization of digestate is an extremely difficult issue, which inhibits to some extent the development of agricultural biogas plants. Biogas plants
do not only serve a function of producing the renewable energy but are also a place where it is possible
to utilize organic waste, mainly from the agri-food
industry [3, 4, 5]. On the one hand, this has a positive
effect on the environment by limiting the negative
impact of organic waste storage, but, on the other
hand, it exacerbates the problem of utilizing the digestate produced by the biogas plant. The simplest
method of utilizing the digestate is to apply it to arable land [6]. According to literature data, the use of
digestate significantly increases crop yields, which
are comparable to or even higher than those obtained
by fertilization with mineral or organic fertilizers [7,
8, 9, 10]. The high fertilizer value of DG is due to
the significant proportion of nutrients in the forms
that are readily-available to plants [11, 12]. Tampio
et al. [13] report that the share of available forms of
phosphorus in its total content in DG ranges from 30
to 70%. In the case of nitrogen, the ammonia content
is about 70% in total nitrogen (NT) [7]. Despite the
many advantages of DG, its application may involve
significant emissions of ammonia, which is facilitated by the high NH4+-N content and an alkaline reaction (pH) [14, 15]. According to Zeng et al. [16],
composting can be an effective way of reducing NH3
emissions from DG. The compost obtained from DG
is characterized by a high fertilizer value, but its production requires the addition of materials with a high
carbon content, which generates additional costs [17,
18]. Depending on the substrates used, elevated levels of heavy metals may occur in the digestate, which
may disqualify it for use as fertilizer [7, 19, 20]. An
example of this are digestates produced by fermenting vegetable waste with waste-activated sludge,
which, according to Tampio et al. [13], should not be
used for fertilization purposes. High concentrations
of heavy metals especially occur in the digestates obtained from municipal organic waste [21]. Therefore, when selecting substrates for biogas production, their impact on the physico-chemical properties
of the digestate should be analyzed in detail so that
it will not require treatment prior to agricultural use
[7, 22].

*)"$%
Anaerobic digestion, digestate, digestate utilization, fertilizer value
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Anaerobic digestion is a widely used method
for the treatment of various organic waste materials
[1]. The agricultural biogas market developing in
European countries generates large volumes of liquid digestate (DG), which is produced as a by-product of the methane fermentation process. It consists
of the biomass of microorganisms that carry out the
fermentation process, unfermented organic matter
and considerable amounts of mineral compounds
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9,7C>4.,780>3:/=Samples of the pig slurry
and digestates were dried at 105°C, homogenized,
and mineralized with HNO3, H2O2 and HCl using a
Model DK 20 digestion unit (VELP Scientifica, Usmate, Italy). The vanadomolybdophosphoric method
with a Genesys 10 UV-VIS spectrophotometer
(Thermo Electron Corporation, Madison, USA) was
used for colorimetric determination of the phosphorus content of the samples. The concentrations of K,
Ca, Mg, Cu, Zn, Fe, Mn in the samples (in d.m. - dry
matter) were measured using an atomic absorption
spectrometer (Thermo Elemental, Cambridge, UK).
The N content of the slurry and digestates (in f.m. –
fresh matter) was measured using the Kjeldahl
method with a Vapodest analyzer model VAP 30
(Gerhardt, Bonn, Germany). The dry organic matter
(DOM) content of the digestates and pig slurry was
measured in accordance with the Polish standard
PN-Z-15011-3:2001 after roasting samples at 550°C
in a muffle furnace model FCF 12SHM (Czylok, Jastrzębie Zdrój, Poland). The pH-values of the digestates and slurry were measured by the potentiometric
method using a pH meter (Schott, Mainz, Germany).
Air-dried samples sieved through a sieve with Ø2
mm mesh were analyzed for: the amounts of available forms of phosphorus (P) and potassium (K) extracted in 0.01 mol/L CaCl2 with a soil/extractant ratio of 1:10 (P was determined colorimetrically using
a Genesys 10 UV spectrometer, K by AAS using a
SOLAAR atomic absorption spectrometer); the
amounts of available forms of magnesium (Mg) by
AAS after extraction in 0.0125 mol/L CaCl2 with a
soil/extractant ratio of 1:10; the amounts of available
forms of Zn, Mn, Cu and Fe in soil using the AAS
method after extraction in 1 mol/L HCl with a
soil/extractant ratio of 1:10. 
Statistical analyses were carried out using the
Statistica PL 12.0 software (Tulsa, USA). The data
were subjected to ANOVA and the differences between means were determined according to Tukey’s
test (P < 0.05).


In most European countries, digestate produced
in agricultural biogas plants can be applied directly
to the field. Therefore, it is currently a very important challenge to broaden the knowledge on the
physico-chemical properties of digestate and its effects on the yield and chemical composition of crop
plants, as well as on the properties of the soils fertilized with it. Assessment of the fertilizer value of digestate is not easy because its chemical composition
varies depending on the substrates used in the biogas
plant. This is particularly important in biogas plants
fermenting waste products from the agri-food industry because their type and quantity used in the plant
change during the annual production cycle. With the
growing problems of digestate utilization in mind,
the aim of this work was to evaluate the usefulness
of 10 digestates obtained from various substrates
(typical farm residue and waste from the agri-food
industry) for use as fertilizers.


&$%! &"%

#:>0B;0<4809>This study was conducted in
the experimental greenhouse of the Warsaw University of Life Sciences. The soil was collected from the
0-25 cm soil layer of the long-term fertilization experiment carried out since 1923 in Skierniewice
(Central Poland). The soil is Luvisols [23] of the
loamy sand type with the following fractions in the
0-25 cm layer: sand (> 0.05 mm) ± 87%, silt
(0.002±0.05 mm) ± 5%, clay (< 0.02 mm) ± 7% [24].
The soil (7 kg) was placed in pots after the application of 10 different digestates and pig slurry, or without fertilization (control treatment). The digestates
used in the experiment were produced as a result of
methane fermentation in multi-chamber biofermenters conducted at the Poznań University of Life Sciences [25]. Five digestates (DW1-DW5) from farm
and agroindustrial residues and five digestates
(DA6-DA10) from farm residues only were tested.
The types of substrate used during anaerobic digestion are shown in Table 1. In the experiment, the
same volumetric doses of digestates and pig slurry
(150 mL per pot) were used to determine their fertilization effectiveness, assuming that the application
cost per field would be the same. With the designated
volumetric dose, comparable amounts of organic
matter were introduced into each pot, i.e. 9.99-10.09
mg DOM (dry organic matter) per pot. During the
experiment, constant soil moisture was maintained
(60% water-filled pore space). Each treatment was in
4 replications. Maize plants were cultivated in the
experiment. The plants were cut down after 95 days
of vegetation and the yields were measured. Soil
samples were taken from each pot for analyses.

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

The type of substrates used for biogas production determines the physico-chemical properties of
digestate [10]. The variation in the composition of
the tested digestates was expressed by the coefficient
of variation () (Table 2). Comparing separately
the two groups of digestates (DW and DA), it can be
stated that the concentrations of N (g/kg f.m.), P and
K (g/kg d.m.) were less varied when only substrates
of agricultural origin (DA) were used for anaerobic
digestion. The respective coefficients of variation
were: N 15.1%, P 15.0%, K 10.5%. For comparison,
in the digestates where organic waste was used for
fermentation (DW), there was a higher variation in
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& 
%?-=><,>0=?=0/1:<,9,0<:-4./420=>4:9
Substrates

1
+
+
+

Pig slurry
Beet pulp
Cereal distillate
Potato pulp
Crude glycerine
Technical glycerine
Refined glycerine
Maize silage
Rye silage
Grass silage
Waste cereal
1
2

DW1
3
+

2
+
+

+
+
+

+

4
+
+

+

5
+
+
+

6
+

DA2
8
+

7
+

9
+

10
+

+
+
+

+
+

+

+
+

+
+

+

DW – digestates obtained after digestion of farm and agro-industrial residues,
DA – digestates obtained after digestion of farm residues only.


& 
#3C=4.,7,9/.3084.,7;<:;0<>40=:1/420=>,>0=,9/;42=7?<<C
420=>,>0

;

DW1
DW2
DW3
DW4
DW5
0,9
 
DA6
DA7
DA8
DA9
DA10
0,9

 
%7?<<C

7.0
6.9
6.9
6.9
6.9
 
 
7.4
7.4
7.4
7.4
7.4
 

 
7.5

/8
[%]
8.7
8.4
8.4
8.6
9.0

 
8.4
8.4
8.4
8.3
8.2
 
 
 
8.4

" 
[g/kg d.m.]
769.8
796.4
800.1
782.4
743.6

 
796.8
795.1
801.1
803.6
812.6
  
 

800.1

!
[g/kg f.m.
1.55
1.40
1.48
1.39
2.65

 
4.48
5.70
3.87
4.97
3.98

 

3.34

#
12.11
8.16
9.52
11.25
7.60
 
 
13.73
11.16
10.05
9.46
9.64
 
 
 
6.43


2
[g/kg d.m.]
65.32
4.56
72.68
3.16
78.25
5.93
87.36
2.52
89.16
4.11

 
 
  
69.12
1.71
64.12
2.85
62.89
2.21
53.20
0.84
53.78
1.21
  

 
 
 

28.71
1.86

,

+9

31.25
28.86
17.16
24.64
32.16
 

1.77
8.11
7.71
2.22
4.67
 
 

9.71

165.16
172.32
180.98
220.16
160.21


121.18
116.85
136.05
86.57
85.16
 
  
  
392.86

?
0
[mg/kg d.m.]
20.12
720.15
18.16
680.16
25.85
520.59
15.98
659.07
22.11
690.36
 
  
 
 
39.46
423.72
49.61
380.24
47.61
401.06
10.51
329.76
15.76
296.16

 


 
 
177.86
259.58

9
180.02
170.12
98.95
120.62
160.13

 
74.68
80.12
83.49
56.01
62.18
  
 
 
228.29

from the agri-food industry had contributed to the
lowering of the pH. The pH value of the DWs was
6.9-7.0, while those of the DAs 7.4. The nitrogen
content of the DAs (3.87-5.70 g N/kg f.m.) was on
average almost three times as high as that of the DWs
(1.39-2.65 g N/kg f.m.), which may be indicative of
their higher fertilizer value. The lower nitrogen content of the DWs may be due to the fact that they resulted from co-fermentation of substrates supplemented with glycerine, which is composed of only
carbon, hydrogen and oxygen [26]. The higher pH
and higher nitrogen content may indicate that in the
case of DAs there is a greater risk of nitrogen losses
in the form of NH3 emissions during storage and
field application [15]. From the point of view of fertilizer value, of importance, apart from nitrogen, are
also the amounts of other macroelements, i.e. P, K,
Mg and Ca. The obtained results show that in the digestates obtained from typical agricultural substrates
(DA), only the phosphorus content was higher (mean
10.8 g P/kg d.m.) than in those obtained after co-fermentation with industrial organic waste (DW) (mean
9.7 g P/kg d.m.). The concentrations of K, Mg and

these parameters ( for N 29.1%, for P 18.3%, and
for K 11.7%). Considerable differences between the
different digestates occurred for Mg and Ca, especially in the case of DAs, where  for Mg was 41%
and for Ca 55.6%. The high variation in the chemical
composition of digestate hinders the development of
uniform fertilization recommendations that would
make its application to the field easier for farmers. It
would therefore seem necessary to search for methods of standardizing the composition of digestate.
Previous studies by the authors had shown that in
terms of chemical composition the most stable were
digestates in the form of granules [2]. The coefficients of variation of the nitrogen content of the
granulated products obtained from different digestates ranged from 1.4 to 2.7%.
Regardless of the type of substrate used for anaerobic digestion, the tested digestates were characterized by a similar dry matter content (mean 8.47%)
and dry organic matter content (mean 790.2 g/kg
d.m.) (Table 2). The remaining parameters, as previously mentioned, showed considerable variation
among the DGs (Table 2). The addition of waste
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Ca were higher in the DWs than in the DAs, respectively by 29, 130, and as much as 440%. The much
higher magnesium and calcium concentration in
DWs improves the equivalence ratio of K : (Mg +
Ca), which in this case was 1.2 : 1 (for comparison,
in the DAs this ratio was about 6.3 : 1).
For heavy metals (Zn, Cu, Fe, Mn), it was
found that the addition of industrial organic waste
had increased the concentrations of Zn, Fe and Mn
in the digestates. On average for DW1-DW5, the
concentration of Zn was by about 65%, Fe by 78.6%,
and Mn by as much as 105% higher than the average
concentration of these elements in DA6-DA10. In
the case of copper, the relationship was reversed, i.e.
there was about 59% more Cu in the DAs than in the
DWs. Despite the confirmed presence of heavy metals in the tested digestates, this is not an argument
that excludes the possibility of them being used for
fertilization purposes because the amounts of heavy
metals in them were lower than in the pig slurry (Table 2). Only the iron content on average for DW and
DA (510.13 mg Fe/kg d.m.) was higher by about
250.5 mg Fe/kg d.m. than in the slurry (259.58 mg
Fe/kg d.m.). The high concentrations of Zn, Cu and
Mn in pig slurry are due to the fact that they are
added to the feed for pigs in order to increase the
meat yield. Therefore, if the addition of pig slurry is
used for anaerobic digestion, the presence of these
metals in the digestate should be expected, but, as
proved by relevant studies, their amounts are smaller
than in raw pig slurry. In the literature, we can find
reports that the use of digestate for fertilization is a
method of reducing the amounts of Zn, Cu, Mn introduced into the soil with pig slurry [27, 28]. According to Montemurro et al. [29] potentially toxic
elements in the digestates did not limit their use as
soil amendments, in the mid-term period.
Based on the pot experiment, it was found that
the use of digestate increased maize yields, and the
type of digestate was a factor determining their size
(Table 3). Significant yield-forming action of digestate had also been demonstrated by Šimon et al. [9],
who justified it on the grounds that this was due to
the high proportion of the available forms of nutrients in the digestate. Lošák et al. [30] report that the
yield-forming potential of digestate is stronger when
it is used together with mineral phosphate fertilizers.
As a result of our research, we found that the mean
yield of maize fertilized with the DA digestates
(377.5 g f.m./pot) was more than 3 times as high and
that obtained with the DW digestates (223.2 g
f.m./pot) more than twice as high as that in the control treatment (105.2 g f.m./pot). The yields from the
pots fertilized with DAs were comparable to those
resulting from the use of pig slurry (347.7 g
f.m./pot), whereas the yields of plants fertilized with
DWs were about 35% lower than for the slurry treatment. The results obtained correspond with the literature data, although the differences obtained between the fertilizer combinations were not the same

as those reported in the literature. Nkoa [20] reports
that the yields of plants fertilized with various digestates can be higher by about 30-70% in comparison
with mineral or organic fertilizers. The size of the
maize yields obtained in our experiment was largely
determined by the amount of nitrogen applied with
the different digestates and slurry. As expected,
larger yields were achieved with the use of larger
amounts of nitrogen with digestate, as described by
the regression equation: yield = 141.8095 + 0.3350
Ndose (R2 = 78.2). The fertilizer value of new products on the market can be assessed by comparing the
yields obtained after applying the same dose of a natural fertilizer and the product being assessed [20].
With this in mind, a constant dose of 150 mL DA,
DW and slurry was used to determine the extent to
which DA and DW could replace the slurry, assuming the cost of applying these products was the same.
The obtained results indicate that DA digestates can
substitute for pig slurry. If the biogas plant uses substrates low in nitrogen compounds, as exemplified
by glycerine, which does not contain nitrogen at all,
the digestate will have a lower fertilizer value. Consequently, for a digestate to be able to replace pig
slurry it will be necessary to increase its dose per 1
ha, which, unfortunately, will increase the cost of
fertilizing the field. It should also be noted that with
a low nitrogen content and simultaneously high potassium content of the digestate, calculating the dose
of digestate based on the amount of nitrogen that is
introduced, i.e. 170 kg N/ha, can lead to over-fertilization of the field with potassium. We are dealing
with such a situation in the case of the tested DW
digestates, where with a dose of 100 t/ha (= 170 kg
N/ha) and an average K content of DW of about 6.8
g K/kg f.m. we will introduce as much as 600 kg K
into the soil.
The digestate application has a significant effect on the chemical composition of crops [31]. Detailed analysis showed that the amounts of basic
macroelements were higher in the biomass collected
from the pots fertilized with the digestates by approx. 101% for N, 61.5% for K, 43% for Mg and
27% for Ca than in the control (unfertilized) maize
plants (Table 3). Regression analysis showed a significant correlation between the doses of potassium,
calcium and phosphorus introduced with digestate
into the soil and their respective amounts in the plant
(Table 4). However, it should be noted that for the
pots fertilized with the digestates the average phosphorus content of maize was almost twice as low as
that of the control, and that the correlation between
the dose of this component and its concentration in
the plant was negative (Tables 3, 4). From the viewpoint of the quality of biomass, especially the biomass used for fodder, the ratio K : (Mg + Ca) is significant. The analysis showed that in the case of
maize fertilized with the DW digestates this ratio
was wide and reached about 3.5 : 1. The biomass collected from DA-fertilized pots was characterized by
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a narrower ratio of 1.2 : 1, which for the pig slurry
was 0.9 : 1. The wide ratio of K : (Mg + Ca) for the
pots fertilized with the DWs was due to the fact that
with these digestates higher amounts of K were introduced into the soil, and that, with the resulting
smaller yields, the potassium concentration in the
plant was higher.
The use of digestate as fertilizer raises a concern about a deterioration in biomass quality, particularly in the context of heavy metal content [27]. Our
experiment indicates that among the analyzed heavy
metals (Zn, Cu, Fe, Mn), the concentrations of iron
and zinc in the plant were significantly dependent on
the amounts of these components introduced with digestate (Table 4). The iron content of the maize
plants fertilized with the digestates was on average
approx. 34.0 mg Fe/kg d.m., and was therefore considerably higher than in the control plants (25.0 mg
Fe/kg d.m.). However it should be noted, that in the
maize plants fertilized with the pig slurry the concentration of iron was 38.67 mg/kg d.m., which is
not significantly different from that found in the
plants fertilized with the digestates (Table 3). The
zinc content of maize plants fertilized with the digestates was comparable with, and in some cases (DW1,
DW4, DA7, DA8, DA10) significantly lower than,
the concentration in the plants fertilized with the
slurry.

Fertilizer value of products is assessed not only
on the basis of their influence on the yield and chemical composition of crop plants but also on the basis
of their effect on soil properties [29]. Our work focused on assessing the effects of digestates on the
levels of active and available forms of nutrients in
the soil. Based on the obtained results it can be stated
that among the analyzed macroelements the largest
differences between the soils fertilized with the digestates occurred with respect to the active forms of
potassium (amounts ranged from 39.71 to 93.84 mg
K/kg), phosphorus (from 1.77 to 3.06 mg P/kg) and
magnesium (from 36.16 to 63.66 mg Mg/kg).
Among the heavy metals, the largest differences occurred in the case of the available forms of iron (from
about 1090.92 to 1226.24 mg Fe/kg). The results
showed no significant differences in the concentrations of Zn, Cu, Fe and Mn in the soil between the
pots fertilized with the digestates and the control.
Similar correlations had been observed in previous
studies by the authors [17]. In some cases, the concentration of the analyzed metals in the soil was even
lower than that in the combination fertilized with the
slurry. Even the amount of iron, which was present
in the digestates in larger amounts than in the slurry,
was significantly smaller in the combinations fertilized with the digestates than in those fertilized with
the slurry (Table 5).

& 
,4D0;7,9>=C407/=,9/.3084.,7.:8;:=4>4:9
Fertilization
DW1
DW2
DW3
DW4
DW5
DA6
DA7
DA8
DA9
DA10
Slurry
Control

Yield
[g fm/pot]
235.00bc
177.50b
246.25c
226.00bc
231.50bc
386.25d
366.75d
368.00d
364.25d
402.00d
347.75d
105.25a

N

P

16.77bcd
20.29e
18.73de
18.14cde
17.35cde
16.05bcd
14.97bc
15.99bcd
17.03cde
13.42b
18.00cde
6.68a

2.38cd
2.35cd
2.27bcd
2.45d
2.31cd
1.78ab
1.70a
1.74ab
1.87abc
1.73a
2.44d
3.35c

K
[g/kg d.m.]
45.97f
44.73ef
37.03cd
31.99c
38.91de
16.68ab
12.02ab
11.74a
12.53ab
18.26b
14.24ab
11.31a

Mg

Ca

Zn

1.69ab
2.12c
1.52a
1.66ab
2.28c
1.97bc
2.03c
2.10c
2.11c
1.99bc
2.64d
1.39a

2.84bcd
3.55de
2.77bcd
2.56ab
3.75e
2.65ab
2.46ab
2.73abc
2.75abcd
2.47ab
3.50cde
1.94a

102.54bc
138.99de
153.56d
103.00bc
135.63cde
124.69cde
103.16bc
106.89bc
126.27cde
97.33ab
154.27d
63.39a

Cu
Fe
[mg/kg d.m.]
4.03cd
37.36bc
3.95cd
47.67d
bcd
3.72
30.96ab
3.68bcd
37.11bc
4.16d
42.45cd
3.46bc
38.30bc
3.18ab
35.39bc
3.28ab
42.60cd
3.54bcd
36.89bc
3.13ab
33.99abc
3.45bc
38.67bc
a
2.76
25.00a

Mn
34.28ab
57.29ef
44.24bcd
33.61a
42.44bcd
50.46def
47.92cde
45.75bcd
50.63def
45.39bcd
58.35f
36.51abc

Values in the same column followed by the same letter are not statistically different within each fertilization

& 
$0=?7>=:1<02<0==4:9,9,7C=0=/0=.<4-492>30<07,>4:9=34;-0>A009>309?><409>.:9>09>:18,4D0;7,9>=
,9/>309?><409>/:=049,;:>0B;0<4809>

N
#

Mg
,
+9
Cu
0
Mn

Intercept
15.279
 
 
2.017
  
 
3.546
 
42.130

Slope
0.002
  
 
-0.002
 
 
-0.037
  
2.464

-value
<0.353
  
  
<0.476
  
  
<0.760
  
<0.127

Note:Boldface font indicates statistically significant correlation at the 95% significance level
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Fertilization
DW1
DW2
DW3
DW4
DW5
DA6
DA7
DA8
DA9
DA10
Slurry
Control

P

K

Mg

2.76ef
1.77cd
2.70e
2.60e
3.06f
2.48e
2.48e
1.99d
2.57e
1.90d
2.67e
1.35ab

57.26cd
51.39bcd
93.84e
62.11d
39.71ab
44.94ab
41.06ab
41.61ab
41.25ab
41.11ab
35.17a
49.75bc

55.39f
52.43f
63.66g
54.17f
51.84ef
42.09cd
40.05bc
40.39bc
36,16b
37,04bc
46.96de
52.14ef

Zn
mg/kg
24.22a
31.02cd
28.44abcd
26.05ab
25.04a
27.71abc
27.46abc
26.50ab
26.21ab
25.05a
30.14bcd
25.13a

Cu

Mn

Fe

3.90a
3.96a
3.92a
3.97a
3.77a
3.98a
4.18ab
3.91a
4.07ab
3.98a
4.66b
4.07ab

72.11a
81.90ab
85.93b
79.19ab
77.32ab
81.73ab
87.07b
78.96ab
83.86b
82.36ab
87.77b
82.62ab

1111.81ab
1196.45ab
1226.24ab
1090.92a
1119.52ab
1126.80ab
1207.65ab
1208.11ab
1217.61ab
1127.69ab
1369.03c
1203.25ab

Values in the same column followed by the same letter are not statistically different within each fertilization
"!'%"!%

In conclusion, based on the results obtained it
can be stated that the tested digestates can be recommended for agricultural use, but their fertilizer value
will depend mainly on their nitrogen content. The
variability of the substrates used for anaerobic digestion in biogas plants significantly determines the
chemical composition of the digestate and, consequently, its fertilizer value. Classification of digestate as a waste product has validated the concern that
its use as a fertilizer poses a threat in the context of
introducing excessive amounts of heavy metals into
the agricultural area. The results obtained indicate
that this concern is not justified because neither the
maize biomass nor the soil showed evidence of excessive accumulation of heavy metals, i.e. Cu, Zn,
Mn and Fe. What seems to be a much more important issue is the balancing of the amount of potassium introduced into the soil with digestate. In the
case of low-nitrogen but high-potassium digestates,
the determination of doses based on the allowable
amount of nitrogen, i.e. 170 kg N/ha, can lead to
over-fertilization of the field with potassium, which
may adversely affect the quality of the crop plants.
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promotes cultural awareness and helps to preserve
local culture and traditions.
In Bursa, although its tourism sector is not at an
adequate level to make a significant contribution to
the city economy, there has been a serious increase
in tourism investments and consequently, the sector's rejuvenation provided substantial economic inputs particularly its agro-tourism or eco-tourism in
Cumalıkızık.
Eco-tourism is a special tourism which emphasizes people’s activity protecting environment but
not damaging it, it is based on natural ecological system and society ecological system [3]. Consequently, tourism development in ecologically sensitive areas not only requires environmental resources
for the production of tourism experiences, but also
depends, in the long run, on the preservation of the
ecological integrity of the place [4].
Cumalıkızık is listed among tourism destinations determined by the Ministry of Culture and
Tourism. Cumalıkızık, in the village where the Ottomans first settled in Bursa, is one of the five red villages established on the northern skirts of Uludag.
Cumalikızık, a 700-year-old Ottoman village, is a
tradition attracting tourists as a cultural center [5].
Hence, this article aims to determine and evaluate
the level of the satisfaction of visitors in Cumalıkızık, Bursa.


#!"#"

Tourism has become the largest and fastest
growing industry in the world. As the tourism industry grows faster, the research on tourism grows as
well, particularly in rural tourism. Tourist satisfaction becomes one of the considerable goals in every
tourism research. The study seeks to determine the
satisfaction level of visitors in the rural area. The
study was conducted in Cumalıkızık village in the
province Bursa, Turkey and open-ended questionnaires were used. SPSS 20 program was also used to
analyze the data gathered. The findings revealed that
some factors like destination (historical texture and
natural beauties), perceived value (products), and
expectations had influenced the level of satisfactions
of the visitors positively and negatively. It was revealed that the overall satisfaction is high, 57.44% of
the respondents stated that they were satisfied and
15.13% said they were not satisfied. whereas,
27.43% did not give responses about their total satisfaction. The findings also revealed an interesting
result about the hypotheses. It revealed that there
was no significant correlation between the monthly
income and the repetition of visit (hypothesis 1); for
hypothesis 2, it revealed that there was a significant
relationship between the age and the repetition of the
visit.
'&!"
Tourism, Cumalıkızık, rural tourism, tourist satisfaction,
sustainability, one-way ANOVA

In this study, a survey technique that is widely
used in tourism research has been applied to measure
the attitudes of visitors. The survey was conducted
in Cumalıkızık village in the province of Bursa, Turkey. SPSS 20 program was also used to analyze the
data gathered. In addition, independent sample t-test,
One Way ANOVA, and Pearson correlation were
presented. The sample size was determined by estimating a proportion formula used by Thompson,
2012 [30]. The computation were as follows:
        , where  is the
sample size, is the significance level (assumed to
be 95%), is the probability of the situation being
searched (assumed to be 50%),  is the probability
of the situation not being searched (1 – ), and is
the accepted error (assumed to be 5%). If is equal
to 1, the equation 1 is transformed to the following



#!$#
Tourism has been selected as the focal service
industry in this study because it is one of the fastest
growing global industries with significant impacts
on the world economies [1]. In the USA alone, there
are approximately 67, 000 businesses valued at
US$20 billion in the tour and activity space. This
makes it the third largest segment of the travel industry after air and accommodation [2]. Tourism as an
industry has a big impact to a country’s economy.
Generally, tourism creates employment for the people of the country, stimulates trade, income, and entrepreneurship – especially in small business sectors,
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a breakfast culture is an important place in the country and the hospitality of the Turkish people were
also effective in visiting the village.
When the frequency of visit in the village was
analyzed, it was determined that 36.7% of the respondents visited the region for the first time,
whereas 13.4% and 16.7% visited third and fourth
times, respectively. From here, it can be interpreted
that majority of the respondents did not have previous experience with the Cumalıkızık village. Moreover, it can be interpreted also that the revisit of respondents visiting the village were quit high. With
regards to what seasons the respondents planned
their visit to the village, 50% of the respondents answered they planned their visit in summer, whereas
40% answered that they planned their visit during
the spring. In addition, 53.3% of the respondents visited with their family, 36.7% visited with friends,
and 10% visited with a tour guide.
When the participants were asked whether the
products sold in the locality represent the village,
38% thought that the products sold represent the village, while 62% do not. Among the respondents who
thought the product sold do not represents the village
were 52% of them thought that the stands established
in the village had irrelevant products and they were
opened for commercial purposes only.
At the same time, 33.59% of the respondents
were satisfied with the prices of the products sold,
while 66.41% were not satisfied. 45.13% of the participants who expressed their dissatisfaction commented that the prices of the products sold were expensive.

equation:
n= (t^2*pq)/E^2, using the formula; n =
(t^2*pq)/E^2           
384.
Hence, the minimum sample size is 384. For
this study, 400 were used. Initially, 400 questionnaires were conducted but only 390 (97% response)
were realized and used for analysis because 3% of
the respondents were not able to finish the questionnaire. Descriptive and correlation were presented.
The open-ended questions in the questionnaire were
prepared to measure the satisfaction levels of the visitors. Therefore, the following questions were asked
in addition to the demographic information of the
participants;

!"$#""$""
According to the gender distribution of respondents, the distribution of female participants
(60%) was higher than the distribution of male participants (40%). When the average age of participants was considered, the dominant age group was
18 to 24 years (33.3%), followed by 25 to 34 year
(23.3%), and 35 to 44 years (20%). The average age
was determined as 37 years (std Deviation: 12.7).
And when the educational status was examined, it
was determined that the participants were intensively university graduates (66.7%), followed by
high school graduates (20%). From here, it is possible to say that those visitors who participated in rural
tourism have high educational status. Consequently,
when we looked at the occupational positions of participants, 66.7% were paid employees, 13.3% were
self-employed, and 13.3% were students. With regards to respondents’ monthly income, the largest
group had a monthly income between 1,405 to
2,000TL (40%) or 395 to 563$ (based on August 10,
2017 dollar exchange rate of 1$ = 3.55TL), followed
by 26.7% with monthly income of equal or lower
1,404 or 395$ (1,404TL is based on the current minimum wage of soldier), and those 2,001 to 3,000 TL
or 563 to 845$.
Based on the geographical distribution, 30% of
the respondents live in Bursa province, while 26.7%
live in Istanbul, and 13.3% live in Izmir. When the
respondents were asked about what makes them visit
the village, respondents gave some interesting responses. It was found that 25% of them heard the village name “Cumalıkızık” from the tv series “Kınalı
Kar” (Hennaed Snow), followed by the same percentage of responses (12.5%) were for mission purposes, the village’s information was acquired in the
internet, for breakfast purposes, for sightseeing, and
curious. According to this (relative to other answers), it can be pointed out that the majority of the
visitors visited the village were under the influence
of the mentioned index. Besides, we can also say that

#
)8:1+17)5:9>";//-9:1659:65+8-)9-#0--<-3
."):19.)+:165
";//-9:1659
A tour guide should be provided at least on weekends
Shuttle service to reach the center.
The presence of information boards related to historical sites makes the visit more meaningful.
Mapping system of Cumalıkızık should be provided.
Sale of Cumalıkızık’s log-line products (Like Tshirt, keys and etc.).
Increasing food variety.
More historical textures during the visit.
Information about the local history.
Prohibition of marketing of non-local products.
Carrying out studies reflecting the tradition and
culture of the village.


71.56
69.23
55.13
40.26
37.18
28.21
21.79
15.13
11.79
06.41

Finally, the question of what can be done to increase the level of satisfaction with visitors has been
asked, and the responses were presented in Table 1.
It was found that 71.56% suggest that a tour guide
should be given which can give information about
the village at least on the weekends at specific time
intervals. While, 69.23% suggested that a shuttle service should be provided to reach the village center.
Whereas, 55.13% also suggested that the presence of
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information boards related to historical sites makes
.477>0.05, the null hypothesis was accepted. This
the visit more meaningful.
means variances were not significantly different, so
To test the hypothesis that the income of male
it can be assumed that variances were equal. The
analysis results for t-test for equality of means,
(M=3700.00, SD=2134.13) and income of female
p=0.208. Hence, p>0.05 null hypothesis was ac(M=2783.33, SD=1749.03) respondents were equal,
cepted. Thus, statistically there was no significant
an independent sample   was performed (Table
difference between sex and income of the respond4a-b). It is noted that the assumptions of homogeneents.
ity of variances was tested and satisfied via Levene’s
 test, (388) = 0. .520, = 0. .477. Hence, the p=0.

# 
5,-7-5,-5:")473-##-9:
Levene’s test for
equality of variance
F
Occupation

Income

Equal
variances
assumed
Equal
variances
not assumed
Equal
variances
assumed
Equal
variances
not assumed

0.296

0.520

t-test for equality of Means

Sig.

t

0.591

0.477

df

Sig.
(2tailed)

Mean
difference

95% confidence interval of
the difference
Upper
Lower

Std. Error
difference

-0.238

388

0.813

-0.11111

0.46600

-1.06566

0.84344

-0.245

385.707

0.809

-0.11111

0.45414

-1.04513

0.82291

1.288

388

0.208

916.66667

711.66932

-541.12184

2374.45517

1.237

380.409

0.230

916.66667

741.28027

-627.63367

2460.96700

# 
%5;4*-86.<191:
Between groups
Within groups
Total

Sum of Squares
7.310
120.157
127.467

df
58
331
389

Mean Square
1.827
4.806

F
.380

#
69:6+#-9:9;3:173-647)819659
(I) Age

(J) Age

18-24

25-34
35-44
45-54
55 and above
18-24
35-44
45-54
55 and above
18-24
25-34
45-54
55 and above
18-24
25-34
35-44
55 and above
18-24

25-34

35-44

45-54

55 and
above

25-34
35-44
45-54

Mean Difference
(I-J)
Lower
Bound
0.65714
-0.20000
-0.80000
-0.70000
-0.65714
-0.85714
-1.45714
-1.35714
0.20000
0.85714
-0.60000
-0.50000
0.80000
1.45714
0.60000
0.10000

Std. Error
Upper
Bound
1.08039
1.13211
1.20079
1.69817
1.08039
1.21970
1.28369
1.75777
1.13211
1.21970
1.32752
1.79003
1.20079
1.28369
1.32752
1.83423

Sig.
Lower
Bound
0.984
1.000
0.978
0.996
0.984
0.973
0.860
0.962
1.000
0.973
0.995
0.999
0.978
0.860
0.995
1.000

95% Confidence
Interval
Upper
Lower
Bound
Bound
-2.9318
4.2461
-3.9607
3.5607
-4.7889
3.1889
-6.3411
4.9411
-4.2461
2.9318
-4.9088
3.1945
-5.7214
2.8071
-7.1962
4.4819
-3.5607
3.9607
-3.1945
4.9088
-5.0098
3.8098
-6.4462
5.4462
-3.1889
4.7889
-2.8071
5.7214
-3.8098
5.0098
-5.9931
6.1931

0.70000

1.69817

0.996

-4.9411

6.3411

1.35714
0.50000
-0.10000

1.75777
1.79003
1.83423

0.962
0.999
1.000

-4.4819
-5.4462
-6.1931

7.1962
6.4462
5.9931
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On the other hand, to test the hypothesis that
the income of male (M=3700.00, SD=2134.13) and
income of female (M=2783.33, SD=1749.03) respondents were equal, an independent sample  
was performed (Table 5a-b). It is noted that the assumptions of homogeneity of variances was tested
and satisfied via Levene’s  test, (388) = 0. .520, 
= 0. .477. Hence, the p=0. .477>0.05, the null hypothesis was accepted. This means variances were
not significantly different, so it can be assumed that
variances were equal. The analysis results for t-test
for equality of means, p=0.208. Hence, p>0.05 null
hypothesis was accepted. Thus, there was no statistically significant difference between sex and income of the respondents.
To test the hypothesis that age category and
number of visits is statistically different, test of homogeneity of variances were performed. It was
found in Levene test that the p=0.821>0.05, hence
the null hypothesis was accepted. Since the variances were homogeneous, in ANOVA table (Table
3), we found 58, 1.827 0.380, and
0.821. Since, 0.05 the null hypothesis was accepted. As a result, the age category was not statistically different with regard to number of visits. Furthermore, in post hoc tests table (Table 4), each p
value of each multiple comparison of age category
were greater than α=0.05. Thus, each one of the age
category have no significant difference between
each comparison of age category with regards to
number of visits.
To test the relationship between the monthly income and number of visits (revisit) in the district,
pearson correlations was performed (Table 5). Our
hypothesis tests: H0: p = 0; H1: p ≠ 0. Our test falls
into acceptance zone and we accept the null hypothesis. Our p value was p = 0.939, this means that the
correlation coefficient was not significant. Whereas,
the correlation coefficient was negative -0.014. It
can be interpreted that there was not significant relationship between the monthly income and number of
visit of the respondents in the district.

acceptance zone and the null hypothesis rejected.
Our p value was p = 0.668, this means that the correlation coefficient is significant. Whereas, the correlation coefficient was positive 0.082. It can be interpreted that there was a significant relationship between age and time spent by the respondent in the
district.

"$""$""
Tourist satisfaction becomes one of the considerable goals in every tourism research. Many researchers have considered the definition of tourist
satisfaction as one of the focal interest in tourism research. According to Rust and Oliver (1994) satisfaction is the degree to which one believes that an
experience evokes positive feelings [6]. Similarly,
Baker and Crompton (2000) clearly point out satisfaction as the tourist’s emotional state after experiencing the trip [7]. However, study of Rodríguez del
Bosque and San Martín (2008) argues satisfaction as
the cognitive-affective state of an individual derived
from the consumptive tourist experience [8]. In addition, according to Severt et al. (2007) tourist satisfaction as the extent of the tourist’s fulfillment pleasure which occurred from the trip experience about a
product or service feature that fulfills the tourist’s
desires, expectations and wants in association with
the trip [9].
Satisfaction can be used as a measure to evaluate the products and services offered at the destination [10-13]. Kozak and Rimmington (2000) clearly
pointed out that satisfaction is an excellent predictor
of tourist behavior, often used in marketing and destination management. He claims that tourist satisfaction is important to successful destination marketing
because it influences the choice of destination, the
consumption of goods and services, and the decision
to return [14]. Many researchers [12, 14-16] argued
that an assessment of tourist satisfaction can help
destination planners adjust their efforts on enhancing
visitors’ travel experiences, shaping the quality of
existing products and services, and changing the
guideline for effective destination marketing strategy. In tourism, it can be argued that the tourist is
satisfied when experiences go beyond the expectations. However, if the tourist feels displeasure, dissatisfaction will be the expected outcome [17, 18].
Expectation is considered as important antecedents
of satisfaction [19, 20]. Expectation is an anticipation of the attributes of a product/experience [21].
Several researchers pointed out that satisfaction is an
indirect function of disconfirmation of expectations
and a direct function of consumer expectations [8, 23
- 24].
Destination is one of the critical antecedents of
measuring satisfaction. Tourist satisfaction has been
measured by summation of tourist evaluation of each

#
688-3):1659
Income
Correlations
between income
and
number
of
visit

Correlations
between age
and time spent

Income
Number of
visit
Sig.
(2tailed)
Age
Time spent
Sig.
(2tailed)

1.000
-0.014

Number of
visit
-0.014
1.000

0.939

0.939

Age
1.000
0.082
0.668

Time spent
0.082
1.000
0.668

Whereas, to test the relationship between age
and time spent by the respondent in the district, pearson correlations was performed (Table 5). Our hypothesis tests: H0: p = 0; H1: p ≠ 0. Our test falls into
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27.43% did not give responses about their total satisfaction.
Moreover, the hypotheses confirm that there is
no significant correlation between the respondents’
monthly income and revisit intention in the village.
However, it shown that there is a significant correlation between the respondents’ age and the hours
spent in the village. In this regard, our study simply
implied that local sustainability can be achieved if
related institutions (like policy makers, local and
provincial governments, private and public tourism
sectors) do the necessary things from the mentioned
issues. Further research on this area is also encouraged particularly in local sustainability.

destination attribute [14, 24]. Um et al. (2006) argued that satisfaction can be measured through the
evaluation of the quality of destination performance,
where tourists are satisfied with what they experience, that is, how they were treated and served at a
destination [25]. Pizam et al. (1978) stated that it is
important to measure consumer satisfaction with
each attribute of the destination, because consumer
(dis)satisfaction with one of the attributes leads to
(dis)satisfaction with the overall destination [26]. It
is logical to think that destination attributes can be
accommodation, transport, tour staff, attractions, and
product and services at the destination. Products and
services offered at the destination can be used also
as a destination attribute to measure satisfaction
[27]. The work of Pulido Fernández et al. (2016)
for instance, pointed out that the higher the level of
satisfaction with the tourism product consumed, the
greater the likelihood that tourists will visit that destination again [28]. Level of satisfaction is one of the
most dominant variables in explaining revisit intention in destination tourism. The study of Mostafavi
Shirazi & Mat Som (2010) examined the effect of
destination attributes on revisit intention in Penang.
They found repeat visitation as an indicator of loyalty in tourist destination that is strongly affected by
destination attributes [39].
In this study, we evaluated tourists’ level of satisfaction and determined some factors that have positive and negative impact on their satisfaction. Based
on the research findings and analysis, some conclusions can be reached: First, Cumalıkızık’s “Hennaed
Snow” layout had attracted the visitors. Its historical
texture and natural beauties made the respondents
enjoy and satisfied with the visit. Majority of the respondents did not have previous experience with the
village however revisit to village is reasonably high.
Second, visitors visited the village through the influence of the TV series “Hennaed Snow”. Most of the
respondents who visited the village did not say they
visit to have breakfast. Third, there was lack of information about the village’s history, tradition and
culture, and lack of information boards where information could be gathered during the visit. Fourth,
Products sold did not represent the village and the
prices were expensive. And finally, most of the visitors suggested that a tour guide should be given who
can give information about the village, at least on the
weekends at specific time intervals, shuttle service
to reach the center, and presence of information
boards related to historical sites should be posted in
every visible area so the visit can be more meaningful.
Our study further revealed that factors like destination image, perceive value, expectation and other
factors had a positive impact on the total satisfaction.
In generel, total satisfaction of the participants were
reasonably high in which 57.44% of the participants
stated that they were satisfied with the visit and
15.13% said they were not satisfied, whereas,
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(DMeHg)), is a highly toxic pollutant that poses a
significant threat to human health and wildlife [11].
Beat Frey et al. reported that enhanced mercury
(≥3. 2 μg Hg g-1 dry soil) deeply affected microbial
activities and bacterial community structures in
soils [12]. Currently, how to solve the problem of
mercury pollution and remediation of polluted soils
has become a very urgent task in the world.
Mercury-contaminated soils and sediments are
commonly remediated by soil excavation, relocation, and burial; soil washing with halogenated
substances; heating soil to a high temperature; etc.,
but a majority of these technologies are costly to
implement and cause further disturbance to the
already damaged environment. Phytoremediation is
an emerging technology that uses various plants to
degrade, extract, contain, or immobilize contaminants from soil and water. Phytoremediation could
cost-effectively replace traditional mercuryremediation strategies [13]. Phytoremediation can
adapt to the environmental requirements better,
therefore more and more governments, scientific
communities and business communities are paying
attention to it.
For nearly 20 years, phytoremediation technology has been widely used for the remediation of
heavy metal contaminated soils. Many developed
countries have carried out large-scale experiments,
notably America and other countries use hyperaccumulators that have been found for phytoremediation of copper-contaminated soils, plumbumcontaminated soils, zinc-contaminated soils, nickelcontaminated soils, cadmium-contaminated soils,
gold-contaminated soils and arsenic-contaminated
soils [14-18]. The results have been positive. Pant
et al. has showed that only 4.06 μg of Hg could be
found in the above ground plant biomass of all the
plants, compared to an average 3673.50 μg of initial
total Hg concentrations in mercury-contaminated
soils [19]. Liu et al. studied some plant species in
HgCl2 solution for phytoremediation and got some
meaningful results [20, 21]. However, at present
researches about the use of plants to remediate
mercury-contaminated soils aren’t enough and
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This paper studied the absorption condition of
mercury by      in different levels of
mercury-contaminated soils as well as the impact of
mercury on the growth of     . This
study was as a basis for exploring the use of  
   to remediate mercury-contaminated soils.
The amount of mercury uptake by     
was determined by cold vapor atomic absorption
spectrometry. The results showed that the tolerance
to mercury of      was strong being able
to adapt to high content of mercury in soils. The
roots of      could absorb a certain
amount of mercury with the passing of time and
part of the mercury uptake by roots was transferred
to stems.
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enrichment ability, phytoremediation, remediate mercurycontaminated soils, tolerance to mercury
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Heavy metals have become some of the most
hazardous pollutants on our planet and some researchers have used some methods to treat heavy
metal pollution [1-3]. Mercury is an element extremely harmful to the environment. Since the industrial revolution, substantial quantities of mercury have been released into the environment. For
example, gold mining activities in many developing
countries lead to significant mercury pollution in
nearby soils and water bodies and mercury pollution also exists in developed countries [4-8]. Currently mercury-containing waste is increasing in the
world. Investigation results of typical areas indicate
that mercury-contaminated soils have caused a
significant threat to the water supply which in turn
affects the quality of agricultural products [9, 10].
Mercury (Hg), especially its organic forms (e.g.
Methyl mercury (MeHg) and dimethyl mercury
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ditions of the      were observed every
10 days. A part of stems and roots of each group of
     were cut off, digested and determined by CVAAS.

hyperaccumulators for mercury haven’t been found
yet. The aim of the study is to research the absorption condition of mercury by      in
different levels of mercury-contaminated soils as
well as the ability of mercury-resistant. This would
provide a basis for exploring the use of   
  to remediate mercury-contaminated soils.

% 
"0=81+5+0-31+*26756-791-85.85128
Soil

pH

No.1No.3
No.4No.6
No.7No.9

6.417.23
6.417.22
6.407.21

%#$ %!$

Organic
matter
Content (%)
0.25-0.34

Total mercury
content
(mg/kg)
36.24-44.81

The polluted soil samples in the experiment
0.24-0.34
156.75-162.24
were artificial preparation. The soil texture of test
soils was clay and the soil samples were collected
0.26-0.35
/
at a soil depth of 0-40 cm. The test plants were
  
  growing in non-mercurycontaminated soils well. The soils collected were
divided into 3 groups in 9 identical flower pots.
#$&%$ $&$$! 
Each flower pot contained about 1 kg soils. Then
100 ml 500 mg/L HgCl2 solution was added to
The experiment demonstrates that the growth
No.1-No.3 soils. 500 ml 500 mg/L HgCl2 solution
condition of      in soils with different
was added to No.4-No.6 soils. No HgCl2 solution
concentrations of mercury is similar.    
was added to No.7 to No.9 soils. We put the treated
 has a high tolerance to mercury and it’s able to
soils for a long time (6 months) until the soils
adapt to soils with a high content of mercury (Table
reached stable. Before planting     , in
2). The roots of      can absorb a certain
pots, some physicochemical properties of soils were
amount of mercury with the passing of time and
determined (Table 1). Observations and measurethat part of the mercury uptake by roots is transments for      were made once every 10
ferred to stems (Table 3).      can abdays and the experiment lasted for 100 days. Soil
sorb more mercury if the soil contains a higher
pH was determined by the glass electrode method.
content of mercury (Table 1, Table 3).
Organic matter content was determined by potassiIn order to know translocation rate and enum dichromate volumetric method. The total merrichment coefficient of mercury by     ,
cury content of soil was determined by CVAAS
Eq. (1) (2) is calculated as
(cold vapor atomic absorption spectrometry, AA6300). Then      was divided into 3
Translocation rate of mercury = [Hg]stems /
identical groups planted in 9 pots respectively. The
[Hg]roots × 100%
(1)
pots were placed in sunny locations sheltered from
Enrichment coefficient of mercury =
the rain. The temperature was 28  -39  during
([Hg]stems+[Hg]roots) / [Hg]soils × 100% (2)
the day and 18 -29  at night. The growing con

% 
#5598/75<90<-1/09*4,$9-38/75<902-4/905. 5  5   
3-*4>89*4,*7,,-;1*91544 
Time
No.1-No.3
No.4-No.6
No.7-No.9
Increasing
Increasing
Increasing
Increasing
Increasing
Increasing
weight of
length
weight
length
weight
length
roots(mg)
of stems(cm)
of roots(mg) of stems(cm)
of roots(mg)
of stems(cm)
10d
180±20
/
188±20
/
164±20
/
20d
160±20
/
185±20
/
176±20
/
30d
172±20
0.7±0.1
189±20
0.6±0.1
191±20
0.9±0.3
40d
174±20
/
184±20
/
183±20
/
50d
179±20
/
188±20
/
186±20
/
60d
186±20
0.8±0.1
179±20
0.7±0.2
184±20
0.7±0.3
70d
181±20
/
174±20
/
186±20
/
80d
182±20
/
184±20
/
188±20
/
90d
180±20
0.7±0.2
170±20
0.7±0.2
178±20
0.7±0.1
100d
183±20
/
172±20
/
179±20
/
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% 
-7+:7=+549-495.89-38*4,755985. 5  5   3-*4>89*4,*7,,-;1*91544 
Time

10d
20d
30d
40d
50d
60d
70d
80d
90d
100d

Mercury content (No.1-No.3)
Roots
(mg/kg)
0.121±0.005
0.204±0.012
0.987±0.007
2.921±0.001
2.945±0.001
2.946±0.104
2.946±0.100
2.945±0.004
2.945±0.028
2.942±0.001

Stems
(mg/kg)
0.009±0.002
0.010±0.003
0.013±0.005
0.264±0.041
0.269±0.008
0.266±0.001
0.261±0.103
0.263±0.027
0.264±0.002
0.264±0.158

Mercury content (No.4-No.6)
Soil
(mg/kg)
38.10
37.45
37.01
36.97
36.98
36.56
36.45
36.42
36.46
36.44

Roots
(mg/kg)
1.788±0.003
3.932±0.001
4.802±0.209
6.660±0.300
7.976±0.065
8.020±0.026
7.997±0.001
7.979±0.009
7.977±0.014
7.977±0.077

Stems
(mg/kg)
0.052±0.008
0.047±0.003
0.109±0.003
0.241±0.105
0.345±0.027
0.462±0.003
0.466±0.001
0.481±0.025
0.482±0.031
0.481±0.002

Soil
(mg/kg)
159.02
158.44
157.08
155.17
154.00
152.49
152.51
152.47
152.40
152.03

Mercury content
(No.7-No.9)
Roots, Stems
(mg/kg)
/
/
/
/
/
/
/
/
/
/

&# 
%7*4825+*91547*9-5.3-7+:7=5.   <1906*8814/913-

&# 
471+03-49+5-..1+1-495.3-7+:7=5.   <1906*8814/913-

The mercury content in the roots is more than
the mercury content in the stems. Translocation rate
of mercury by      decreases first, then
increases and tends to be stable finally in 100 days.
Translocation rate of mercury by      in
soils with more mercury is generally lower than
     in soils with less mercury. The max



translocation rate of No.1-No.3 is about 9.1% and
the stable value is about 9.0%. The max translocation rate of No.4-No.6 is about 6.0% and the stable
value is about 6.0% (Fig. 1). Translocation rate of
willow, pea, wheat, sugar beet, rape, clover are all
less than 1% [22]. The max translocation rate of
No.1-No.3 is higher than      in solution
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with mercury. The max translocation rate of No.4No.6 is lower than      in solution with
mercury [21]. Enrichment coefficient of mercury by
     increases and tends to be stable with
the passing of time. The max enrichment coefficient
of No.1-No.3 is about 8.8% as well as stable value.
The max enrichment coefficient of No.4-No.6 is
about 5.6% as well as stable value (Fig. 2).
This study is useful as a basis for exploring the
use of      to remediate mercurycontaminated soils. The conclusion drawn from this
study is that the tolerance to mercury of   
  is high and      has the ability to
adapt to soils with high mercury content. The roots
of      can absorb a certain amount of
mercury with the passage of time and that part of
the mercury uptake by roots is transferred to stems.
The growth rate of      roots is 160-191
mg/10d. Translocation rate and enrichment coefficient of mercury by      isn’t up to the
standard of hyperaccumulators. So it’s necessary to
continue to study more plants to find potential hyperaccumulator for mercury and ways to enhance
the ability of translocation and enrichment by
plants.
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oxides, carbon monoxide and solid particles. However, it is also important that other substances, potentially toxic, are released into the surrounding atmosphere during the combustion process. Such substances are platinum metals, which form the essential
and most important part of automotive catalysts [1,
2]. These platinum metals (especially platinum, palladium and rhodium) catalyze the conversion of
toxic gases into non-toxic (hydrocarbons to carbon
dioxide and water vapor, carbon monoxide to carbon
dioxide, nitrogen oxides to elemental nitrogen) by
oxidation-reduction reactions to meet the required
EURO Standards. During vehicle travel, the surface
of the catalyst is chemically and physically stressed,
in particular by alternating oxidation-reduction conditions, high temperature and mechanical abrasion,
and the platinum metals are emitted into the environment. Since the introduction of automotive catalytic
converters, the content of these metals has continually increased in all environmental compartments [35].
There are many methods and studies on the detection of environmental pollution. Most of them,
however, face the problem of high cost of implementation and extensive time and spatial sampling. This
is why the interest in using bioindicators to detect environmental pollution has increased [6-9].
A bioindicator refers to an organism where environmental pollution is evaluated at a particular site.
Sensitive bioindicators are organisms that show specific or nonspecific effects in response to exposure
to a particular element, substance or mixture of substances in the environment. These bioindicators are
characterized by having a narrow tolerance range
and responding to the low stresses of the stressor.
Their most common use is in air monitoring, where
plants rather than animals are used. Accumulating
bioindicators accumulate one or more elements or
compounds from the environment. Pollutants are
taken out of the environment and accumulated in
their bodies without visible damage and the intake is
related to the concentration in the surrounding environment. These bioindicators have a very wide range
of tolerance. They are particularly valuable in assessing the chemical environmental impacts. The bioindicator must have a number of properties. Among
the most important are the measurable response in
response to stress, the response to stress reflects the

This work deals with the study and selection of
suitable bioindicators for the assessment and detection of environmental contamination by platinum
metals. Lichen (   ), moss ( 
    ) and needle (  ) were
tested as bioindicators. After optimization of the analytical procedures for decomposition, pretreatment,
preconcentration and determination of platinum and
palladium, platinum metals contamination in areas
with high car traffic was determined by the original
species technique. The contamination of the environment was determined depending on the distance
from the source of pollution and also the sorption capacity of these individual biomaterials was tested. A
higher content of platinum metals was found in lichen samples, then in moss and the lowest concentrations were found in the needles. The platinum and
palladium concentrations ranged from units to tens
in ng.g-1 and the high bioavailability of palladium
was confirmed. The most appropriate bioindicator
was lichen and can be recommended to monitor the
content of bioavailable forms of these elements in the
environment. There was no confirmation of the massive spread of these pollutants over longer distances,
the highest concentration values being found in the
immediate vicinity of the road. In particular, the increasing concentrations of these metals have been
confirmed in the environment, as well as in biomatrics.


#" 
Platinum, palladium, bioindicators, lichen, moss, needles,
atmospheric pollution, AAS, solid phase extraction.

 ! 
The current problem of today is the pollution of
the atmosphere and the whole environment with
emissions from automobile transport. To date, the
most commonly studied pollutants have been toxic
fumes emitted by motor vehicles and which are included in the emission limits of EURO standards
valid in the territory of the European Union. These
pollutants are, in particular, hydrocarbons, nitrogen
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in determining environmental pollution than in lichens or bark.
Mosses have many other benefits. They are geographically extensive, growing in different environmental conditions in both industrial and urban agglomerations. Additionally, the mosses do not have
overhead organs covered by a cuticle, so metal ions
easily penetrate into the cell wall. Since they do not
have true roots, all income is only from the atmosphere. The main source of the substances is atmospheric deposition, the dissolution of which is caused
by atmospheric precipitation, regular wet morning
wetting and acidic pectin substances secretion. Due
to the high wettability and the large surface of the
cell walls, the mosses have a high sorption capacity.
For many, these elements increase by binding to polygalacturonic acid, pectins, and proteins in the cell
wall membranes.
Needles also showed appropriate plant bioindicators, mainly due to the intake of pollutants by their
waxy layer. The needle surface consists of a thick
cuticle with a cuticular wax. Most needles also have
very stiff skin with different protective layers. These
adaptations significantly reduce the evaporation of
water, which is very important in the winter when the
intake of water from the frozen soil is prevented.
Pine black is suitable for long-term and annual exposure. Exposed pine trees cut off one-year needles.
In general, biomonitoring of metals according
to the used bioindication technique can be divided
into transplantation techniques (in the transplant procedure, the bioindicators are transplanted from the
unpolluted area to the site of the contamination), bag
techniques (the clean biomaterial is put into the bags
and exposed for some time to the exposure in the
contaminated area) and techniques of native species.
In this work the technique of bioindication using the
original species was used. This technique is the easiest and most convenient and is based only on the
sampling of bioindicators from their original site and
the determination of the elements or compounds it
contains [10]. The aim of this study was to evaluate
the possibility of using bioindicators for evaluation
of environmental pollution by selected platinum
metals.

entire ecosystem population response, responds proportionally to degree of pollution or degradation, relatively narrow ecological valency, but adequate local
population density, including areas concerned, relatively stable against moderate climatic and environmental variability, tolerate long exposure to the toxicant without death, react in a timely manner to ecosystem change, long-lived organism, seldom or
poorly mobile, readily available for easy sampling
and appropriate size.
Plant bioindicators are divided into several
groups. The first group contains passive and active
(exposure) bioindicators and the second group of accumulation and reaction bioindicators. In passive bioindication selective damage to plant parts (reaction
indicator) or accumulation of some substances in selected plants (accumulation bioindicator) is used. In
this type of bioindication, either crops or plants
growing in the interest area are used. The active (exposure) bioindication is based on the fact that the selected plants are exposed to environmental influences, which subsequently react with the accumulation of the monitored substances (storage indicator)
or damage (the reaction indicator).
Lichens are the double organisms (fungus-algae or cyanobacteria) used for bioindication of air
pollution loads, such as sensitive and accumulation
indicators. In connection fungi and algae, and algae
represents the portion of the plant that ensures the
production of nutrients it contains chlorophyll,
whereas sponge ensures intake of water and minerals. Lichens are considered to be the slowest growing
organisms, although they grow almost year round.
On the other hand, lichens are of very high age. Lichens are among the most valuable bioindicators of
air pollution. Their surface is not covered by a cuticle
or other protective element, which is one of the facts
why they are able to sorb over the entire surface of
their plant body. Lichens can accumulate elements
up to a level exceeding their capacity, which is used
for their use as indicators of air pollution by trace elements around the world. Such bioindicators have
proved to be a simple and cost-less method that provides results that can be based on predictions of potential dangers for the human organism.
Mosses are green but not vascular plants of
small growth, for which the ability to hold water is
typical. They occur in damp and shady places. They
have a rather complicated structure. Water absorbs
the entire surface of the insole and spreads it through
conductive meshes or the easily wetting surface of
the plants. When a waxy cuticle is developed, it can
serve to direct the flow of water to certain parts of
the mossy plant. The way moss manages the water
allows them to use even very small and horizontal
precipitation. The large surface and easy penetration
of the insole also means that mosses are sensitive to
air quality and precipitation. Moss as bioindicator is
the most popular of all bioindicators. This is because
moss does not have technical or analytical problems

  

/4536.(/54 $/' (26,1.(/5 All measurements of real samples and optimization of the
method were performed on the atomic absorption
spectrometer with electro thermic atomization
ZEEnit 60 (AnalytikJena AG, Germany) with Zeeman background correction. This device is equipped
with an auto sampler and WinAAS Software. A hollow cathode lamp for platinum (P840, Photron, Australia) and palladium (3UNX Pd, Heraeus, England)
was used as the source of primary radiation, and a
graphite cuvette with a platform was used for all
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ments. In the first experiment (analysis A), the original bioindicators were used to determine the ability
and rate of bioindicators to adsorb the platinum metals. From the bioindicators, the species of moss
(     ), lichen  
  and black pine needles ( ) were
used. There unpolluted samples of moss, lichen and
needles were taken in the Šumava National Park,
Czech Republic.
To determine the rate of platinum sorption, the
sorbed amount (Qad) of platinum or palladium was
calculated per unit weight of the sorbent according
to the formula
   


Ci and Ce represent the input concentration and
the concentration after sorption in μg.dm-3, V is the
volume of the solution in dm-3 and m is the sorbent
mass in grams (g) [11].
In the second experiment (analysis B) the current environmental pollution was assessed. For this
purpose, five sites of assumed platinum pollution
were selected in the city of Brno (Czech Republic)
and one site where it was not supposed contamination of platinum metals. This was selected for comparison with contaminated samples. Polluted samples were taken in close proximity to traffic roads.
Locations in the city of Brno were selected according
to the national census of roads and motorways in the
city of Brno. All the selected roads were first class
roads with a frequency of automotive transport of
tens of thousands of cars per day. The sampling
points are shown in Table 1. A sample of moss, lichen and needle was collected at each site. For the
determination of platinum metal pollution in the city

measurements.
A sorption apparatus was used to preconcentration the sample, which consisted of peristaltic pump
(PCD, 82.4 K) with four cassettes (ISMATEC ISO
649) by which samples were drawn through a silicone tubing directly into Agilent's Bond Elut-C18
solid phase extraction columns. These columns were
attached to the vacuum system (Baker J.T., spe12G), which was connected to a water pump.
To determine the sorption capacity of each bioindicator the Heidolph VIBRAMAX 110 shaker was
used in which the samples were shaken in plastic
samplers.
+(.,&$-4 The platinum and palladium standards were used to optimize the method. These were
certified reference standard materials - aqueous calibration solutions with concentration of 1 ± 0,002
g.dm-3 in 5% HCl, from the Czech Metrology Institute, ASTASOL® Analytika s.r.o., Czech Republic.
Hydrochloric acid 37% (HCl), Analytika s.r.o.,
Czech Republic. Nitric acid 67% (HNO3), ethyl alcohol absolute p.a. (CH3CH2OH), acetonitrile
(CH3CN), all Penta, Czech Republic.
Septonex®
carbethoxypentadecyltrimethylammonium bromide (C21H44O2NBr), GNB a.s.,
Czech Republic.
Silica gel C18, Agilent Technologies, Lake
Forest, California, USA. The column with volume 3
cm3 contains 500 mg of sorbent (particle size 47-60
μm).
+$3$&5(3,45,& 0) 4$.1-(4 The original species were used in this work for two different experi-


+$3$&5(3,9$5,0/0)3($-4$.1-(4
No. of sample
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Sample identification
Analysis A
A/1 – moss
A/2 – lichen
A/3 - needles
Analysis B
B1/1 – moss
B1/2 – lichen
B1/3 - needles
B2/1 – moss
B2/2 – lichen
B2/3 - needles
B3/1 – moss
B3/2 – lichen
B3/3 - needles
B4/1 – moss
B4/2 – lichen
B4/3 - needles
B5/1 – moss
B5/2 – lichen
B5/3 - needles
B6/1 – moss
B6/2 – lichen
B6/3 - needles

Place of sampling

GPS

Description of
sampling condition

Šumava National Park

48.936494452,
13.813060024

1300 m from the 3rd class road, in
the forest

Horní Lažany

49.103797459,
15.795807838

300 m from the 3rd class road,
without pollution

Tomkovo Square

49.213903779,
16.635720134

15 m from the 1st road

Hradecká Street

49.223448395,
16.58082068

20 m from the 1st road

Úvoz Street

49.20173908,
16.592595577

10 m from the 1st road

Halasovo Square

49.22452748,
16.620748043

10 m from the 1st road

Opuštěná Street

49.185507813,
16.613076925

10 m from the 1st road
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Before sampling, 5 cm3 of 0.005 mol.dm-3 of Septonex® were added to the sample. Then the sample
was applied. After sorption, the sorbent was washed
and finally eluted the analyte. The eluate was evaporated in Teflon plates on an electric heating plate almost to dryness and then transferred to a 10 cm3 volumetric flask by 0.1 mol.dm-3 HCl. The platinum and
palladium concentrations were measured with ETAAS in thus pretreatment sample.

of Brno, the same species of the moss ( 
   ), the lichen (  ) and the
needles ( ) were selected. A set of samples
with zero platinum and palladium-based pollutants
(Horní Lažany, Vysočina Region) were sampled at a
location 300 meters away from the 3rd class road.
The sampling sites were chosen so that the
moss, the lichen and pine needles of selected species
were always located in the same place. Therefore the
selection of these localities was considerably limited
in the territory of the city of Brno. During sampling,
the attempt was made to preserve the structure of the
bioindicators, or to minimize damage to it.

(&0.104,5,0/ $/' 13(53($5.(/5 0) 3($-
4$.1-(4 To verify the bioindicator sorption capability, the original unpolluted samples for analysis were
used. The samples were first allowed to dry at room
temperature for 3 weeks. Subsequent unwanted materials were removed (soil, leaves, grass, bark ...) and
the samples were weighed into polypropylene samplers. The weight of the samples ranged from about
1.5 g for the moss, about 1 g for the lichen and about
2 g for the needles. About 25 cm3 of the solution containing the platinum and palladium amounts was
added to the sample thus weighed. After addition, the
flask was capped and the sample was shaken in
shaker for 20 minutes. Subsequently, the sample was
filtered through glass fiber filter into volumetric
flasks and measured on an ET-AAS instrument. In
this experiment (A) the sorptive capacity for five
concentrations of Pt and Pd (300, 450, 1000, 1300
and 1500 μg.dm-3) was studied. For each concentration, 3 samples of the bioindicator were analyzed,
which were measured 5 times on the ET-AAS instrument so that the final solution concentration after
sorption was a mean of 15 values. In addition, solutions of Pt and Pd were prepared at each concentration both in acidic medium (0.1 mol.dm-3 HCl) and
in distilled water.
Firstly (for analysis B), the samples were dried
at room temperature for 3 weeks. After drying, undesirable materials have been removed. Samples
were weighed into the Erlenmeyer flask on analytical
scales. The weight of the sample ranged from 2.5 to
3 g. For the decomposition of samples, a 1:3 mixture
of nitric acid and hydrochloric acid was used. At
first, 15 cm3 of nitric acid was added to the samples
and Erlenmeyer flask was covered with a clock glass.
Thus the samples were left for 24 hours. Subsequently, the flask was stirred and 45 cm3 of hydrochloric acid was added and the samples were boiled
under reflux for 2 hours. Then, 25 cm3 of distilled
water was added to the mixture and the mixture was
refluxed for another 15 minutes. Then filtration with
glass fiber filter was carried out and the mixture was
transferred to a volumetric flask. Subsequently sorption and preconcentration by the SPE method were
performed. The column conditioning was first done.

! !

($463(.(/5 &0/',5,0/4 Determination of
platinum was carried out at a selected wavelength of
265.9 nm and palladium at a wavelength of 247.6
nm. The temperature program was very similar for
both of these metals, the only difference was when
atomizing at the time of stay, when the platinum has
an optimum residence time of 8 seconds and a palladium of 6 seconds. The cuvette with platform was
used for all measurements. The width of the slot was
0.2 nm, the used current 8 mA, and the volume of the
dose sample 20 μl.

(.1(3$563(130*3$.)035$/''
Temperature
(°C)

Temperature
rise (°C/s)

Residence
time (s)

Drying 1.
Drying 2.
Drying 3.
Pyrolysis

90
105
110
950

5
3
2
250

Atomization

2200

1400

Cleaning

2400

500

20
20
10
10
6 (Pd), 8
(Pt)
4

Step

The calibration curve was obtained by measuring 10 solutions of the selected concentration range.
The individual calibration functions were chosen to
include platinum and palladium concentrations present in real samples. The detection limit (LOD) and
the limit of determination (LOQ) were determined
from this calibration curve. The limit of detection for
platinum was 2.627 µg.dm-3 and limit of quantification 8.758 µg.dm-3. For palladium the LOD was obtained 2.282 µg.dm-3 and LOQ 7.605 µg.dm-3.

3(&0/&(/53$5,0/130&('63( To verify the efficiency simultaneously sorption of platinum [12]
newly with palladium (for analysis B), a model procedure was performed to confirm the sorption and
concentration of platinum and palladium in one step.
The 200 cm3 volumetric flask containing the platinum and palladium standard, 0.005 mol.dm-3 Septonex®, was added to the mark with 0.1 mol.dm-3
HCl. Prior to sorption, column conditioning was carried out, using 10 cm3 of ethanol, 10 cm3 of distilled
water, and finally 10 cm3 of 0.005 mol.dm-3 Septonex®. After conditioning, 50 cm3 of the sample
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0315,0/ $%,-,58 0) 4(-(&5(' %,0,/',&$5034
$/$-84,4 It has been assumed that lichen will exhibit the best sorptive capacity of selected bioindicators. Its high sorption capability is due to the fact that
it is not covered by a cuticle or other protective element and is capable of sorbing with its entire surface.
In addition, lichens are able to accumulate elements
up to a level exceeding their capacity. It was further
assumed that relatively less than lichen would have
moss sorption abilities. Mosses are very extensive,
making them very popular bioindicators. Although
their above-ground organs are also not covered by
cuticule, they are not able to exceed their sorption
capacity despite their high sorptive capacity. The
least suitable for the bioindication of platinum metals
should probably be the needles because the surface
is a strong cuticle with a cuticular wax, so the sorption rate is limited by this cuticle and is more suitable
for determining organic contamination.

was applied, and the sample was absorbed and concentrated, and then the sample was eluted with 10
cm3 of acetonitrile. The eluate was evaporated in teflon plates with the help of a heating plate almost to
dryness, then 10 cm3 of 0.1 mol.dm-3 HCl was added.
Such concentrated samples were measured on an ETAAS instrument.
First, the ET-AAS sample was measured before
sorption. Subsequently, 10 samples after sorption
were measured to determine the efficiency of sorption and repeatability. From the calibration curve,
sample concentrations were calculated. The average
return on these 10 samples was 101.5±1.2 % for platinum and 100.2±1.4 % for palladium. Thus, the effective preconcentration of platinum and palladium
was confirmed in one step using the same sorption
procedure. There will be an acceleration of all analyzes and a significant reduction in the cost of one
analysis.




!
+(&0.1$3,40/0)40315,0/&$1$&,58$')037$3,064%,0,/',&$5034)035
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+(&0.1$3,40/0)40315,0/&$1$&,58$')037$3,064%,0,/',&$5034)03'
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The original types of bioindicators from Horní
Lažany were analyzed for comparison with the polluted species from localities in Brno, where it was
assumed that would be "pure" bioindicators. The
highest sorbed amount of palladium on moss, thus
the most polluted palladium site with bioindication
by moss, was measured in Opuštěná Street. The values of the sorbed amount of palladium in mosses in
other localities are not particularly different from the
highest measured value. All measured values of the
sorbed amount of platinum metals in selected localities of Brno are shown in Table 3.
Absorbed quantities of palladium on the needles were comparable to those measured in moss and
very low compared to lichen. The lowest value of
palladium was measured again in the presumed
"clean" localities Horní Lažany. The highest value of
palladium for bioindication of needles was measured
in Hradecká Street. This value significantly exceeds
the measured values of other localities, and the bioindication of the needles was the most contaminated
locality by palladium.
Lichen adsorbs the most palladium unambiguously. The lowest sorbed amount of palladium was
measured in Horní Lažany. The highest and also the
most contaminated locality of palladium in the lichen
bioindication was the Úvoz site. At Halas Square,
Opuštěná Street and Tomkovo Square, comparable
values were measured.
For moss, the highest sorbed amount of platinum was measured on Hradecká Street. This value
clearly exceeds all other values. Tomkovo Square,
Halasovo Square and Úvoz are similar in terms of
polluting platinum. The lowest value was measured
in Horní Lažany. All the measured values at this location were below the detection limit. A slightly
higher value than in the "clean" moss was measured
on Opuštěná Street. All measured platinum content
values are listed in Table 3.

Therefore, a comparison of the sorption of both
platinum metals was made in the selected “pure” bioindicators from non-contaminated area (see Table
1). It is evident from Figure 1 and Figure 2 that the
initial assumptions were confirmed and the lichen
was evaluated as the best sorbing bioindicator, followed by mosses and the least platinum metals captured the needles. The experiments were carried out
in the absence and presence of 0.1 mol.dm-3 hydrochloric acid. Sorption in acidic medium was chosen
because the platinum metals in very low concentrations are easily sorbed on the walls of glassware. To
prevent this sorption, it is necessary to acidify the solution. In this case, more efficient sorption occurs in
all cases in more acidic medium. This is related to
the mobility and bioavailability of platinum metals
at lower pH values.
It was confirmed that the best bioindicator capable of sorption of platinum and palladium is lichen, in particular    . The moss
     does not achieve such sorption
rates as lichen. The needles    markedly
less captured both platinum metals. It can be argued
that the most suitable bioindicator, which was tested
for the assessment of environmental pollution by
platinum metals, is lichen and the least suitable are
needles.
Platinum metals are in the atmosphere at very
low concentrations. Specifically for the city of Brno
in the urban area the concentration of platinum is in
range 2.3-51.5 pg.m-3 [12]. It has been verified that
all the platinum metals present in the atmosphere are
capable of absorbing all three bioindicators due to
their sorption abilities.

633(/5 (/7,30/.(/5$- 10--65,0/ $/$-84,4
The selected bioindicators were tested to determine the actual pollution in selected localities in the
city of Brno. In the case of moss, the lowest sorbed
amount of palladium in Horní Lažany was measured.

 
$--$',6.$/'1-$5,/6.&0/5$.,/$5,0/4,/4(-(&5('%,0,/',&$5034
No. of
sample
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21

Location
Horní Lažany

Tomkovo Square

Hradecká Street

Úvoz Street

Halasovo Square

Opuštěná Street

Sample identification
B1/1 moss
B1/2 lichen
B1/3 needles
B2/1 moss
B2/2 lichen
B2/3 needles
B3/1 moss
B3/2 lichen
B3/3 needles
B4/1 moss
B4/2 lichen
B4/3 needles
B5/1 moss
B5/2 lichen
B5/3 needles
B6/1 moss
B6/2 lichen
B6/3 needles
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Palladium content
(ng.g-1)
2.979
5.140
3.017
6.985
27.37
8.147
7.432
14.23
12.09
7.224
47.08
5.682
7.124
22.89
6.740
8.449
23.98
7.057

Platinum content
(ng.g-1)
<LOD
<LOD
<LOD
14.18
4.223
7.278
59.40
14.88
<LOD
11.41
12.54
<LOD
16.98
23.18
3.805
<LOD
5.645
4.950
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phere is at very low concentrations, it has been confirmed that all of this amount in the air can be fully
adsorbed on these bioindicators.
The environmental pollution with platinum
metals was investigated in selected localities of the
city of Brno (Czech Republic) using the technique of
the original species with analyzing collected bioindicators of Schreber's moss (    ), lichen    and needles  . It
was best absorbed palladium by lichen, the needles
with moss sorbed palladium similarly. For platinum,
it cannot be claimed that some bioindicator is better
than others. Values are very different in this measurement. It has been confirmed that the sorption of
palladium and platinum for bioindicators is dependent on a number of factors (age, species, weather
conditions ...). The results obtained showed that
moss was better sorbed platinum in 4 localities out
of 6, needles clearly better absorbed palladium in all
localities than platinum and lichen, as well as needles, better sorbed palladium in 4 localities of 6.
Higher levels of palladium in lichen are measured by its bioavailability, which increases in the order of platinum metals Pd > Pt ≥ Rh and correspond
to other studies [13]. Bioavailability is closely related to the solubility and mobility of the element.
Palladium has the best potential for transformation
into more soluble, bioavailable compounds after its
entry into the environment. On the other hand, platinum, which is less bioavailable, is deposited on the
surface of the biosorbent rather than accumulated in
the internal structure of the biosorbent. The results of
the sorbed amount of platinum are therefore greatly
influenced by the weather conditions and atmospheric precipitations to which the biosorbent is exposed. It has been confirmed that the most soluble
and mobile in the environment and with the greatest
potential to be absorbed into the organism is palladium.
However, it is clear from the findings that the
amount of platinum and palladium in the air from automobile transport goes into the environment and all
its components. Especially dangerous is their entry
into the biota, or to the organisms living in these polluted areas, including the human population.

Absorbed amount of platinum on the needles
was lowest compared to moss and lichen. The lowest
value was measured in Horní Lažany. On the contrary, the highest value was measured at Tomkovo
Square. In Hradecká Street and Úvoz were slightly
higher values than in "pure" needles. At Halasovo
Square and Opuštěná Street, the pollution rate was
relatively the same.
The lichen sorbed the most platinum of all three
bioindicators. The lowest rate of platinum sorption
was again measured by lichen in bioindication in
Horní Lažany and the highest in Halasovo Square.
Highest measured value clearly exceeds all others.
Street Hradecká along with Úvoz are slightly worse
in terms of measured sorbed quantity and Opuštěná
and Tomkovo Square have measured slightly higher
values than in the "clear" lichen.
Comparison of biomarkers with respect to sorption of platinum is not so clear that which bioindicator has the best sorption capacity. At each site, the
sorbed amount of platinum was different for each bioindicator. Therefore, it is not possible to say on
which site the largest polluted platinum was found,
which would be correspond to all three bioindicators.
The lowest contamination was again measured in
"clean" bioindicator.


!
In urban agglomerations with busy roads, there
are high emissions of platinum metals. This is mainly
due to the fact that it cannot be driven smoothly by
car or other means of transport, but a "start-stop"
drive is needed in which there is an increase in emissions. These emissions are then exposed not only to
the environment but also to the population living in
the urban agglomerations.
In this work the efficiency of sorption of both
platinum and palladium was verified by the SPE
method on sorbent modified silica gel. When validating the sorption efficiency, it was confirmed that the
optimized conditions for platinum and palladium
sorption of the SPE method required 100% efficiencies. This fact has led to the conclusion that platinum
and palladium sorption has greatly accelerated and
simplified the sorption of both elements simultaneously in one analytical step.
The ability of sorption of platinum metals in
moss     ,   needles and
lichen     were examined in laboratory conditions. During examining the platinum
and palladium sorptivity, it was confirmed that all
three bioindicators are capable of platinum and palladium in a wide range of concentrations. The highest sorption capabilities for platinum and palladium
were found for lichen and a little less for moss. The
smallest sorption skills showed the needles. Since
the concentration of platinum metals in the atmos-
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The arbuscular mycorrhizal fungi (AMF) are
obligated to the host plant, thus sufficient and
healthy mycorrhizal inoculum production through
the host plant is important. Growth mediums are
also crucial for mycorrhizal spore propagation. The
aim of this research is to determine the suitable
mycorrhizal spore doses and root infection percentage for optimum plant growth at various host plants
at different harvest times, along with mycorrhizal
species and application doses. Three different plant
family groups such as graminae (maize, sorghum),
alliaceae (leek, onion), leguminosea (clover and
alfalfa) were used as host plants and & #$
 $$ and #   &$ %&%& were
used as mycorrhiza species with different spore
doses (Control, 500-1000 and 2000 spore pots-1).
Plants were harvested the 3rd, 4th, 5th and 8th weeks
following sowing for determining root infection
percentage (%), and spore production.
Mycorrhizal inoculation positively affected
the host plants growth, root colonization and spore
production. It has been determined that root colonization and spore production significantly depends
on plant groups rather than mycorrhizal species.
Leguminosea family plant alfalfa and clover were
determined to be the most suitable host plants for
spore production. Results revealed that in both
mycorrhizal species inoculations, maize has the
highest root colonization followed by alfalfa, onion
and leek. Alfalfa produced high spore which was
followed by clover, maize and onion. Although,
both mycorrhizae species increased root infection
level however,  $$ is more effective than 
%&%&. The highest root infection and spore
production were determined at the 4th and 5th weeks
after sowing. The application of 500 spore plant-1
was found to be sufficient for root infection and
spore production.

!"!

Mycorrhizal fungi play a crucial role in nutrient cycling and ecosystem function. Consequently,
plant production should be based on the optimum
use of biological resources, such as arbuscular
mycorrhiza (AM). Since AM fungi are obligate
symbionts, they have not been produced on an
artificial nutrient medium and they need host plants
to complete their life cycle. Several authors tested
different host-fungus combinations for spore production [1, 2, 3]; Ortas [4] along with the influence
of environmental conditions on sporulation [5, 6].
AM fungi have a wide host range, but certain combinations of hosts and fungi are more effective than
others for both the fungus and the host [7, 8, 9].
Sporulation of AM fungi was influenced by
inoculum dosage [10], temperature [11], light [5],
pot size [10] and soil quality [12] at greenhouse
conditions. Light quality and irradiance, soil water
content, and temperature markedly influence root
colonization and spore production [13].
Bagyaraj and Manjunath [14] tried to select a
suitable host for the maintenance and mass production of mycorrhiza using sudan grass which does
not grow well under Bangalore conditions. The
authors determined that Guinea grass is a better
host because it is more susceptible to infection and
supported higher spore production by AM fungus,
* !&$ $&%&$. Simpson and Daft [15]
found that in host species inoculated with #&$,
more spores were produced on the cereals (maize,
sorghum, millet) than the legumes (chickpea,
groundnut). Struble and Skipper [2], reported that a
Bahia grass>corn> sudangrass>soybeans host
plants sequence for increasing the AM spores
where soybean is the least suitable. Bagyaraj and
Manjunath [14] found that $&%&$produced
the highest number of spores with guinea grass
(& (& ".) compared to seven different grass species. Ferguson [10] reported that
there were no differences in spore production by 
$&%&$ within seven different plant species.
Similarly, Hetrick and Bloom [1] observed that
while the hosts plants, asparagus, marigold, red

&$ 
AMF,host plant, mycorrhizal sporulation, root colonization, harvest times
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tractable 87.6 kg ha-1 P. Growth medium was autoclaved at 1210C for 2 hours prior to use. 3 L container pots were used at greenhouse conditions. Pots
were surface-sterilized with ethanol before filling
with growth medium. The seeds were surfacesterilized before sowing by shaking in sodium hypochlorite solution (1% available chlorine) for 5 min,
rinsed three times and then soaked in distilled water
several times.
All the pots were irrigated daily with distilled
water in order to maintain moisture at field capacity.
Pots were harvested 4 times at the 3rd, 4th, 5th and 8th
weeks following sowing. At each harvest, root
infection and the number of spores were measured.
At harvest, roots were separated from the soil by
washing with running tap and distilled water. Roots
were dried on tissue paper. Prior to drying, small sub
samples were taken from roots and preserved in a
mixture of ethanol, glacial acetic acid and formaline
to determine the root length and mycorrhizal infection. Mycorrhizal spores were isolated from the
growth medium sub samples by wet sieving [19].
The root staining procedure described by Koske and
Gemma [20] The percentage of AMF colonization
was identified by method of Giovanetti and Mosse
[21] .

9(90890*(2 (4(2>808 The effects of treatments
on plant parameters were statistically analyzed using
the analysis of variance (ANOVA) procedure in
SAS [22] program to assess the effects of plant
species, mycorrhizae species and inoculum doses.
Last significance differences (LSD) at = 0.05 were
tested to determine the significant differences
between treatment means.
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The plants were harvested 4 times at the 3rd,
th
th
4 , 5 and 8th weeks following seeds sowing. After
all harvesting times, root colonization ratio (%) and
the numbers of spores were determined.
Root infections (%) were significantly affected by plant species. And there were differences
between harvesting times as well. Root colonization
in 3rd week’s harvest was generally low (Figure 1)
root colonization ratio (%) increased with the harvesting time and statistically there is a significant
difference among harvesting times (Table 1).
The graminae (maize, sorghum) group’s root
colonization started at the 3 th and 4th harvest after
sowing time. The maize plant at the 3rd week’s
harvest had the lowest root colonization but after
the 4th week’s harvest, it had the highest root colonization for both mycorrhiza species (Figure 1 and
2) [23, 24]. Alraddad [17] reported that the percentage of root length infected increased rapidly up to
10 weeks after sowing.

clover, sudangrass and tomato, influenced the spore
production of  $&%&   $$ and 
# #!&were not affected.
Rhodes grass ( #$ )) was found to
be the best host plant for root colonization and
spore production and the infective propagules of the
potball [16]. Alraddad [17] found that the highest
spore amounts were achieved in the rhizosphere of
barley followed by chickpea and beans whereas the
lowest were determined in the rhizosphere of corn
and okra. The type of crop as well as the harvest
period significantly influenced the size of the spore
population and the extent of the root colonization of
F $$.
Production of inoculum for large scale field
inoculation is often considered a bottleneck by AM
application in practical agriculture, because AM is
an obligate symbiotic and cannot be produced in
laboratory media [18]. Effectiveness can vary dramatically among AM isolates, so screening studies
should be undertaken before the production of large
quantities of inoculum. Thus, the aim of this work
was to examine the effect of several levels of mycorrhizal inoculations   $$ and  %&
%&, on spore production root colonization in relation to the host types and the period of harvesting.


! ! 
The experiment was carried out in a
greenhouse at the Department of Soil Science and
Plant Nutrition, Çukurova University, Adana,
Turkey. Three plant family such as #
(maize ( )$ L.), ( #&   # (L.)),
A ((leek (& ! ##& L.), onion &
!)) and & $ ((clover (Trifolium
alexandrinum L) and alfalfa (   $%' L))
were used as host plants. Also & #$
 $$ (Nicolson and Gerdemann) isolated from
Rothamsted, and #   &$ %&%&
(Becker and Gerdemann) Nutri-Link Isolate were
used as mycorrhiza species with the different spore
doses which are 0, 500, 1000, 2000 spore plant-1
and applied below 30 mm of seeds.
75<9/,+0(The experiment was performed
in andesitic tuff, soil and compost (6:3:1 v/v)
mixture. Ortaş et al. [3] reported high spore
production and root infection by %&%&and
 $$respectively, which were determined to
be the best fungi for sources of inoculum. The
authors, also found that a 6:3:1 v/v ratio of sand
mixture :soil: organic manure is the best growth
medium for spore production in semi-arid
Mediterranean conditions. 
Soil material was collected from surface horizons of clay loam Menzilat soil series (0-20 cm)
()!# &'%$ in Çukurova Basin (S. Turkey)
with, 7.98 pH, and 0.5 M NaHCO3 (pH=8.5) ex-
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!/,,--,*95-+0--,7,49/(7;,89903,(4+3>*577/0?(28657,+58,8543(0?,857./:32,,1
54054(2-(2-(*25;,762(49755904-,*0954
! 
0.40-0*(495-;(2:,8675)()0209>-753(4(2>8085-;(70(4*,-57+0--,7,4962(4986,*0,83(0?,857./:3
2,,154054*25;,7*25;,7

!7,(93,498
+-
(0?,
57./:3
,,1
4054 2-(2-( 25;,7
559*52540?(9054
(7;,89
3
0.0001
0.0001
0.0001
0.0001 0.0001
0.0001
>*577/0?(,
1
0.0495
0.0001
0.0001
0.0001 0.0528
0.0515
>*577/0?(,58,
3
0.0001
0.0001
0.0001
0.0001 0.0001
0.0001
(7;,89%01570?(
3
0.0001
0.0001
0.0001
0.0001 0.0083
0.0337
(7;,89%58,
9
0.0001
0.0004
0.0001
0.0001 0.0001
0.0001
>*577/0?(,=58,
3
0.0001
0.0003
0.0432
0.0043 0.0001
0.0185
(7;,89%>*577/0?(,%58,
9
0.0001
0.0002
0.0773
0.3332 0.2113
0.0086
657,:3),7
(7;,89
3
0.0001
0.0001
0.0001
0.0001 0.0001
0.0001
>*577/0?(,
1
0.0001
0.0001
0.0001
0.0001 0.0979
0.1136
>*577/0?(,58,
3
0.0001
0.0001
0.0001
0.0001 0.0001
0.0001
(7;,89%01570?(
3
0.0012
0.0001
0.0001
0.0001 0.0001
0.3701
(7;,89%58,
9
0.0001
0.0001
0.0001
0.0001 0.0002
0.0001
>*577/0?(,=58,
3
0.0001
0.0083
0.0001
0.0001 0.1620
0.0001
(7;,89%>*577/0?(,%58,
9
0.0530
0.0440
0.0683
0.1887 0.0001
0.0001

2000 spore plant-1 application did not make a significant difference.
In maize, there was no statistically significant
relationship between colonization ratio and spore
production. Similarly Alraddad [17] found that
maize plant rhizosphere have lowest mycorrhizae
spores, however have highest root colonization.
Since maize have high root colonization this situation was explained with host specificity. %&

Depending on growth medium, environmental
conditions such as moisture and temperature spore
germination and hyphal development can be
changed. AM spores germinate under appropriate
water and temperature conditions and hyphae grow
for about 2–3 weeks.
Although statistically mycorrhiza dose increase is significantly affect root colonization, increasing the inoculum level from 500 to 1000 and
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%& inoculated maize plant had increased root infection up to 97 % with 2000 spore/plant mycorrhiza applications. Saif [25] found that twenty one
days following sowing or transplanting, 0-24 % of
the roots were infected, but the proportion increased
rapidly to a more or less constant value of 55-92 %
in the vegetable crops.
Sorghum plants have the lowest infection level
with   $$ and  %&%& mycorrhiza
inoculation for all harvest times. However, the
highest root colonization was determined as 
 $$ with 2000 spore plant-1 mycorrhiza application (47 %). After the 4th and 5th weeks, mycorrhiza inoculated sorghum plant root infection increased. Reddy et al. [26] shown that the sorghum
roots were highly efficient trap plants for $
&%&$ and its multiplication. Ortas [4] indicated
that as the inoculum rate increased, the percent of
infection gradually increased.
Leguminosea (clover and alfalfa) group plants
root colonization started at 4 weeks after sowing,
but the highest root colonization was achieved at 5th
and 8th weeks harvesting time following sowing
times (Figure 1 and 2). Alfalfa plant root colonization ratio higher than clover plant root colonization
for both mycorrhize species. The alfalfa and clover
plants has a similar pattern on root infection which
was determined at the 4th week following sowing
and spore production also increased at the 5th
week’s harvest (Figure 1, 2, 3, 4).
In general, mycorrhiza inoculated Liliaceae
group onion plant have higher root colonization

than leek plants. Albrechtova et al. [27] reported
that there is a strong correlation between the growth
response of onion and AM colonization. Root infection of Leeks inoculated with  $$has higher root infection compared to the  %&%&
inoculated ones. Leek and onion plants had root
colonization at the 4th week but reached a maximum
at the 5th and 8th week harvests. Similarly, Sorensen
et al. [28] determined that the AM colonization of
leeks increased from 40 % to 70 % during the second month following transplant to field conditions.
However, for both mycorrhizae species 2000
spores/plant dose leek and onion plants root colonization in the 3rd week’s harvest was higher than the
other plant species. This should be related with
plant species coarse root system.
Plant groups had the greater effect on spore
number and root colonization. Leguminosea group
(alfalfa and clover) produce the highest number of
mycorrhizae spores followed by  group
(leek, onion) and graminae group (maize and sorghum) plants (Figure 3 and 4). The highest spore
numbers were found in alfalfa grown growth media
and the lowest spore number were determined in
sorghum plant grown growth media. Previously the
results of Alraddad [17] shown that highest spore
were produced in leguminosea group chickpea and
beans plant and lowest spores were found in rhizosphere of corn plant. Plenchette et al. [29] and Ortas
[4] reported the leek plant as a suitable host plant
for AM spore production.
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ber of spores. The highest rate of sporulation had
occurred at 5th and 8th weeks following leek, onion,
alfalfa and clover seeds sowing. In mycorrhiza
inoculated maize and sorghum plant grown media
sporulation were started at the 3th week. Simpson
and Daft [15] found that maize varieties reached the

Mycorrhizal species have different influences
on spore production. In  $$inoculated alfalfa, clover, onion and leek plant species growth media
produced the highest spore amounts respectively.
However in %&%&inoculated, alfalfa, clover
and maize grown media produced the highest num-
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stable phase prior to 7 weeks after sowing, whereas
sorghum continued to increase the percentage of
infection between 7 and 9 week harvests. Alraddad
[17] shown that the highest rate of sporulation were
obtained at 7 and 10 weeks after planting.
The spore production of   $$inoculated plants was higher than the plantsinoculated with
 %&%& (Figure 3). Spore production also
increased with   $$ mycorrhizal inoculation
at the 5th week.
Also the number of spores increased with mycorrhizae species and inoculation doses. Alfalfa and
clover gave a higher response to    $$ than
 %&%& mycorrhizae species at all inoculum
doses of 500-1000-2000 spores plant-1. The most
suitable mycorrhiza doses for the host plant was as
follows; Maize  %&%& 2000 spore plant-1,
Sorghum   $$ 2000 spore plant-1, Leek 
 $$2000 spore plant-1, Onion  $$2000
spore plant-1, Alfalfa   $$ 500 spore plant-1,
Clover  $$500 spore plant-1. However, 500
and 1000 spore plant-1 was sufficient for maximum
root colonization and spore production. Since it is
very difficult to produce adequate amounts of inoculums for large agricultural land, 500 spore plant-1
seems enough for optimum root infection and spore
production.
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Our results revealed that plant families differ
from each other in their root colonization and spore
production. Onion and leek have a similar pattern
for root colonization and number of spore production. The maize plant has the highest root colonization followed by alfalfa and onion. However mycorrhiza inoculated maize plant mycorrhiza spore
production was not as high as root colonization. All
the host plants were affected positively by mycorrhiza inoculation in all levels of treatment and the
percentage of colonization increased at the 4th and
5th weeks of harvest.Root infection and spore production were determined to be at high level after
the 5th and 8th weeks harvest from sowing times.
The most suitable host plants were alfalfa and clover for spore production. In general, alfalfa, clover,
onion and maize have the highest spore production.
In generally there is a relationship between root
colonization and number of spores in between plant
species rather than mycorrhizal species differences.
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$%#%

" $"% $" ! was incubated in fermentation medium including Na-phytate as substrate. During incubation period, the maximum
enzyme secretion was determined at 38th, enzyme
activity calculated as 69.80 U/mL. Thus, intracellular phytase was purified from the bacterial cells at
38th hour of fermentation. Molecular masses of
intracellular phytase from " $"% $" !
were estimated to be 22 kDa and 13 kDa by SDSPAGE. Optimal pH and temperature of the phytase
for maximum enzyme activity were also recorded
as 5.4 and 40ºC, respectively. Stability of the intracellular enzyme was revealed to maintain at 90ºC
for 30 min and its activity increased to 117%.
Chemical agents such as NaCl, MnSO4, MgSO4,
glycerol, EDTA, acetic acid and 2-mercaptoethanol
were detected to cause an increase while SDS,
CoCl2, CuSO4, CuCl2, HgCl2, NiCl2, ZnSO4, FeSO4
and FeCl2 showed an inhibition effect on phytase
activity depending on the concentration. Intracellular phytase was determined to show a high specificity against other phosphorylated substrates.



natural source of phosphorus in animal feeds [5, 7].
This form of phosphorus is not used by monogastric
animals such as pig, poultry, fish, and humans who
are lacking in the intestinal digestive enzyme [3, 89]. Indigestible phytate phosphorus in plant-derived
feeding stuff is excreted by these animals and this
leads to P pollution problems in areas of intense
animal production [4, 9]. When the phytate is interacted with other foodstuffs (proteins and lipids), the
chelates with metal ions are occured. This is resulted in a decrease in the bioavailability of these nutrients by acting as an anti-nutrient factor [3-4].
To increase the utilization of phosphorus and
the digestibility of proteins in animal and human
diets, phytate-degrading enzymes have recently
supplemented in foods [4, 7]. Phytase, known
chemically as ' -inositol (1,2,3,4,5,6) hexakisphosphate 3-phosphohydrolase (EC 3.1.3.8),
hydrolyzes phytate to ' -inositol pentakisphosphate and orthophosphate [2, 4]. This enzyme is a
member of the histidine acid phosphatases family
[8]. It is also synthesized by plants, microorganisms, the small intestinal mucosa, and gutassociated microflora [3, 10].
In the present study, the purification and characterization of intracellular bacterial phytases were
performed. In this regard, the α-proteobacterial
strain " $"% $" ! was isolated from
wastewater treatment plants located in Adana, Turkey.

('!#$
" $"%$" !, intracellular phytase, characterization


 %#!&%! 

%!$

:74*;276 *6- 2-.6;2/2,*;276 7/ 81>;*:.
897-<,260 +*,;.92* The samples obtained from
wastewater treatment plants were diluted and
spread onto solid media (including, per liter: 20 g
glucose, 4 g Na-phytate, 2 g CaCl2, 5 g NH4NO3,
0.5 g KCl, 0.5 g MgSO4.7H2O, 0.01 g FeSO4.7H2O,
0.01 MnSO4.7H2O, 15 g agar, pH 7.0) for screening
phytase-producing bacteria [11]. Plates were incubated at 37ºC for 72 h. Following the incubation,

Phytic acid known as ' -inositol 1,2,3,4,5,6hexakisphosphates, constitutes 1-5% (w/w) of legumes, cereals, oilseeds, pollen and nuts [1-2]. It is
capable of forming insoluble salt complexes with
nutritionally important cations such as potassium,
magnesium, calcium, zinc, copper, iron as well as
protein [1, 3-5]. Phytate, the salts of phytic acid, is
the primary storage form of phosphorus (P) in plant
seeds and pollen grains during the ripening process
[4-6]. It comprises about 60-90% of total phosphate
in plant seeds. Phytate is also the most important
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that was incubated for 10 min at room temperature
centrifuged at 10.000 g for 5 min at 4ºC. Absorbance of the acquired clear supernatant was measured at 700 nm [13]. One unit of phytase activity
was described as amount of enzyme that released 1
µmol P per minute [14].

1*9*,;.92?*;276 7/ 26;9*,.44<4*9 81>;*:.
Partially purificated intracellular phytase enzyme
was characterized for optimal pH, temperature,
thermo-stability, substrate specificity, effect of
inhibitors, metal ions, and detergents. The optimal
pH analysis was performed by measuring the enzyme activity at different pH values (4.0-10.7) in
the following buffers; Citrate (pH 4.0-5.8), TrisMaleat (pH 6.2-7.4), Tris (pH 7.6-9.0) and Carbonate-Bicarbonate (pH 9.2-10.7). The optimum
temperature for activity was detected within the
range of 20-120ºC by using substrate solution prepared at optimal pH value. To determine the thermal stability, phytase enzyme was pre-incubated at
90ºC for 5-10-15-20-25-30-60-90-120 min. The
effects of chemical reagents on phytase activity
were examined by pre-incubating at 37ºC for 1 h in
the presence of 1 and 5 mM metal ions (CuSO4,
HgCl2, NiCl2, ZnSO4, CaCl2, CoCl2, FeSO4, CuCl2,
MgCl2, FeCl2, ZnCl2, MnSO4, MgSO4, NaCl and
MnCl2), inhibitors (EDTA, acetic acid, and glycerol,) and detergents (SDS, Triton X-100, Tween 20,
Tween 80 and 2-mercaptoethanol) [15-17]. Following the pre-incubations, activity measurements were
continued at optimum pH and temperature. Substrate specificity of phytase was detected by replacing Na-phytate with 2 mM Ca-phytate, AMP, ATP,
and Na-phenyl phosphate [17-18]. In characterization studies, the kinetic constants were not calculated for intracellular phytase.

$$" *6- ?>5709*5 *6*4>:2: To determine the molecular weight of phytase, SDSPAGE analysis was used. This analysis was carried
out in a vertical electrophoresis system including
12% separating and 5% stacking gel [19]. Amresco
Protein Marker K-494 was used as a standard. After
the electrophoresis, activity bands belonging to
phytase were distinguished by zymography. The gel
was washed in 1% Triton X-100 at room temperature for 1 h. In addition, it was treated by 0.1 M Naacetate buffer at 4ºC for 1 h. The gel removed from
buffers was incubated with 0.1 M Na-acetate including 0.4% Na-phytate as substrate at 37ºC for 16
h. Activity bands were visualized by using 2%
cobalt chloride solution at room temperature for 5
min. The gel was overlaid with solution including
equal volumes of 6.25% ammonium molybdate and
0.42% ammonium vanadate. Phytase activity on gel
was determined by the clear zones around the bands
[12].

the presence of clear zones around the bacterial
colonies that could hydrolyze Na-phytate was investigated [12]. The selected single colonies on
agar plate including Na-phytate were replated onto
specific medium. To distinguish the clear zones
caused by either microbial acid production or
phytase activity, the plates were primarily washed
distillate water after incubation and then incubated
once again for 5 min at room temperature by adding
2% (w/v) cobalt chloride. At the end of this incubation, the cobalt chloride solution was removed and
added to a freshly prepared solution by mixing in
equal volumes of a 6.25% (w/v) aqueous ammonium molybdate solution and a 0.42% (w/v) ammonium vanadate solution. Plates were subsequently
incubated under the same condition. Afterwards,
the molybdate/vanadate solution on agars was removed. The clear zones were examined and theirs
diameters were measured [12]. Bacterial strain
observed maximum zone diameter related to the
phytase production was selected and storaged at
4ºC for further enzyme assays. The selected strain
was defined by using VITEK identification system.

"<92/2,*;276 7/26;9*,.44<4*9 81>;*:.Liquid
medium containing 1% maltose, 1% yeast extract,
0.1% MgSO4, 0.1% CaCl2, 0.1% Na-phytate, (pH
7.0) was used as an enzyme production media.
Bacterial culture was incubated at 300 rpm and
37ºC for 48 h. For intracellular phytase purification,
the $" ! cells were collected from fermentation medium at incubation period observed the
maximum enzyme secretion. Culture suspension
(1000 mL) was centrifuged at 9000 rpm for 10 min,
at 4ºC after the incubation. Following the centrifugation, the harvested cell pellet was washed with 5
mL of 0.9% physiological saline solution and again
centrifuged under the same conditions. The obtained pellet was suspended in 20 mL of 0.1 M
Tris-HCl buffer (pH 7.0). Cell suspensions were
then disrupted by 6 cycles of sonication for 5 min at
80-90% power for intracellular enzyme purification. The separated pellet was taken into a new tube
and evaluated as an intracellular enzyme preparate.

%1. -.;.9526*;276 7/ 81>;*:. *,;2=2;> 2
mM Na-phytate prepared in 0.1 M Tris-HCl buffer
(pH 7.0) was used as substrate for phytase activity.
The reaction was continued by incubating 100 μL
of crude enzyme sample and 900 μL substrate solution, at 37ºC for 15 min. After incubation, the reaction was terminated by adding 750 μL of 5% trichloroacetic acid in this mixture. 5 mL of colour
reagent, prepared by mixing four volumes of 2.5%
ammonium molybdate in a 5.5% sulphuric acid and
one volume of 2.5% ferrous sulphate solution, was
added for spectrophotometric measurement of the
liberated inorganic orthophosphate. This mixture
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"1>;*:.*,;2=2;>1>-974>:2:?76.7/ 76*0*984*;.26,4<-260 *81>;*;.+./79.4./;*6-*/;.9
9201;,7<6;.9:;*26260;9.*;5.6;

&# 
//.,;7/876 26;9*,.44<4*981>;*:.*,;2=2;>

#$&%$ $&$$! 

$,9..6260 *6- 2-.6;2/2,*;276 7/ 81>;*:.
897-<,260+*,;.92*10 phytase-producing bacteria
were isolated on agar plates including Na-phytate.
" $"% $" ! observed the maximum
hydrolysis zone among these isolates, (Fig. 1) was
identified by using VITEK bacterial identification
system. This organism was used for further enzyme
studies.

"1>;*:. 897-<,;276 Phytase synthesized by
both Gr (+) and Gr (-) bacterial cells is hydrolytic
enzyme. This enzyme synthesized in the cell, was
excreted out of cell to hydrolyze substrates such as
phytic acid and/or Na-phytate. And after this metabolic process, bacteria cells provide the monomer
nutrient requirements by transferred from the cell
outside. For this reason, the extracellular phytase
activity was firstly investigated during 48 hours of
incubation.
Phytase activity of samples taken from a fermentation medium that includes sodium phytate as
the sole source of phosphorus was analyzed every
two hours. During the first 6 h of fermentation,
phytase production was not observed. However, it



was observed at the 8th hour of incubating. In fermentation medium, the maximum enzyme secretion
was observed as parallel with the maximum bacterial growth at 38th hour. And this activity was recorded as 69.80 U/mL at 38th hour of incubation.
Following incubation period, the reduction in
phytase activity was detected. This decline in enzyme yield may resulted from the depletion of nutrients in fermentation medium. The characterization studies were continued with intracellular
phytase purificated from  $" ! cells at 38th
hour of incubation,

//.,;: 7/ 8 *6- ;.58.9*;<9. 76 81>;*:.
*,;2=2;>The intracellular phytase activity obtained
from  $" ! was determined to reach maximum (100%) activity at pH 5.4. In the examined
pH range, the relative enzyme activity was found as
17-47% at pH 4.0-10.7 (Fig. 2). According to these
results, the average relative activity was calculated
as 42.5% between pH 4.0 and pH 5.0. It was observed that this average activity in the range of pH
5.8-6.6 and 7.0-10.7 decreased to 51.3 and 43.76%,
respectively. The optimum temperature of " 
$"%phytase was detected at 40oC. The relative
enzyme activity was exhibited to be 52 and 87% in
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25-30-60-90-120 min. The results of this analysis
were showed that 81, 77, 81, 73, 79% of its maximum activity retained after incubation at 90ºC for
5, 10, 15, 20 and 25 min. At the 30 min of incubation, it was recognized that the activity has increased by 117%. However, when the activity was
analyzed at the 60 min, it was observed at the activity has decreased to 35% of initial activity. In addition, as can be seen in Figure 4, the remaining intracellular phytase activity was detected as to be
77% after 120 min of incubation.
Thermostability that was especially observed
in high temperature might be an important advantage in industrial application. Roy et al. (2012)
showed that thermostability of  sp. CD2
phytase maintained at 100 and 75% of remaining
activity after exposure to 70ºC and 80ºC for 30 min,
respectively [18]. Sumengen et al. (2013) also stated that the stability of intracellular phytase from
$ %# "&# for the temperature range of
80-90-100°C was found as 36, 78, and 60%, respectively [23].

the range of 20-120ºC, respectively (see Fig. 3).
When the optimal pH and temperature values
of the intracellular phytases are compared with the
literature, it can be seen that the results of this study
are similar to those found in the previous studies [6,
20-21]. To illustrate, Rani and Ghosh (2011) emphasized that the optimum pH and temperature of
the intracellular phytase of ( !%# "'( were
detected as 5.5 and 45ºC for the maximum enzyme
activity [20]. Sajidan et al. (2004) stated that the
maximum intracellular phytase activity of #
sp. ASRIstrain was obtained at pH 5.0 and 45ºC
[6]. Escobin-Mopera et al. (2012) also reported that
the optimum pH and temperature for phytase of
# !%  9-3B were 4.0 and 50ºC,
respectively [21]. Park and Cho (2011), on the
otherhand, stated that the maximum activity of
#%  # sp. JPKI phytase was observed between 5.0-5.5 pH at 50ºC [22].
%1.95*4 :;*+242;> 7/ 81>;*:. The thermal
stability of intracellular phytase was examined by
pre-incubating of enzyme at 90ºC for 5-10-15-20



&# 
//.,;7/;.58.9*;<9.76 26;9*,.44<4*981>;*:.*,;2=2;>


&#
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% 
//.,;7/2612+2;79:5.;*4276:*6--.;.90.6;:76
;1.26;9*,.44<4*981>;*:.

#.*0.6;:
Control
CuSO4
HgCl2
NiCl2
ZnSO4
CaCl2
CoCl2
FeSO4
CuCl2
MgCl2
NaCl
FeCl2
MnCl2
MnSO4
MgSO4
ZnCl2
Glycerol
EDTA
Acetic acid
Triton X-100
SDS
Tween-20
Tween-80
2mercaptoethanol

#.:2-<*4#.4*;2=.
,;2=2;>
5
,76,.6;9*;276
100
93
98
85
94
94
94
89
96
94
104
88
97
105
102
94
106
103
117
9
91
44
45

#.:2-<*4#.4*
;2=.,;2=2;>
5
,76,.6;9*;276
100
85
88
94
89
95
85
71
85
100
98
83
92
102
103
96
106
106
110
11
88
17
4

109

110

finity against the tested substrates such as Naphytate, Ca-phytate, AMP, ATP and Na-phenyl
phosphate. These relative activities were recorded
as 100, 92, 102, 97 and 96%, respectively (Table 2).
According to the results, the highest phytase activity was determined in the presence of AMP as substrate. In contrast to phytases from #%  #
sp. JPK 1,  sp. CD2, $#%  %
, it was detected that " $"%intracellular phytase showed an extensive specificity against
other phosphorylated substrates except phytate [18,
22, 25].
% 
$<+:;9*;.:8.,2/2,2;>7/ 
26;9*,.44<4*981>;*:.
$<+:;9*;.:
Na-phytate
ATP
AMP
Na-phenyl
phosphate
Ca-phytate

6?>5.*,;2=2;>
& 5

#.:2-<*4#.4*
;2=.,;2=2;>

163,5
159,0
166,8
157,1

100
97
102
96

151,2

92




//.,; 7/ ,1.52,*4 9.*0.6;: 76 ;1. 81>;*:.
*,;2=2;> Effect of inhibitors, detergents and metal
ions at 1 and 5 mM concentrations on the intracellular phytase activity was shown as residual activity
(Table 1). It was observed that the cations CaCl2,
NaCl, MgCl2, MnCl2 and ZnCl2 did not substantially affect the intracellular activity at 1 and 5 mM
concentrations. However, both 1 and 5 mM concentrations of Triton X-100 and 5 mM concentrations
of Tween 20 and 80 were detected that strongly
inhibit the phytase activity. The phytase activity
was moderately inhibited with loss more than 50%
by 1 mM Tween 20 and 80. Stimulations as well as
inhibition effect on phytase activity by chemical
reagents such as MnSO4, MgSO4, glycerol, EDTA,
acetic acid and 2-mercaptoethanol at 1 or 5 mM
concentration, were revealed. In the activity inhibition by SDS, CoCl2, CuSO4, CuCl2, HgCl2, NiCl2,
ZnSO4, FeSO4 and FeCl2 concentration-dependent
changes with ranging from 2% to 15% loss at 1mM
and from 6% to 29% loss at 5mM, were observed.
The inhibitory effect of metal ions on phytase activity can be associated with generate an insoluble
metal-phytate complex due to the strong chelating
properties of phytate. So, this complex reduces the
useable of substrate (phytate) for enzyme maximum
activity [24] and consequently the enzyme activity
decreases.

$<+:;9*;.:8.,2/2,2;>7/81>;*:.The activity
of intracellular phytase on several phosphate
sources was studied at 2mM citrate buffer pH 5.4.
The enzyme was detected to demonstrate high af-


&#
$$"*6-?>5709*5/79;1.26;9*,.44<4*9
81>;*:../;;79201;4*6.: 6;9*,.44<4*9
81>;*:.897/24.: "97;.265*93.959.:,7
"97;.26*93.9 6;9*,.44<4*981>;*:.
?>5709*56;9*,.44<4*981>;*:.897/24.:

$$" *6- )>5709*81> 7/ 81>;*:.
The protein band of the intracellular phytase purified from " $"% $" ! was determined
by comparison of the phytase activity in gel with
the SDS-PAGE results. As shown in Fig 5, two
protein bands located at 22 kDa and 13 kDa were
identified for the crude intracellular phytase. In
previous studies, intracellular phytases with different molecular masses from various sources were
declared. To illustrate Roy et al. (2012) stated that
molecular weight of intracellular phytase purificated from sp. CD2 was determined as 43
kDa [18]. Nuhriawangsa et al. (2009) asserted that
intracellular phytase with molecular mass 47.3 kDa
was acquired from recombinant bacteria
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!   [26]. Tambe et al. (1994) reported that
the estimated molecular masses of #" 
# phytase were 10 and 13 kDa [27]. In another
study, Sumengen et al. (2013) observed three protein bands located at 72 kDa, 36 kDa and 33 kDa
for intracellular phytase from $ %#!$
"% [23].
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Phytase is commercially used as a feed constituent to increase the digestibility of proteins in
animal and human diets and to decrease the environmental pollution by hydrolysis of phytic acid.
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represents the first article of the intracellular
phytase was produced by using " $"%
$" ! from wastewater treatment plants. Our
results showed that this enzyme practicable as an
eco-friendly microbial feed additive in animal feed
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experienced in children [4, 5]. International Standards Organization (ISO) stated that the noise levels
up to 58 dB was normal, the noise levels over 90 dB
had negative effects on human health and the noise
levels over 140 dB may result in serious brain damages [6].
Noise pollution is a critical problem especially
around the facilities in where educational and health
services are provided, such as university campuses,
schools and hospitals. Noise-induced stress has significant negative impacts on in-patients and hospital
staff [7], has highly significant negative effects on
education because of problems created in student
perceptions [8], results in negative social behaviors
and mental disorders [9] and serious hearing disorders are experienced in workers exposed to industrial
noise [10-11].
Traffic-induced noise is usually comes from
transportation and freights through motorways, railways and airways [12-13]. World Health Organization (WHO) indicated traffic-induced noise as the
most significant noise source with regard to number
of people exposed to noise and widespread of the
noise [14]. Noise barriers or tree buffers are used
prevent or diminish noise pollution from motorways
and railways [15-16]. Routine measurements should
be performed to decide about the measures to be
taken against noise pollution. Efficiency of sound
waves and designating them as noise not only depends on the intensity and continuity, treble or clump
of the sound, but also depends of physical and emotional conditions and perception of the individual exposed to noise. Noise intensity, irregularity and intentness are directly proportional to unpleasantness
[7]. Sample noise levels are provided in Table 1.
There are some legal regulations and standards
developed in the world and Turkey to prevent and
diminish noise pollution [17]. Among those regulations, OSHA (Occupational Safety and Health Administration) issued in the USA in 1970 is the most
significant one [18]. Following the USA, Netherlands (1979), France (1985), Spain (1993) and Denmark (1994) issued noise control regulations [2]. In
Turkey, the first noise-related regulation was issued
in 1986 under the title of “Noise Control Regulation”
[19]. The regulation was then revised and updated in
2010 within the scope of EU accession process of

Noise is one of the environmental parameters
that affect people's life quality negatively. In recent
years, noise pollution became an important environmental problem due to mechanization, expansion of
motorways, increasing traffic loads and airline
transport. When the noise is evaluated on a source
basis, it can be said that it is mainly the result of the
use of vehicles in traffic. In this study, a series of
noise measurements were carried out in order to put
forth the traffic-induced noise pollution in Cumhuriyet University campus and the results were assessed
comparatively. Noise measurements were made at 9
different locations in the university campus for 5
days at three different time period of the day between
May, 9-13 2016. It was observed that the 6th measurement point had higher noise levels than the other
measurement points at the evening hours. It was concluded based on present findings that noise generation might differ based on weather conditions, measurement times and vehicle intensity.
'&!"
Noise pollution, Cumhuriyet University campus, Noise
from traffic, Noise map
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Noise is defined as “unpleasant sound” with
various negative impacts on human physiology and
psychology [1]. Together with ever-increasing population, developments in industry and transportation
have aggravated noise pollution and made it a serious problem in highly populated settlements of both
the world and Turkey [2]. Like several other environmental factors, noise pollution negative influence
human health and life comfort. Noise has serious effects on human health and these effects are commonly classified as physiological and psychological
[3]. General symptoms of these negative impacts are
usually emerge as distractibility and sleeping disorders, as well as long-run negative impacts like hearth
diseases, temporary-permanent hearing disorders,
health problems and perception disorders commonly
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hours of 12: 00-13: 00 ; between the evening hours of
17: 00-18: 00 (all within 10 hours of the day). Measurements repeated 10 times at each measurement
point. Measurements at each point took 5 minutes
and these measurements were recorded as present
noise level of those points. The study carried out by
Şahin et al. [21] was used to assess campus noise levels in 4 different categories based on noise intensity.
These categories were: 1- Noise levels of less than
55 dB(A) without any problems with regard to noise
levels; 2- Noise levels of between 55-65 dB(A), limiting values for noise levels; 3- Noise levels of between 65-75 dB(A), high noise levels and 4- Noise
levels of over 75 dB(A), the greatest noise levels.
On-campus measurement points are provided in Table 2.

Turkey [20]. With these regulations, noise levels in
open and closed environments were specified and
pressures exerted by the noise on working and social
life of people were tried to be diminished.
In present study, on-campus environmental
noise levels were investigated through noise measurements 3 times in a day at every 5 days from 9 different locations at Cumhuriyet University Campus,
Sivas.


#!"#"
Noise measurements were performed between
the dates 9th May to 13th May 2016 at 9 different locations of Cumhuriyet University Campus. Measurements locations were selected based on traffic intensity and intense buildings of the campus. The satellite image showing the noise measurement pointes
is presented in Figure 1. Noise measurements were
performed with as noise measurement device (TES
1350 brand: 30-130 dB Sound Level Meter). ArcGIS
10.2 was used for noise mapping of the campus.
Maps were created with Inverse Distance Weighing
(IDW) method.
Noise measurement device was held 1.5 m
above the ground and kept at least 2 m away from
the walls and blocks around. Measurements were
performed three times during the day hours between
the mornings hours of 08:00-09:00 ; between the noon

# 
508,2,;,285-+0--,7,4985:4+85:7*,8

"5:7*,5-"5:4+
Hearing threshold
Whisper
General Office Environment
Normal Speaking
Loud Speaking
Truck Horn
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In front of Student Dormitories
In front of Faculty of Dentistry
In front of University Hospital
In front of B Block of Engineering Faculty
In front of Faculty of Architecture
In front of Cumhuriyet Square
In front of Physical Training and Sports Faculty
In front of University Bank Branches
At intersection of Rectorate and Academic Units
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of the individuals and public transportation vehicles.
The noise levels measured at different locations of
the university campus at specified hours are presented in Figure 2.
Noise levels at morning hours varied between
69-78 dB(A), but about 3-4 dB(A) differences were
observed between the measurement points at different days of the week. In morning hour (08:00-09:00 )
measurement, the lowest noise level was measured
at 9th point on Friday with 69 dB(A) and the greatest
noise level was measured at 8th point on Thursday
with 78 dB(A). Since the 8th point was close to campus main entrance, quite much traffic intensity was
observed between the morning rush hours of 08:0009:00. Therefore, greater noise levels were measured
at 8th point than at the other points at these hours. On
the other hand, the measurement points of 6 and 9
had quite less traffic intensity than the other locations at these hours. Therefore, the lowest traffic-induced noise levels were observed at these locations.
Considering the noise levels of the other locations, it
was generally observed that these individual points
were exposed to traffic and anthropogenic noise created only by their own staff or students. Therefore,

Traffic is the main reason of differences in
noise levels, but some anthropogenic factors also influence such differences. The greater noise levels in
day hours than in night hours were mainly due to intense traffic and human activity in day hours. Traffic
intensity increases especially during the rush hours
(between the hours 07:30-09:00 in the morning and
between the hours 17:00-18:30 afternoon) and a traffic
jam is common at central locations during these
hours [21].
Based on weekdays noise measurements performed at on-campus environment of Cumhuriyet
University, 5-day variation in noise levels of 9 different locations is provided in Figures 2, 3 and 4. As
it can be seen from the figures, on-campus noise levels in working hours varied between 65-80 dB(A).

508, ,;,28 (9 57404. 5:78 The basic
reason of the noise at morning hours of between
07:30-09:00 was primarily traffic-induced noise created through transportation with the private vehicles
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they all had lower noise levels than the 9th point. The
measurement point 3 had also remarkable noise levels. Different from the other locations, this location
had quite high noise levels especially at morning
hours, since this point is located in front of university
hospital with quite high number of staff and high
number of visitors at morning hours. Therefore, 3rd
point was subjected to greater traffic-induced noise
pollution than the other points.
Morgül and Dal [22] in a study, indicated the
threshold noise level for outdoor environments specified by World Health Organization (WHO) as 55
dB(A). All of the measurements made at morning
hours of university campus were quite above this
threshold value.

had quite much traffic loads at all hours of the day
than the other measurement points. Noise levels vary
based on type of vehicles, fuel type of these vehicles,
loads and speed of these vehicles [21]. On-campus
speed limits at these locations with high traffic loads
may reduce traffic-induced noise pollution.

508, ,;,28 (9 ;,404. 5:78 Evening
hours are the last noise measurement hours. Between
the evening hours of 17:00-18:30, higher noise levels
were measured than the morning and noon hours
since these hours include end of day of university
staff and students. The noise levels measured at
evening hours are presented in detail in Figure 4. 
As compared to noon hours, noise levels increased by 2 dB(A) at evening hours (Figure 4).
Mostly pedestrian traffic is dominant at noon hours
and noise is mostly originated from social activities.
But, staff services, private cars and student services
create or increase noise levels at evening hours.
Therefore, a greater noise pollution was observed at
evening rush hours. As the 5-day average measurements, the noise levels at evening hours varied between 71.99 and 79.41 dB(A). The greatest noise
level was measured at 6th measurement point. In
Noise Control Regulation, a noise level of 35 dB(A)
was specified for educational and health facilities
[23]. However, present values were almost twice as
much of this threshold value specified for those facilities.
A noise map was created by using morning,
noon and evening noise measurements with ArcGIS
software (Figure 5). As can be seen from the map,
the campus is dominantly exposed to noise levels of
between 73-76 dB(A).

508,,;,28(95545:78Noise levels at
noon hours (between the noon hours of 12: 00-13: 00)
varied between 70.37 dB(A) and 77.36 dB(A). Considering 5-day measurements between the noon
hours of 12:00-13:00, the greatest noise level was observed at 7th point and the lowest noise level was observed at 4th point. Measurements are presented in
detail in Figure 3.
As it can be seen from Figure 3, entire measurement points were placed in 3rd category “high
noise levels” specified as between 65-75 dB(A). The
measurement point 7 is close to university dining
halls, there was quite high population intensity and
activity around this measurement point. Therefore,
higher noise levels were measured at noon hours of
this point than the other locations. The 3rd and 4th
points with high noise levels at noon hours (especially on 10th and 13th of May) are located in front of
engineering faculty and university hospital both
close to the university main entrance and therefore
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On-campus noise profile was identified with
noise measurements made at different locations of
Cumhuriyet University Campus. Present findings revealed that traffic noise was the primary source of
noise in university campus. Noise levels at especially the rush hours of the morning and the evening
were higher than daily averages at all measurement
points. On the other hand, about 2-3 dB(A) less noise
levels were measured at noon hours because of reduced traffic intensity at these hours. In general, 6th
measurement point had the greatest noise level. The
6th measurement point is along the route of rectorate
and university public housings thus had the greatest



traffic intensity. The 4th measurement point had the
least noise level at noon hours. However, in any case,
present noise levels were generally over the high or
the greatest noise levels specified in noise categories.
To reduce on-campus noise levels, traffic flow
within the campus should be rearranged, sing plates
should be placed at proper places to reduce noise levels, on-campus roads should be repaired and maintained properly, pedestrian or bicycle traffic should
be promoted, natural sound barriers like tree planting
should be established especially around the educational and health facilities. With all these measures,
high noise levels in administrative and educational
buildings can be reduced. Speed limits can also be
put into action at locations with high traffic intensity
and flow.
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())(&762)62',80&+/25,'(21352.$5<27,&
0,&52%,$/&20081,7<,1&+,1(6(75$',7,21$/
)22'3$2&$,
3LQJPHL<DQ =KHQJ&KDL;LDRKXL&KDQJ+RQJSLQJ4LDR:HQMLQJ=KDR0LDRZHQ&DR


'HSDUWPHQWRI%LRORJ\7DL\XDQ1RUPDO&ROOHJH7DL\XDQ&KLQD

&ROOHJHRI6RIWZDUH6LFKXDQ8QLYHUVLW\&KHQJGX&KLQD

%HLMLQJ(QWU\([LW,QVSHFWLRQDQG4XDUDQWLQH%XUHDX%HLMLQJ&KLQD

ODULW\RI6HUUDWLDVSH[
LVWV LQ WKH HDUO\ VWDJH RI WKH IHUPHQWDWLRQ 6HUUDWLD
VS5DKQHOODVSH[LVWDWWKHIHUPHQWDWLRQPHGLXP
6WDSK\ORFRFFXVVFLXULVS6WDSK\ORFRFFXVVFLXULH[
LVWLQWKHZKROHSURFHVVRIIHUPHQWDWLRQ
)URP '**( HOHFWURSKRUHVLV IOXRUHVFHQFH LQ
WHQVLW\DQGWKHH[LVWLQJWLPH VKRZVLQ VRGLXP
FKORULGH FRQFHQWUDWLRQ RI IHUPHQWDWLRQ RI FDEEDJH
V\VWHP/HXFRQRVWRFFLWUHXPXQFXOWXUHGEDFWHULXP
/HXFRQRVWRFPHVHQWHURLGHVDUHWKHDGYDQWDJHRIWKH
PLGGOHDQGODWHPLFURELDOIHUPHQWDWLRQDQG
VRGLXPFKORULGHFRQFHQWUDWLRQLQWKHIHUPHQWDWLRQRI
FDEEDJH6WDSK\ORFRFFXVVFLXULVSLVWKHDGYDQWDJH
DQGVWDEOHLQFDEEDJHIHUPHQWDWLRQSURFHVV
7KH4XDQWLW\2QHVRIWZDUHDQDO\VLVWKHSURNDU
\RWHPLFURELRORJ\6SHFLHV5LFKQHVV 6SHFLHV5LFK
QHVV (YHQQHVV 6SHFLHV(YHQQHVV DQG6SHFLHVGL
YHUVLW\LQGH[ 6KDQQRQ 5HVXOWVRIVRGLXPFKOR
ULGHFRQFHQWUDWLRQIHUPHQWDWLRQVDXHUNUDXWPLFURELDO
GLYHUVLW\LQGH[ + ULFKQHVVLQGH[ 5 LQWKHIHUPHQ
WDWLRQSURFHVVDUHORZHUWKDQDQGHYHQQHVV
( LVVWDELOLW\RIWKHLQGH[WKDQDQG6KRZV
WKDWVRGLXPFKORULGHFRQFHQWUDWLRQIHUPHQWDWLRQ
VDXHUNUDXW LQ WKH IHUPHQWDWLRQ SHULRG RI PLFURELDO
FRPPXQLW\VWUXFWXUHLVUHODWLYHO\VWDEOHDQGPLFUR
ELDOVSHFLHVLVIDUOHVVWKDQDQGVRGLXPFKOR
ULGH FRQFHQWUDWLRQ 5HVHDUFK UHVXOWV VKRZ WKDW WKH
FRQFHQWUDWLRQRIVRGLXPFKORULGHIHUPHQWHGNLP
FKLSURNDU\RWLFPLFURELDOFRPPXQLW\VWUXFWXUHLVGH
ILFLHQW IURP WKH   DQG  VRGLXP FKORULGH
FRQFHQWUDWLRQ SURNDU\RWLF PLFURELDO FRPPXQLW\
FKDQJHVVLPLODUWRQDWXUDOIHUPHQWHGYHJHWDEOHVPL
FURELDOFKDQJHUXOHVDQGVWDELOLW\6RFRQFHQWUD
WLRQRIVRGLXPFKORULGHLVJRRGIRUNLPFKLIHUPHQWD
WLRQ

$%675$&7
,QRUGHUWRH[SORUHWKHFKDQJHVRIVRGLXPFKOR
ULGHFRQFHQWUDWLRQRIPLFURELDOFRPPXQLWLHVLQIHU
PHQWHG&KLQHVHSDRFDLV\VWHPDQGVR
GLXP FKORULGH FRQFHQWUDWLRQ IHUPHQWDWLRQ &KLQHVH
SDRFDLVDPSOHVRIGLIIHUHQWIHUPHQWDWLRQWLPHXVLQJ
3&5'**( 3RO\PHUDVH &KDLQ 5HDFWLRQ'HQDWXU
LQJ *UDGLHQW *HO (OHFWURSKRUHVLV  PHWKRG WR VHSD
UDWHWKHVU'1$9IUDJPHQWRIDOOWKHPLFUREHV
LQNLPFKLKDOLGH5HF\FOLQJVWURQJIOXRUHVFHQFHLQ
WHQVLW\ GLIIHUHQW WLPH GLIIHUHQFH RI HOHFWURSKRUHVLV
EDQG  V U'1$9 VHJPHQW  JHQH DPSOLILFDWLRQ
UHDFWLRQ WKHQ PHDVXUH RI EDVH VHTXHQFH FRPSDUHG
ZLWK*HQH%DQNGDWDEDVHVHTXHQFHWRLGHQWLI\5H
VXOWV VKRZ WKDW  VRGLXP FKORULGH FRQFHQWUDWLRQ
IHUPHQWHG NLPFKL VDPSOHV '**( HOHFWURSKRUHVLV
UHVXOWHG VLPLODU DV ZLWK XQFXOWXUHG EDFWHULXP LH
3VHXGRPRQDV VS 6WDSK\ORFRFFXV VFLXUL 3DQWRHD
GLVSHUVD6HUUDWLDVSDQG6HUUDWLDVSDQG6WDSK\
ORFRFFXVVFLXUL5DKQHOODVS
DQGUHVSHFWLYHO\5DKQHOODVS
H[LVWVDWHDUO\VWDJHRIWKHIHUPHQWDWLRQ3DQWRHDGLV
SHUVD6HUUDWLDVSDQG6WDSK\ORFRFFXVVFLXULH[LVW
DW PHGLXP IHUPHQWDWLRQ DQG UHVW XQFXOWXUHG EDFWH
ULXP3VHXGRPRQDVVS6WDSK\ORFRFFXVVFLXUL6HU
UDWLDVSUXQWKURXJKWKHZKROHSURFHVVRIIHUPHQ
WDWLRQ  6RGLXP FKORULGH FRQFHQWUDWLRQ VDPSOHV
VXUYH\UHVXOWVDUHVLPLODUZLWK/HXFRQRVWRFFLWUHXP
XQFXOWXUHG EDFWHULXP /HXFRQRVWRF PHVHQWHURLGHV
XQFXOWXUHG JDPPD SURWHREDFWHULXP XQFXOWXUHG
EDFWHULXP8QFXOWXUHG(QWHUREDFWHUVS(QWHUREDF
WHULDFHDHEDFWHULXPDQG3DQWRHDVS
DQGUHVSHF
WLYHO\1WHUREDFWHULDFHDHEDFWHULXPH[LVWVDWWKHEH
JLQQLQJRIWKHIHUPHQWDWLRQWKH8QFXOWXUHGJDPPD
SURWHREDFWHULXP8QFXOWXUHGEDFWHULXPH[LVWVDWG
DIWHUIHUPHQWDWLRQ/HXFRQRVWRFFLWUHXP/HXFRQRV
WRFPHVHQWHURLGHVLQPHGLXPDQGODWHIHUPHQWDWLRQ
8QFXOWXUHGODWHIHUPHQWDWLRQEDFWHULXP8QFXOWXUHG
(QWHUREDFWHUVS3DQWRHDVSH[LVWLQWKHZKROHSUR
FHVV RI IHUPHQWDWLRQ (OHFWURSKRUHVLV ZLWK  VR
GLXPFKORULGHFRQFHQWUDWLRQVDPSOHWHVWUHVSHFWLYHO\
ZLWK6WDSK\ORFRFFXVVFLXULVS6HUUDWLDVS6WDSK\
ORFRFFXVVFLXUL5DKQHOODVS6HUUDWLDVS7KHVLPL

.(<:25'6
)HUPHQWDWLRQ &DEEDJH '**( 3URNDU\RWLF PLFURELDO
FRPPXQLWLHV
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&RPELQLQJWUDGLWLRQDOFXOWLYDWLRQ>@'**(WHVW
LQJ WKH EDFWHULDO FRPPXQLW\ LQ WKH &KLQHVH SDRFDL
VDOWLQJ SURFHVV )X   >@ XVHG WKH 3&5 
'**(PHWKRGWRVWXG\WKHFRPPXQLW\VWUXFWXUHRI
WKHNLPFKLODFWLFDFLGEDFWHULD&KLQHVHSDRFDLGYHJ
HWDEOHVLQDGGLWLRQWRODFWLFDFLG EDFWHULDIHUPHQWD
WLRQSURFHVVWKHUHDUHORWVRIEDFWHULDDIIHFWLQJWKH
TXDOLW\ RI &KLQHVH SDRFDL ,Q WKLV VWXG\ E\ WKH
PHWKRGRI3&5'**(QXFOHDUPLFURELDOFRPPX
QLWLHVXQGHUGLIIHUHQWFRQFHQWUDWLRQRIVRGLXPFKOR
ULGH FKRRVH WKH VXLWDEOH FRQFHQWUDWLRQ RI VRGLXP
FKORULGHLVWRSURYLGHUHVHDUFKPHWKRGVDQGWKHRUHW
LFDOEDVLV

,1752'8&7,21
3DRFDLLVWKHPLOGO\VDOWHGDQGODFWLFDFLGIHU
PHQWHG YHJHWDEOHV ,W LV D WUDGLWLRQDO GLVK OLNH E\
PDQ\ &KLQHVH >@ ([FHVVLYH YHJHWDEOHV VXFK DV
FDEEDJHFHOHU\FXFXPEHUDQGUDGLVKGXULQJVXUSOXV
VHDVRQVDUHQRUPDOO\SUHVHUYHGLQWRSDRFDLLQFHUWDLQ
UHJLRQVRI&KLQD3DRFDL is served as a side dish with
the main meal and is also used as an appetizer by the
Chinese. 'LIIHUHQW IURP VDXHUNUDXW DQG NLPFKL
ZKLFKDUHXVHGDVDGLUHFWVDOWLQJWRZLWKGUDZMXLFH
IURP WKH FDEEDJH GU\ VDOWLQJ  SDRFDL LV D W\SH RI
EULQHVDOWHG DQG ODFWLF DFLG IHUPHQWHG YHJHWDEOHV
9HJHWDEOHVDUHQRUPDOO\VRDNHGLQEULQHZLWK
VDOWDQGDOORZHGWRXQGHUJRODFWLFDFLGIHUPHQWDWLRQ
IRUGD\V$WSUHVHQWZLWKWKHLPSURYHPHQWRI
SHRSOH V OLYLQJ VWDQGDUG WKH GHPDQG IRU IRRG FRQ
FHSWKDVFKDQJHGWKHFRQVXPHUDWWHQWLRQWRWKHKX
PDQ ERG\ KHDOWK IXQFWLRQDO IRRG ZLWK KHDOWK FDUH
IXQFWLRQ$QGWUDGLWLRQDO&KLQHVHSDRFDLKDVKLJKVR
GLXPFKORULGHFRQWHQWVDOW\WDVWHDIIHFWHGWKHVDOHV
RIIHUPHQWDWLRQRIFDEEDJHDQGWKHGHYHORSPHQWRI
HQWHUSULVHV7KHUHIRUHWKHUHVHDUFKDQGGHYHORSPHQW
RIORZVDOW&KLQHVHSDRFDLZLOORSHQXSEURDGSUR
VSHFWVIRUGHYHORSPHQWRIIHUPHQWHGYHJHWDEOHVLQ
GXVWU\
.LPFKL IHUPHQWDWLRQ V\VWHP RI PLFUREHV DQG
&KLQHVHSDRFDLSURGXFWVTXDOLW\DQGIODYRUKDVDGL
UHFW UHODWLRQVKLS >@ DQG WKH FRQFHQWUDWLRQ RI VR
GLXPFKORULGHZLOODIIHFWWKHJURZWKRIPLFUREHVLQ
&KLQHVHSDRFDLV\VWHP7RH[SORUHYDULRXVPLFURELDO
JURZWKVXQGHUWKHFRQGLWLRQVRIGLIIHUHQWFRQFHQWUD
WLRQVRIVRGLXPFKORULGHDQGFKDQJHVLQWKH&KLQHVH
SDRFDLIHUPHQWDWLRQSURFHVVLVKHOSIXOWRFKRRVHVXLW
DEOH FRQFHQWUDWLRQ RI VRGLXP FKORULGH NLPFKL IHU
PHQWDWLRQ3XUHFXOWXUHPHWKRGLVWKHFODVVLFDOWHFK
QRORJ\IRUNLPFKLIHUPHQWDWLRQV\VWHPPLFURELDOGL
YHUVLW\%XWWKLVPHWKRGQHHGVWREHXVHGLQPHGLXP
DQG KLJK HQYLURQPHQWDO FRQGLWLRQV DQG ZLOO KDYH
FHUWDLQ LQIOXHQFH RQ WKH UHVXOWV RI WKH VWXG\ > @
DQGFDQGRPLQDWHLQWKH&KLQHVHSDRFDLIHUPHQWDWLRQ
V\VWHPLQWKHPHGLXPRUKLJKFRQWHQWRIIORUDZKLFK
FDQQRWGHYHORSRUJURZSURSHUO\>@$OVRXVLQJFXO
WLYDWHG VHSDUDWLRQ VXSHULRULW\ VWUDLQV LVRODWHG IURP
WKHIHUPHQWDWLRQRIFDEEDJHDIWHUUHVHDUFKIRXQGWKDW
WKHVH PLFUREHVFDQEHFXOWLYDWHGLQPHGLXPDQGD
ORW RI WR EH RYHUHVWLPDWHG WKHLU DFWXDO FRQWHQW DQG
IXQFWLRQ >@ ,Q DGGLWLRQ VWXGLHV KDYH VKRZQ WKDW
DERXWRIWKHVSHFLHVLQWKHQDWXUDOHQYL
URQPHQW DUH QRW PDGH E\ WKH WUDGLWLRQDO PHWKRGV
7KHUHIRUHSXUHFXOWXUHWHFKQRORJ\KDVVRPHOLPLWD
WLRQV
,QUHFHQW\HDUVXVLQJWKHPHWKRGRIPROHFXODU
ELRORJ\RIHQWUDLQLQJWRNQRZWKHGLYHUVLW\ PLFUR
ELDO FRPPXQLW\ RI PLFUREHV LQ IRRG IHUPHQWDWLRQ
V\VWHPUHVHDUFKLQFUHDVHGVLJQLILFDQWO\VXFKDVIHU
PHQWHGFRUQJURXSPDOWYLVD ZLQH>@,WDOLDQVDX
VDJH>@NLPFKL>@6WXG\LVEDVHGRQWKH
PHWKRG RI 3&5  '**( PROHFXODU ELRORJ\ LV WKH
VWXG\RIIHUPHQWHGIRRGPLFURRUJDQLVPYLDEOHZD\

0$7(5,$/6$1'0(7+2'6
7HVWPDWHULDOV&DEEDJHZDVERXJKWIURPWKH
ROG6XPPHU3DODFHLQ%HLMLQJZHVWURDGQRVXSHU
PDUNHWV
7HVW PHWKRG 7KH SUHSDUDWLRQ RI &KLQHVH
SDRFDLDQGVDPSOLQJ+RPHPDGHIHUPHQWHGNLPFKL
SUHSDUDWLRQ)RUWKLVSURFHVVIHUPHQWDWLRQFRQWDLQHU
ZLWKDFOHDQPORIWULDQJOHERWWOHSOXJJHGZLWKD
ERWWOHFDSPDGHRIJDX]HZUDSSHGFRWWRQZDVXVHG
IRUKRPHPDGHIHUPHQWHGNLPFKL7KHWULDQJOHERWWOH
ZDVILUVWVWHULOL]HGKRWDQGKXPLGWDPSRQVWHULOL]D
WLRQSRWIRUPLQXWHVDW&WHPSHUDWXUH$IWHU
FRROLQJFDEEDJHZDVZDVKHGDQGFOHDQHGZLWK6WHU
LOL]HG ZDWHU $IWHU WKDW GLIIHUHQW VRGLXP FKORULGH
FRQFHQWUDWLRQ   DQG   ZDV DGGHG DIWHU
FRROLQJRIERLOLQJEULQH IRRGVDOWZDWHULVPY 
SOXJJHGWDPSRQ WKHDERYHRSHUDWLQJLQWKHVXSHUQHW
LQWKHVWHULOH XVLQJYDFXXPSXPSZDVXVHGIRUGU\
LQJDQDHURELFIHUPHQWDWLRQZDVGRQHLQLQFXED
WRUV6DPSOLQJZDVWDNHQLQDIHUPHQWDWLRQSHULRGDW
GD\GD\GD\GD\GD\GD\GGD\GD\
GD\ LQ D GULHG ERWWOH RI IHUPHQWHG NLPFKL J
VDPSOHZDVWDNHQLQFOHDQHGDQGVWHULOL]HGERWWOHDQG
ZDV PL[HG ZLWK PO RI IHUPHQWHG &KLQHVH SRFDL
EULQHSOXJJHGZLWKFRWWRQDQGSXWEDFNLQLQFXEDWRUV
WRFRQWLQXHIHUPHQWDWLRQ
.LPFKL KDOLGH S+ ZDV PHDVXUHG ZLWK GLJLWDO
S+PHWHUS+ PHWHU ZDVFDOLEUDWHGVWDQGDUGEXIIHU
VROXWLRQS+DQG
.LPFKLV\VWHPFRQWDLQHGLQWKHPLFURELDOWR
WDO'1$H[WUDFWLRQ([WUDFWLRQRIWRWDO'1$ZDV
GRQHDFFRUGLQJWRWKHNLW '1$H[WUDFWLRQNLW7LDQ
MLQ%LRWHFK%HLMLQJ VWHSV'LIIHUHQWVDPSOLQJWLPH
RI&KLQHVHSDRFDLGZDVWDNHQDVLQGLUHFWPDWUL[H[
WUDFWRI'1$IURPIHUPHQWDWHG&KLQHVHSDRFDLEULQH
1DQRGURSVSHFWURSKRWRPHWHULQVWUXFWLRQVZHUHXVHG
IRUGHWHFWLQJ'1$FRQFHQWUDWLRQVVDPSOHV
VU'1$9IUDJPHQWVRI3&5DPSOLILFD
WLRQ 'HVLJQ SURNDU\RWH PLFURELRORJ\ VHTXHQFH RI
VU'1$9IUDJPHQWDPSOLILFDWLRQRI XQLYHUVDO
SULPHUV3ULPHUVVHOHFWHG
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(YHQQHVVE\EDQGLQJUHODWLYHGHQVLW\YDOXHFDOFXOD
WLRQ 6SHFLHV(YHQQHVV DQG6SHFLHVGLYHUVLW\ 6KDQ
QRQ >@
'LYHUVLW\LQGH[HYHQQHVVLQGH[ (  + DQGWKH
FDOFXODWLRQIRUPXODRIULFKQHVVLQGH[ 5 
+  QL1 ,Q QL1
( +,Q6
5 6,Q1
,QWKHDERYHIRUPXODQLVKRZVDVLQJOHVWULSRI
SHDNDUHD1LVDOOSHDNDUHDIRUDODQH6IRUDODQH
WRWKHWRWDOQXPEHURIEDQGV

I
*&&*&&&*&&*&*&*&**&***&****&*
****&$&******&&7$&***$**&$*
&$* DQGU $77$&&*&**&7*&7** >@
V\QWKHVLV E\ 6KDQJKDL ELRORJLFDO HQJLQHHULQJ WHFK
QRORJ\VHUYLFH&R/7'5HDFWLRQV\VWHPWKH3&5
0DVWHU0L[ȝOHDFKSULPHUPXO SPROPX
 ȝOIHUPHQWHGNLPFKLWRWDO'1$ZLWKGG+2
WRȝOYROXPH5HVSRQVHSURFHGXUHV&PRGL
ILHGPLQ&VV&V&&
PLQFLUFXODWLRQVILQDOO\LQ&NHSWFRQVWDQW
7DNHȝORI3&5SURGXFWDJDURVHJHOHOHFWUR
SKRUHVLV GHWHFWLRQ DQG WKHQ REVHUYH E\ %LR  5DG
FRPSDQ\JHOLPDJLQJV\VWHP

6LPLODULW\ FOXVWHULQJ DQDO\VLV 8VLQJ WKH
4XDQWLW\ RI 2QH VRIWZDUH 8:3*$ 8QZHLJKWHG
3DLU *URXS 0HWKRG XVLQJ $ULWKPHWLF DYHUDJHV 
PHWKRGWRWKH'**(VLPLODULW\FOXVWHULQJDQDO\VLV

0RGLILHG JUDGLHQW JHO HOHFWURSKRUHVLV
'**( '**(JHOV\VWHPLVFRPSRVHGRISODVWLF
UXEEHUDQGXSSHUUXEEHU>@WKHVSHFLILFIRUPXOD
WLRQVDUHVKRZQLQ7DEOH

3K\ORJHQHWLF DQDO\VLV PHWKRG &XWWLQJ WKH
FDUULHURI WKH VHTXHQFLQJ UHVXOWV SXUSRVH IUDJPHQW
ZLOOEHVXEPLWWHGWR*HQH%DQNIRUWKH%/$67KLJK
JDLQDQGSXUSRVHIUDJPHQWVLPLODULW\VHTXHQFHVE\
0(*$ XVLQJ 1HLJKERU -RLQLQJ PHWKRG HVWDE
OLVKHG V U'1$ SK\ORJHQHWLF WUHH FDUULHV RQ WKH
DQDO\VLVRIV\VWHPGHYHORSPHQW

7$%/(
'HQDWXUHGJUDGLHQWJHOIRUPXOD
5HDJHQWV
$FU\O%LV
6ROXWLRQ
[7$(EXIIHU
)RUPDPLGH
'HLRQL]HG
8UHD
GG+2XSWR
$PPRQLXP
SHUVXOIDWH
7(0('

'HQDWXULQJJHO
FRQFHQWUDWLRQ


PO
PO

8SSHUJXP
FRQFHQWUDWLRQ

PO

PO
PO

PO
PO
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ȝO
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5(68/76$1'$1$/<6,6
7KHFKDQJHUXOHRINLPFKLIHUPHQWDWLRQS+
YDOXHLQWKHSURFHVVRIIHUPHQWDWLRQ8VLQJWKUHH
NLQGVRIWKH PDVVIUDFWLRQRI VRGLXPFKORULGHFRQ
FHQWUDWLRQ IHUPHQWDWLRQ LQ &KLQHVH SDRFDL SURFHVV
IHUPHQWHGOLTXLGS+TXLFNO\IDOOLQJREVHUYHGLQWKH
ILUVW  GD\V DIWHU  GD\V FKDQJHG VORZO\  IHU
PHQWHG OLTXLG S+ ZDV VORZO\ ULVLQJ GXULQJ  WR
GD\VDIWHUGD\VVKRZHGGRZQGD\VVKRZHG
XSIHUPHQWHGOLTXLGS+ZDVREVHUYHGGXULQJ
WRGD\VDQGDERXWIHUPHQWHGOLTXLGS+WR
GD\VNHHSUDLVLQJIURPWRXSWRGD\V
7KH6RGLXPFKORULGHFRQFHQWUDWLRQS+YDOXHDI
WHUGD\VGHFOLQHGIHUPHQWHGOLTXLGS+DWGD\
 ZDV KLJKHUWKDQRIWKHS+YDOXHRIWKHIHU
PHQWHGOLTXLG

'**(HOHFWURSKRUHVLVUHVXOWVDQDO\]HE\%LR
5HGSKRWRJUDSKJHOLPDJLQJV\VWHP&XWWLQJFKDUDF
WHULVWLFVVWULSDQGUHF\FOHWKHQGLVVROYHVVU'1$
9VHJPHQWIRUWKHVHFRQGDU\3&5DQGSURGXFWUH
FRYHU\DIWHUSXULILFDWLRQRI3&5SURGXFWVFRQQHFWHG
ZLWKWKHS*079HFWRUZLWKLQWKHVXSHUQHWVWDWLRQ
FRQQHFW  XO SURGXFW LQWR FHOOV LQ & XSVLGH
GRZQ IRU WKH QLJKW 7HVWHG SRVLWLYH IRU WKH FORQHG
JHQHVHTXHQFHGHWHUPLQHGWR+XDGD&RPSDQ\
6WDWLVWLFDO DQDO\VLV RI '**( EDQGLQJ SDW
WHUQV '**( ILQJHUSULQW DQDO\VLV ZLWK WKH KHOS RI
WKH%LR5DGFRPSDQ\JHOLPDJLQJV\VWHPIRUVWULS
LQWHUSUHWDWLRQ DQG WKH 4XDQWLW\ 2QH VRIWZDUH ZDV
XVHGIRUDQDO\VLV
'**(EDQGLQJVWUXFWXUHGLYHUVLW\DQDO\VLV
8VLQJ 4XDQWLW\ 2QH VRIWZDUH WR DQDO\]H '**(
EDQGVHDFKVWULSORFDWLRQDQGUHODWLYHRSWLFDOGHQVLW\
YDOXH ZDV DXWRPDWLFDOO\ DQDO\]HG WR GHWHUPLQH ,Q
RUGHU WR UHGXFH WR D JUHDW H[WHQW LQ D SURFHVV RI
'**(GLIIHUHQFHVLQWKHFRQFHQWUDWLRQRI'1$VDP
SOHVDQGEHWZHHQVDPSOHVRIGLIIHUHQWRSWLFDOGHQVLW\
SHDNGLYLGHGE\WKHVWULSRIHDFKVWULSODQHVDOOEDQG
LQJWKHDYHUDJHRSWLFDOGHQVLW\SHDNIRUWKHVWDQGDUG
L]DWLRQRIGDWDSURFHVVLQJ7KHQXPEHURIEDQGVLQ
HDFKODQHWRHYDOXDWH6SHFLHV5LFKQHVVDQG6SHFLHV

),*85(
7KHS+FKDQJHVRIWKUHHNLQGVRIWKHPDVV
IUDFWLRQRIVRGLXPFKORULGHLQWKHSURFHVVRI
IHUPHQWDWLRQ
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YDOXH WKH SXULW\ RI '1$ VDPSOH UDWLR VKRXOG EH
JUHDWHU WKDQ  '1$ $FFRUGLQJ WR 7DEOH  DOO
'1$VDPSOHVRIWKHVDPSOLQJWLPHZDVJUHDWHUWKDQ
 WKHUHIRUH WKH H[WUDFWHG '1$ FDQ EH XVHG LQ
'**(H[SHULPHQW'1$DVDWHPSODWHZDVXVHGWR
DPSOLILFDWHVU'1$9DUHDDVVKRZQLQ)LJXUH
WKHVWULSDURXQGESZDVFOHDUQRPLVFHOODQH
RXV EHOW ZDV IRUPHG ,W FRXOG XVH IRU VXEVHTXHQW
'**(DQDO\VLV

7KH H[WUDFWLRQ RI NLPFKL IHUPHQWDWLRQ V\V
WHPPLFURELDOWRWDO'1$0LFURELDO'1$FRQWHQW
LQ IHUPHQWHG .LPFKL V\VWHP ZDV PHDVXUHG ZLWK
WKUHHVRGLXPFKORULGHFRQFHQWUDWLRQE\1DQRGURSLQ
VWUXPHQW VHH7DEOH '1$FRQFHQWUDWLRQEHWZHHQ
WRQJOZLWKWKHSDVVDJHRIIHUPHQWD
WLRQWLPHFRQFHQWUDWLRQRI'1$GHFUHDVHGDIWHUULV
LQJILUVW$WRIVRGLXPFKORULGHFRQFHQWUDWLRQLQ
IHUPHQWDWLRQRI&KLQHVHSDRFDLPLFURRUJDQLVP'1$
FRQFHQWUDWLRQ ZDV PD[LPXP  QJO DW GD\ 
DQGDWDOOWKUHHW\SHVRIVRGLXPFKORULGHFRQFHQWUD
WLRQLQWKH IHUPHQWDWLRQRI&KLQHVHSDRFDLG PLFUR
ELDO'1$OHYHOZDVWKHPD[LPXPORZHVWFRQFHQWUD
WLRQZDVQJXOPLFURELDOELRPDVVZDVORZHVW
$W6RGLXPFKORULGHFRQFHQWUDWLRQ'1$FRQWHQW
DW GD\  ZDV PD[LPXP  QJO WKHQ GH
FUHDVHGUDSLGO\,Q)HUPHQWDWLRQRI&KLQHVHSDRFDL
PLFURRUJDQLVP '1$ FRQFHQWUDWLRQV DW  VRGLXP
FKORULGHFRQFHQWUDWLRQZDVVORZO\LQFUHDVHGDQGDW
GD\ZDVPD[LPXPQJOLWVKRZVWKDWLQ
ORZVDOLQLW\IHUPHQWDWLRQRI&KLQHVHSDRFDLPLFUR
ELDOELRPDVVDQG IDVWHVWJURZLQJ PLFURELDOVSHFLHV
ZDVPRVWDEXQGDQW
2' LV D QXFOHLF DFLG SXULW\ LQGLFDWHG

),*85(
6U'1$ 9sequence agarose gel electrophoresis amplificating as fermented 3DRFDL total DNA
template under 4% salt concentration
1RWH 0 LV '/ PROHFXODU VWDQGDUG &. LV QHJDWLYH
FRQWURO /DQG  respectively is sampling time
GGGGGGGG

7$%/(
0LFURELDODNA concentration of fermented 3DRFDL under different salt concentration
Sampling
time(d)
1
3
5
7
9
11
13
15

NaCl concentration4%
DNA concentration
OD260/280
QJȝO
35.42

47.88

600.1

257.29

307.55

208.93

262.75

187.8


NaCl concentration 6%
DNA concentration
OD260/280
QJȝO
12.21

98.81

92.75

88.52

78.53

176.29

291.28

164.3
2.09

NaCl concentration 8%
DNA concenOD260/280
WUDWLRQ QJȝO

















),*85(
'**(PDSSLQJRIWKH6U'1$9IUDJPHQWRIIHUPHQWHG&KLQHVHSDRFDL
1RWH/DQHLQWXUQUHSUHVHQWVDPSOLQJWLPHGGGGGGGG/DQGUHVSHFWLYHO\LVVDPSOLQJWLPHGG
GGGGGG)LJXUHOHIW $ LVVRGLXPFKORULGHFRQFHQWUDWLRQRIIHUPHQWHG&KLQHVHSDRFDLVWKHPLGGOH % LV
WKHULJKW & 
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),*85(
3K\ORJHQHWLFWUHHVFRQVWUXFWHGVU'1$9JHQHVHTXHQFHDQGWKHUHIHUHQFHVHTXHQFHRI
IHUPHQWHG3DRFDLXQGHUVDOWFRQFHQWUDWLRQ
6WDSK\ORFRFFXVVFLXUL DQG* 6WDSK\ORFRFFXVVFL
XUL $PRQJWKHPWKH+EDQGVLQWKHIHUPHQWDWLRQ
RIGWRG*HQHLGHQWLILFDWLRQUHVXOWVVKRZHGWKDW
5DKQHOODVS + H[LVWHGLQWKHHDUO\VWDJHRIIHUPHQ
WDWLRQ'(DQG*HOHFWURSKRUHVLVEDQGVH[LVWHGLQ
WKHIHUPHQWDWLRQRI'±GGWRGDQGG
WRG*HQHLGHQWLILFDWLRQUHVXOWVVKRZHGWKDW3DQ
WRHDGLVSHUVD ' 6HUUDWLDVS ( DQG6WDSK\ORFRF
FXVVFLXUL * H[LVWHGLQWKHPLGGOHDQGODWHIHUPHQ
WDWLRQ$%&)EDQGVH[LVWHGLQGLIIHUHQWIHUPHQ
WDWLRQ WLPH  G WR  G $QG WKH EDQG & KDV WKH
VWURQJHVW IOXRUHVFHQFH LQWHQVLW\ LQ '**( (OHFWUR
SKRUHVLV PDS *HQH LGHQWLILFDWLRQ UHVXOWV VKRZHG
WKDW LQ  VRGLXP FKORULGH FRQFHQWUDWLRQ RI IHU
PHQWHG &KLQHVH SDRFDLV 8QFXOWXUHG EDFWHULXP
$ ˈ3VHXGRPRQDV VS %  6WDSK\ORFRFFXV VFLXUL
& 6HUUDWLDVS ) ZHUHH[LVWHGLQWKHZKROHSUR
FHVVRIIHUPHQWDWLRQ6WDSK\ORFRFFXVVFLXUL & LVWKH
GRPLQDQWPLFURRUJDQLVP
7KH'**(HOHFWURSKRUHWLFSDWWHUQVRIWKHIHU
PHQWHG&KLQHVHSDRFDLVDPSOHVZLWKWKHFRQFHQWUD
WLRQRIRIVRGLXPFKORULGHDUHVKRZQLQ)LJXUH
%7KH6LPLODULW\RI$%&'()*,ZLWK/HX
FRQRVWRF FLWUHXP $  8QFXOWXUHG EDFWHULXP % 
/HXFRQRVWRFPHVHQWHURLGHV & 8QFXOWXUHGJDPPD
SURWHREDFWHULXP ' 8QFXOWXUHGEDFWHULXP ( 8Q
FXOWXUHG (QWHUREDFWHU VS )  (QWHUREDFWHULDFHDH
EDFWHULXP *  3DQWRHD VS ,  ZHUH  
 7DEOH 7KH
V\VWHP WUHH RI *HQH VHTXHQFH DQG UHIHUHQFH VH
TXHQFHVWUXFWXUH3RLQWHGRXW )LJXUH 7KHODUJHVW
JURXSLV*DPPDSURWHREDFWHULDLQFOXGLQJWKHEDQG

'**(DQDO\VLVRIU'1$96IUDJPHQWRI
WKH SURNDU\RWLF PLFURELDO LQ WKH IHUPHQWDWLRQ
V\VWHPRI&KLQHVHSDRFDL$QDO\VLVDQGLGHQWLILFD
WLRQ RI WKH HOHFWURSKRUHWLF EDQGV RI '**( 7KH
'**( HOHFWURSKRUHWLF SDWWHUQV RI WKH IHUPHQWHG
&KLQHVH SDRFDL VDPSOHV ZLWK WKH FRQFHQWUDWLRQ RI
 RI VRGLXP FKORULGH DUH VKRZQ LQ )LJXUH  $
7KH (OHFWURSKRUHWLF EDQG QXPEHU DQG PRELOLW\ RI
WKHVDPSOHVLQGLIIHUHQWWLPHZHUHGLIIHUHQWDWHDFK
WLPHZLWKDODUJHQXPEHURIHOHFWURSKRUHVLVIHUPHQ
WDWLRQ,QRUGHUWRVWXG\WKHGRPLQDQWPLFURELDOVSH
FLHV LQ IHUPHQWHG &KLQHVH SDRFDLG FDEEDJH V\VWHP
LQWKHH[SHULPHQWZHKDYHUHFRYHUHGWKHEDQGZLWK
VWURQJ IOXRUHVFHQFH LQWHQVLW\ DQG WKH GLIIHU
HQFH WLPH RI WKH HOHFWURSKRUHVLV EDQGV 'HWHUPLQD
WLRQRIWKHQXFOHRWLGHVHTXHQFHDIWHU3&5WKHQ&RP
SDULVRQ DQG LGHQWLILFDWLRQ ZLWK *HQH %DQN $IWHU
LGHQWLILFDWLRQWKH6LPLODULW\RI$%&'()*
+ZLWK8QFXOWXUHGEDFWHULXP $ 3VHXGRPRQDVVS
% 6WDSK\ORFRFFXVVFLXUL & 3DQWRHDGLVSHUVD ' 
6HUUDWLDVS ( 6HUUDWLDVS ( 6WDSK\ORFRFFXVVFL
XUL * 5DKQHOODVS + DUH
 7DEOH 7KHV\VWHPWUHHRI
*HQH VHTXHQFH DQG UHIHUHQFH VHTXHQFH VWUXFWXUH
3RLQWHG RXW )LJXUH   WKDW WKH ODUJHVW JURXS LV
*DPPDSURWHREDFWHULDˈ,QFOXGLQJWKHEDQG+ 5DK
QHOODVS SOD\HGDPDMRUUROHLQWKHHDUO\IHUPHQWD
WLRQ SHULRG3RVW IHUPHQWDWLRQ ' 3DQWRHD GLVSHUVD 
DQG ( 6HUUDWLD VS $QG VWDEOH EDQGV H[LVW LQ WKH
ZKROHIHUPHQWDWLRQSHULRGOLNH$ 8QFXOWXUHGEDF
WHULXP % 3VHXGRPRQDVVS ) 6HUUDWLDVS $FWL
QRP\FHWDOHVDUHRWKHUJURXSV,QFOXGLQJWKHEDQG&
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PHQWHG&KLQHVHSDRFDLVDPSOHVZLWKWKHFRQFHQWUD
WLRQRIRIVRGLXPFKORULGHDUHVKRZQLQ)LJXUH
&7KH6LPLODULW\RI$%&'(ZLWK6WDSK\OR
FRFFXVVFLXULVS $ 6HUUDWLDVS % 6WDSK\ORFRF
FXV VFLXUL &  5DKQHOOD VS '  6HUUDWLD VS ( 
DUH     6XFK DV 7DEOH  
7KHV\VWHPWUHHRI*HQHVHTXHQFHDQGUHIHUHQFHVH
TXHQFH VWUXFWXUH 3RLQWHG RXW VKRZQ LQ )LJXUH  
7KHODUJHVWJURXSLV*DPPDSURWHREDFWHULDˈ,QFOXG
LQJ WKH EDQG % 6HUUDWLD VS  ' 5DKQHOOD VS  DQG
( 6HUUDWLDVS SOD\HGDPDMRUUROHLQWKHHDUO\IHU
PHQWDWLRQSHULRG%DFLOOLLVDQRWKHUJURXSV,QFOXG
LQJWKHEDQG& 6WDSK\ORFRFFXVVFLXUL DQG$ 6WDSK
\ORFRFFXVVFLXUL SOD\HGDPDMRUUROHLQWKHHDUO\IHU
PHQWDWLRQSHULRG(HOHFWURSKRUHVLVEDQGVH[LVWHGLQ
WKHIHUPHQWDWLRQRIGWRG*HQHLGHQWLILFDWLRQUH
VXOWVVKRZHGWKDW6HUUDWLDVS ( H[LVWHGLQWKHHDUO\
VWDJHRIIHUPHQWDWLRQ%'H[LVWHGLQWKHIHUPHQWD
WLRQRIG*HQHLGHQWLILFDWLRQUHVXOWVVKRZHGWKDW
6HUUDWLDVS % 5DKQHOODVS ' H[LVWHGLQWKHPLG
GOHRIIHUPHQWDWLRQ$&EDQGVH[LVWHGLQGLIIHUHQW
IHUPHQWDWLRQ WLPH G WR G  *HQH LGHQWLILFDWLRQ
UHVXOWV VKRZHG WKDW 6WDSK\ORFRFFXV VFLXUL VS $ 
6WDSK\ORFRFFXVVFLXUL & H[LVWHGLQDOOWKHVWDJHRI
IHUPHQWDWLRQ
$QGWKHEDQG$KDVWKHVWURQJHVWIOXRUHVFHQFH
LQWHQVLW\ LQ '**( (OHFWURSKRUHVLV PDS ,W LV VDLG
WKDW6WDSK\ORFRFFXVVFLXULVS $ ZDVWKHGRPLQDQW
PLFURRUJDQLVPLQDOOWKHVWDJHRIIHUPHQWDWLRQ

$&')*,WKHVHFRQGJURXSZDVXQNQRZQFOXV
WHULQFOXGLQJWKHEDQG(%,QWKHILUVWJURXSWKHUH
ZDVDFODVVRI/DFWREDFLOOXVZKLFKLQFOXGHVEDQG$
/HXFRQRVWRF FLWUHXP  DQG EDQG & /HXFRQRVWRF
PHVHQWHURLGHV *EDQGVH[LVWLQWKHIHUPHQWDWLRQRI
GWRG*HQHLGHQWLILFDWLRQUHVXOWVVKRZHGWKDW(Q
WHUREDFWHULDFHDHEDFWHULXP * SOD\HGDUROHLQWKH
HDUO\VWDJHRIIHUPHQWDWLRQ'DQG(HOHFWURSKRUHVLV
EDQGVH[LVWHGLQWKHIHUPHQWDWLRQRIGWRG*HQH
LGHQWLILFDWLRQUHVXOWVVKRZHGWKDWXQFXOWXUHGJDPPD
SURWHREDFWHULXP ' DQG8QFXOWXUHGEDFWHULXP ( 
ZDVGHWHFWHGDIWHUGRIIHUPHQWDWLRQ$DQG&HOHF
WURSKRUHVLVEDQGVH[LVWHGLQWKHIHUPHQWDWLRQRIG
WR G DQG G WR G*HQH LGHQWLILFDWLRQ UHVXOWV
VKRZHGWKDW/HXFRQRVWRFFLWUHXP $ DQG/HXFRQRV
WRFPHVHQWHURLGHV & ZHUHH[LVWHGLQ)HUPHQWDWLRQ
DWPLGGOHDQGODVWVWDJH%HOHFWURSKRUHVLVEDQGVH[
LVWHGLQWKHIHUPHQWDWLRQRIGWRG*HQHLGHQWL
ILFDWLRQ UHVXOWV VKRZHG WKDW XQFXOWXUHG EDFWHULXP
% H[LVWHGLQODWHIHUPHQWDWLRQVWDJH),EDQGVH[
LVWHGLQGLIIHUHQWIHUPHQWDWLRQWLPH GWRG 8Q
FXOWXUHG (QWHUREDFWHU VS )  3DQWRHD VS ,  ZHUH
H[LVWHGLQWKHZKROH)HUPHQWDWLRQ7KHIOXRUHVFHQFH
LQWHQVLW\RI$%&ZDVVWURQJHUWKDQ'()*,ˈ
LW LV VDLG WKDW /HXFRQRVWRF FLWUHXP $  XQFXOWXUHG
EDFWHULD % /HXFRQRVWRFPHVHQWHURLGHV & DUHWKH
GRPLQDQWPLFURRUJDQLVPLQ)HUPHQWDWLRQDWPLGGOH
DQGODVWVWDJH
7KH'**(HOHFWURSKRUHWLFSDWWHUQVRIWKHIHU

),*85(
3K\ORJHQHWLFWUHHVFRQVWUXFWHGVU'1$9JHQHVHTXHQFHDQGWKHUHIHUHQFHVHTXHQFHRI
IHUPHQWHG3DRFDLXQGHUVDOWFRQFHQWUDWLRQ
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7$%/(
'**(EDQGVHTXHQFLQJUHVXOWVRIIHUPHQWHG3DRFDLEDFWHULDOFRPPXQLW\
1D&OFRQFHQWUDWLRQ







6HTXHQFLQJ%DQGV

$FFHVVLRQ1R

+RPRORJ\&RPSDULVRQ

A
B

JQ791581
JQ316326

C

JX134623

D

JQ659670

E

HQ690889

F

JQ314022

G
H

HQ238812
JQ845835

A

JN863680

B
C

FJ935548
JN863609

D

JN839851

E
F
G
I

JX017169
JX522964
JQ314053
JQ413277

A

JX134623

B

JQ314022

C
D

HQ238812
JQ845835

E

JX908945

Uncultured bacterium clone BBL-OTU7
Pseudomonas sp. AMF2763 16S ribosomal
RNA gene
Staphylococcus sciuri strain -Y114 16S ribosomal RNA gene
Pantoea dispersa strain R4.326 16S ribosomal RNA gene
Serratia sp. AD-C9 16S ribosomal RNA
gene
Serratia sp. AaM31a 16S ribosomal RNA
gene
Staphylococcus sciuri strain W9B-22
Rahnella sp. enrichment culture clone VS4_1-44
Leuconostoc citreum strain CA25 16S ribosomal RNA gene
Uncultured bacterium clone 50p7_410
Leuconostoc mesenteroides subsp. mesenteroides strain RD24 16S ribosomal RNA
gene
Uncultured gamma proteobacterium clone
AAA175_P14
Uncultured bacterium clone HglFeb6A5m
Uncultured Enterobacter sp. clone H8
Enterobacteriaceae bacterium AaM48a
Pantoea sp. AIR-NUS-21 16S ribosomal
RNA gene
Staphylococcus sciuri strain -Y114 16S ribosomal RNA gene
Serratia sp. AaM31a 16S ribosomal RNA
gene
Staphylococcus sciuri strain W9B-22
Rahnella sp. enrichment culture clone VS4_1-44
Serratia sp. EECC-142 16S ribosomal RNA
gene

6LPLODULW\
95%
99%
97%
95%
99%
99%
97%
96%
100%
100%
98%

99%
85%
100%
100%
98%
90%
99%
97%
96%
84%

),*85(
3K\ORJHQHWLFWUHHVFRQVWUXFWHGVU'1$9JHQHVHTXHQFHDQGWKHUHIHUHQFHVHTXHQFHRI
IHUPHQWHG3DRFDLXQGHUVDOWFRQFHQWUDWLRQ
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),*85(
'**(stripe similarity clustering figure of fermented 3DRFDL 6U'1$9JHQHXQGHU
4% salt concentration.

),*85(
'**(stripe similarity clustering figure of fermented 3DRFDL 6U'1$9JHQHXQGHU
6% salt concentration
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±'D\ DQGSRVWIHUPHQWDWLRQ 'D\±'D\ 
)LJXUHVKRZVWKHUHVXOWVRIFOXVWHUDQDO\VLVRI
'1$HOHFWURSKRUHVLVRI'**(HOHFWURSKRUHVLVSDW
WHUQVRIGLIIHUHQWWLPHVDPSOHVRIWKHIHUPHQWHG&KL
QHVHSDRFDLVZLWKFRQFHQWUDWLRQVRIVRGLXPFKOR
ULGHWKHZKROHSURFHVVRIIHUPHQWDWLRQZDVGLYLGHG
LQWR WZR PDMRU FDWHJRULHV GD\ GD\ GD\ GD\
DQGGD\IHUPHQWHG&KLQHVHSDRFDLVGD\GD\
DQG GD\ ZHUH FOXVWHUHG LQWR RWKHU FODVV ZKLFK
VKRZHG WKDW WKH SURNDU\RWLF PLFURELDO FRPPXQLW\
ZDVURXJKO\GLYLGHGLQWRWZRJURXSV$FFRUGLQJWR
WKHPLFURELDOFRPPXQLW\&KLQHVHSDRFDLVIHUPHQWD
WLRQ FDQ EH GLYLGHG LQWR WZR VWDJHV GD\ ± GD\ 
DQGSRVWIHUPHQWDWLRQ GD\GD\ 

&OXVWHULQJDQDO\VLVRIWKHGLIIHUHQWIHUPHQ
WDWLRQ WLPH RI WKH RULJLQDO QXFOHDU PLFURRUJDQ
LVP3K\ORJHQHWLFDQDO\VLVRI4XDQWLW\VRIWZDUHZDV
XVHGWRDQDO\]HWKH(OHFWURSKRUHWLFEDQGVLQ'**(
DFFRUGLQJWRWKH8:3*$DOJRULWKPDQGWKHVLPLODU
LW\RIWKHGLIIHUHQWWLPHDWWKUHHNLQGVRIVRGLXPFKOR
ULGH FRQFHQWUDWLRQ RI IHUPHQWHG &KLQHVH SDRFDLV
ZLWK GLIIHUHQW WLPH RI WKH RULJLQDO FRUH PLFURELDO
JURXSV ZHUH DQDO\]HG )LJXUH  VKRZV WKH FOXVWHU
DQDO\VLV UHVXOWV RI '1$ HOHFWURSKRUHVLV RI '**(
HOHFWURSKRUHVLVSDWWHUQVRIGLIIHUHQWWLPHVDPSOHVRI
WKH IHUPHQWHG&KLQHVHSDRFDLV ZLWKFRQFHQWUD
WLRQVRIVRGLXPFKORULGHWKH ZKROHSURFHVVRIIHU
PHQWDWLRQZDVGLYLGHGLQWRWZRPDMRUFDWHJRULHVWKH
ILUVWGGGGGRIWKHIHUPHQWDWLRQRINLPFKL
'1$EDQGWRJHWKHUIRUDFODVVDQGWKHVHFRQGG
GGGRIWKHIHUPHQWDWLRQRINLPFKL'1$
EDQGWRJHWKHUIRUDFODVV7KHPLFURELDOFRPPXQLW\
RI WKH RULJLQDO QXFOHXV ZDV DWWULEXWHG WR WKH WZR
JURXSV$FFRUGLQJWRWKHPLFURELDOFRPPXQLW\NLP
FKLIHUPHQWDWLRQFDQEHGLYLGHGLQWRWZRVWDJHV' 
'±' DQGSRVWIHUPHQWDWLRQ '' 
$VVKRZQLQ)LJXUHWKHFRQFHQWUDWLRQRI
VRGLXPFKORULGHIRUWKHIHUPHQWDWLRQRINLPFKLGLI
IHUHQWVDPSOHWLPHRI'**(HOHFWURSKRUHVLVSDWWHUQV
RI'1$EDQGVRIFOXVWHULQJDQDO\VLVUHVXOWVIHUPHQ
WDWLRQSURFHVVGLYLGHGLQWRWZRFDWHJRULHVIHUPHQWD
WLRQLQWKHGD\GD\GD\GD\GD\DQGGD\
.LPFKLIHUPHQWLQJ'1$WRJHWKHULQRQHFODVVDQG
GD\GD\GD\GD\ DQG GD\ IHUPHQWDWLRQ
&KLQHVHSDRFDL'1$LQVHFRQGFODVVWKHSURNDU\RWLF
PLFURRUJDQLVPV JHQHUDOO\ DOVR GLYLGHG LQWR WZR
JURXSV$FFRUGLQJWRWKHPLFURELDOFRPPXQLW\NLP
FKLIHUPHQWDWLRQZDVGLYLGHGLQWRWZRVWDJHV 'D\

)HUPHQWDWLRQ RI &KLQHVH SDRFDLG SURNDU\
RWLF PLFURELDO FRPPXQLW\ VWUXFWXUH 6SHFLHV GL
YHUVLW\ LQGH[ +  HYHQQHVV (  DQG ULFKQHVV LQGH[
5  ZDV DSSOLHG WR PDWKHPDWLFDOO\ PHDVXUH WKH
TXDQWLWDWLYHLQGH[RIFRPPXQLW\VSHFLHVQXPEHUWR
WDO QXPEHU RI LQGLYLGXDOV JURXS XQLIRUPLW\ DQG
PHDVXUHV RI FRPPXQLW\ VWUXFWXUH FKDUDFWHULVWLFV
IURPGLIIHUHQWSHUVSHFWLYHV>@,WLQGLFDWHGWKDWWKH
VWUXFWXUHRIWKHFRPPXQLW\DQGLWVHFRORJLFDOFKDU
DFWHULVWLFVUHIOHFWLQJWKHGLIIHUHQWFRPPXQLW\W\SHV
FRPPXQLW\ VWUXFWXUH GLIIHUHQFHV WKH G\QDPLF
FKDQJHVRIWKHFRPPXQLW\VXFFHVVLRQ8VHRI4XDQ
WLW\VRIWZDUHDQDO\VLVRIWKH(OHFWURSKRUHWLFEDQGVRI
'**(WKHQXPEHURIEDQGVLQHDFKODQHZDVFRQ
VLGHUHGRIHYDOXDWLRQRIVSHFLHVULFKQHVVWKHVSHFLHV
HYHQQHVV 6SHFLHV (YHQQHVV  DQG VSHFLHV GLYHUVLW\
6KDQQRQ ZHUHFDOFXODWHGE\XVLQJWKHUHODWLYHGHQ
VLW\YDOXHV

),*85(
'**(stripe similarity clustering figure of fermented 3DRFDL 6U'1$9JHQHXQGHU
8% salt concentration.
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&KLQHVHSRFDLVDWVRGLXPFKORULGHFRQFHQWUDWLRQ
ZDV VWDEOH DV FRPSDUHG WR IHUPHQWDWLRQ DW  DQG

$VVKRZQLQILJXUHWKH PLFURELDOULFKQHVV
LQGH[ 5 RIWKHWKUHHNLQGVRIVRGLXPFKORULGHFRQ
FHQWUDWLRQWUHQGZDVORZKLJKDQGORZ,QWKHZKROH
SURFHVVRIIHUPHQWDWLRQDWFRQFHQWUDWLRQRIVR
GLXP FKORULGH LQ WKH IHUPHQWDWLRQ RI &KLQHVH SDR
FDLG 5 ZDV VLJQLILFDQWO\ ORZHU WKDQ DW  DQG 
VRGLXPFKORULGHFRQFHQWUDWLRQ7KHLQLWLDOIHUPHQWD
WLRQSHULRGDWVRGLXPFKORULGHFRQFHQWUDWLRQZDV
KLJKHUWKDQWKDWRI5DWVRGLXPFKORULGHFRQFHQ
WUDWLRQ
$OOH[SHULPHQWDOUHVXOWVVKRZHGWKDWDWFRQ
FHQWUDWLRQVRIVRGLXPFKORULGH +  ( WKHLQGH[RI
PLFURELDO GLYHUVLW\ LQGH[ 5  DQG WKH LQGH[ RI WKH
ZKROH SURFHVV RI WKH IHUPHQWDWLRQ ZDV ORZHU WKDQ
WKDWDWDQGVRGLXPFKORULGHEXWZDVVWDEOHDW
DQGVRGLXPFKORULGHFRQFHQWUDWLRQ7KHPL
FURELDOFRPPXQLW\VWUXFWXUHLQWKHZKROHIHUPHQWD
WLRQSHULRGZDVUHODWLYHO\VWDEOHEXWZDVYHU\OHVVDW
DQGDVFRPSDUHGWRFRQFHQWUDWLRQRIVR
GLXPFKORULGH

$VVKRZQLQILJXUHWKHPLFURELDOGLYHUVLW\
LQGH[ + RIWKHWKUHHNLQGVRIVRGLXPFKORULGHFRQ
FHQWUDWLRQVLQWKHIHUPHQWDWLRQZDVIRXQGKLJKHUDQG
ORZHU ZLWK WKH SDVVDJH RI IHUPHQWDWLRQ WLPH 7KH
ZKROH IHUPHQWDWLRQ SURFHVV ZLWK  VRGLXP FKOR
ULGHFRQFHQWUDWLRQZDVVLJQLILFDQWO\ORZHUWKDQIHU
PHQWDWLRQ ZLWK  DQG  FRQFHQWUDWLRQ VRGLXP
FKORULGH7KHPLFURELDOGLYHUVLW\LQIHUPHQWHG&KL
QHVHSDRFDLVZLWKVRGLXPFKORULGHFRQFHQWUDWLRQ
RIZDVORZHUWKDQWKDWZLWKDQGFRQFHQWUDWLRQ
VRGLXPFKORULGH
$VVKRZQLQ)LJXUHWKHPLFURELDOHYHQQHVV
LQGH[ ( RIWKHWKUHHNLQGVRIVRGLXPFKORULGHFRQ
FHQWUDWLRQV LQ WKH IHUPHQWDWLRQ RI &KLQHVH SDRFDLG
ZDVFKDQJHG ZLWKWKHWLPHRIIHUPHQWDWLRQ$W
VRGLXPFKORULGHFRQFHQWUDWLRQLQWKHIHUPHQWDWLRQRI
&KLQHVH SDRFDLG PLFURELDO XQLIRUPLW\ (  ZDV
KLJKHUORZHUKLJKORZWUHQG,QVRGLXPFKOR
ULGH FRQFHQWUDWLRQ IHUPHQWDWLRQ PLFURELDO &KLQHVH
SDRFDLGXQLIRUPLW\ ( ZDVVLPLODUWKURXJKRXWSUR
FHVV RI IHUPHQWDWLRQ $QG LQ  VRGLXP FKORULGH
FRQFHQWUDWLRQLQIHUPHQWDWLRQRIWKH&KLQHVHSDRFDLG
XQLIRUPLW\ ( RQ PLFURELDOIHUPHQWDWLRQ ZDVKLJK
DIWHUWRGD\RIIHUPHQWDWLRQ7KHIHUPHQWDWLRQRI

),*85(
&KDQJHRI+LQGH[RIIHUPHQWHG&KLQHVHSDRFDLVZLWKGLIIHUHQWFRQFHQWUDWLRQVRIVRGLXPFKORULGH

),*85(
&KDQJHRI(LQGH[RIIHUPHQWHG&KLQHVHSDRFDLVZLWKGLIIHUHQWFRQFHQWUDWLRQVRIVRGLXPFORULGH
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),*85(
&KDQJHRI5LQGH[RIIHUPHQWHG&KLQHVHSDRFDLVZLWKGLIIHUHQWFRQFHQWUDWLRQVRIVRGLXPFKORULGH
RIIHUPHQWHGYHJHWDEOHZDVORZHUWKDQWKDWDW
DQG E\ '**( ILQJHUSULQWV:KLOH WKH HYHQQHVV
( LQGH[ZDVPRUHVWDEOHLQWKDQDWDQG
EHFDXVHWKHODFWLFDFLGEDFWHULDPDLQO\H[LVWHGLQVDOW
FRQFHQWUDWLRQ RI  IHUPHQWHG YHJHWDEOH DW ERWK
PLGGOHDQGODWHSHULRGRIIHUPHQWDWLRQ$VWKHUHVXOWV
RI3&5'**(UHFRYHU\HOHFWURSKRUHVLVRIVDPSOHV
LQVDOWFRQFHQWUDWLRQRIVKRZHGWKHVHTXHQFLQJ
UHVXOWV RI /HXFRQRVWRF FLWUHXP 8QFXOWXUHG EDFWH
ULXP /HXFRQRVWRF PHVHQWHURLGHV 8QFXOWXUHG
JDPPDSURWHREDFWHULXP8QFXOWXUHGEDFWHULXP8Q
FXOWXUHG(QWHUREDFWHUVS(QWHUREDFWHULDFHDHEDFWH
ULXP 3DQWRHD VS ZHUH    
UHVSHFWLYHO\(QWHUREDFWHUL
DFHDHEDFWHULXPSOD\HGDUROHLQWKHIHUPHQWDWLRQLQ
WKH HDUO\ XQFXOWXUHG JDPPD SURWHREDFWHULXP DQG
XQFXOWXUHGEDFWHULXPZHUHH[LVWHGDIWHUWKUHHGD\VRI
IHUPHQWDWLRQ/HXFRQRVWRFFLWUHXPDQG/HXFRQRVWRF
PHVHQWHURLGHVH[LVWHGLQWKHPLGGOHDQGODWHSHULRG
RIIHUPHQWDWLRQ8QFXOWXUHGEDFWHULXPH[LVWHGLQWKH
ODWHSHULRGRIIHUPHQWDWLRQ8QFXOWXUHG(QWHUREDFWHU
VS$QG3DQWRHDVSH[LVWHGLQWKHZKROHSURFHVVRI
IHUPHQWDWLRQ 7KH FKDQJH UXOH RI PLFURRUJDQLVP
ZLWKWKHWLPHRIIHUPHQWDWLRQLVFRQVLVWHQWZLWKWKH
JHQHUDOUXOHRIWKHFKDQJHRIWKHPLFURRUJDQLVPLQ
WKH IHUPHQWDWHG YHJHWDEOH ZKLFK LQGLFDWHV WKDW WKH
VDOWFRQFHQWUDWLRQRILVVXLWDEOHIRUIHUPHQWDWLRQ
RI&KLQHVHSDRFDLV
6WDSK\ORFRFFXVVFLXULVSZDVGRPLQDQWPLFUR
RUJDQLVPLQWKHVDOWFRQFHQWUDWLRQRIDQGIHU
PHQWHG YHJHWDEOH DQG FRQWLQXRXVO\ H[LVWHG LQ WKH
ZKROH SURFHVV RI IHUPHQWDWLRQ EHFDXVH ODFWLF DFLG
EDFWHULD LQ NLPFKL IHUPHQWDWLRQ ZDV QRW GRPLQDQW
PLFURRUJDQLVPDQGWKHS+LQIHUPHQWHGV\VWHPZDV
KLJKHUWKDQLQWKHVDOWFRQFHQWUDWLRQRIIHUPHQWHG
V\VWHP LQ ZKLFK ODFWLF DFLG EDFWHULD ZDV GRPLQDQW
PLFURRUJDQLVP7KHUHVXOWWKDWWKHS+YDOXHVRIIHU
PHQWHG NLPFKL FKDQJHG ZLWK WKH YDULDWLRQ RI IHU
PHQWDWHG WLPH ZDV FRQILUPHG 'XH WR WKH KLJK S+

',6&866,21
$WWKHVWDUWRIYHJHWDEOHVIHUPHQWDWLRQILUVWWKH
PL[HGEDFWHULDDWWDFKHGWRWKHPDWHULDOVXUIDFHZDV
JURZQFRQWLQXRXVO\PDLQO\LQFOXGHWKHQRQLQWHVWL
QDOEDFWHULD\HDVWDQGLQWHVWLQDOEDFWHULDJHQHUDHWF
DQGDOVRODFWLFDFLGEDFWHULD>@:LWKWKHSDVVDJH
RIIHUPHQWDWLRQWLPHWKHDPRXQWDQGW\SHRIPL[HG
EDFWHULDUHGXFHEXWWKHQXPEHURIODFWLFDFLGEDFWH
ULDLQFUHDVHUDSLGO\DQGWKHSURSRUWLRQRIODFWLFDFLG
EDFWHULDLQWKHWRWDOQXPEHURIEDFWHULDZLOOEHIRXQG
PRUH ,Q ODWH IHUPHQWDWLRQ WKH PLFURRUJDQLVPV RI
NLPFKLDUH PDLQO\ODFWLFDFLG EDFWHULD>@<DQ
HW DO   >@ SRLQWHG RXW WKDW WKH IRUPDWLRQ RI
VRXUIODYRUDQGIODYRUVXEVWDQFHVLQIHUPHQWHG&KL
QHVHSDRFDLVPDLQO\GHSHQGRQWKHODFWLFDFLGEDFWH
ULD/DFWLFDFLGEDFWHULDSOD\DYLWDOUROHLQWKHPD
WXULW\ RI WKH IHUPHQWDWLRQ RI &KLQHVH SDRFDLV >
@ODFWLFDFLGEDFWHULDPHWDEROLVPKDVDSRVLWLYHHI
IHFWRQWKHIHUPHQWDWLRQRI&KLQHVHSDRFDLV>@,I
WKHODFWLFDFLGEDFWHULDLQWKHODWHSHULRGRIIHUPHQ
WDWLRQZLOOQRWEHGRPLQDQWLWZLOOLQWHUUXSWWKHSUR
FHVVRI&KLQHVHSDRFDLVIHUPHQWDWLRQZKLFKOHDGVWR
WKH IDLOXUH RI WKH IHUPHQWDWLRQ RI &KLQHVH SDRFDLV
7KHUHVHDUFKVKRZHGWKDW/HXFRQRVWRFFLWUHXP8Q
FXOWXUHGEDFWHULXP/HXFRQRVWRFPHVHQWHURLGHVH[
LVWHGLQVDOWFRQFHQWUDWLRQRIVRGLXPFKORULGHIHU
PHQWHG YHJHWDEOH V\VWHPV ZHUH GRPLQDQW PLFURRU
JDQLVPLQWKHPLGGOHDQGODWHSHULRGRIIHUPHQWDWLRQ
/HXFRQRVWRFFLWUHXP/HXFRQRVWRFPHVHQWHURLGHVLV
QRWRQO\EHQHILFLDOWRNLPFKLIHUPHQWDWLRQEXWDOVR
OHGWRWKHGHFUHDVHRIWKHS+LQIHUPHQWDWLRQV\VWHP
WKHUHVXOWVIURPWKHDQDO\VLVRIWKHS+YDOXHVRIGLI
IHUHQWIHUPHQWDWLRQWLPHZHUHFRQILUPHG8QGHUWKH
FRQGLWLRQRIORZS+YDOXHWKHJURZWKRIVRPHDFLG
LQWROHUDQWPLFURELDOJURXSVPD\LQKLELWDQGWKHULFK
QHVV DQG GLYHUVLW\ RI VSHFLHV GHFOLQH LQ PLFURELDO
FRPPXQLWLHVRIIHUPHQWHG&KLQHVHSDRFDLV\VWHPV
WKHUHVXOWVIURPDQDO\VLVDQGFDOFXODWLRQRI'LYHUVLW\
LQGH[ + DQGULFKQHVVLQGH[ 5 LQVDOWFRQFHQWUDWLRQ
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YDOXH LQ WKH VDOW FRQFHQWUDWLRQ RI  DQG  IHU
PHQWHG NLPFKL VRPH DFLG WROHUDQW PLFURELDO JURXS
ZHUHJURZQWKHQPLFURELDOVSHFLHVULFKQHVVDQGGL
YHUVLW\ZHUHDOVRKLJK7KHUHVXOWVIURPDQDO\VLVDQG
FDOFXODWLRQ RI 'LYHUVLW\ LQGH[ +  DQG ULFKQHVV LQ
GH[ 5 LQVDOWFRQFHQWUDWLRQRIDQGIHUPHQWHG
YHJHWDEOHV\VWHPZDVKLJKHUWKDQE\'**(ILQ
JHUSULQWV
7KURXJKWKHDQDO\VLVDQGLGHQWLILFDWLRQRI WKH
'**(HOHFWURSKRUHVLVWKHODUJHVWJURXSVZDVLGHQ
WLILHGDVȖ3URWHREDFWHULDPLFURRUJDQLVPVLQVDOWFRQ
FHQWUDWLRQ RI  IHUPHQWHG EDFWHULD V\VWHP VRPH
0LFURRUJDQLVPVZHUH%DFLOOXVLQFOXGLQJ3VHXGRPR
QDVVS6HUUDWLDVS3DQWRHDGLVSHUVDDQG6WDSK\OR
FRFFXV VFLXU 6RPH /DFWREDFLOOXV PLFURRUJDQLVPV
LQFOXGLQJ /HXFRQRVWRF PHVHQWHURLGH DQG (QWHUR
EDFWHUVSDQGVRPHȖ3URWHREDFWHULDPLFURRUJDQLVPV
LQFOXGLQJ(QWHUREDFWHUVSDQG3DQWRHDVSH[LVWHGLQ
VDOWFRQFHQWUDWLRQRIIHUPHQWHGEDFWHULDV\VWHP
7KHEDFWHULDV\VWHPRIIHUPHQWHGNLPFKLLQVDOWFRQ
FHQWUDWLRQRILQFOXGHGȖ3URWHREDFWHULDPLFURRU
JDQLVPV VXFK DV 6HUUDWLD VS DQG 5DKQHOOD VS DQG
6WDSK\ORFRFFXVVFLXUL6HUUDWLDVS3DQWRHDGLVSHUVD
DQG5DKQHOODVSEHORQJWR(QWHUREDFWHULDFHDH<DQ
 >@XVHGEDFWHULDDQGODFWLFDFLGEDFWHULDPH
GLXPSODWHIRU6HSDUDWLRQDQG,GHQWLILFDWLRQRIEDF
WHULDLQIHUPHQWDWHGOLTXLGRI IHUPHQWHGFDEEDJHDW
GLIIHUHQWWLPHWKDWVKRZHGWKDWWKHIHUPHQWDWHGOLTXLG
FRQWDLQHG3VHXGRPRQDV(VFKHULFKLDFRO0LFURFRF
FXV 6WDSK\ORFRFFXV /HXFRQRVWR FDQG /DFWREDFLO
OXV7KLVVKRZHGWKDWWKHUHVXOWRIDQDO\VLVDQGLGHQ
WLILFDWLRQRIWKH'**(HOHFWURSKRUHVLVLVFRQVLVWHQW
ZLWK WKHWUDGLWLRQDO6HSDUDWLRQDQG,GHQWLILFDWLRQRI
PLFURRUJDQLVP/HH  >@XVHG3&5'**(IRU
LGHQWLI\LQJ PLFURRUJDQLVP RI IHUPHQWHG FDEEDJH
WKHUHVXOWVKRZHGWKDWPDLQPLFURRUJDQLVPVLQIHU
PHQWHGFDEEDJHZHUH:HLVVHOODFRQIXVD/HXFRQRV
WRF FLWUHXP /DFWREDFLOOXV VDNHL DQG /DFWREDFLOOXV
FXUYDWXV 2XU UHVHDUFK IRXQG WKDW OHQFXFRQRVWRF
PHVHQWHURLGHVLQVDOWFRQFHQWUDWLRQRIIHUPHQWHG
NLPFKLV\VWHPEXWGLGQRWILQGRWKHUODFWLFDFLGEDF
WHULDVXFKDVODFWREDFLOOXVZKLFKPD\EHGXHWRPD
FKLQLQJPHWKRGVRINLPFKLDUHGLIIHUHQWLQRXUFRXQ
WU\DQGWKLVH[SHULPHQWGLGQRWXVHIHUPHQWHGDFFHV
VRULHV)RUZKLFKIXUWKHUUHVHDUFKLVQHHGHG
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UHVSHFWLYHO\
$VWKHUHVXOWVRI3&5'**(UHFRYHU\HOHFWURSKR
UHVLVRIIHUPHQWDWHGVDPSOHVLQVDOWFRQFHQWUDWLRQRI
LWVKRZHGWKDWVHTXHQFLQJUHVXOWVDQG/HXFRQRV
WRF FLWUHXP 8QFXOWXUHG EDFWHULXP /HXFRQRVWRF
PHVHQWHURLGHV8QFXOWXUHGJDPPDSURWHREDFWHULXP
8QFXOWXUHGEDFWHULXP8QFXOWXUHG(QWHUREDFWHUVS
(QWHUREDFWHULDFHDH EDFWHULXP 3DQWRHD VS ZHUH
       
UHVSHFWLYHO\$VWKHUHVXOWVRI3&5'**(UHFRYHU\
HOHFWURSKRUHVLVRI IHUPHQWDWHGVDPSOHVLQVDOWFRQ
FHQWUDWLRQRILWVKRZHGWKDWVHTXHQFLQJUHVXOWV
DQG6WDSK\ORFRFFXVVFLXULVS6HUUDWLDVS6WDSK\
ORFRFFXVVFLXUL5DKQHOODVS6HUUDWLDVSZHUH
UHVSHFWLYHO\
 /HXFRQRVWRFFLWUHXPXQFXOWXUHGEDFWHULXP
DQG/HXFRQRVWRFPHVHQWHURLGHVZHUHGRPLQDQWPL
FURRUJDQLVPLQ VDOWFRQFHQWUDWLRQRI IHUPHQWHG
YHJHWDEOH V\VWHPV LQ WKH PLGGOH DQG ODWH SHULRGRI
IHUPHQWDWLRQ 6WDSK\ORFRFFXV VFLXUL VS ZDV GRPL
QDQWPLFURRUJDQLVPLQWKHVDOWFRQFHQWUDWLRQRI
DQG  IHUPHQWHG YHJHWDEOH DQG VWDEO\ H[LVWHG LQ
WKHZKROHSURFHVVRIIHUPHQWDWLRQ
 'LYHUVLW\LQGH[ + DQGULFKQHVVLQGH[ 5 
LQVDOWFRQFHQWUDWLRQRIIHUPHQWHGYHJHWDEOHZHUH
ORZHUWKDQWKHDQGLQWKHZKROHSURFHVVRI
IHUPHQWDWLRQEXWWKHHYHQQHVV ( LQGH[ZDVQRWVWD
EOHDWDQGZKLFKVKRZVWKDWWKHVWUXFWXUHRI
PLFURELDOFRPPXQLW\LQVDOWFRQFHQWUDWLRQRIIHU
PHQWHGYHJHWDEOHZDVUHODWLYHO\VWDEOHDQGPLFURELDO
VSHFLHVZDVYHU\OHVVWKDQDQG
5()(5(1&(6
[1] <DQ 30 ;XH :7 &KDQJ ;+ =KDQJ +
4LDR=+  (IIHFWRIVSRQWDQHRXVIHUPHQ
WDWLRQ DQG LQRFXODWHG IHUPHQWDWLRQ RQ IHUPHQ
WDWHG FDEEDJH TXDOLW\7UDQVDFWLRQV RI &KLQHVH
6RFLHW\RI$JULFXOWXUDO(QJLQHHULQJ  

[2] &KHLJK+63DUN.</HH&<  %LR
FKHPLFDO PLFURELRORJLFDO DQG QXWULWLRQDO DV
SHFWV RI NLPFKL .RUHDQ IHUPHQWHG YHJHWDEOH
SURGXFWV &ULWLFDO5HYLHZVLQ)RRG6FLHQFH 
1XWULWLRQ  
[3] /HH&:.R&<+D'0  0LFURIOR
UDO FKDQJHV RI WKH ODFWLF DFLG EDFWHULD GXULQJ
NLPFKL IHUPHQWDWLRQ DQG LGHQWLILFDWLRQ RI WKH
LVRODWHV.RUHDQ-RXUQDORI$SSOLHG0LFURELRO
RJ\ DQG %LRWHFKQRORJ\ .RUHD 5HSXEOLF  

[4] 0KHHQ7,.ZRQ7:  (IIHFWRIWHP
SHUDWXUH DQG VDOW FRQFHQWUDWLRQ RQ NLPFKL IHU
PHQWDWLRQ.RUHDQ-RXUQDORI)RRG6FLHQFHDQG
7HFKQRORJ\  
[5] %UJPDQQ+3HVDUR0:LGPHU)=H\HU-
  $ VWUDWHJ\ IRU RSWLPL]LQJ TXDOLW\ DQG
TXDQWLW\RI'1$H[WUDFWHGIURPVRLO-RXUQDORI
0LFURELRORJLFDO0HWKRGV  

&21&/86,21
7KHH[SHULPHQWVWXGLHGWKHFKDQJHVRIWKHPL
FURELDOFRPPXQLW\LQWKHIHUPHQWDWHG&KLQHVHSDR
FDLVXQGHUWKHGLIIHUHQWIHUPHQWDWHGWLPHDQGFRQGL
WLRQV E\ WKH 3&5'**( PHWKRG 7KH IROORZLQJ
FRQFOXVLRQVZHUHGUDZQ
 $V WKH UHVXOWV RI 3&5  '**( UHFRYHU\
HOHFWURSKRUHVLVRI IHUPHQWDWHGVDPSOHVLQVDOWFRQ
FHQWUDWLRQRILWVKRZHGWKDWVHTXHQFLQJUHVXOWV
DQG8QFXOWXUHGEDFWHULXP3VHXGRPRQDVVS6WDSK
\ORFRFFXVVFLXUL3DQWRHDGLVSHUVD6HUUDWLDVS6HU
UDWLD VS 6WDSK\ORFRFFXV VFLXUL 5DKQHOOD VS 
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[17] +H4+:X<1<LQ</  $GYDQFH
RQ6WXG\RI%LRJHQLF$PLQHVLQ)RRG&KLQHVH
-RXUQDORI)RRG+\JLHQH  
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WLRQDO IHUPHQWHG &KLQHVH SDRFDLV 0DVWHU 'LV
VHUWDWLRQ1DQFKDQJ1DQFKDQJ8QLYHUVLW\
[19] (QGR$0L]XQR+2NDGD6  0RQL
WRULQJWKHEDFWHULDOFRPPXQLW\GXULQJIHUPHQWD
WLRQRIVXQNLDQXQVDOWHGIHUPHQWHGYHJHWDEOH
WUDGLWLRQDOWRWKH.LVRDUHDRI-DSDQ/HWWHUVLQ
DSSOLHGPLFURELRORJ\  
[20] 4LX =*   &KDQJHV LQ PLFURRUJDQLVPV
DQG IODYRU VXEVWDQFHV LQ WKH SLFNOLQJ SURFHVV
'RFWRUDO 'LVVHUWDWLRQ 7DLZDQ $FDGHP\ RI
)RRG 6FLHQFHV 1DWLRQDO &KXQJ +VLQJ 8QLYHU
VLW\
[21] 3DUN -0 6RQJ -& 6XK +- &KDQJ 8-
.LP-0  ,GHQWLILFDWLRQRIWKHODFWLFDFLG
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SHALLOW GROUNDWATER UTILIZATION ROLE OF
WHEAT BASED ON DIFFERENT SOIL AND DIFFERENT
GROUNDWATER DEPTH
Mei Zhu, Bazai Nazir Ahmed*, Xueling Li, Mengnan Huang, Tahir Muhammad, Lei Ming
Engineering Department, Anhui Agricultural University, Hefei Anhui 230036, China

drainage and the transformation rule of water resources have also changed greatly. The shallow
groundwater mainly receives the recharge and consumption of the precipitation in the phreatic water
evaporation and irrigation and is greatly affected by
the recharge and excretion of the farmland ditch
network. Therefore, the role of diving in the SPAC
system cannot be underestimated. In the shallow
dive area, large soda plant water, soil water and
diving form a complete farmland water system. Soil
water dynamics and changes in groundwater dynamics are mutually influenced. In addition, soil
water status can induce crop response from different morphological and physiological aspects. This
can affect all stages of crop growth and development, including its water consumption. Consequently, the soil moisture status is also affected.
The varying depths of groundwater have different
effects on soil moisture distribution, crop yield,
water use efficiency, and so on. Therefore, the
existence of diving will affect the growth and development of crops, and the reasonable regulation
of shallow groundwater and soil water is of great
importance to the growth of crops and efficient
utilization of water resources in the field [1-3].
Rational use of shallow groundwater can effectively supplement irrigation water and improve
water use efficiency. [4] Suggested that proper
management of irrigation requires understanding of
direct water use by crops from shallow water table.
This utilization of shallow groundwater for irrigation is affected by many factors, such as the depth
of groundwater; soil properties, crop growth stage,
and so on [5]. In recent years, many research works
have studied the utilization potential of shallow
groundwater in crop growth stage [6]. Using field
trials, [7] found that cotton and alfalfa require a
certain amount of shallow groundwater for their
growth requirements. [8-10] studied the effects of
groundwater use on crop yields under different
groundwater control burial depths in the semi-arid
regions of Iran and some other scholars have reported that Iran's groundwater utilization effect on
FURS\LHOGDQGVDIÀRZHU\LHOGUHGXFWLRQEHFDXVHRI
high levels of soil salinity [11-16].
Another study [17] examined the impact of
groundwater on maize and soybean production,
through the control of groundwater level contrast

ABSTRACT
In order to make full use of Shallow groundwater, reduce the amount of water used for irrigation, and improve the efficiency of agricultural
water resources utilization in the water shortage
area of Huaibei Plain, this paper carried out experiments on wheat groundwater use based on different soils and different groundwater depths. The
typical shajiang black soil and yellow fluvo-aquic
soil in Huaibei Plain were selected for the experiments. The groundwater control depth was 10 levels within the range of 0-4 m, and the experiment
was carried out to measure the evapotranspiration
of the crops. The variation of phreatic water evaporation with soil depth and groundwater depth at six
different growth stages was summarized. The results showed that the phreatic water evaporation of
wheat decreased with the increase in groundwater
depth. Under the same burial depth, the evapotranspiration of yellow fluvo-aquic soil was greater
than that of shajiang black soil. The above results
showed that the groundwater use efficiency was the
highest in the case of yellow fluvo-aquic soil and
1.0 m of groundwater depth.

KEYWORDS:
Groundwater, buried depth, lysimeter, phreatic evaporation

INTRODUCTION
The Huaibei Plain is a major agricultural production base in the Anhui Province, which is an
important grain producing area in China. However,
the lack of sufficient water resources is one of the
biggest constraints to agricultural development. The
shallow groundwater is the main water source of
irrigation, and the middle and deep groundwater are
the main water sources of urban life activities. At
present, the Huaibei Plain is mainly irrigated by
wells that contribute to 60-70% of the total irrigated
areas.
With the improvement in shallow groundwater
exploitation and the change in underlying surface
conditions, the condition of water supplement and
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amount of rainfall in the flood season (June to September) accounts for 8% of the precipitation in the
flood season. The annual precipitation in the flood
season is 840 mm, which is about 63% of the total
annual evaporation of 1181.3 mm for many years.
According to regional tectonic conditions, the main
aquifers in this area are shallow water-bearing rock
group and middle-deep eruption water-bearing rock
group having a thickness of 0-40 m and 40-150 m,
respectively. Groundwater level is 1.5-3.5 m depth
of change, indicating the abundance of groundwater
resources.

test, so as to explore the impact of groundwater
level on crop yield. [18, 19] describe through the
installation of drainage systems, reduce the high
groundwater level, soil salinity, and improve
groundwater use efficiency. [20] explored the relationship between the variation of depth of groundwater table and oxygen supply to crop roots. [21]
created a rice production model to simulate the
relationship between different groundwater depths
and rice yield. [22] reported that wheat yield was
the highest at groundwater depths of 0.5 m while
sugarcane yield was the highest at groundwater
depth of 2 m.
Some other scholars have used the numerical
model method and computer modeling simulation
to study phreatic evaporation [23-25]. Such models
require more parameters, and the involved calculations are relatively complex. [26] Established the
mathematical model, Simulation of Water Balance
of a Cropped Soil according to the dynamic equations of water flow in the unsaturated zone and the
root water uptake model. The difference in the soil
water content when the shallow groundwater is
used and not used was compared using the simulating calculations.
The shallow groundwater resources of the
Huaibei Plain are rich in water resources, which
help in maintaining the local agriculture. The average annual groundwater depth in most areas is 2-3
m, which is a shallow depth. Groundwater and soil
water are closely related to each other and undergo
frequent transformations. Shallow groundwater
plays an important role in crop water demand. The
Huaibei Plain mainly has shajiang black soil and
yellow fluvo-aquic soil, which account for 54% and
33% of the total areas, respectively. Therefore, this
study considers these two types of soils to study the
different groundwater usage laws.

Experimental equipment. The experiment
was carried out in the Key Laboratory of Hydrology
and Water Resources of Anhui Province Wudaogou Experimental Station. The main experimental equipment is a large-scale lysimeter, which
is mainly composed of underground observation
chamber, and measuring cylinder (which is the
original soil test tube planting dry crops, distributed
in the surrounding underground observation room),
the lower part of which is equipped with a filter
through the tube and underground observation. The
groundwater level of the measuring cylinder is
connected to the underground water level controller
of the underground observation room. When the
crop and soil evaporation in the test tube causes the
phreatic water to evaporate, the groundwater level
drops (increasing depth) in the test tube, resulting in
a drop in the groundwater level in the subterranean
controller located in the underground observation
room. During this time, the automatic water bottle
(micro-flow meter) will automatically replenish the
cylinder to the dive level controller to keep the
probe dive level and record the amount of diving
(i.e., the amount of evaporation of the measuring
tube) during precipitation and infiltration of water.
When the rainfall intensity is large and the superpercolation flow is formed on the surface of the
measuring cylinder, the super-percolation flow
enters from the surface runoff pipe to the infiltration tank, and the infiltration amount is recorded.
The test principle is shown in Figure 1.

MATERIALS AND METHODS
Huaibei Plane is located in northern subtropics
and warm temperate sub-humid monsoon climate
zone, the annual average rainfall is 840 mm; the

FIGURE 1
Structure of lysimeter
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FIGURE 2
Principle of moisture transformation

FIGURE 3

FIGURE 4

The phreatic evaporation change with the
groundwater buried depth under the bare soil
and soil with crop conditions of shajiang black
soil

The phreatic evaporation change with the
groundwater buried depth under the bare soil
and soil with crop conditions of yellow moist soil

Experimental principle. As shown in Figure
2, the groundwater-soil water interface is an important component of water balance in farmland.
Under meteorological conditions and the same
groundwater depth, the evapotranspiration of the
plant is larger than that of the bare soil, and the
difference is the utilization of the groundwater. It is
very convenient to measure the evapotranspiration
of crop water and the amount of groundwater evaporation in bare soil, so the utilization of groundwater can be deduced by crop lysimeter. The basic
principle is shown in Equation 2-1.
In the formula:
Ec Ea  Eb
(2-1)

E a ²Crop water evaporation;
E b ²Bare soil diving water evaporation.
Groundwater use for dry crops is the highest
in the months of May and August each year. Figures 3 and 4, respectively, show the average annual
precipitation of shajiang black soil and yellow fluvo-aquic soil in the Wudaogou Experimental Station. The transpiration of crops increased the supply
of groundwater; therefore, the crop under the conditions of phreatic water evaporation is greater than
the no-crop diving. The difference is the crop of
groundwater use Valuation. Figure 5 shows the
annual change in groundwater use under four
depths of 0.2, 0.6, 1.0 and 1.5 m.

E c ²Utilization of groundwater by dry crops;
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FIGURE 5
Monthly utilization of groundwater at different depths for years at the
Wudaogou Experimental Station

FIGURE 6
Test results of bulk density of shajiang black
soil

FIGURE 7
Test results of proportion of shajiang black soil

FIGURE 8
Test results of bulk density of yellow moist
soil

FIGURE 9
Test results of gravity of yellow moist soil
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The average moisture content of the withered
soil was between 8% and 14%, with an average of
12.6%. The field water holding capacity was 2226%, with an average of 23.6%. The saturated water content ranged from 27.4% to 39.6% with an
average of 30.65%.

Analysis of two typical soils. Shajiang black
soil is mainly distributed in the central and southern
regions of the Huaibei Plain while the yellow fluvoaquic soil, sub-sandy soil, is mainly distributed in
the northwest region. Samples were collected from
undisturbed portions of these two soils in the
Wudaogou Experimental Station for the study.

Three-state distribution of soil. The soil is
composed of three states: solid, liquid, and gaseous
states. The soil particles account for the solid part,
water is the liquid state, and gas is the gaseous
state. The proportion of the items with respect to
their volume is the three-state distribution. Appropriate soil tri-state distribution is required for crop
growth, see Table 2.

Soil water constant. (1) Bulk density and
specific gravity. The Shajiang black soil texture is
sticky and structurally poor and belongs to the subclay sub-class. Since the clay in different areas have
different soils, the bulk density is different (see
Figure 6), the proportion of the surface is slightly
smaller, 0.5 m below the basic stability (see Figure
7).
The yellow fluvo-aquic soil can be divided into three sub-categories: ordinary fluvo-aquic soil,
salinized fluvo-aquic soil, and alkalized fluvo-aquic
soil, and the results are shown in Figure 8 and 9.

Soil water potential. The main factors influencing water energy are gravity potential, matrix
potential, solute potential and pressure potential,
and the sum of all potentials is called total soil
water potential. Soil water potential represents the
amount of water energy in the soil. For non-saline
soil, the energy of water in the unsaturated zone
depends on the potential of the substrate. The matrix potential is related to the adsorption force of the
soil itself. The soil matrix potential in the saturated
water zone is zero, and the matrix potential is
measured.

Determination of soil water constant. The
soil water content constant within 2 m soil layer of
Shajiang black soil in Wudaogou Experimental
Station was measured, and the results are shown in
Table 1. The saturated water content of sandy black
soil was 39.6-27.4% in 0-200 cm soil layer, 24.630.7% in field, and the withering coefficient was
14.8-16.4%.

TABLE 1
Soil water constant of shajiang black soil in Wudaogou Experimental Station
Depth of soil
(cm)
0-20
20-40
40-60
60-80
80-120
120-200

Saturated water
content (%)
39.6
31.0
29.6
28.8
27.5
27.4

Field capacity
(%)
30.7
25.8
26.5
25.2
24.8
24.6

Capillary rupture
moisture (%)
19.5
18.1
18.6
17.6
17.4
17.3

Wilting coefficient (%)
14.8
14.6
14.4
15.8
15.6
16.4

Hygroscopic
coefficient (%)
7.4
7.3
7.2
6.9
7.8
8.2

TABLE 2
Soil tri-state distribution of shajiang black soil in Wudaogou Experimental Station Unit: %
Depth of soil
(cm)
0-20
20-40
40-60
60-80
80-120

Name of
Average solid Suitable liquid
soil
volume
volume
plough layer
48.5
23.4-33.8
plowpan
54.4
25.0-36.8
eluvial horizon
53.0
24.1-35.5
accumulation
56.3
24.3-38.0
horizon
subsoil horizon
57.4
24.8-37.2

Suitable gaseous
volume
17.7-28.1
8.8-20.6
11.5-22.9

Weight of suitable soil water
accounts for dry soil
18.0-26.0
17.0-25.0
17.0-25.0

7.2-19.4

16.0-24.0

5.4-17.8

16.0-24.0

TABLE 3
Relationship between soil suction and water content of shajiang black soil in Wudaogou
Experimental Station
Soil depth
from the
surface
(cm)
10
30
70

The soil
suction is
100H2Ocm

The soil
suction is
300H2Ocm

The soil
suction is
500H2Ocm

32.5
28.2
27.8

23.6
27.6
27.1

19.2
26.8
25.8

The soil
suction is
1000H2Oc
m
18.3
26.2
24.8
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The soil
suction is
5000H2Oc
m
16.1
24.4
22

The soil
suction is
10000H2Oc
m
14.5
22.3
21.4

The soil
suction is
20000H2Oc
m
13.8
22
21.3
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FIGURE 10
Relationship between soil suction and water content of shajiang black soil

FIGURE 11
Phreatic evaporation of bare soil and soil with crop during wheat growth period in shajiang black soil

FIGURE 12
Phreatic evaporation of bare soil and soil with crop during wheat growth period in yellow moist soil
water content. The desorption (release) process is
not the same as the soil water potential of the moisture absorption process, and the suction of the dehumidification process (evaporation process) is
larger than that of the moisture absorption process
(infiltration process). The centrifuge method was
used to determine the soil water potential change
from saturated state to dehumidification. The results are shown in Table 3 and Figure 10.

TABLE 4
Time Table of Wheat Growth Period
Wheat growth period
Sowing to seedling
Seedling to turning green
Turning green to flowering
Flowering to heading
Heading to filling
Filling to ripening

Date
10.10-12.20
12.21-2.10
2.11-3.20
3.21-4.20
4.21-5.15
5.16-5.31

Experimental design and phreatic evaporation data. The experiment was carried out by using
39 measuring heads with 0.3 m2 area. The groundwater depth considered are as follows: 0 m, 0.2 m,
0.4 m, 0.6 m, 0.8 m, 1.0 m, 1.5 m, 2.0 m, 3.0 m, and

The determination of matrix potential involves
negative pressure gauge, pressure plate and centrifuge. The range of soil pressure is less than 0.8 bar,
and the soil moisture is more than 1.5 bar for most
of the time, so it is difficult to measure the soil
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were selected to analyze the data of the evaporation
of the crops in the shajiang black soil and yellow
fluvo-aquic soil. March to May is the period when
the water consumption of wheat is the most. The
process lines of shajiang black soil with 0.4 m and
0.6 m burial depth are drawn, and the phreatic
evaporation process curves of dolomite soil are
drawn for depths of 1.0 m and 2.0 m.
It can be seen from Figure 11 and 12 that during the whole growth period of wheat, phreatic
water evaporation showed an increasing trend,
especially from jointing stage to heading-filling
stage. The results showed that the evapotranspiration of the diving evapotranspiration was significantly larger than that of the non-crocked test-tube,
and the evaporation of the phreatic water was different for different burial depths.

4.0 m. The whole growth period of wheat is October to May during the diving evaporation. The
whole growth period of wheat is divided into six
stages: seeding, emergence, greening, jointing,
jointing, heading, filling, and maturing Table 4.
From 1972 to 2015, the data of phreatic evaporation
of long-range wheat plants were recorded according
to the six growth periods of wheat. Table 5 is the
data observed in the whole 1992.10-1993.5 wheat
growth period buried in the depth of 0.2 m Shajiang
black soil.

RESULTS AND DISCUSSION
Experimental analysis of phytoplankton
evaporation during whole growth period of
wheat. The evaporation data of the whole growth
period of wheat during the period 1992.10-1993.5

TABLE 5
The phreatic evaporation experimental statistics at 0.2m during wheat growth period from 1992 to 1993
depth\year\month
\day
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
first ten days
second ten days
last ten days
monthly amounts
Monthly mean

1992.10

1992.11

1992.12

1993.1

1993.2

1993.3

1993.4

1993.5

0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.1
0.0/1.3
2.6/1.4
0.0/0.0
0.0/0.0
0.1/0.4
1.1/0.6
1.0/0.8
1.4/1.4
1.3/1.4
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
4.6B/3.2B
1.1/0.5
0.9/0.8
1.3B/1.6B
/
/
/
2.7/3.2
4.8/4.2
7.9/6.1
15.4/13.5
0.5/0.5

1.3B/1.7B
1.6/1.4
1.6/1.8
1.5/1.8
1.9/2.2
1.8/2.0
1.6/1.8
1.6/1.8
1.5/1.8
1.1/.2
0.2/0.2
1.0/0.9
0.7/0.4
0.0/0.0
0.0/0.0
1.1/0.9
1.9/1.9
1.9/1.8
1.8/1.8
1.7/1.7
1.7/1.7
0.8/0.8
0.4/0.2
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.5/0.5
1.8/1.3
2.3/1.9
2.6/2.4
15.5/17.5
10.3/9.6
10.1/8.8
35.9/35.9
1.2/1.2

2.8/2.7
2.6/2.4
1.6/1.5
1.7/1.7
2.1/1.8
1.9/2.0
2.8/2.8
2.6/2.4
2.7/2.5
2.9/2.8
2.8/2.8
2.9/2.6
1.3/2.0
1.5/1.1
1.1/1.0
2.4/1.9
3.0/2.4
3.8/2.5
2.8/2.2
3.1/2.6
3.7/3.0
4.6/3.4
4.4/3.7
3.6/3.5
2.9/2.6
3.5/2.8
2.4/1.9
0.0/0.0
0.0/0.0
0.0/0.0
/
23.7/22.6
24.7/21.1
25.1/20.9
73.5/64.6
2.5/2.2

0.0/0.0
0.0/0.0
0.0/1.0
1.9/2.3
2.3/1.8
2.3/2.0
1.4/1.5
0.0/0.0
0.0/0.0
0.5/1.2
2.6/2.4
1.0/0.6
0.0/0.0
0.0/0.9
1.4/1.4
0.7/0.7
1.7/1.5
1.0/1.3
0.0/0.2
0.0/0.0
0.0/0.0
0.0/0.6
0.7/1.3
2.1/1.9
1.4/1.1
0.0/0.0
0.0/0.0
0.4/0.0
1.8/0.0
3.0/4.2
2.2/2.2
8.4/9.8
8.4/9.0
11.6/11.3
28.4/30.1
0.9/1.0

0.2m

0.9/1.2
1.5/0.9
2.8/1.5
1.9/1.6
1.7/1.4
0.6/1.3
2.0/1.5
3.1/1.7
0.9/1.4
2.7/1.3
0.7/1.3
2.5/1.0
0.9/1.4
2.4/2.0
3.2/1.6
0.7/1.4
1.1/1.0
0.8/1.0
1.0/1.0
1.4/1.9
1.0/1.4
1.8/1.9
7.9/6.4
17.9/13.9
16.8/15.6
42.6/35.9
1.4/1.2

2.2/1.5
0.2/1.3
1.1/1.2
0.9/1.3
1.2/1.2
0.9/1.1
0.2/0.2
1.0/0.7
1.4/1.3
1.0/1.2
0.9/1.3
2.9/1.4
1.1/1.1
1.3/1.5
1.2/1.5
1.3/1.3
1.0/1.0
0.2/0.9
1.8/2.0
1.4/1.9
1.0/2.2
1.5/2.4
0.9/1.9
1.3/2.2
1.6/2.3
1.2/1.8
0.9/1.4
0.9/1.2
0.9/1.2
1.3/1.4
/
10.1/11.0
13.1/13.9
11.5/18.0
34.7/42.9
1.2/1.4

0.6/1.3
0.9/1.2
0.8/1.4
0.8/1.2
0.4/0.6
0.3/0.4
0.5/0.8
0.4/0.7
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
10.7B /13.2B
0.6/0.6
0.1/0.1
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
6.9B /7.6B
0.0/0.0
0.2/0.2
Ļ%Ļ%
Ļ%Ļ%
Ļ%Ļ%
2.3B /2.5B
7.1/10.5
10.2/12.3
8.2/9.0
25.5/31.8
0.8/1.0

0.4/0.2
0.1/0.3
0.0/0.0
0.4/0.0
0.1/0.2
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
0.0/0.0
1.0/0.7
0.0/0.0
0.0/0.0
1.0/0.7
0.03/0.02

Note㸸Ļ%PHDQVIUHH]H㸹the combination of numbers and B means mixed state values of evaporation.
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times, respectively.

The results showed that under the same depth,
the phreatic evaporation of shajiang black soil was
different from that of yellow fluvo-aquic soil, and
the phreatic evaporation of yellow fluvo-aquic soil
was greater than that of shajiang black soil. Table 6
and Figure 3-3 summarize the comparison of phreatic water evaporation under different burial depths,
based on the data of evaporation during the whole
growth period of wheat (1992.10-1993.5). It can be
seen from Figure 13 that, with increasing burial
depth, the difference of evapotranspiration between
the two soils is more obvious. For example, when
the burial depth is 1 and 2 m, the phreatic evaporation value of yellow fluvo-aquic soil is 12 and 16

Analysis on the Result and Regularity of
Wheat Growth to Groundwater Utilization.
According to the crop growth period, the difference
between the phreatic evaporation of winter wheat
planted from October 1992 to May 1993 and the
phreatic water evaporation amount of bare soil was
calculated. According to formula 2-1, the growth
period of wheat in the different growth stages of
shajiang black soil and yellow fluvo-aquic soil was
calculated. The variation of groundwater use is
illustrated in Figure 13 to 15.

TABLE 6
Phreatic evaporation comparison during wheat growth period in shajiang black soil and yellow moist soil
Groundwater
Soils

Phreatic
evaporation(mm)

Shajiang black soil
Yellow moist soil

0.2
250
389.7

0.4
144.5
460.5

0.6
104.9
472.9

1.0
44.2
538.4

2.0
7.9
114.9

FIGURE 13
Phreatic evaporation comparison during wheat growth period in shajiang black soil and
yellow moist soil

FIGURE 14
Groundwater utilization hydrograph of wheat growth period in shajiang black soil
under different groundwater depth
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FIGURE 15
Groundwater utilization hydrograph of wheat growth period in yellow moist soil under
different groundwater depth
two kinds of soils are 0.2 m buried depth and the
use of groundwater is the largest, but with the peak
of water use, soil and buried depth have a more
obvious influence on groundwater use. This indicates that the physical properties of soil and the
depth of burial affect the utilization of groundwater
in wheat, with the increase of water requirement for
growth and development of wheat.
(4) From the available data, the groundwater
utilization is more stable when the wheat is at 0.2 m
buried depth, and the difference is not obvious with
the soil quality and growth period.
In summary, the paper summarizes the long
series data of groundwater use in wheat growth,
analyzes the effect of soil quality and burial depth
on the efficient use of groundwater in wheat, and
concludes that the optimum groundwater depth for
wheat planting in shajiang black soil is 0.8 m. In
practice, if the groundwater level can be controlled
according to different soils, the utilization potential
of diving will be better.

(1) As the shajiang black soil and yellow fluvo-aquic soil quality are different from the use of
groundwater in wheat at 0.4 m depth, for example,
the wheat groundwater utilization of yellow fluvoaquic soil is 472.7 mm, compared to shajiang black
soil utilization, i.e., an increase of 2.6 times. According to the above-mentioned soil analysis, the
bulk density of yellow fluvo-aquic soil is smaller
than that of shajiang black soil. For example, the
soil bulk density of Huangchao soil is less than that
of shajiang black soil. The density of yellow fluvoaquic soil is 1.47 g/cm3, and the bulk density of
shajiang is 1.55 g/cm3. The texture of clay is heavy,
and the water permeability is relatively poor, but
the permeability of yellow fluvo-aquic soil is relatively good. The groundwater utilization of wheat
in yellow fluvo-aquic soil is larger than that of
shajiang black soil.
(2) The utilization of groundwater is different
in different growth stages of wheat, and the peak of
water use is after the jointing stage. For groundwater at the shajiang black soil depth of 0.8 meters, the
peak water consumption is 152.5 mm, which is 46.2
times more that of the water trough. From the yellow tide groundwater depth of 1.0 m data, the peak
water consumption is 735.5 mm, which is 11 times
more that of the water trough. After the jointing
stage, wheat can make full use of groundwater,
which can effectively protect crop yield and improve groundwater use efficiency and alleviate
surface water shortage.
(3) The maximum depth of groundwater utilization was different in different periods. The maximum groundwater utilization of shajiang black soil
was 34.1 mm, and the corresponding depth was 0.2
m. The maximum depth of groundwater utilization
is 262.7 mm, and the maximum depth of groundwater is 735.5 mm. The corresponding depth of burial
is 1.0 m. In the initial stage of wheat growth, the

CONCLUSION
Crops analysis of groundwater use is a very
complex process, affected by many factors; the
buried depth factor is a very critical factor.
Groundwater uptake is a vertical process; groundwater depth is different from the same crop root
system on groundwater absorption. Precise control
of burial depth can be based on experimental and
hydrological data. The purpose of this paper is to
explore the regularity of using groundwater in the
entire growth period of wheat in the experiment of
groundwater use in different growth stages of wheat
in different soils, according to the characteristics of
large-scale lysimeter equipment which can control
the groundwater depth.
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Israel. Agricultural Water Management. 76(3),
181-194.
[19] Ghamarnia, H., Golamian, M., Sepehri, S.,
Arji, I. (2011) Shallow groundwater use by safflower (carthamus tinctorius l.) in a semi-arid
region. Irrigation Science. 29(2), 147-156.
[20] Nosetto, M.D., Jobbagy, E.G. (2009) Reciprocal influence of crops and shallow groundwater
in sandy landscapes of the inland pampas.
Field Crops Research. (113), 138-148.
[21] Kropff, M.J, Van Laur, H.H., Matthews, R.V.
(1994). An Ecological Model for Irrigated Rice
Production. DLO-Research Institute of Agro
biology and soil Fertility, Wageningen, 110.
[22] Kahlown, M.A., Ashra, M., Zia-Ul-Haq (2005)
Effect of shallow ground water table on crop
water requirements and crop yields. Agricultural water management. 76(11), 24- 35.
[23] Mao, X., Shang, S., Lei, Z., & Yang, S. (2001).
Study on evapotranspiration of winter wheat
using spac model. Journal of Hydrology, 32(8),
0007-0012.
[24] Xiaomin, M., Shixiu, Y., Zhidong, L. (1998)
Research on water and heat transfer in SPAC
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Journal of Hydraulic Engineering. 7, 35-39. (in
Chinese with English abstract).

The effect of different depth of groundwater
on the crop water demand is very large. Reasonable
and efficient use of groundwater is an important
way to alleviate the shortage of surface water resources. Agricultural water consumption in China
also accounts for 65% of the country's total water
consumption, the implementation of agricultural
water-saving will have a very significant water
saving benefits.
Therefore, considering today's shortage of water resources, the role of groundwater recharge
water consumption of crops should be fully paid
much attention when formulation of irrigation management and irrigation system, so as to correctly
determine the utilization of water resources and
improve the utilization efficiency of irrigation.
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Drying methods of sediment samples are commonly divided into natural air-drying, low-temperature drying and freeze drying, the processing efficiency and time-consuming of three treatment methods are very different. In this paper, sediments were
sampled from Taihu Lake, and dried under natural
air, low temperature or freeze, then analyzed using
the same method for the determination of total nitrogen (TN), ammonium (NH4+-N) and nitrate nitrogen
(NO3--N). Statistical analysis of the results showed
significant differences between sample treatments
relating to the mean TN, NH4+-N, NO3--N concentration. Referring to dry samples, the average content
of samples using freeze-dried method and air-dried
method, were 1.07, 1.33, 0.91 and 1.01, 1.23, 0.68
for TN, NH4+-N, NO3--N, respectively. NO3--N content of dry samples was the highest. The ANOVA
showed that there was no significant difference
about TN, NH4+-N and NO3--N among the three
methods. However, there were significant differences when two methods were compared. The result
of LSD showed that there were significant differences between Frozen-dried Method (B) and Dried
Method (A) with =0.039; and between Frozendried Method (B) and Air-dried Method (C) with
=0.043 for TN. In addition, the correlation analysis
results showed a significant correlation at the level
of < 0.01, suggesting that the effects of different
pretreatment methods on TN, NH4+-N and NO3--N
extraction are holistic, not due to changes in individual samples. Compared with air-drying, low-temperature drying, freeze-drying process can truly indicate
the nitrogen composition of sediments, it is an ideal
way of sample drying.

The eutrophication of aquatic systems is an environmental problem of major concern, not only in
industrialised countries but in the developing world
as well [1]. And excessive nitrogen loading, which is
one of the most active elements in the biogeochemical cycling processes, has been regarded as one of
the most important factors causing eutrophication of
lakes [2]. The traditional views show that when nitrogen deficiency occurs, lake ecosystems can obtain
nitrogen from the atmosphere through biological nitrogen fixation to meet their nitrogen needs, so according to this assumption, the main limiting factor
of the primary productivity of water bodies is phosphorus availability. However, recent research [3, 4]
has shown that nitrogen fixation does not meet ecosystem demands, and nitrogen or nitrogen and phosphorus limitation are generally accepted. Furthermore, eutrophic lakes often exhibit nitrogen limitation, meaning that they are sensitive to additional nitrogen inputs. Internal loading is an important source
of nitrogen pollution [2], since they retain or release
nitrogen depending on the sediment phase to which
it is associated and on the environmental conditions.
So the sediments play a vital role in N cycle, which
involves physical, chemical and biological processes
[5].
However, not all forms of nitrogen are released
into the water, where they could contribute to eutrophication, from the deposition phase [6]. And it
may be more efficiently evaluated on the basis of different N forms.
For this reason, it is necessary to know not only
the total amount of nitrogen in the sediment, but the
main nitrogen forms including ammonium (NH4+-N)
and nitrate nitrogen (NO3--N) in sediment. Thus, nitrogen experimental accuracy is essential [7], and before the experiment, the samples need pretreatment.
The method most commonly used for the sediment
preparation are Vacuum Freeze Drying method, Natural Drying method and Temperature Drying
method. Some scholars use fresh samples to experiment directly.
Different treatment methods lead to changes in

'% !
Drying methods, TN, NH4+-N, NO3--N, Sediments
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soil/sediment properties [8]. Digestion methods for
determination of total phosphorus in river sediments
have been compared [9]. Sediment temperature has
been found that there are impacts on NH4+ turnover
in intertidal sediments [10]. But the pretreatment
methods on the impact and causes of various nitrogen forms from the sediments, have no unified conclusions.
The study of the accurte method for the determination of N in the sediment is, therefore, a key step
in understanding the N content in rivers and lakes. It
could be also of prime importance to know the N
content on a large scale for water management
quickly, and make measures in restoration of water
bodies in time.
The overall objective of the present study was
to compare the three methods including stoving at 60
, natural withering and vacuum freeze drying were
investigated and set up a rapid method for determining the contents of TN and various N forms in the
sediment cores sampled. In addition, the relationships between various N forms were also investigated.


" !"!

(8+6/(07 The following analytical reagentgrade chemicals: Potassium persurfate (K2S2O8), Sodium hydroxide (NaOH), hydrochloric acid (HCl),
Potassium chloride (KCl), Sodium salicylate
(C7H5NaO3), Sodium citrate (Na3C6H5O7), Dichloro
cyanuric acid sodium (C3O3N3Cl2Na), Sediment
standard sample (GSD–22) were analytical grade
from Nanjing Chemical Reagent Factory (Nanjing,
China) were used.
All tubes, including glass tubes, centrifuge
tubes and test tubes, were cleaned three times with
tap water prior to use. Impurities were removed with
a clean brush used only for this study. Next, the tubes
were washed once using deionised water before being immersed into an ultrasonic bath filled with deionised water for 10-15 minutes.

!(140+)300+)8/32The near-shore area around

GongHu Bay in Taihu Lake was selected as the sampling and the samples were collected from 7 sampling sites including 58 samples. All samples for nutrients were preserved well and brought back to the
laboratory and stored in the dark at 0–4°C.

.+1/)(0(2(0=7/73,8.+7+*/1+28The sediment samples were divided into three parts and
named after A, B and C. The A samples were placed
in the oven at 60for drying. The B samples were
processed by the freeze-drying. And the C samples
were air-dried treated in nature. Then all samples
were milled by agate mortar and sieved by the 100
mesh screen after removing plant debris, rubble and
other impurities.
The oxidizing reagent was prepared by dissolving 40 g K2S2O8 and 15 g NaOH in 1L of distilled
water [11]. The reagent was analytical grade. The
oxidizing reagent was prepared daily. A 10 ml oxidizing solution was added to each sample which was
then autoclaved for 1 h at 123. This mixture was
cooled to room temperature for the determination of
total nitrogen. Then add 2ml hydrochloric acid (1:9)
in the colorimetric tube, and use the high water content to 50 ml. Absorbance values were measured at
wavelengths 220 nm and 275 nm.
Ammonium and nitrate nitrogen were measured with an auto-analyzer 3. A 0.5000g sample was
added with 50mL Potassium chloride (KCl) in the
100ml centrifuge tube. And then oscillation for 12
hours, extract supernatant after centrifugation.

(8( 59(0/8= )328630 (2* (2(0=7/7 Relative
standard deviations, 95% confidence intervals and
analysis of variance (ANOVA) were determined according to standard procedures. These statistical
analyses were used to evaluate accuracy and precision of the methods.
!#"!!#!!

2(0=7/7 3, ;(8+6 (2* 7+*/1+28 7(140+7
While collecting sediment samples, the pH, dissolved oxygen and other water quality indicators
were also measured in overlying water (Table 1).
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%/2*
$+03)/8=
17
2.4
3.6
2.4
4.7
1.9
1.9
2.8

%(8+6
+48.
1
1.0
1.4
1.8
1.9
1.1
1.6
1.7

4
7.26
7.89
8.30
8.45
7.73
8.21
8.37

%(8+6
"+14+6(896+
3

29.3
29.2
29.1
29.4
29.4
29.2
29.0
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96.5
78.0
66.2
67.3
66.2
45.6
55.5

0.90
6.03
7.90
8.13
4.98
7.47
7.92

0.02
0.20
0.18
0.23
0.18
0.18
0.16
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386
383
386
389
385
385

%$

" &

     





 " #!"!


However, the ANOVA, which is applied when
The total nitrogen (TN) were determined phoonly one grouping variable is present in the dataset,
tometrically by UV-Vis Analyst (UV-6100, Shangshowed that there was no significant difference
hai, China), the ammonium (NH4+-N), nitrate nitroabout TN, NH4+-N and NO3--N between the three
gen (NO3--N) by auto-analyzer (auto-analyzer 3,
methods. However, there were significant differGermany) with precision of <5–10%. The results
ences when two methods were compared. The result
were shown in Table 2.
of LSD, that is one of method which could analyze a
The Table 2 indicated that the orders of the
plurality of average to pairwise comparison, showed
mean concentrations of TN and the N forms, which
that there were significant differences between Frowere pretreated with different ways are as follows:
zen-dried Method (B) and Dried Method (A) with
TN (Frozen-dried Method) > TN (Air-dried
=0.039; and between Frozen-dried Method (B) and
Method) > TN (Dried Method), NH4+-N (FrozenAir-dried Method (C) with =0.043 for TN. In addidried Method) > NH4+-N (Air-dried Method) >
tion, the differences being in NH4+-N and NO3--N
NH4+-N (Dried Method), NO3--N (Dried Method) >
were also significant, comparing two methods (TaNO3--N (Frozen-dried Method) > NO3--N (Air-dried
ble 3).
Method).

" 
!8(8/78/)(0(2(0=7/73,8.+838(02/863-+2(2*,3617/27+*/1+28792*+6*/,,+6+2846+86+(81+287
Sampling Point

Pretreatment
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C

P-1

P-2

P-3

P-4

P-5

P-6

P-7

NH4+-N(mg/kg)
162.7958
234.2503
244.9166
132.8642
195.8098
172.7665
62.92915
90.5791
108.0978
63.74968
58.45656
54.61581
76.48835
95.58828
71.00223
162.7553
262.5496
157.5721
86.09086
74.85979
81.47754

TN(mg/kg)
1841.549
1890.054
1856.79
2007.249
2126.964
1976.849
2285.103
2488.876
2360.929
1566.007
1709.261
1617.832
1614.045
2006.602
1726.275
2614.293
2771.752
2572.958
1950.587
2028.248
1949.785

NO3--N(mg/kg)
1.52011
1.71274
1.86638
15.02784
8.52806
8.36952
10.26417
8.65854
7.09977
7.70989
7.81069
7.58889
5.36472
4.26936
3.294
2.64813
2.07523
1.90022
4.9242
2.80224
0.85036

* A: Dried Method, B: Frozen-dried Method, C: Air-dried Method.

" 
!1+8.3*,361908/40+)314(6/7327
LSD

(I)Pretreatment
A

TN

B
C
A

NH4+-N

B
C
A

NO3--N

B
C

(J)Pretreatment
B
C
A
C
A
B
B
C
A
C
A
B
B
C
A
C
A
B

The difference
of average value
(I-J)
-148.80*
-2.84
148.80*
145.96*
-2.84
-145.96*
-42.31*
-35.13
42.31*
7.17
35.13
-7.17
1.40*
1.12*
-1.40*
-0.28
1.12*
0.28

*:  < 0.05.
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95% confidence interval
SDE

71.05

20.42

0.44

Sig.
0.039
0.968
0.039
0.043
0.968
0.043
0.041
0.089
0.041
0.726
0.089
0.726
0.002
0.012
0.002
0.521
0.012
0.521

upper limit

lower limit

-290.02
-144.06
7.57
4.74
-144.06
-287.18
-82.88
-75.71
1.73
-33.41
-5.45
-47.75
0.53
0.25
-2.27
-1.15
0.25
-0.59

-7.57
138.39
290.02
287.18
138.39
-4.74
-1.73
5.45
82.88
47.75
75.71
33.41
2.27
1.98
-0.53
0.59
1.98
1.15
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nitrate nitrogen extraction are holistic, not due to
changes in individual samples.
The results showed that there were different impacts for the partitioning patterns of TN, NO3--N,
NH4+-N by the three methods, and the effect of the
three methods on partitioning pattern of TN (<24 %)
was found lowest among the nitrogen of TN, NH4+N and NO3--N, and NH4+-N the highest (up to 71.78
%), referring to dry samples. It has been reported that
the rates of ammonia and nitrite oxidation are
strongly influenced by the nature of nitrifying cultures and a variety of environmental factors, including substrate concentration, dissolved oxygen (DO),
temperature, pH and so on [12]. In the study, the
main difference of three pretreatments was temperature, which were 60 oC, -70 oC and 30 oC for Dried
Method, Frozen-dried Method and Air-dried
Method, correspondingly. So the high temperature
can
promote
nitrification:
NH4++1.5O2→2H++H2O+NO2-+Energy;
NO2+0.5O2→NO3-+ Energy.
It has been studyed by Kim that both ammonia
oxidation rate and nitrite oxidation rate increased
significantly with the increase in temperature from
10 to 30oC [12]. Frozen-dried Method can remove
more than 95% of the water in the samples, thus the
samples can be stored at room temperature or high
temperature for a long time.
Until now, oxidation of ammonium has only
been known to proceed under aerobic conditions.
Recently, we observed that NH4+ was disappearing
from a denitrifying fluidized bed reactor treating effluent from a methanogenic reactor. Both nitrate and
ammonium consumption increased with concomitant gas production. A maximum ammonium removal rate of 0.4 kg N m−3 d−1 (1.2 mM/h) was observed. The evidence for this anaerobic ammonium
oxidation was based on nitrogen and redox balances
in continuous-flow experiments. It was shown that
for the oxidation of 5 mol ammonium, 3 mol nitrate
were required, resulting in the formation of 4 mol dinitrogen gas. Subsequent batch experiments confirmed that the NH4+ conversion was nitrate dependent. It was concluded that anaerobic ammonium oxidation is a new process in which ammonium is oxidized with nitrate serving as the electron acceptor
under anaerobic conditions, producing dinitrogen
gas. This biological process has been given the name
‘Anammox’ (anaerobic ammonium oxidation), and
has been patented [13, 14].
In the anaerobic environment, Anammox with
nitrite as electron acceptor, carbon dioxide as the
carbon source, converts ammonia nitrogen into nitrogen and organic synthesis. There is the following
formula of Chemometrics:



NH
4  132NO2  0066HCO3  013H

Referring to dry samples, the average content
of samples using freeze-dried method and air-dried
method, were 1.07, 1.33, 0.91 and 1.01, 1.23, 0.68
for TN, NH4+-N, NO3--N, respectively (Fig. 1). The
most obvious chang is NH4+-N, comparing freezedried method and dried method, and the difference
of NO3--N is also obvious, comparing air-dried
method and dried method.

# 
+437/86(8/33,:(6/3972/863-+2,3617)328+28
92*+6*/,,+6+2846+86+(81+281+8.3*7



" 
".+366+0(8/32(2(0=7/73,7+*/1+287(1+
/2*/)(836792*+6*/,,+6+2846+86+(81+287
Pairwise comparison
Dried Method--Frozen-dried
Method
Dried Method--Air-dried
Method
Frozen-dried Method--Airdried Method

TN
0.949**
0.960**
0.968**

NH4+
-N
0.91
3**
0.89
9**
0.91
5**

NO3-N
0.596**
0.900**
0.548**

**: < 0.01.
366+0(8/32(2(0=7/7The correlation analysis
results of total nitrogen and nitrogen forms content
in different pretreated methods were shown in Table
4. It shows a significant correlation at the level of 
< 0.01, suggesting that the effects of different pretreatment methods on TN, ammonia nitrogen, and

anaerobiccondition

 102N2  026NO
3 
0066CH2 O05 N015  203H2 O [15].
According to our monitoring data, the lack of
nitrite nitrogen in the water column limits the further
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transformation of ammonium nitrogen by this approach when black bloom occurred. The concentration of ammonium nitrogen continues to rise which
accumulates a lot in the water column. Ammonium
nitrogen can only be transformed in a small range of
oxygen environment at the water-air interface.

[4] Nalewajko, C. and Murphy, T.P. (2001) Effects
of temperature, and availability of nitrogen and
phosphorus on the abundance of Anabaena and
Microcystis in Lake Biwa, Japan: an experimental approach. Limnology. 2(1), 45-48.
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oxidation discovered in a denitrifying fluidized
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#!!
Statistically significant differences were found
between the drying methods (natural air-drying, lowtemperature drying and freeze drying) used for nitrogen analyses in sediments. Referring to dry samples,
the average content of samples using freeze-dried
method and air-dried method, were 1.07, 1.33, 0.91
and 1.01, 1.23, 0.68 for TN, NH4+-N, NO3--N, respectively. NO3--N content of dry samples was the
highest. According to the ANOVA, there were significant differences between Frozen-dried Method
and Dried Method with =0.039; and between Frozen-dried Method and Air-dried Method with
=0.043 for TN. In addition, the differences being in
NH4+-N and NO3--N were also significant.
Compared with air-drying, low-temperature
drying, freeze-drying process can truly indicate the
nitrogen composition of sediments, it is an ideal way
of sample drying.
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opment. However, in parallel with globalization, unplanned development causes irreversible deterioration of the natural landscape and converts natural
habitats into built environments [3, 4]. In this context, green infrastructure can help overcome many of
these challenges. As stated in the European Union
2020 Biodiversity Strategies, green infrastructure
systems can reconnect fragmented natural areas and
improve their functional connectivity. It can also encourage a better use of nature-based approaches in
tackling climate change and improving resource efficiency; for instance, integrated spatial planning and
multifunctional zones are capable of delivering benefits for biodiversity, land users, and society at large.
To establish green infrastructure systems,
which are defined as interconnected, open greenspace systems [5], it is first necessary to analyze the
landscape’s structure and to determine the functional
connections of similar landscape patches [6-11]. In
the study, the landscape structure of the selected forest ecosystem was primarily analyzed for this purpose. Forests have complex structures, and assessing
the spatial organization of a forest is key for both forest managers and researchers [12, 13]. The term
      refers to the spatial structure and
the characteristics of the landscape components, particularly the spatial configuration of the landscape
patches, which differ in size and shape [14]. Determining landscape structure is a prerequisite for studies regarding landscape function and change [15,
16]. For this reason, many methods for quantifying
landscape structure and establishing green infrastructure systems have been developed in recent
years [17-23]. Measurements of landscape structure
are necessary to determine the environmental attributes of natural and managed areas and to test hypotheses related to how the landscape model relates to
human and ecological processes [24]. In this study,
we used a patch analysis extension for ArcMap software in the analysis and measurement of the forest
structure. This tool can facilitate the spatial analysis
of forest patches and the modeling of those patches’
attributes [25, 26]. It is mainly used for spatial pattern analysis—often in support of habitat modeling,
biodiversity conservation, and forest management
[27]. This tool can characterize patch patterns and

Global environmental problems affect natural
landscapes. As a result, natural resources diminish,
links between habitats break, and habitat types disappear. Therefore, to control a habitat, ecological relationships between landscapes must be defined and
managed. In this context, the determination of landscape structures and the provision of ecological connections contribute to the correct perception of ecological processes and to the protection of habitats. In
this study, we propose a practical method that includes increasing landscape connectivity, assessing
landscape structure, and working with a set of guidelines to improve the planning process and encourage
the establishment of green infrastructure systems.
We use light detection and ranging (LIDAR) data to
detect the forest patches. The study consists of four
stages: (1) detection of the study area’s tree cover,
using the LIDAR data set to form point-cloud clusters using remote sensing and geographic information systems technologies; (2) determination of
the landscape structure using area, edge, and shape
metrics on a class scale; (3) determination of connectivity in a fragmented forest structure; and (4) discussion of the green infrastructure data. The ecological connections that are required for green infrastructures are then outlined, with connectivity probabilities provided on three levels. This study will
help landscape planners and forest managers in the
spatial planning process.
(' "#
Landscape pattern, Landscape metrics, Connectivity,
LIDAR

$" %$ 
Landscapes and natural ecosystems are dynamic and include various biotic and abiotic factors
that operate at various spatial and temporal scales [1,
2]. To many countries, the continuity of natural systems is must be ensured as part of sustainable devel-
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assign patch values based on combinations of attributes [28].
In the study, after analyzing the structure of the
landscape, the next step is determining the connections between forest patches. Connectivity is very
important for the conservation of biodiversity and
for the maintenance of the landscape’s ecological
functions [29, 30]. The connectivity of habitat
patches is thought to be important for the movement
of genes, individuals, populations, and species [31,
32]; moreover, providing connectivity in a fragmented landscape helps to support each patch’s ecological quality [33]. Connectivity indices are used in
landscape planning and conservation work (including in this study) to identify and prioritize critical areas for ecological connectivity [29, 32, 34]. In this
context, the Conefor software package is known to
be more advanced than other indices [30, 35-38].
These indices are based on spatial graphs and on
measurements of habitat availability. This involves
considering the habitat patch itself (as the space
where connectivity occurs) and measuring the connected resources existing within the patches (intrapatch connectivity) jointly with the resources
made available by the connections to other habitat
patches (interpatch connectivity). In this way, connectivity is conceived (and measured) as the property of the landscape that determines how much
reachable habitat exists in the landscape, which can
be due to big and/or high-quality habitat patches (intrapatch connectivity), strong relations between
patches (interpatch connectivity), or, most frequently, a combination of these [36, 38].
The results of the forest structure analysis and
linkage analysis will improve the planning process.
The aim of this study is to develop specific methods
for evaluating the landscape and a set of conventions
for increasing the connectivity of fragmented landscapes and improving the planning process. To perform these operations, LIDAR (light detection and
ranging) data is the preferred form for the main data
set of the selected forest landscape. As a complement
to traditional measurements (topographic maps, aerial images, etc.), LIDAR technology can be used to
rapidly describe forest structures, making it possible
to collect information regarding forest inventories
(e.g., tree locations within plots, tree distributions,
crown dimensions, and volume estimates) [13, 3940]. Here, a LIDAR data set is used to detect the forest regions and compare imagery. This technology is
the most powerful scanning system for measuring 2and 3-dimensional distance and defining ground surface together with forest cover [41].
This study presents the possibility of a combined method for evaluating the structure of fragmented forest and linking forest patches. It uses a set
of methods, including landscape metrics, connectivity indices, and LIDAR technology. The main purpose is to provide a practical method for improving

spatial planning processes in the establishment of
green infrastructure systems.
$"#$ #

We reviewed publications that presented patchbased connectivity [29, 33-36, 42, 43] to identify the
optimum connection probability. We focused on
fragmented forest patches and offered a model for
connecting them using a set of methods. The study
thus has three main processing steps: (1) detecting
tree cover from LIDAR data, which provides the
ecological patches; (2) detecting the forests’ landscape structure using area, edge, and shape metrics
on the class scale; and (3) determining the connectivity between forest patches using probability of
connectivity indices, which have been shown to have
better performance than other indices.

#<=.A +:/+ The data set is taken from the
OpenTopography data portal [44]. The dataset is part
of EarthScope Northern California Lidar Project.
Acquisition date is April 2007. The used LIDAR device is Optech Titan. The center of the test area is at
37° 17’ 29.8105” N latitude and 122° 22’ 23.5317”
W longitude. The area covers about 0.30 km2 and includes 2,172,000 laser points (7.24 pts/m2 density).
The region includes fragmented forest patches, bare
land, highways, and a few buildings. The study area
is 20 km from San Jose, near San Francisco in the
USA. Figure 1 shows the study area.
In the selection process, it was important that
the study area have a fragmented landscape structure
and that its point-cloud data be easily and freely accessible through the relevant portal [44].
" .+<+ 9:8-/;;371 A raw point cloud
consists of the points from terrain and trees. Filtering
a point cloud allows for the detection of off-terrain
points such as trees and buildings. A progressive
morphological filter method [45] is used to derive
the terrain points, which are then used in the tree detection. 
The following assumptions are used to detect
the tree objects in the filtered LIDAR data set, as described by Demir [46]:
1) Roughness of the surface: The points are assumed to not rely on a planar surface if they belong
to the trees.
2) Density of the vertical profile: Trees have
higher density than other objects because of the
strong penetration of LIDAR pulses through the vegetation.
3) The planimetric density of LIDAR points is
higher for trees than for buildings. The estimated
minimum tree height is selected as 3 m.
The method starts with extraction of the planar
surfaces from the filtered LIDAR data using the
RANSAC (RANdom SAmple Consensus) method
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• The total number of points (NP) is counted.
• The maximum height difference (H) among
the points is calculated.
A grid cell is classified as a tree if the following
conditions apply for either the xz or yz plane: SB >
TV and NP > TD and H > TH. In these inequalities,
TV (4 SBs), TD (15 points), and TH (3 m) are the
selected thresholds for vertical density, horizontal
density, and minimum tree height, respectively.

[47]. Points that belong to a planar surface are labeled, and a grid is overlaid. The size of the grid is
based on a 25 m2 average occupied area for a single
tree. Each grid is divided into eight equal boxes in
3D using both the xz and yz planes.
The following statements are true for each grid:
• The number of subregions (SBs) containing
any point are counted and used to define the vertical
density of the search window.

%"
$2/;<=.A+:/+6+:4/.87 9/7#<://<+95/0<+;+</553</36+1/80<2/;<=.A+:/+:312<
$
!+<-2+7+5A;3;37./@08:6=5+;) 
7./@

8:6=5+

TA
a = total landscape area (m2)

ED

MPS

MSI

eik = total edge length (m) adjoining each patch type (class)
i = landscape boundary and
background segments involving
patch type i.
A = total landscape area (m2)

A = area of a patch
N = number of patches

pij = the perimeter of a particular
patch type.
ni = number of patches of that
type.
min (pij) = the minimum area of
a particular patch type.

*

@95+7+<387
TA is the total area (m2) of the landscape divided by 10,000 (to
convert to hectares). TA > 0

ED is the sum of the lengths (m) of all the edge segments that
border the corresponding patch type, divided by the total landscape area (m2), and multiplied by 10,000 (to convert to hectares). If a landscape border is present, ED includes the landscape
boundary segments that adjoin the corresponding patch type and
represent “true” edges only. ED ≥ 0

MPS is the area of a single patch or the average area of all
patches. MPS > 0

MSI represents the variations in a patch’s edge shape. If MSI =
1, the shape of the patch close to smooth. MSI ≥ 1
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+7.;-+9/9+<-2+7+5A;3;Landscape patches
can represent cover types; habitat types; and the
structural stages of cover types, urban development,
and physiographic features. In this study, Patch
Analysis [48-49] software is used for the detection
and analysis of the forest patches’ distribution and
quality, based on landscape ecology. Habitat quality,
patch area, and isolation are mainly used in the analysis of distribution patterns in fragmented landscapes [50], and landscape ecology is focused on describing the structure of real landscapes [51] such as
the forest in this study. In this context, 4 metrics were
selected: total landscape area (TA), edge density
(ED), mean patch size (MPS), and mean shape index
(MSI), as shown in Table 1.
TA defines the extent of the landscape. Moreover, this value is used to compute many of the class
and landscape metrics. TA is included as both a class
and a landscape because it is important for both class
and landscape indices [25]. In the study, the combined area of the forest patches was the TA.
ED refers to the amount of edge relative to the
landscape area. A sign of landscape fragmentation,
ED is an important metric of ecological habitat quality [53]. Patch edges constitute the adjacent areas of
large zones; in these areas, which are known as  
, interactions between creatures are present. As
ED increases, an area becomes more advantageous
for external species and thus more disadvantageous
for that habitat patch’s internal species.
In other words, smaller ED means lower stain
class and a greater likelihood of domestic species
[54]. A low ED value is one indicator of high habitat
quality [55].
MPS is the average area of all patches of a certain class in the landscape. Greater patch size means
more vitality and ecological value. Larger patches
are more valuable because they support larger and
longer-lasting populations and because they increase
a patch’s ecological value in relation to that of other
patches [56]. Bigger patches protect large areas of
interior habitats and prevent edge types from damaging the interior. Thus, small patches are less resistant
to invasive species than large patches are [57].
MSI is used to express fragmentation in the
landscape matrix. When this value is greater than but

close to 1, the landscape patches appear in compact
and regular forms such as circles or squares; the
patches become more irregular as the MSI increases
[25, 49].
!+<-2 -877/-<3>3<A +7+5A;3; Habitat connectivity is crucial to the persistence and genetic diversity of species in fragmented landscapes. In addition,
connectivity is important for understanding spatial
population processes and for conserving biodiversity
[43]. Landscape connectivity applies to whole landscapes [34] such as the forest landscape in this study.
Connectivity indices are used in the assessment
phase; they are based on spatial graphs and are intended to measure habitat availability (reachability).
This involves considering a habitat patch as a space
where connectivity occurs by measuring the connected resources existing within the patch (intrapatch connectivity) jointly with the resources
made available through connections with other habitat patches [35]. In this way, connectivity is conceived (and measured) as the property of the landscape that determines the amount of reachable habitat in the landscape, whether this is due to big and/or
high-quality habitat patches (intrapatch connectivity), strong connections between different patches,
or, most frequently, a combination of these [36, 37].
Conefor software is used to determine connectivity
in the experiments. 
Connectivity indices have been applied in
many conservation planning studies [19, 30-32, 3537, 58]. The probabilistic connection model characterizes the possibility of a direct connection between
the analyzed habitats [35-38]. In this study, the possibility of direct connection was determined by rating the average Euclidean distance between forest
patches. The values range from 0 to 1; two patches
cannot be connected if they have a value less than
0.5 and can be connected if they have a value greater
than 0.5 [35]. To smooth out this sharp separation
and determine the probability of connection, the values are reclassified on a scale from 0 to 1: 0 to 0.33
(low connectivity), 0.34 to 0.66 (medium connectivity), and 0.67 to 1 (high connectivity), as shown in
Figure 2.
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#9, #7, #5, and #4 in the study area have the largest
MPS values, as shown in Figure 4.
According to the MSI values, which are used to
express fragmentation in the landscape matrix,
patches #1 and #2 are less prone to fragmentation
than the others. In particular, patches #4, #5, and #9
are more prone to fragmentation, as they have complex and irregular structures. When MPS and MSI
are evaluated together, patches #4, #5, and #9 are
large but irregular in shape.
$ 
7+5A;3;80<2/;+695371+:/+C;
5+7.;-+9/;<:=-<=:/
!+<-2
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The results of landscape structure analysis provide the best possible ecological connections and inform the model for improving forest patch quality
using the data from the connectivity analysis. The
necessity of assessing landscape patches in terms of
connectivity arises from a need to establish a green
infrastructure system.


"#%$#

#
1.97
1.75
2.23
2.51
2.51
2.41
2.21
2.17
2.42

$
412.95
334.35
442.84
708.55
703.01
473.84
615.55
399.66
735.12


99.7
80.72
106.92
171.07
169.73
114.4
148.62
96.49
177.48

!# $=4.14 ha
0.35
0.29
0.31
0.63
0.63
0.31
0.62
0.27
0.73

The points belong to the terrain, and off-terrain
points are derived by filtering the raw point cloud
using a morphological filter. The trees in the off-terrain objects, are detected as described in the section
2.2. The detected trees are shown in Figure 3. An alpha-shapes algorithm is applied to present the trees
as polygons rather than point data. The detected trees
are eliminated if their area is less than 25 m2.
8:/;< ;<:=-<=:/ +7+5A;/;The results of the
study are analyzed in two parts: landscape structure
analysis and connectivity analysis. These analyses
are interpreted together in the context of landscape
planning.
Landscape structure analysis provides insight
into the quality of the forest structure by evaluating
the interactions of the matrices and their surroundings, fragmentation situations, shape sizes, and differences [15, 19, 25].
The results of the forest structure analysis in the
sampling area are given in Table 2.
The TA of the forest patches in the study area
is 4.14 ha. The largest forest patch is #9, with an
MPS of 0.73 ha, and the smallest is #8, with an area
of 0.27 ha. The size of a patch correlates with the
vitality and ecological value of that patch. Patches

%" 
/+79+<-2;3B/!#5/0<+7.6/+7;2+9/
37./@#:312<
Patch edges are where the most intensive interrelationships between flora and fauna occur. ED and
associated total edge (TE), another indicator of landscape fragmentation, are important metrics that help
in the interpretation of habitat quality [15, 17, 5355]. If a patch’s ED is low and its TE is large, the
ecological properties of that patch are somewhat favorable. Therefore, habitat qualities are not well
known in the context of edge metrics; the EDs of
patches #1, #2, #3, #6, and #8 are low, but the TEs
of the same patches are also small compared to other
patches. This proves that the forms are irregular (not
compact) and fragmented (Figure 5).
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Patch 1
Patch 2
Patch 3
Patch 4
Patch 5
Patch 6
Patch 7
Patch 8
Patch 9

$ 
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0.974492
0.387124
0.912277
0.395739
0.088678
0.083005
0.051971
0.035756
Patch 1


0.364224
0.938514
0.688823
0.149536
0.123511
0.055872
0.046988
Patch 2



0.820239
0.239288
0.080393
0.141271
0.171210
0.083625
Patch 3

312877/-<3>3<A




0.580630
0.160855
0.216513
0.121870
0.096098
Patch 4





0.469934
0.356101
0.070675
0.083090
Patch 5
























0.902445


0.072325 0.334827

0.133856 0.646694 0.573739
Patch 6 Patch 7 Patch 8 Patch 9

/.3=6877/-<3>3<A

8?877/-<3>3<A

Regarding the probability of the 36 connections
between the forest patches, 6 have strong connectivity, 9 have moderate connectivity, and the others
have low connectivity. In the context of green infrastructure, landscape patches with strong connections
must be combined with ecological corridors to improve the sampling area’s forest structure (Figure 6).
 %# #
In this article, we have introduced a comprehensive approach to evaluating landscape connectivity using a combined data set. Using metrics that
measure a landscape’s structure on the basis of its
ecology [59-61], we presented a model of landscape
connection using data from LIDAR which is advantageous for the tree detection [62]. It is known that
linking habitat patches with each other using ecological corridors supports the patches’ ecological characteristics [63, 64]. Past analyses have shown that
increasing the probability of connections improves
the habitat quality of the fragmented but similar forest structures. Moreover, as a result of the connections between forest patches, organisms’ ranges of
motion can expand [5, 53, 65], thus increasing their
quality of life. Consequently, connectivity contributes to the health of biological diversity.
This work is based on landscape connectivity,
and contributes to land-use planning, landscape

%" 
+7.;-+9/-877/-<3>3<A68./5

877/-<3>3<A+7+5A;3;8008:/;<9+<-2/;The
connectivity indices of the 9 patches in the sampling
area vary from 0.04 to 0.97 (Table 3). Here, the probabilities of connection are the highest between
patches #2 and #1 and the lowest between #9 and #2.
The connectivity probabilities among patches #1, #2,
#3, #4, and #5 (which are close to each other) are
high, but the probabilities for other patch combinations are generally low. The connection probabilities
from the developed model are divided into 3 levels:
high, medium, and low (Table 3).
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management [66, 67, 68], and biodiversity conservation. It concludes that landscape patches with similar
features but a fragmented structure can be optimally
linked as part of an approach that can be used in landscape planning and landscape management.
In green infrastructure studies, this methodology is a useful tool for creating ecological connectivity among fragmented landscape patches. The results suggest that the prioritized connection model is
an effective approach that can be used in ecological
planning studies to assess overall landscape connectivity and to build green infrastructure systems. This
is stated in the second goal of the EU 2020 Biodiversity Strategies: “Ecosystems and their services are
maintained and enhanced by green infrastructure and
restoration at least 15% of degraded ecosystems.”
A green infrastructure system is defined as an
interconnected greenspace system [55] that protects
and enhances an ecosystem’s values and functions,
and this study is a preliminary step toward establishing such an infrastructure system by measuring the
linkage of disjointed landscape patches. With the
method developed in this paper, the ecological relations between tree clusters (which are the most important part of the landscape pattern) can be quickly
interpreted using numerical data. The method can be
used in landscape planning and management, as it is
based in landscape ecology. This approach solves the
most important problem in the creation of green infrastructure systems through the use of data on the
quality and connectivity of landscape patches in
fragmented forest structures.
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Road infrastructure is a dominant element of
urban landscapes which influences its visual identity. In the past decades, landscape visual quality issues have become increasingly significant in the
contemporary approach in road infrastructure planning. At the same time, the European Landscape
Convention provides a means of achieving “landscape democracy” and promotes improved public
participation in the spatial and urban planning as
well as in road planning. The visual quality assessment which takes into account the aesthetic demands
of public perception has evolved into a required
study for green infrastructure planning where roadside greenspace has an important role. This paper
presents the results of assessing the visual quality
through holistic approach which combines quantitative public preference surveys and landscape features inventories. The main direction is to predict
visual quality based on the presence of quantifiable
biophysical structure of the green spaces along urban
roads. The different types of urban biotopes, with
various biophysical structure, were the spatial units
for the survey. An application based on 38 roadside
green spaces in the metropolitan area of Belgrade is
presented. On the basis of the visual quality assessment and preferences of urban users, the results will
be useful to improvement modality for decision
making support and public participation in the processes of urban landscape planning.

represent one of the most widespread modes of landscape perception today [2], and often give us the first
impression of the landscapes we are visiting [3:39],
underpinning their importance in our everyday life.
Public debate about road aesthetics is important,
since roads, like architecture, have a strong public
character [4]. The European Landscape Convention
clearly underlines the importance of public perceptions, which should be a required part of the landscape planning and management [5]. Consequently,
research on public visual perceptions and preferences for urban landscapes is more than justified [6,
7, 8, 9, 10]. However, the assessment of the visual
quality from the scientific (objective) perspective is
laden with difficulties, because it only partly depends on the ecological and spatial characteristics of
the area itself and is mostly subjective, depending on
the personal judgment of the observer, his experiences and previous education [9, 10, 11, 12]. Research in the field of environmental psychology has
shown that the human visual perception of a landscape quality is closely related to the degree of its
naturalness [9, 13, 14, 15, 16, 17].
The scientific research and substantial literature about visual landscape assessment were matured in the last half of the 20th century. Daniel [18]
has distinguished two main approaches: professional
approaches and public perception based approaches.
The professional approach implies interpretation of
a landscape’s biophysical structure "into formal design parameters (e.g. form, line, texture...), assumed
to be universal indicators of landscape quality derived from classical models of human perception and
aesthetic judgment" while according to the other interpretation, the biophysical structure is a consequence of the “stimuli that evoke aesthetically relevant psychophysical responses through relatively direct sensory-perceptual processes” [18:268]. Both
approaches have shown disadvantages, the first due
to its unreliability and the second due to excessive
subjectivity [10]. Lately, both approaches are increasingly being combined into a comprehensive
scenery model which seeks to determine mathematical relationships between the physical characteristics of the landscape and the perceptual judgements
of human observers [19, 17].

+*"%&
Visual quality assessment, public perception, urban landscapes, road infrastructure, roadside green spaces
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The modern approach to urban landscape planning places an increasing emphasis on the importance of urban visual identity. The main function
of roads is to link "places", but at the same time they
create the identity of an urban landscape [1]. Roads
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The aim of this paper is to identify people’s visual perceptions and landscape preferences for the
purpose of their participation in the process of visual
quality assessment of the green spaces in the City of
Belgrade. The specific goal is to determine the types
of green spaces that users prefer to see along the
city’s main roads. Finally, the method of visual landscape quality assessment, as repeatable and transferable between landscapes, could provide tools for decision making support and public participation in the
processes of urban landscape planning.



The research has been performed in the metropolitan area of the City of Belgrade (the capital of
Republic of Serbia), which is situated in South-Eastern Europe, at the confluence of the Sava and Danube rivers. The concept of development and protection of the City as a European metropolis, beside others, is based on modernization and development of
transport and infrastructure capacities and utilities as
well as spatial development planning which takes
into account valuable elements of nature, landscape
and ecologically sensitive areas [20].

3522

%$

" &

     





 " #!"!


The study area includes the territory of the
Master Plan of Belgrade 2021 [20]. According to the
Belgrade Transport Model, which classified and described roads and streets network, we have identified
15 major city roads and 38 representative green
spaces along them (Figure 1, Table 1).
The method of the visual quality assessment
applied in this research is based on different models
for studying visual landscape quality which ranges
from an objectivist to a subjectivist approach, along
with evolutionary and cultural theories [10]. The
main characteristic of all different models is the usage of on-site surveys and photographs as visual
stimuli to assess preferences [13, 21, 18, 10]. We
have applied a holistic approach which combines
quantitative public preference surveys and landscape
features inventories. The relationships of interest are
those between the biophysical characteristics of the

38 biotopes - greenspaces along 15 main rods in the
City of Belgrade and the perceptual judgements of
observers (judgements of preference).
The quantitative technique for visual quality assessment of green spaces was developed in three step
research procedure: photographic presentation, visual assessment and quantitative review – questionnaire.
As a clearly bordered surface with a relatively
unique biophysical structure and the same land use,
the urban biotope type was used for the identification
of homogenous parts of the roadside greenspaces as
well as for its photographic presentation [22]. On the
basis of The Map of Belgrade Biotopes and the Key
for biotope mapping [23], urban roadside green
spaces were classified into three types of urban biotope: 1) urban fallows, 2) green structures and 3)
shrubs, groves and forests (Table 2).

' 
'520<<?16;.A2@<36;C2@A64.A21?<.1@6124?22;@=.02@
<0.A6<;<3?2.1@6124?22;@=.02@
UF – 01 (44°48'07,50''/20°22'54,66'')
UF – 02 (44°53'23,21''/20°27'32,84'')
GS – 01 (44°49'14,53''/20°32'05,65'')
GS – 02 (44°49'01,41''/20°29'09,44'')
GS – 03 (44°48'50,07''/20°29'45,15'')
GS – 04 (44°48'32,38''/20°30'45,67'')
GS – 05 (44°48'14,89''/20°28'44,47'')
GS – 06 (44°47'38,26''/20°30'11,48'')
GS – 07 (44°47'18,32''/20°31'00,27'')
GS – 08 (44°46'44,04''/20°26'30,32'')
GS – 09 (44°45'47,36''/20°26'42,96'')
GS – 10 (44°48'00,46''/20°27'57,03'')
GS – 11 (44°44'19,10''/20°28'30,81'')
GS – 12 (44°43'47,69''/20°29'01,71'')
GS – 13 (44°44'54,38''/20°24'42,85'')
GS – 14 (44°50'16,50''/20°25'00,99'')
GS – 15 (44°50'00,06''/20°25'06,10'')
GS – 16 (44°49'25,76''/20°25'24,50'')
GS – 17 (44°49'57,39''/20°24'36,78')'
GS – 18 (44°49'25,94''/20°24'52,18'')
GS – 19 (44°48'51,86''/20°26'27,40'')
GS – 20 (44°49'13,54''/20°23'46,70'')
GS – 21 (44°49'37,58''/20°23'54,22'')
GS – 22 (44°50'27,66''/20°30'07,62'')
GS – 23 (44°49'15,74''/20°24'06,58'')
GS – 24 (44°49'10,07''/20°24'16,62'')
GS – 25 (44°47'38,91''/20°27'46,07'')
GS – 26 (44°47'12,22''/20°28'32,62'')
FO – 01 (44°44'08,09''/20°26'49,96'')
FO – 02 (44°45'50,16''/20°28'42,46'')
FO – 03 (44°42'53,92''/20°30'16,41'')
FO – 04 (44°43'16,09''/20°25'00,22'')
FO – 05 (44°40'53,24''/20°25'43,76'')
FO – 06 (44°44'53,98''/20°24'28,23'')
FO – 07 (44°51'39,51''/20°22'25,17'')
FO – 08 (44°54'29,65''/20°26'49,35'')
FO – 09 (44°49'11,77''/20°31'53,40'')

6AF?<.1@
Jurija Gagarina
Zrenjaninski put
Višnjička ulica
Partizanski put
Partizanski put
Partizanski put
Bulevar kralja Aleksandra
Bulevar kralja Aleksandra
Bulevar kralja Aleksandra
Rakovički put i Patrijarha Dimitrija
Rakovički put i Patrijarha Dimitrija
Bulevar JNA
Bulevar JNA
Bulevar JNA
Ibarska magistrala
Bulevar Nikole Tesle
Bulevar Nikole Tesle
Bulevar Nikole Tesle
Bulevar Mihajla Pupina
Bulevar Mihajla Pupina
Bulevar Mihajla Pupina
Tošin bunar
Tošin bunar
Pančevački put
Autoput Е – 75
Autoput Е – 75
Autoput Е – 75
Autoput Е – 75
Rakovički put i Patrijarha Dimitrija
Bulevar JNA
Bulevar JNA
Ibarska magistrala
Ibarska magistrala
Savska magistrala
Batajnički drum i cara Dušana
Zrenjaninski put
Višnjička ulica
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#! "($ represent different sites, impacted by man, but not for the purpose of creating productive areas. They
are overgrown with ruderal flora and vegetation that is adapted to the frequently extremely unfavourable conditions of these
sites both in terms of hygric and termic regimes, substrate character and mechanical impact (trampling, grazing, burning
etc.)

#!$%#&%&#$ as a biotope type include more or less maintained green spaces located within spatial – physical
structures in the built – up area of Belgrade that are used for different purposes and subject to various maintenance
intensities.

#&$#"'$!"#$%$include all surface and line structures of trees and shrubs outside closed forests, and all
forest remnants with an area smaller than 0.5ha if they do not belong to a certain type of forests or forest plantations. Forests
and forest plantations are defined as small and more or less closed sites mainly with trees over an area larger than 1 ha.

After the identification of biotopes, photographs were taken according to the previously defined procedure [24:104, 25, 26:46, 27], i.e. the photographs were taken: (a) from a distance of 2–100 m,
depending on the size of the green space, (b) between
the hours of 10.00am to 3.00pm, in sunny weather,
during summer, (v) from a height of 160cm, (g) with
a digital 35mm camera and 50mm lens placed at an
angle of about 30o. Representative photographs,
which in the visual sense most adequately represent
the given biotope, were selected for each identified
biotope.
A stratified sample was used in the survey investigation. Three groups of respondents were
formed: graduate engineers of landscape architecture, students of different academic background and
respondents from other occupations, whose activities do not include the urban landscape planning or
design. Out of a total of 75 respondents selected for
the research, the questionnaire was filled out by 25
respondents in each of these groups.
The groups of respondents assessed the photos
of biotopes, i.e. the visual quality of the investigated
green spaces, using a ten-point grading scale of biotopes aesthetic value: 1 – aesthetically unacceptable;
2 – bad; 3 – not nice; 4 – moderate; 5 – medium nice;
6 – nice; 7 – very nice; 8 – expressive; 9 – exceptional and 10 – wonderful.

Descriptive statistics was used for the processing of data obtained through the questionnaire.
The visual quality assessment of the identified biotopes was expressed as the average value of the
scores awarded by individual respondents in the
questionnaire.
One-factorial analysis of variance (ANOVA)
was used to determine the differences between the
average scores of visual quality of the biotope (green
structures; urban fallows; shrubs, groves and forests). The Tukey HSD test was used to examine the
significance of differences between the average
scores of visual quality of the investigated green
spaces.

%&('&!&(&&"!
According to the demands from the European
Landscape Convention, there is a rising awareness
about landscape value as well as about importance of
integrating knowledge about people’s landscape perception in planning and policy [10]. As the contribution
to knowledge database, the results of the survey and the
average scores of visual quality assessment of the representative roadside green spaces in the Belgrade are
shown in Table 3.
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*
*
*
*
*

1.68

1.76 2.04
* 

1.76

1.28 1.64
* 

4.44

5.12 4.44
* 

5.24

5.72 5.56
* 

2.96

3.68 2.84
* 

3.00

3.60 2.88
*

5.64

6.80 4.96
*

5.92

6.60 5.08
*

5.72

6.76 6.36
*

5.32

6.72 6.32
*

6.88

6.16 6.24
* 

5.68

5.92 5.20
* 

7.76

8.00 7.08
* 

4.76

5.80 6.00
* 

8.16

8.28 7.72
* 

6.68

7.12 6.08
*

7.76

7.60 6.16
*

6.12

7.72 6.76
*

6.84

7.64 6.96
*

5.68

5.90 5.52
*

4.84

4.48 3.92
* 

5.28

5.00 4.36
* 

5.48

5.60 5.32
* 

7.20

4.96 3.48
*

5.92

6.88 6.08
*

7.00

6.88 5.76
*

6.96

8.08 6.48
* 

5.00

4.76 4.36
* 

3.80

4.24 3.80
* 

8.04

8.48 7.72
* 

6.76

7.16 5.72
* 

2.40

3.76 3.60
*

4.68

5.44 4.64
*

4.48

3.72

4.04


3.32

4.48


4.60

5.24 6.84 5.12 3.12 3.48 3.28 6.48 6.68 5.24
The first number below the picture represents the average score of visual assessment awarded by students. The
second number represents the average score of visual assessment awarded by landscape architects and the third
one the average score of visual assessment awarded by respondents from other occupations.
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Urban fallows
Green structures
Shrubs, groves
and forests

1.6933
5.8462

1.19654
1.45056

0.13816
0.16750

5.0120

1.56395

0.18059

<;3612;02;A2?C.93<?
2.;
<D2?<B;1
(==2?<B;1
1.4180
1.9686
5.5124
6.1799
4.6522

5.3718

6;

.E

1.00
3.08

8.00
9.31

1.80

9.20
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2.;

&B:<3&>B.?2@
13

&64
&>B.?2
Between
723.882
2
361.941
181.522
0.000
Groups
Within
442.650
222
1.994
Groups
Total
1166.532
224
&)test
<;3612;02
2.;
;A2?C.93<? 2.;
(?/.;
(?/.;
6332?2;02
&A1??<?
&64
/6<A<=2AF=2
/6<A<=2AF=2
<D2?
(==2?
H
<B;1
<B;1
0.23059
0.000
– 4.6969
– 3.6087
Green structures
– 4.15282*
groves and
Urban fallows forests
Shrubs, groves
– 3.31867*
0.23059
0.000
– 3.8628
– 2.7746
and forests
*
Urban fallows
4.15282
0.23059
0.000
3.6087
4.6969
Green
Shrubs, groves
*
structures
0.23059
0.001
0.2901
1.3782
0.83415
and forests
0.23059
0.000
2.7746
3.8628
Shrubs,
Urban fallows
3.31867*
groves and
*
Green structures
– 0.83415
0.23059
0.001
– 1.3782
– 0.2901
forests
scores of different urban biotope types (Table 4). Also,
the Tukey HDS test found that statistically significant
differences in the visual quality assessment of the investigated green areas exist between all types of biotope (Table 5).
This research has confirmed that the elements of
biophysical structure of the green structures biotopes
and shrubs, groves and forests biotopes leave the
strongest visual impression on the respondents. The results of this research confirm the findings of McAndrews et al. (2006) that the presence of plants increases
the overall score of visual quality, emphasizing that a
significant share of trees has a very positive impact on
user’s perceptions [28]. The lowest score of visual
quality awarded to urban fallows biotope (Table 3) confirms the principle of ecological aesthetics that the degree of naturalness affects visual quality assessment
which is verified by the results of the study by Akbar et
al. (2003) [17], as well as researches in the field of
environmental psychology [13, 14, 15, 16, 9].

On the basis of the opinions expressed by 75 respondents, the highest average visual quality score was
awarded to the biotope green structures (  =5.85), i.e.
the biotope type that includes more or less maintained
green spaces, with a lower or higher maintenance intensity. A somewhat lower score of scenic value was given
to roadside green spaces belonging to the biotope type
of shrubs, groves and forests (  =5.01), that is the biotope type which includes surface or linear biophysical
structures of trees or shrubs outside closed forests, and
all remnants of forests with an area smaller than 0.5ha.
The respondents awarded the lowest score to the biotope type named urban fallows (  =1.69), i.e. roadside
green spaces seen at various urban sites often covered
with ruderal flora and vegetation, which are under the
influence of man, but are not productive areas (Table
3).
One-factor analysis of variance confirmed statistically significant differences between the average
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Students

Graduate engineers of
landscape architecture

Respondents from other occupations
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Urban fallows
Green structures
Shrubs, groves and forests
Average value:
Urban fallows
Green structures
Shrubs, groves and forests
Average value:
Urban fallows
Green structures
Shrubs, groves and forests
Average value:
Urban fallows
Green structures
Shrubs, groves and forests
Average value:



&

!

1.7200
5.8554
4.8720
4.1491
1.5200
6.2246
5.4600
4.4015
1.8400
5.4585
4.7040
4.0008
1.6933
5.8462
5.0120
4.1838

0.95830
1.17104
1.13524
2.07705
0.79687
1.27503
1.54380
2.41095
1.67531
1.78459
1.88182
2.35668
1.19654
1.45056
1.56395
2.28205

25
25
25
75
25
25
25
75
25
25
25
75
75
75
75
225

the main influences. European Landscape Convection highlights the significance of landscape for people’s identity as well as human perception in assessing the landscape quality. One of the main goals
of the Convention is to provide a means of achieving
“landscape democracy” and to support improved
public participation in the spatial and urban planning
as well as in road infrastructure planning. The landscape identity is more than just the physical appearance, it also involves a “meaning” for the landscape
residents and users. There are different models for
studying visual landscape quality and there are two
main approaches: professional (objectivist) and public perception (subjectivist) based approaches. The
visual quality assessment through holistic approach
which combines quantitative public preference surveys and biophysical characteristics of the 38 biotopes - greenspaces along 15 main rods in the City of
Belgrade have shown results which are valuable for
the process of planning roadside green spaces. The
users of roadside green spaces expect them to be
maintained and biologically and biophysically diverse. At the same time, the results open up the possibility of further structural and functional elaboration in the process of landscape design and roadside
greenspace maintaining. Due to the growing interest
for establishing procedures for public participation
in urban landscape planning as well as road infrastructure planning, the visual quality assessment
through holistic approach which combines quantitative public preference surveys and landscape features inventories is useful for improving modality for
decision making support and public participation in
the processes of urban landscape planning. But, at
the same time, the assessment of people’s perception
needs further research in direction of using new technology for landscape presentation as well as its ability to be repeatable and transferable between landscapes.


The biotope green structures was awarded the
highest visual quality average score by graduate engineers of landscape architecture (  =6.22), a somewhat lower mark by students and the lowest mark by
respondents from other occupations (  =5.46). The
biotope type shrubs, groves and forests was awarded
the highest average score of visual quality by graduate engineers of landscape architecture, a slightly
lower score by students and the lowest one by respondents from other occupations. The biotope urban fallows was given the highest average score by
respondents from other occupations (  =1.84), a
slightly lower grade by students (  =1.72) and the
lowest grade by graduate engineers of landscape architecture (  =1.52).
These research results speak in favor of the
standpoint of Gobster (1999), and Daniel and Meitner (2001), that due to their professional approach,
graduate engineers of landscape architecture prefer
designed and maintained biophysical biotope structures [29, 21]. This is also supported by the fact that
graduate engineers of landscape architecture
awarded a lower score to urban fallows (non-maintained green spaces with spontaneous vegetation) in
comparison to the other two groups of respondents.
The above corroborates the opinion of Payne et al.
(1992), that the visual experience of a landscape can
be based on a rational approach that involves both
logic and knowledge-aware evaluation process [30].
A summary of the gathered information is given in
Table 6.


"!(&"!&
Urbanization and globalization are two main
phenomena that change urban landscape structure
and its identity where road infrastructure is one of
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quantity and quality [10].
Besides deficiencies in the conventional urbanism and urban planning [7], open and green spaces
have suffered from urban development this refers to
the spread of urban congestion into adjoining natural
and rural areas. Therefore, several planning approaches and strategies have emerged to combat urban sprawl, such as smart growth and green infrastructure [11]. In these new planning and design concepts, creating more resilient urban landscapes was
primarily targeted where the focus has moved from
individual areas to green networks or green infrastructure (GI) systems [12, 13, 14].
Ahern defined GI as “spatially and functionally
integrated systems and networks of protected landscapes supported with protected, artificial and hybrid
infrastructures of built landscapes that provide multiple, complementary ecosystems and landscape
functions to the public, in support of sustainability”
[15]. Similarly Madureira et al. [14] described GI as
an “integrated and coherent system of multifunctional green areas”. But, whatever the definition is, it
boils down to two key issues: spatial continuity or
connectivity and multi-functionality [16, 17]. Connectivity is critically important because it serves
both human and ecological purposes in urban landscapes [18, 19].
GI serves not only to improve conditions inside
cities; it is also necessary to link the city with the
countryside through biophysical and social infrastructure [14]. GI can encompass a wide range of
natural and restored native ecosystems and landscape features that make up a system of hubs and
links [20]. It also emphasizes the importance of ensuring the provision of ecosystem goods and environmental, economic and social services for society
as well as the value of functionally and spatially connected ecosystems [17]. European Environment
Agency classified potential elements that make up
green infrastructure into three scale groups: a) local,
neighborhood and village scale; b) town, city and
district scale and c) city-region, regional, and national scale [17].
It can be concluded that green infrastructure
systems help enhance the connectivity and reduce
fragmentation and isolation through the links [5],
and provide ecosystem services such as flood control, storm water management and the filtration of
pollutants [20].

Urban green infrastructure provides a wide variety of ecological, social, and economic benefits to
urban dwellers. Understanding the dynamics of urban ecosystem services is essential for planning and
managing the practice of urban green infrastructure.
This paper aims to assess spatial distribution of
urban green areas and calculate two regulating ecosystem services (carbon sequestration and runoff retention) generated by green infrastructure in Bornova, which is one of the metropolitan districts of the
city of Izmir, Turkey.
Results show that although almost 45% of the
district is covered by components of the green infrastructure, they are mostly small and unevenly distributed in the current urban fabric with low connectivity. The total carbon sequestration capacity of the
green infrastructure is estimated 8368.25 t year-1 and
the total rate of runoff is predicted at 3,788,651.31
m3. It can be concluded that this finding implies that
green infrastructure and ecosystem services need to
be profoundly improved by adding new green spaces
to the existing green infrastructure and providing
linkages as well as increasing tree cover and creating
retention and detention facilities.

%$ 
Regulating ecosystem services, green infrastructure, Bornova

!"!
There is no doubt that open and green spaces
are the key components of urban landscapes [1, 2, 3].
They vary in function and form within urban landscapes and play an important role for enhancing the
livability of cities [1, 4] as well as for preserving and
enhancing biodiversity [5, 1, 6]. But, they are mostly
underappreciated and relegated to leftover areas in
the traditional urbanism and urban planning [7]. The
development of these spaces mostly involves ornamenting remnants of leftover land in an urban setting
[7, 3]. It is a frequent case that they are not systematically planned [8] and so, unevenly distributed
throughout the urban landscape [9, 3]. As a result,
these spaces have been subjected to degradations in
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It is increasingly recognized that maintaining
ecosystem services (ES) in human-dominated landscapes (urban landscapes) where urban growth
causes serious problems is a challenge. This is also
the case for many urban landscapes in Turkey. Thus,
the concept of GI was developed as a method to deal
with sustaining ES in urban landscapes [11].
ES are a multi-dimensional concept that combines a large number of ecological, biophysical and
social values, including benefits that humans obtain
from ecosystems. They affect human well-being by
providing shelter, security, and good social relationships [21]. In conclusion, it is imperative to secure
ES in urban landscapes by means of maintaining existing open and green spaces as well as adding new
ones through GI planning.
The Bornova district is one of the most densely
urbanized landscapes in the Izmir metropolitan area.
Starting after the 1950’s urbanization in Bornova
took place in a similar fashion with Izmir where the
urban landscape pattern dramatically changed; agricultural areas and low-density housing were replaced
by high density development [22]. While the builtup area occupied just 4 % of the district in 1963, this
ratio reached 25 % in 2005 [23]. As a result, Bornova
lost many of its open and green spaces, causing the
district to suffer from insufficiency of urban green
spaces in the urban development zone. Furthermore,
a few remaining green spaces lack the necessary
qualities and even distribution.
This study aims to quantify the spatial distribution of urban green areas (UGAs) as components of
the urban GI and assess two regulating ES (carbon
sequestration and runoff retention) generated by GI

in the urban development zone of the Bornova district for two reasons; a) to see the outcomes of the
congested urban pattern on providing ES, and b) to
create a local knowledge to use for future needs.
!"%
The study area is the urban development zone
of the Bornova district which is one of the 29 districts in the Izmir metropolitan area. It is located between the coordinates 38° 30' 14" and 38° 22' 55"
North, 27° 10' 38" and 27° 20' 34" East (Figure 1). It
covers an area of 82.09 km2 with a population of
426,490 people [24].
The area is located on a fertile alluvial plain
surrounded by mountains on the north and south. Because of this geography, it was once of the important
suburbs and agricultural centers of Izmir until the
1970’s. Since then, the Bornova district significantly
expanded its areas by converting its peripheries to
built-up areas and eventually into one large, unified
urban core [22]. This period was marked by intense
urban growth while diminishing Bornova’s green areas.
Bornova includes residential, commercial, and
industrial properties. It has a very congested urban
core that is mostly represented by tall apartment
blocks with little or no garden. Low-density urban
development can be seen only through some neighborhoods on the peripheries of the district. Commercial and industrial areas are mainly located on the
east and south of the district. 
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*<*8:.8*:*<276The primary research materials included two frames of WordView2 (Pan+MS
bundle, 50 cm ground resolution) satellite images
dated 2014, one frame of IKONOS satellite image
(1m ground resolution) dated 2005, 1:25,000 scale
soil maps and DEM. All data were rectified, processed, and georeferenced to the Universal Transverse Mercator (European 1950; UTM Zone 35 N)
coordinate system.
WorldView2 images were orthorectified by using DEM, and IKONOS satellite image in ERDAS
9.1 Professional [25]. In the process, 20-25 ground
control points were collected from IKONOS for each
frame. Land use/cover (LU/LC) map was developed
from WordView2 satellite images by screen digitizing using ArcGIS 10 [26] based on CORINE land
cover nomenclature [27].
The LU/LC map was reclassified into three
classes: (1) built up (residential areas, industrial areas, roads, stone pits), (2) planted UGAs (parks,
school campuses, play grounds, road vegetation, private gardens, agricultural lands, olive groves) and,
(3) natural UGAs (scrub and forest vegetation,
open/disturbed areas, river corridors). Accuracy assessment was performed by using 580 control points
produced by using stratified random sampling technique in ERDAS and the absolute thematic accuracy
for the cover type was 89.75 %.
The components of urban green infrastructure
were defined as patches and corridors. As there is no
street tree inventory in Bornova, street trees were not
taken into account in this study.

limit) is a measure of landscape composition. It
shows how much of the landscape is comprised of a
particular patch type. CA approaches zero as the
patch type becomes increasingly rare in the landscape. Percentage of landscape (0 < PLAND ≤ 100)
quantifies the proportional abundance of each patch
type in the landscape. It approaches zero when patch
class becomes rare in the landscape. It equals to 100
if the entire landscape consists of a single patch type
[44]. Number of patch NP (NP ≥ 1) equals the total
number of patches within a patch type. It measures
fragmentation or subdivision of the patch type [44,
45]. Mean patch size (AREA_MN < 0, without limit)
is the average size of patches of a particular class
type. It is a measure of subdivision of the class. Thus,
larger patches are weighted more heavily than
smaller patches. Area-weighted mean radius of gyration (GYRATE_AM ≥ 0, without limit) provides
the analyst with a measurement of connectivity.
Large values of GYRATE_AM indicate more connected (less subdivided) landscapes [46]. The metrics were computed using FRAGSTATS 3.4 at the
class level [44].
*:+76;.9=.;<:*<276In order to estimate the
carbon sequestration capacity of vegetation cover in
Bornova, tree and grassland cover of UGAs was digitized from satellite images. The total tree cover was
calculated based on methods employed by Tratalos
et al. [41] a formula used by Rowntree and Nowak
[40] was employed: Tonnes of carbon sequestration
acre−1 year−1 = (0.00335 x (% tree cover) x area).
Total carbon in agricultural land was determined by multiplying the total area of agricultural
land by (0.06 kg C m-2 year−1) for the estimation of
carbon content of agricultural land [47].

=67//:.<.6<276Vegetation cover intercepts
rainfall and gradually releases it into the ground [48].
Rainwater either evaporates, absorbed by soil or
flows over urban surfaces as storm water runoff. The
amount of water runoff is correlated with the amount
of impervious surfaces [49].
Different approaches have been used to determine the rate and volume of storm runoff by using
common variables, such as land use/cover, soil type,
slope, and the size of the drainage area [49, 50].
The rainwater runoff of Bornova’s green infrastructure was calculated by using the SCS-CN
method developed by USDA-NRCS, United States
Department of Agriculture, A Natural Resources
Conservation Service [51];

*<* *6*4?;2; Data analysis has three steps
named as (1) to determine landscape pattern of GI,
(2) to estimate carbon sequestration and (3) runoff
retention capacity of GI. Many mathematical and
computer models have been employed for calculating ES [28, 29, 30, 31, 32, 33, 34, 35, 36]. It is clear
that more accurate calculation of ES through extensive sampling of trees and soils across the studied areas would be ideal [28]. However, such precise calculations require an extensive amount of resources
(data, funding, expertise, time and effort) [37, 38,
39]. Thus, it is very common to use models or methods making estimations on various ES (e.g. [40, 41,
42, 43]. Likewise, the particular methodology of this
study is based on estimation of ES regarding the data
availability in the study area and reliability of the
method.
:..626/:*;<:=,<=:.8*<<.:6The pattern of
the components of the urban green infrastructure was
quantified by using five area and edge metrics as follows class area (CA), percentage of landscape
(PLAND), number of patches (NP), mean patch size
(AREA_MN) and area-weighted mean radius of gyration (GYRATE_AM). Class area (CA > 0, without
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based on 10 years, 24-hour rainfall event [50] in Izmir (Table 1).


 "!  " 

:..6 26/:*;<:=,<=:. 8*<<.:6 54.7 % of the
urban development zone of Bornova is covered by
built-up areas dominant with continuous patches,
and mainly composed of residential areas. It is determined that the ratio of potential ingredients of the
open and green space system, or green infrastructure,
such as patches and corridors in the urban development zone is 45.3% in total. This ratio is composed
of patches with 42.5% and corridors, with 2.7 % (Table 2) (Figure 2).
While 94% of the components of green infrastructure are patches, corridors constitute just 6%.
Patches mostly include urban parks, private yards,
natural vegetation, campuses, sport facilities, roadside green spaces, and vacant lands. Corridors are
roadside green spaces, water channels, stream corridors.
It is also found that patches and corridors had a
predominantly natural character with 59 % and 65 %
respectively. Moreover, low AREA_MN and high
NP indicated that patches are small and fragmented
and randomly scattered throughout the urban landscape and showed a very low continuity.

(

?-:74702,0:7=8
A
B
C
D

Land cover
Vacant lands with little or no
vegetation
Forest-forest maquis
Tree cover
Olive groves
Agriculture
Bush
Tree-shrub
Paved roads

77

86

91

94

32
48
43
57
62
43
98

60
65
65
65
74
58
98

73
73
76
72
81
65
98

77
79
82
81
87
73
98


! 
.;=4<;7/8*<<.:6*6*4?;2;7/.4.5.6<;
CA
NP
PLAND
AREA_MN
PROX_AM

=24<)=8
4491.23
42
54.72
106.93
4535.11

*<,1
3495.86
1845
42.57
1.89
3961.88

7::2-7:
223.02
194
2.71
1.14
75.27

Where Q is runoff (mm), P is rainfall (mm), S
is potential maximum retention after start of runoff
(mm), CN is a runoff curve number that ranges between 0-100 and represents the hydrologic soil cover
complex of the watershed, Vr is the volume of runoff
(m3) and A is the size of the drainage area (m2).
In this study, CN numbers of land use and soil
type were interpreted based on USDA [51], runoff
calculations were made for a 113 mm rainfall that is
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Carbon seq. t/year

4.58
2.62
0.95
3.00
7.67
17.52
1.26
44.45
82.09

12.2
6.96
2.53
7.96
20.4
46.5
3.35
-

495,182.37
254,457.52
98,144.01
304,918.60
774,550.62
1,778,566.58
82,831.56
3,788,651.31

80.05
20.95
80.40
310.69
7836. 10
40.06
8368.25

Carbon seq.
kg/m2

Runoff ret.
m3

Vacant lands with little or no veg.
Private garden
Park
Campus
Agriculture
Native vegetation
Other (cemetery, road side veg.)
Built up
Total

Area
(% of GI)

Land use/cover type

Area km2

Relative contribution of elements of GI to ES

0.03
0.02
0.03
0.04
0.44
0.03
0.10

" 
!1.,*:+76;.9=.;<:*<276*6-:=67//:.<.6<276,*8*,2<?7/<1.
Delivery of urban ES directly depends on the
spatial structure of ecosystems [52]. The results
proved that UGAs are not evenly distributed in the
urban fabric. Thus, it is not possible to mention existence of a well-connected and well-functioning GI
in the study area. Quality and quantity of the existing
urban open and green spaces in the urban fabric were
not very promising but there is an important reserve
of open and green spaces on the fringes of Bornova
that can be used for establishing a future green network.

values such as annual carbon sequestration estimation amount per unit area (e.g., kg C m-2 year-1 or kg
C ha-1) has been commonly used to understand the
general picture of the carbon sequestration and comparison [55, 56, 57].
The estimated carbon sequestration of Bornova
is 0.10 kg C m-2 year-1. It is lower than average carbon sequestration per square meter of some American cities with 0.20 kg C m-2 year [55] but higher
than carbon sequestration of Barcelona with 0.05 kg
C m-2 [58], London with 0.02 kg C m-2 [59], Edinburg with 0.04 kg C m-2 [60], Torbay with 0.05 kg C
m-2 [61], Chicago with 0.02 kg C m-2 and Brooklyn
with 0.01 kg C m-2 [62, 63]. The higher value of carbon sequestration in the present study compared to
above mentioned cities could be explained by the existence of higher amounts of native vegetation.
Nevertheless, in the study area native vegetation is the most abundant urban green space type
with 46.5% and is naturally responsible for the largest share in carbon sequestration (7836.10 t/year).
They are mostly characterized by large intact/continuous patches located on the peripheries of the built
up area (Table 3, Figure 3). These results proved the
value of native vegetation because it forms a highly
heterogeneous mosaic of different vegetation types

*:+76 ;.9=.;<:*<276 The total carbon sequestration rate for GI is estimated 8368.25 t year-1
(Table 3, Figure 3). The Bornova district emits
1,015,581 tons of carbon per year [53]. This suggests
that the components of GI are able to sequester only
0.83% of Bornova’s annual emission. It indicates a
significant gap between sequestration capacities of
the components of GI and annual carbon emission in
Bornova.
The carbon sequestration capacity of vegetation cover varies by many factors such as; plant species, plant composition, growth rate, and age structure. Therefore, it is very difficult to compare results
of different studies [54]. But standardized carbon
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with many large trees in natural stand conditions. It
is also one of the most effective land use types in
providing ES for Bornova. This suggests that keeping the ecosystem values of native vegetation high is
crucial in the long run. If these sites are developed,
the Bornova district will lose the most of its current
ecosystem values.
Agricultural lands are also very effective ES
suppliers; while comprising only 20.4 % of all
UGAs, they contribute 310.69 t year-1 carbon sequestrations. This high carbon sequestration could be explained by olive tree cover. Almost four fifths (80%)
of the agricultural land is dominated by olive groves
in the study area (Table 3, Figure 2).
Parks embedded in the urban fabric account for
only a small portion of the study area (0.95 km2) that
equals to 2.5% of the GI. With a few exceptions the
park sizes are generally very small, and are mostly
low in tree cover, hence carbon sequestration is not
significant (20.95 t year-1) 0.02 kg C m-2 year-1 in
Bornova (Table 3). But it is still slightly higher than
Rome because the estimation of carbon sequestration
of four urban parks in Rome was 0.01-0.02 mg C m2
year-1 (664 mg CO2 ha-1 - 998 mg CO2 ha-1) [31].
But it is lower than Subang Jaya urban park, Malaysia with 0.06 kg m-2 year-1 [64].
Private gardens in the study area are represented by both single-family residential gardens, including former Levantine, and high-story apartment
gardens. They cover 6.96 % of GI, and estimated carbon sequestration of these areas is calculated at 0.03
kg m-2 year-1. Levantine gardens are relatively large
and contain high tree cover including mature trees,
while high-story apartment gardens are dominant
throughout the study area but small and very low in
tree cover (Table 3). There is no doubt that this type
of urban setting that contains private gardens with no
or very low tree cover negatively effects the carbon
sequestration. The estimated carbon sequestration of
these gardens is 0.03 kg m-2 year-1.S
The Ege University campus that is technically
composed of three campus areas covers almost the
same area as private gardens but has the biggest intact green patches in Bornova. They sequester 80.40
tons of carbon per year. While almost half of the
campus area is occupied by buildings and impervious surfaces, the remaining half is covered in open
spaces and relatively poor tree cover. For this reason
its contribution to carbon sequestration is same as
private gardens in the study area. The carbon sequestered would have an estimated value of 0.03 kg m-2
year-1 lower than some campus studies such as the
Shivaji University campus in Kolhapur with 0.04 kg
m-2 [36], California State University campus, Los
Angeles with 0.10 kg m-2 [56] and KIWI University,
New Zealand [65].
Due to the lack of plant cover, the annual carbon sequestration of vacant lands is very low (19.26
gr), so it could be ignored. Constituting 12 % of GI,
they are mostly located between building parcels and

unevenly distributed throughout the urban fabric
(Table 3).
=67// :.<.6<276 The total rate of runoff is
predicted at 3,788,651.31 m3. In the study area, the
urban land is covered by extensive impervious surfaces because of the clearance of natural vegetation,
removal of the topsoil, and creation of non-permeable asphalt or concrete pavements. Regardless of the
very recent initiative of the Izmir metropolitan municipality to build a separate grey infrastructure for
rainwater collection, there is no sustainable rainwater detention, retention and/or infiltration system in
Bornova. Therefore, this aforementioned amount of
water has been wasted because it goes directly to the
underground sewer system or concrete open drainage channels.
Native vegetation has the highest runoff retention potential (1,778,566.58 m3). Agricultural land
follows behind with 774,550.62 m3 (Table 3, Figure
3) while the estimated runoff retention of the vacant
lands is 495,182.37 m3. Potential uses of the vacant
lands for constructing runoff retention and/or retention facilities are also worth mentioning. In this case,
land ownership must be verified because only publicly-owned lands would be allowed this use, providing an opportunity to increase ES over time.
Runoff retention potential of private gardens is
predicted as almost half of the total of vacant lands
(254,457.52 m3) (Table 3). These gardens are as important and successful as allotments and urban parks
by providing urban residents a range of ES. Privately
used urban green spaces appear to be a crucial part
of the urban GI, providing important benefits [66].
For this reason, gardens should not be underestimated because community gardens, like those in
New York City, USA, may be retaining an additional
45 million liters of storm water annually [67].
Although the Ege University campus and private gardens cover almost the same amount of area,
the high portion of impervious surfaces in the campus naturally resulted in larger quantities of surface
runoff (Table 3). Similarly, parks having low pervious land and plant cover, resulted in high runoff.
The results of the present study indicate that the
urban development zone of Bornova has suffered
from insufficient green spaces, smaller patch sizes
and poor tree cover. This can be related to a very
dense urban fabric. Therefore this high-density urban development results in lower predicted carbon
sequestration and greater predicted runoff. This is
pretty consistent with the outcomes of the research
conducted by Tratalos et al. [41]. In that research it
was found that high-density urban areas were generally associated with poor ES. More densely urbanized areas had less coverage of green space and gardens, smaller habitat patch sizes, greater predicted
run-off, and lower predicted carbon sequestration.
The results also suggest that the GI so ES need
to be improved in a profound way. New UGAs
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should be created and added to the green system of
the Bornova district. New green areas should be as
large as possible and well-connected with the existing system.
UGAs take in more carbon than they return to
the atmosphere [55, 68]. The design and maintenance of UGAs play a crucial role in determining
how much carbon they can store. For example, areas
may include trees, shrub, and native vegetation
ground cover that maximize carbon sequestration
over areas where there are fewer trees and frequently
mowed grass [69, 70, 71].
Because urban ecosystems are strongly connected to natural ecosystems outside of the urban
zone for ecological processes, urban GI should be
planned to secure these connections. In the planning
process of new UGAs, maintaining and enhancing
ecosystems and their services should also be targeted. This would be consistent with EU biodiversity
strategy for 2020. Also like many other urban areas
[42, 59, 72] the majority of the trees in the study area
are young and small with diameters less than 25 cm,
which have the potential to increase their size over
time. Therefore, if they are managed properly and
sustainably, they could grow and reach a point where
they would make an increasing contribution to ES in
Bornova for years to come.
As urban landscape continue to have very congested pattern, it is very difficult to create new
UGAs. New street tree plantations would be a good
solution for increasing canopy cover of the study
area. These linear tree corridors would also help to
create missing elements of GI.
Predicting that the vacant lands in the urban
fabric would be converted with building structures,
vacant lands along road sides, on the other land,
could have the potential to create new UGAs. By
planting trees and shrubs along road sides, Bornova
would be gaining valuable vegetated corridors.
Findings in the study area also proved that the
existing UGAs need to be improved ecologically in
order to increase ES. Proportions of tree canopy
cover over the UGAs are also often lower in urban
growth boundaries. Increasing tree cover by using
large trees would help to enhance ES of UGAs.
Almost % 40 of the urban parks in the study
area is covered with lawn areas without any tree
cover. If 10% of the present lawn areas in those areas
are covered with tree cover, almost 8 tons of additional carbon would be sequestrated annually. Unfortunately there is no regulation or a policy to increase tree cover in Bornova neither for private nor
publicly owned UGAs. It would be nice to have such
regulation in order to encourage and support residents to increase biomass in their gardens. Similarly,
Davies et al. [42] stated that if policymakers would
encourage city dwellers to plant one or more trees in
their gardens it could increase the amount of carbon
sequestration.

Stratification patterns of vegetation layers increase the ecological functions of green areas [73]
such as infiltration of storm water into soil [71]. In
the study area, urban parks are mostly poor in vertical vegetation layers compared to private gardens.
This is especially important for highly urbanized
landscapes with small amounts of green spaces.
As mentioned in the Methods section, street
trees are not included in this study because there is
no street tree inventory in Bornova. That is a factor
that reduces the accuracy of the estimations of ES in
the study area. Therefore, management of urban
trees including street trees should be part of the management of green areas in the Bornova district.
Rowntree and Nowak [40] stated that it is essential
to maintain tree cover in urban areas in order to protect carbon sequestration rate and the carbon reservoir. Therefore tree inventory is crucial to keep the
plants healthy and replace them when it is necessary
[40]. Parks and street tree inventory projects would
be a good start to the protection and management of
trees in the study area, like the examples found in
major cities such as Portland, New York, or London.
In Bornova, urban development pattern of the
last 50 years reveals that urban development followed not only expansion of urban land over periurban areas, but also infilling of the empty spaces
within the urban fabric [22, 23]. For this reason, it
can be foreseen that natural vegetation and agricultural patches on both in and at the edges of the urban
fabric are under risk of future extensive urban expansion.
Impervious surfaces cover the bulk of urban
fabric in Bornova, causing minimal water infiltration. Results proved that the study area has a high
value of runoff retention, and with smart solutions,
this runoff would increase the groundwater. For instance, it is possible to replace some impervious surfaces with more pervious options such as pervious
asphalt and/or cobblestone pavements. This would
reduce the amount of surface runoff water without
hindering the functionally of the surface itself. Additionally, curbs separate green patches and pavements, therefore, blocking the storm water from
draining onto green spaces, and directing it into the
sewer system. This is a waste of valuable rainwater
because there is no separate storm sewer system in
Bornova. The design of green areas is important for
runoff retention. As suggested by Dhamma and Zimmer [74], when pervious areas are less than impervious areas, simple design solutions such as a curb-less
edge or curb cuts can be used to convey water into
depressed green patches. This simple solution would
create a valuable effect. By creating curb cuts in the
study area, runoff from the pavement will be directed
to the green patches and storm water facilities such
as retention and detention ponds. Similarly, refuge
islands would be designed as a vegetated trench or a
raingarden in order to take surface runoff from the
roads.
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Forman [71] summarized the basic principles
of sustainable storm water management; reduce,
slow, infiltrate, and filter storm water. Creating depressions, rainwater detention, or retention ponds in
the green patches in the parks would help collecting
storm water. Forman [71] and Strom et al. [50]
stressed that depressions or grassy swales along
upsloped edges reduces surface water runoff, while
also increases infiltration into the soil.
Dhamma and Zimmer [74] stated that rain gardens are designed to capture runoff from small areas,
less than 1000 m2. Bornova has a well-drained soil
type; therefore, simple rain gardens could be designed in the parks in order to capture runoff.

physical planning process in the country, some
measures should be taken to change urban planning
regulations. For instance, regulations could be developed for private properties such as agricultural lands,
vacant lands, and private gardens in order to reduce
surface runoff and enhance ES. In particular, the loss
of agricultural and ‘natural’ landscapes will cause
greater pressure on UGAs to provide the important
ecological production that was available from rural
areas in the past [76]. Common Agriculture Policy
(CAP) developed by European Union is a good example of current policy in place. It has been successful in enhancing GI in agricultural landscapes. Under
the CAP regulation, at least 5% of the arable area
larger than 15 ha must be allocated to Ecological Focus Areas (hedges, trees, fallow land, landscape features, biotopes, buffer strips, and afforested area)
[77]. Similar regulations could be developed to establish vegetated trenches at the edge of vacant or
agricultural lands in Bornova. Additionally, owners
would be encouraged to have more pervious surface,
like in UK, where regulations require permission if
over 5 m2 of ground surface is to be paved with impermeable material [78, 79]. These kinds of regulations and/or implementation ordinances could be developed for public areas as well.
Cities depend on a healthy natural environment
that continuously provides a range of benefits.
Healthy ecosystems are the foundation for sustainable cities; influencing and affecting human well-being and most economic activity [81]. Local governments in Izmir have recently set a target of reduction
in greenhouse gas emissions by 2020. This could be
an opportunity to implement massive city-wide tree
plantation polices as part of a developing GI in order
to increase carbon sequestration in a sustainable
way.
In conclusion, it is imperative to secure ES in
urban landscapes by means of establishing GI systems. Otherwise urban residents will not have access
to clean water, air, and food, or protection against
natural disasters, such as flooding; urban resilience
will be compromised and so will urban biodiversity.

"  
This paper aims to assess spatial distribution of
UGAs and calculate two regulating ES (carbon sequestration and runoff retention), generated by GI in
the study area, to identify the potential of congested
urban pattern on providing ES, and to create a local
knowledge. The outcomes of the present study
clearly showed that the components of GI are mostly
small and unevenly distributed in the current urban
fabric with low connectivity, this and the congested
urban pattern performed poorly on providing two
regulating ES.
Local ecological knowledge is a strong connector between people and their local environment
[75]. Creating a local knowledge for ES, identify its
potential and need for planning for future needs. Perceiving the benefits of ES both by residents and local
government will help to accept the concept of ES as
a part of urban planning process.
As there is a great demand for urbanization,
Bornova faces high-density urban growth in the form
of tall apartment blocks, and consequently resulting
in significant risks for the reduction and continued
fragmentation of the green areas. Thus, it is suspected that many urban ES will continue to decline,
therefore increasing local knowledge and integration
of ES into land use planning practices is essential to
sustain and enhance ES.
ES is not a parameter in the physical planning
process in Turkey. There is a lack of the ecological
data and analysis for UGAs that are needed to help
validate planning and policy at the regional level.
Calculation of ES of UGAs provides valuable information about existing ecological conditions of these
areas. To know what the qualities of green areas have
in urban settings would help in calculating how
much green area and tree cover are needed in order
to improve ecological conditions of the urban landscapes. Moreover, it is a suitable way of defending
UGAs. This information also provides the opportunity to build upon the UGA planning, design, and
management strategies for both short and long term.
Combating aforementioned deficiencies in the
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ABSTRACT

INTRODUCTION

In order to investigate the relationship between
the invasive plant Hexiadian and its native genus
Sagittaria Sagi, the study was conducted in the
greenhouse with Sagittaria graminea and S.angustifolia as the experimental materials. Control experiment. Experiments were set up single planting and
mixed planting two ways to measure the biomass of
each plant and other growth indicators, and analyzed
the relationship between species. The results showed
that the interspecific competition significantly increased the leaf area, plant height, root weight and
inflorescence weight of Vaccinium argenteus, and
the intraspecific competition significantly reduced
the total weight, the dry weight of leaves and the dry
weight of leaves, and the interspecific competition
increased significantly Wo Ye arrowhead male flowers, species competition significantly reduced the
number of female flowers. Interspecific competition
significantly reduced leaf number and leaf dry
weight of Sagittaria angustifolia, significantly increased leaf area, root dry weight and inflorescence
dry weight. Competition within the species significantly reduced leaf area, plant height, number of
leaves, Total dry weight, root weight, petiole weight,
leaf weight and inflorescence weight. The interspecific competition significantly increased the male
flower number, the female flower number and the total flower number, but the interspecific competition
significantly reduced the male flower number, the female flower number and the total flower number.
The interspecific competition ability of Heye Sagu
was significantly higher than that of Sagitta angustifolia.

Biological invasions are a worldwide ecological phenomenon. Thirteen thousand invasive plants
worldwide form self-sustaining and regenerating
populations in new habitats [1]. Biological invasions
not only affect the structure and function of local
ecosystems, threaten regional ecological security,
but also cause huge economic losses on a global
scale [2]. Biological invasion is vividly called "biological contamination" [3]. Therefore, the prevention and treatment of biological invasion is an important and urgent task. The most common problem
caused by biological invasion is competition. Interspecific competition is one of the main forms of action. Invasive plants can be successfully invaded by
obtaining the required resources through complex
competitions, depending on the invasiveness of the
plants in their native form [4, 5], clonal growth [610] and physiology [11, 12] have higher phenotypic
plasticity and make invasive plants highly competitive and competitive. The competitive effect between invasive plants and native plants breaks down
the ecosystem balance of native indigenous soils and
shapes new community structures.
Domestic and foreign researches on the competition between invaded plants and native plants have
been carried out. The relationship between competition and competition is mainly influenced by the
compositional structure and environmental conditions of the species, and thus the ultimate competitive result (species coexistence or competition exclusion) plays a decisive role [13-15]. Such as higher
resource utilization efficiency, larger specific leaf
area, higher plasticity and leaf structure characteristics suitable for arid environment. However, some
studies have shown that the specific leaf area and
phenotypic plasticity of alien invasive species are
not greater than that of native species. Therefore, different invasive plants respond differently to changes
in environmental factors. Whether invasive plants
have a greater impact on the growth of native plants
is still debated [16-19].
Sagittaria graminea, belonging to the genus
Alisma Perennial perennial aquatic plants, native to
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Experimental Design and Methods. The experimental container is a white foam box of 65 cm ×
35 cm × 25 cm. The substrate in the box is loam and
sand (volume ratio of 1: 1), and fill the soil to a
height of 17 cm. The experimental plan of planting
is shown in Table 1, set the same very low density
solitary Melaleuca and single solitary Ye arrowheads, the same high-density solitary lobelia arrowheads and solitary Wo arrowhead and arrowheads
Sagittarius and Ye arrowhead Mixed processing
mix. Among them, the very low-density quadrats
were used as the control when there was no adjacent
strain in the pot experiment. The high-density quadrats were treated as the intraspecific competition.
The mixed quadrats were treated as interspecies
competitions with three replications. During the experiment, pay attention to observe the change of water, regular water replenishment in order to keep the
water level at about 5cm. And after 4 weeks, add 2g
of compound fertilizer to each box.

North America, the United States Department of Agriculture classified as B-class weeds, in Australia has
become naturalized species. Is a newly recorded exotic species in East Asia and is currently only found
on the wetlands outside the Yalu River Wetland National Nature Reserve and on the riverside wetlands
along the Yalu River. Sagittaria trifolia var. Angustifolia is a natural distribution species in China. It belongs to the genus Alisma of Sagittaria trifolia var.
Angustifolia. It is a common weed and is distributed
all over the country. Among them, they are often
mixed with narrow-leaved elves. In recent years, research has been conducted on its distribution, its reproductive biology and so on. However, regarding
the competition or symbiotic relationship between
alien species and their native species under the same
conditions The study reported less.
In this study, the exotic plants S. graminea and
S. angustifolia were selected as the research objects.
Through the competition experiments in pots, the intraspecific competition, interspecific competition
and relative competitiveness of the two species were
studied. The author also clarified the influence of interspecific competition on invasive species and native species, provided a scientific basis for in-depth
understanding of the ecological adaptability characteristics of Heye arrowhead and the ecological mechanism of successful invasion, and enriching the theory of invasion ecology.

Parameter determination. Determination of
growth indicators. The first harvest was made at the
end of July, and the height of each plant, the length
of the leaves, the number of female flowers, the
number of male flowers and the number of fruits
were measured and recorded. With the CI202-type
laser leaf area meter (on Ze Zequan company) measured leaf area. Then the plants were harvested, and
the plants were divided into roots, leaves, inflorescences and the like, and their biomass was measured
after drying at 80 ° C for 48 hours. The second harvest was made at the end of the growing season in
early October and the number of bulbs recorded.
Measure the diameter of the bulb sphere with a vernier caliper as an indicator of bulb size. Bulb diameter range of 2 ~ 13mm. Therefore, we divided the
bulbs into three groups of bulbs smaller than 4 mm,
4 to 6 mm in the bulbs and larger than 6 mm in the
bulbs. We only count mature bulbs, not counting
some too small (<2 mm) and immature bulbs.
The main parameters were calculated as follows: leaf area ratio, relative growth rate, net assimilation rate; leaf biomass ratio, inflorescence biomass ratio, root biomass ratio, and petiole biomass
ratio. Because of its biological characteristics, the
petiole plays the role of a stem, so stem biomass is
calculated as petiole biomass.

EXPERIMENTAL
Material collection and culture. The experiment was conducted on May 10, 2012 in the greenhouse of Liaodong University and ended on August
15. At the beginning of April 2012, the bulbs collected and stored in the autumn of the previous year
were grown in the incubator at a natural temperature.
After germination, the same concentration of compound fertilizer was applied to all the plants. After 4
weeks, plants with similar growth status were selected for the experimental study. The height and
height of the plants were 15.5 ± 1.4 cm and 0.21 ±
0.02 g. The plant height of Sagittaria angustifolia
was 20.5 ± 2.6 cm and the initial biomass was 0.23
± 0.02 g. After measuring the height above ground,
it was transplanted into the incubator.

TABLE 1
Planting density for each species combination treatment
Species combination
S.angustifolia (Sa)
S.graminea (Sg)
S.angustifolia (Sa+Sa)
S.graminea (Sg+Sg)
S.angustifolia + S.graminea (SaˇSg)

S.angustifolia
8
32
16
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S.graminea
0
8
0
32
16
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TABLE 2
Characteristics comparison between S.angustifolia and S.graminea (Mean±SE)
Characters
Leaf area(cm2)
Plant height(cm)
Total biomass(g)
Vegetative growth
ratio (%)
Sexual reproduction
ratio(%)
Storage biomass
ratio (%)
Petiole biomass (g)
Root biomass(g)
Inflorescence
bionass(g)
Blade biomass(g)
Femal numbers(n)
Male numbers (n)

S.graminea
20.09±2.63
59.07±3.15
4.15±0.26

Low density˄8 plants/pot˅
S.angustifolia
t -test
28.08±3.12
-1.747
58.66±2.24
0.108
6.38±0.46
-3.476

P
0.131
0.918
0.013

High density˄32 plants/pot˅
S.graminea S.angustifolia
t -test
16.69±0.92
11.44±0.79
4.330
54.72±0.36
47.76±2.46
2.804
1.55±0.13
1.46±0.17
0.428

P
0.003
0.023
0.680

35.38±0.43

58.38±1.82

-9.427

0.000

63.20±2.08

60.84±2.08

0.423

0.684

60.03±1.25

36.42±2.52

6.781

0.001

25.37±2.10

28.44±4.75

-0.590

0.571

4.60±0.84

5.20±0.92

-0.444

0.672

11.43±0.97

10.72±2.15

0.299

0.773

1.22±0.08
0.19±0.04

3.20±0.19
0.32±0.05

-7.684
-1.788

0.000
0.124

0.84±0.09
0.17±0.02

0.79±0.13
0.15±0.02

0.313
1.021

0.762
0.337

0.21±0.03

1.39±0.22

-3.923

0.008

0.21±0.04

0.20±0.05

0.132

0.898

0.25±0.05
8.67±1.76
21.33±0.33

0.51±0.06
9.20±0.49
36±4.18

-3.071
-0.369
-2.627

0.022
0.725
0.039

0.14±0.01
3.40±0.40
22.40±1.60

0.09±0.001
2.80±0.20
18.40±1.17

3.196
1.342
2.020

0.013
0.217
0.078

sample data were tested for Levene¶s test. If the data
does not satisfy the homogeneity, the variable is
Log10 transformed to meet the homogeneity principle of variance analysis. When ANOVA F test was
significant (P <0.05), multiple comparisons were
performed using the Duncan test. Statistical analysis
using SPSS13.0 software. Data collation, calculation
and mapping are carried out using Microsoft Excel
2003 software.

Determination of interspecies competitiveness. To reflect the competitive ability of two plants,
they are usually expressed by calculating the relative
neighbor effect index (RNE) of the two plants. The
calculation formula is based on the literature:
RNE = (P + N - P - N) / x,
Is the average biomass when there is no neighbor, P + N is the average biomass in the presence of
neighboring plants, and x is the maximum biomass.
The value of RNE is between -1 and 1; the negative
value indicates the negative effect, that is, the competitive effect, and the positive value indicates the
positive effect, that is, facilitation. In the case of
competition (negative value of RNE), the larger the
RNE value (or the smaller the absolute value), the
smaller the competition intensity; in the case of easy
to change (positive value of RNE), the larger RNE
value, The higher.
Relative total biomass (RYT) was used as an
important index to determine the competitiveness of
hybrids. The relative total biomass is expressed by
the formula RYT = XG / YG + XA / YA, XG is the
biomass of the mixed arrowheads, XT is the biomass
of the mixed arrowheads, YG is the biomass of a single middle arrowhead arrowhead The amount of YA
for a single species of arrowhead biomass. The RYT
value can indicate the utilization of the same resources by two plants and the correlation between
the two plants. When RYT> 1, the two plants occupy
different niches and utilize different resources,
showing a reciprocal relationship: RYT = 1 When
the plant species use a common resource; RYT <1,
said the relationship between plants antagonistic.

RESULTS AND DISCUSSION
Growth and Sexual Propagation of Arrowhead and Arrowhead. As can be seen from Table 2,
the leaf number, total dry weight, vegetative growth
ratio, dry weight of leaf petiole, dry weight of leaf
and male flower were significantly higher in the lowdensity population However, the sexual reproduction rate and the dry weight of inflorescence per
plant were significantly lower than those of He Ye,
but had no significant effect on leaf area, plant
height, storage ratio and female flower number.
Among the high-density populations, except for the
leaf area, plant height and leaf dry weight, the total
dry weight, vegetative growth ratio, sexual reproduction ratio, storage ratio, petioles Dry weight, inflorescence dry weight, root dry weight, male flowers and female flowers were not significantly different.
Effects of Interspecific and Intrauterine
Competition on the Growth and Reproduction of
Exotic. As can be seen from Figure 1, interspecific
competition significantly increased leaf area, plant
height, root weight and inflorescence weight of Vaccinium argenteus. Interspecific competition had no
significant effect on total plant weight, dry weight of
leaves and dry weight of petiole. The intraspecific
competition significantly reduced the total plant
weight, dry weight of petioles and dry weight of

Statistics. To examine the effect of nutrition
and density on the morphological characteristics,
growth characteristics, reproductive characteristics
and resource allocation of Apodemus, then two-way
ANOVA was used to evaluate the effect of nutrition
and density on the distribution of nutrients and density. Data analysis. Prior to analysis of variance, the
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shown in Fig.3. As shown in Fig. 3, the relative
neighborhood effect index was significantly greater
than that among species, indicating that the intraspecific competition was more than that in interspecific
competition, and the relative neighborhood effect index was also significantly higher in C. arborescens
than in interspecies He Ye arrowhead kind of competition within the species is also greater than its
kind. In terms of the interspecific competition between the two species of Heye Saguarum and Sagitta
angustifolia, the relative neighbor effect index of Interspecies Capsicum was less than that of He Ye
Ji'gu, which indicated that the interspecific competition ability of Heye Sagu was significantly high In
the narrow-leaved arrowheads. RY indicates the
strength and weakness of competition within and between species in both species. The effect of interspecific competition on the relative yields of Arrowhead
and Arrowhead Arrowhead is shown in Figure 4. It
can be seen from Fig. 4 that the relative yield of the
local species Alsophila paniculata is significantly
greater than 1 at the interspecific competition, indicating that within the same planting density, the intraspecific competition effect of Alsophila paniculata is greater than that of the interspecific competition, The competition of arrowheads is weaker;
while the relative yield of alfalfa leaves is significantly less than 1, indicating that the interspecific
competition of arrowheads is larger than the intraspecific competition, and that of arrowheads is
strongly influenced by the competition of arrowheads.

leaves, but had no significant effect on leaf area,
plant height, root weight and inflorescence weight.
As can be seen from Figure 1, interspecific
competition significantly increased the number of
flowers in Herba Artemisiae, but had no significant
effect on female flowers. The intraspecific competition reduced the number of female flowers significantly, but had no significant effect on the number of
male flowers.
Effects of interspecific and intraspecific
competition on growth and reproduction of Sagittaria. It can be seen that interspecific competition
significantly reduced leaf number and leaf dry
weight of Sagittaria angustifolia, significantly increased leaf area, root dry weight and inflorescence
dry weight, but had no significant effect on plant
height, total dry weight and petiole dry weight. The
intraspecific competition significantly reduced the
leaf area, plant height, number of leaves, total dry
weight, root weight, petiole weight, leaf weight and
inflorescence weight of Sagittaria angustifolia.
As can be seen from Figure 2, interspecific
competition significantly increased the male flower
number, the female flower number and the total
flower number, but the intraspecific competition significantly reduced the male flower number, the female flower number and the total flower number.
Competition effect. The relative neighborhood
effect index of interspecific and intraspecific competition between C. elegans and L. angustifolia is

FIGURE 1
Effect of interspecific and intraspecific competition on growth and reproduction of S.graminea
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FIGURE 2
Effect of interspecific and intraspecific competition on growth and reproduction of S. angustifolia

FIGURE 3
Mean interspecific and intraspecific relative neighbour effect (RNE) and relative yield of S.graminea and
S.angustifolia

arrowhead and arrowheads in the breeding investment there is a certain difference in the breeding investment Yehe arrowhead significantly higher than
the arrowhead Sagittarius and more. As the local
plant Sagittaria more investment in vegetative
growth, production of organic matter leaves and
transport of organic matter underground petiole biomass allocation is higher, leaf biomass is conducive
to increasing the population photosynthesis area, increase The production and accumulation of organic
matter can not only ensure the sexual reproduction
of the nutrient needs, but also to maintain the continued vegetative growth. And as a foreign plant He Ye

Competition and reproductive investment.
Interspecific competition is one of the most important forms of interaction in the invasion process.
Resource accessibility is a key element of a plant's
success or failure. Plants can improve resource access and compete for resources by shaping their phenotypic characteristics and changing their pattern of
biomass allocation [20]. Population density is one of
the most important factors affecting plant species
competitiveness. In this study, regardless of whether
the leaves of Herba Artemisiae elata or Przewalskii,
the growth of individual plants tended to be miniaturized, showing the effect of density control. He Ye
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arrowhead, it is as much as possible to invest in
breeding and reproduction, the high output of breeding, the individual's fitness on the large.
Under natural conditions, Artemisia scoparia
and Artemisia giganteus have very similar morphological features. When there is interspecific competition, both plants exhibit the same biomass allocation strategy. Arrowheads and arrowheads planted
more biomass for root growth, showed stronger rooting ability and more root biomass allocation enhanced their ability to obtain more soil nutrients and
water. Arrowheads and Arrowheads allocate more
biomass to the investment of sexual reproduction, favoring the production of more seeds and winning the
competition by increasing the number of seeds. The
intraspecific competition significantly reduced the
total biomass, leaf biomass, root biomass and inflorescence biomass per plant of Pinaceae. The intraspecific competition significantly reduced the leaf
biomass and the petiole biomass of arrowhead, but
did not significantly reduce the root Biomass and inflorescence biomass. He Ye arrowhead showed a
strong ability to inter-species competition.

the total weight, the dry weight of leaves and the dry
weight of leaves, and the interspecific competition
increased significantly Wo Ye arrowhead male flowers, species competition significantly reduced the
number of female flowers. Interspecific competition
significantly reduced leaf number and leaf dry
weight of Sagittaria angustifolia, significantly increased leaf area, root dry weight and inflorescence
dry weight. Competition within the species significantly reduced leaf area, plant height, number of
leaves, Total dry weight, root weight, petiole weight,
leaf weight and inflorescence weight. The interspecific competition significantly increased the male
flower number, the female flower number and the total flower number, but the interspecific competition
significantly reduced the male flower number, the female flower number and the total flower number.
The interspecific competition ability of Heye Sagu
was significantly higher than that of Sagitta angustifolia.

Competitiveness and species invasion. It is
generally believed that exotic species usually have
superior biological characteristics and occupy certain advantages when competing with corresponding
indigenous species. In the present study, the competition among the species was not as competitive as
that among the individuals in the two species, and
the biomass accumulation above and below ground
was higher The trend indicates that inbred inhibition
is gradually greater than interspecies inhibition. The
indigenous species, however, are more competitive
than the invasive species Apricot, because of their
long history of adaptation to the environment of the
region and their occupation of certain niches, Exotic
species have a stronger competitive edge. The reason
may be due to the local species Caesalpinia is a
highly competitive weed, because it adapted to the
local natural environment, occupy a certain ecological niche in the ecosystem, when the intensity of interference is greater than invasive species Wo Ye arrowhead strong competitiveness, thus indicating the
competitive advantage of invasive species are often
relative. Therefore, it is often believed that the competitive advantage of invasive species is relative, and
the invasive species He Ye Jiun does not have a competitive advantage for indigenous species, such as
Sognefjord, and will therefore not be able to replace
competing indigenous species.
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This study assessed health risks of pollutants
through oral exposure from the perspective of the
coexistence of multiple uncertainties with integrated approaches. These approaches included the actual survey population exposure parameters, coupled
with fuzzy mathematical theory to calculate the
model parameters. While reducing uncertainty, the
research attempted to maximize the accuracy and
immediacy of risk assessment, thus providing a
theoretical guidance for pollution prevention and
control and food safety in the target area. The results show that the organic pollutants of PAEs
(DEP, DBP, DNOP, BBP, DEHP) have different
contamination levels. In addition, non-carcinogenic
risk levels are higher than the acceptable ones of
1×10-6 and 1×10-4, recommended by Royal Society
and US EPA except soil intake.

subjective cognition of decision makers. To more
complex uncertainty information, that is, for the
blind information.
This study used freely dissolved concentration
of the organic pollutants (pops), factoring biological effectiveness and different ways of cooking, and
evaluated the health risks of combined pollution via
oral media in one city of China, with the crowd
actual exposure parameters. This research, using the
fuzzy principle, aims to provide a theoretical guidance in order to pollution prevention and control in
the target area and optimize the results to simulate
real-life situations.
% "  

"/, *633,*:065 (5+ :,9:05. 6- :/, 9(473,
The target area is located in the south of Jiangsu
province, northwest edge of the Taihu Lake. This
area has superior natural conditions, convenient
water and land transportation, good foundations of
agricultural production and well-developed industries. Scientific researchers, both Chinese and foreign, have detected PAEs via various oral media in
recent years [5-7]. The team collected samples via
oral media throughout the city in all four seasons
from May 2011 to June 2012. The researchers collected 60 topsoil samples (0-20cm), 60 groundwater
samples and 189 all the quarter local produced food
samples.
Method of detecting freely dissolved concentration and total amount of concentration of PAEs
was found in reference [7-8]. This experiment
adopted some general international experiments (in
vitro) simulating human digestive system and analyzes, and calculated biological effectiveness on the
human digestive system [9]. The ratio on mass of
samples to water was fixed to 1:1.35. After the
cooking process, the residual rate was estimated.


&$ !
Blind numbers, oral exposure risk, uncertainty
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Environmental health risk assessment is the
process of describing the type and degree of damage, caused by pollution, on human health and ecosystem [1]. At present, the commonly-applied environmental and health risk model is the one set up by
the national academy of sciences (NAS) [2-3]. It
involves the pollution factors, exposure levels of
the crowd, different receptor groups (gender and
age (adult, child)) and the difference between human biological uptake of different pollutants and so
on. It is a complex system of multiple coexisting
uncertainties. From this angle as well as one of the
cross coexisting uncertainties, the study, to address
the randomness and fuzziness of uncertainty factors,
utilized blind number characterization on health
risk assessment model parameters. Blind numbers
are to express and deal with the mathematical tool
of blind information [4]. As some evaluation model
parameters show gray features on part of the known
and unknown, some uncertainties are due to the

"/,9;8<,?6-767;3(:065,>769;8,7(8(4,
:,8 05 :/, :(8.,: (8,( Methods of acquiring data
of body weight, food intake rate, water intake rate
and other exposure parameters were found in reference [7].
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99,994,5:46+,3-68:/,/,(3:/8092)(9,+
65 )305+ 5;4),89 The level of contaminants of
one single test sample is often prone to randomness
in the actual research. Its uncertainty mainly centers
on whether the type of oral media successfully represents local diet, samples are randomly selected,
the deviation of laboratory analyzing and testing.
The population exposure parameters also tend to
have random variability. The national academy of
sciences (NAS) put forward four steps by oral media in the study, involving parameters of body
weight, ingestion rate, and exposure time, which
yield various levels of difference based on seasons.
This study intended to use blind number theory and
process fuzzy information in the health risk assessment.

the unit conversion factor of 10-6 kg·mg-1.  is the
ingest factor. {[ 1 ,  ],  ( )} refers to the
blind numbers expressed in exposure frequency
(d·a-1).  is the exposure duration (a).
{[ 1 ,  ],  ( )} refers to the blind numbers
expressed in body weight (kg).  is the average
time (d). {[ 1 ,  ], ( )} refers to the blind
numbers expressed in biological effectiveness.
{[ 1 ,  ], ( )} refers to the blind numbers expressed in the chemical daily intake
(mg·(kg⋅d)-1). In addition, mnklht of
subscript variable parameters refer to order numbers.
Pollutants are categorized into carcinogens
and non-carcinogens. This article assesses health
risk using NAS risk characterization model and
considers the influence of cooking methods. The
model is below.
In the formulas:
{[     l -    ] -   ( )} refers to

  ,(3:/ 8092 (99,994,5: )? 68(3 4,+0(
)(9,+ 65 )305+ 5;4),89Biological effectiveness
was evaluated to optimize the NAS exposure evaluation model through defining the parameters in the
form of blind number. The oral exposure involve
three intake pathways: drinking water, food and soil
intake. The optimized models are expressed respectively as:
Axiom 1. Drinking water intake (above)
Axiom 2. Food intake (above)
Axiom 3. Soil intake (above)

blind number form of non-carcinogenic risk values
of
some
pollutants.

{[    l    ]   ( )}

blind number form of carcinogenic risk values of
some pollutants.  is the reference dose of chemical contaminants via some exposure ways
(mg·(kg⋅d)-1). is carcinogenic intensity coefficient
from calculated by animals to people (kg⋅d·mg-1).
{[1 , ], ( )} refers to blind number form of
pollutants retention rate. In addition, efgh of
subscript variable parameters refer to order numbers.

In the formulas: {[1 ,  ],  ( )} refers to the
blind numbers expressed in the concentration of
pollutants. The unit of concentration in water is
mg·L-1, and the others, mg·kg-1. {[ 1 ,  ], ( )}
refers to the blind numbers expressed in ingestion
rate. The units of drinking water, soil and food intake are L·d-1, mg·d-1 and kg·d-1, respectively.  is
{[ 

   

{[ 





l
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]

]
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refers

(  )} =

{[ 1 ,  ], (  )}× {[1 , ], (  )}


( )} =  × {[ 1 ,  ], ( )}× {[1 , ], ( )}
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305+ 5;4),8 ,>78,99065 65 7633;:(5:9@
*65*,5:8(:065 05 :/, :(8.,: (8,( PAEs of all
samples were detected except those of wheat and
cucumber via oral media in the target area. Five
kinds of PAEs were detected in groundwater samples, and the average of PAEs was 1.94 mg·L-1.
DEHP was five times more than that of drinking
water hygiene standards (GB 5749-2006) [10]. The
others’ standard limits were not found. Four kinds
of PAEs were detected in soil samples, and the average of PAEs was 7.54 mg·kg-1. DEPDBP and
BBP were thirty-six times higher than the soil PAEs
compound control standards [8]. DEHP did not
cross the standard, however. Four kinds of PAEs
were detected in food samples, and the average of
PAEs was 19.84 mg·kg-1. To sum up, DEP in the
samples was in range of 0~33.95%; BBP,
0~80.62%; DBP, 0~100%; DEHP, 0~100%; and
DNOP, 0~47.73%.

ED is 30a. For the carcinogenic effects of the pollutants, AT = ED*365d. For the non-carcinogenic
effects of the pollutants, AT = 70*365d.
5(3?909 6- 767;3(:065 /,(3:/ 8092 05 :/,
:(8.,:(8,(According to the toxicological properties, PAEs (DEPDBPDNOPBBPDEHP)
is a threshold compound. Reference doses  via
oral media were 0.80  0.10  0.02  0.20 
0.02mg·kg-1·d-1. Due to the magnitude of species of
pollutants, blind parameters within the model and
rapid increasing of blind number order, which all
together were expected to cause slower computer
operation speed, and sometimes even distortion,
each of the risk value of pollutants were calculated
separately with blind number, and then the total
carcinogenic or non-carcinogenic risk values were
calculated through summation.
  65*(8*056.,50* 8092 Non-carcinogenic
risk was calculated according to the model. From
table 1, non-carcinogenic risk of five kinds of PAEs
is 2.43. According to non-carcinogenic risk of the
pollution,
the
order
is
DEHP>DNOP>DBP>BBP>DEP. According to
exposure media of PAEs, the order is groundwater>rice>wheat>luffa>chili>celery>eggplant>tomat
o>edamame>cabbage>potato>soil>cucumber. The
range of non-carcinogenic risk of PAEs is 2.68×108
~1.13. In addition, non-carcinogenic risk of DEP
in soil is the lowest. DEHP in groundwater is the
highest. Non-carcinogenic risks are higher than the
acceptable risk levels of 1×10-6 and 1×10-4 recommended by Royal Society and US EPA except that
of soil intake.

305+5;4),8,>78,990656546+,37(8(4,
:,89 6- /,(3:/ 8092 (99,994,5: This research involved multiple fields and oral media. Health risk
assessment model parameters were expressed in the
form of blind numbers. All the parameters were
classified by age starting with children. All the data
listed were divided into several small areas. In addition, the credibility within the period was decided
by the number of proportion of data in each interval,
thus allowing the construction of blind number
form of parameters. Each blind number had a total
credibility α of 1. For example, the contamination
concentration in groundwater and the crowd exposure parameters can be expressed in mg·L-1 as
below:
 = {[0, 0.39], C(x)}
 = {[0, 0.87], C(x)}

09*;99065  In this study, the health risks
are far higher than the world authoritative organization recommended value and acceptable health risk
level. The cause of this phenomenon is because of
many and more comprehensive exposure media and
contaminants. It is not hard to find that its risk value is calculated on the basis of the accumulative
calculation. Therefore, if more media were to participate, the results of the survey would be more
comprehensive in a broad sense, but the evaluation
result would be too large and value at risk would be
too high in a narrow sense.

⎧ 0.4,  = [0,0.10]
⎧ 0.3,  = [0,0.11]
⎪0.4,  = [0.12,0.18]
⎪0.5,  = [0.30,0.56]
⎪
⎪
 ( ) = ⎨
 ( ) = ⎨
=

0
.
2
,
[
0
.
21
,
0
.
39
]
⎪
⎪0.2,  = [0.80,0.87]
⎪⎩
⎪⎩
0, 
0, 

 = {[0, 1.12], C(x)} 

= {[0, 0.92], C(x)}

⎧ 0.2,  = [0,0.33]
⎪0.3,  = [0.84,0.95]
⎪
 ( ) = ⎨
⎪ 0.5,  = [1.00,1.12]
⎪⎩
0, 

⎧ 0.5,  = [0,0.27]
⎪0.3,  = [0.33,0.66]
⎪
 ( ) = ⎨
⎪0.2,  = [0.78,0.92]
⎪
0, 
⎩

⎧ 0.2,  = [0,0.013]
⎪ 0.6,  = [0.02,0.04]
⎪
 ( ) = ⎨
⎪0.2,  = [0.045,0.06]
⎪⎩
0, 

⎧0.470, = [57.59,58.30]
⎪
 ( ) = ⎨0.530, = [65.92,67.55]
⎪
0, 
⎩

 When making health risk estimation, this
study adopts the method of superposition. However,
toxicology studies show that compound ecological
toxicology effect has a great difference. There is
addition, antagonism, synergy effect and so forth
[11-13]. Additionally, there are differences in joint
toxicity among different pollutants in different ecological environments (terrestrial and aquatic, etc.),
so the toxicology of compound pollution effect
should be taken into account from the molecular
level in this study.


  = {[0, 0.06], C(x)} = {[57.59, 67.55],
BW(x)}

To simplify, ED and AT in exposure assessment model are expressed in specific real numbers.
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groundwater
soil
wheat
rice
cabbage
celery
tomato
eggplant
chili
luffa
potato
cucumber
edamame
total

DEP
4.94×10-3
2.68×10-8
3.63×10-3
—
—
—
—
—
—
—
—
—
—
8.57×10-3

BBP
9.71×10-3
4.79×10-8
—
—
3.07×10-5
—
2.11×10-5
1.47×10-4
1.26×10-4
3.21×10-5
3.50×10-5
—
6.49×10-5
1.02×10-2

#!

DBP
2.38×10-1
1.59×10-7
—
9.16×10-3
3.33×10-4
—
4.76×10-4
—
—
—
—
—
3.42×10-5
2.48×10-1

DEHP
1.13
7.31×10-7
—
4.92×10-2
3.86×10-4
2.16×10-3
7.87×10-4
1.28×10-3
2.16×10-3
3.26×10-3
—
—
1.02×10-3
1.19

DNOP
9.67×10-1
—
—
1.35×10-3
2.06×10-4
1.51×10-6
1.09×10-3
4.96×10-4
—
—
—
—
—
9.70×10-1

[4] Liu, K.D., Wu, H.Q., Pang, Y.J. (1999) The
mathematical treatment and application of unascertained information. Scientific Publishing
Company.
[5] Johnson, C.J., Bonrud, P.A., Dosch, T.L., Kilness, A.W. (1987) Fetal outcome of methemoglobinemia in an infant. American Journal of
Medical Association. 257, 2796-2797.
[6] Pan, T., Zhang, Y.K. (2013) A study of nitrogen pollution in shallow groundwater and its
affecting factors in Changxing Country in the
Taihu Basin. Hydrogeology & Engineering
Geology. 40, 7-12.
[7] Yang, Y., Yu, Y.J., Li, D.L., Wang, Z.Q., Lu,
X.S. (2013) PAEs health risk assessment of agriculture area in Taihu Lake Basin (southern
Jiangsu Province). China Environmental Science. 33, 1097-1105.
[8] Cai, Q.Y., Mo, C.H., Li, Y.H., Zeng, Q.Y.,
Wang, B.G., Xiao, K.E., Li, H.Q., Xu, G.S.
(2005) The study of PAEs in soil from typical
vegetable fields in areas of Guangzhou and
Shenzhen, South China. Acta Ecologica Sinica.
25, 283-287.
[9] Yang, Y., Ni, W.W., Li, D.L., Che, F., Li, X.F.,
Lv, H. (2014) Response surface methodology
to establish prediction models and related factors for bioaccessibility of PAEs via oral different media. Environmental Chemistry. 33,
1893-1905.
[10]GB/T 5750 (2006) Standard Test Method for
drinking water for drinking water.
[11]Mi, Y.H., Zou, B.L., Wang, S.H., Xu, Z.L., Li,
L.P. (2012) Interaction and correlation of
heavy metal compound pollution in soil-fluecured tobacco system. Acta Agriculturae
Jiangxi. 24, 154-157.
[12]Wang, X., Xu, W., Liu, Y. (2014) Enrichment
Characteristics in Different Organs of Water
Fennel under Compound Pollution of Cd and
Pb. Journal of Changjiang Vegetables. 22, 017.

(1) Adapted blind numbers can be used to
simulate and characterize various parameters of
model based on the characteristics of many kinds of
uncertainty coexist in the environmental health risk
assessment system. Moreover, it is constructed
model of blind number of mouths exposed environmental health risk assessment, so that it provides
new ideas and new methods to related future researches and studies.
(2) Non-carcinogenic risk should be calculated
according to the model. The range of noncarcinogenic risk of PAEs is 2.68×10-8~1.13. In
addition, non-carcinogenic risk of DEP in soil is the
lowest, while that of DEHP in groundwater is the
highest. Non-carcinogenic risks are higher than the
acceptable risk levels of 1×10-6 and 1×10-4 recommended by Royal Society and US EPA except soil
intake.
 !
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risk assessment associated with oral ingestion
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Health risk assessment of heavy metals in
drinking water based on field measurement of
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soil [1]. The presence of boron in soil and irrigation
water is an important determinant in agricultural production [2, 3]. All plants require boron in varying
amounts for normal growth [4]. In dicotyledons, boron (B) deficiency inhibits root growth and causes
degeneration in the meristematic regions [5]. Recent
studies have shown that using boron-containing fertilizers for sunflowers, which are dicotyledonous
plants, resulted in higher root and leaf development.
Sunflower (    L.) is the one of the
main crops used for edible oil production in many
countries of the world, including Turkey. Sunflower
is an arable crop requiring high levels of boron
(> 0.5 ppm), and thus, are highly susceptible to boron deficiency or boron excess [4, 6]. It was
determined that fertilization with boron increased the
yield of sunflower production by 10 to 20%. The leaf
index reported that the critical boron level needed to
reach the highest economic productivity was
32.4 mg kg−1 [7].
Boron (B) has a broad effect on the physiological processes in plants [8]. There is extensive evidence supporting its role in the cell wall, plasma
membrane, and various metabolic pathways in cells
[2]. There is no evidence proving its direct effect on
photosynthesis [9, 10]. However, El-Shintinawy
[11] reported that boron deficiency caused structural
and functional disruption in the leaves of sunflowers
(    L.), and thus, directly or indirectly, affected photosynthesis. Other studies have
also reported that the chlorophyll content of leaves
in many plants showed a varying response to boron
deficiency or excessive boron and may increase or
decrease [10, 12].
The effect of boron on a plant varies based on
the lack of or excessive boron. In plants, boron deficiency causes decreased product quality and product
losses, while excessive boron causes toxicity [6].
Boron toxicity triggers the formation of reactive oxygen species (ROS), such as superoxide anions, hydroxyl radicals, hydrogen peroxide (H2O2) and singlet oxygen in plant tissues [13]. As in the case of
other environmental stress factors (drought, salinity,
cold, and heavy metals), a plant antioxidant defense

Boron, an essential element for many organisms, has a unique role in plant metabolism. Boron
plays a vital role in cell propagation, plant growth,
photosynthesis and various metabolic pathways. Although there have been different studies on the effects
of boron on the sunflower, the number of studies of
the effect of boron on its antioxidant defense mechanism is limited. This study aimed to determine the
effect of boron on the morphological (leaf area) and
physiological (chlorophyll contents and SOD, CAT,
GR, and APX enzymes) characteristics of sunflower
(    L.) plants during the seedling
growth period. The study used 250 g of turf contained in 15 cm × 13 cm pots. For each boron dose,
six pots were used, and five seeds were planted in
each pot, which were pressed down after covering
with 75 g turf, and 100 ml of water was used for the
first irrigation of each pot. Seedlings, which emerged
in about a week, were irrigated every two days for
two weeks with 100 ml of water containing boron
(Na2O5B2O3.10H2O) at different doses of 0 (control)
and 0.5, 1.0, 1.5 and 2.0 mg l-1 per pot. The largest
leaf areas (2nd and 3rd) were observed in the seedlings
irrigated with water containing 1 mg l-1 of boron.
Chlorophyll content (chlorophyll a, chlorophyll b
and total chlorophyll) decreased with increasing
boron doses (10.39%, 31.78% and 31.27%,
respectively), whereas GR and CAT activities
increased (0.1% and 49.46%), and SOD and APX
activities decreased (18.18% and 0.07%) with
increasing doses of boron.


(& "#
Sunflower, boron (B), antioxidant enzymes, chlorophyll,
leaf area

$" %$ 
Boron (B) is a micronutrient essential to the
growth and development of plants and is absorbed
by plants in the form of boric acid (H3BO3) from the
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-9-7314)9154 5. 0257560>22 549-49 The
protocol proposed by Curtis and Shetty [18] was
used to determine the chlorophyll a, chlorophyll b
and total chlorophyll contents of the leaves of plants
to which different doses of boron were applied. By
following the protocol, 50 mg of green material was
put into 3 ml of methanol and kept at 23°C in darkness for 2 hours to allow the chlorophyll in the green
material to dissolve into methanol. Then, the optical
density (OD) of 1.5 ml of the liquid part (the chlorophyll-containing methanol) was determined at 650
and 665 nm using spectrophotometry, and the chlorophyll a, chlorophyll b and total chlorophyll contents were expressed as "µg chlorophyll/g of fresh
tissue."

4915=1,)494?>3-4)2>8-8To determine
the enzyme changes in plants under drought and salt
stress, approximately 1 g of fresh leaf samples in liquid nitrogen were ground in porcelain mortars and
homogenized with 10 ml of a 50-mM phosphate
buffer solution containing 0.1 mM of Na-EDTA (pH
of 7.6). The homogenized samples were centrifuged
at 15,000 g for 15 minutes, and the resultant precipitates were used in enzyme analyses. Samples were
kept at +4°C until the enzyme analyses were
performed. For the enzyme measurements, final volumes were obtained using the buffer solution.
Superoxide dismutase (SOD) activity was determined using the method proposed by Çakmak and
Marschner [19], and Çakmak [20], based on the reduction of NBT (nitro blue tetrazolium chloride) by
O2- under light. All the solutions were added to the
reaction medium in the following order: 0.1 mM of
Na-EDTA containing 50 mM (pH: 7.6) phosphate
(P) buffer, the enzyme extract (25 to 100 µl)
followed by 0.5 ml of 50 mM Na2CO3 (pH of 10.2),
0.5 ml of 12 mM of L-methionine, 0.5 ml of 75 µm
of p-nitro blue tetrazolium chloride (NBT) and
10 µm of riboflavin were each added to the medium
to make up the final volume to 5 ml. The samples
were kept under light for 15 minutes and measurements were taken at 560 nm.
Catalase activity (CAT) was measured based
on the decomposition rate of H2O2 at 240 nm
(E = 39.4 mM cm−1) [19, 20]. In this enzyme analysis, the final volume of the reaction medium was
adjusted to 1 ml by adding 0.1 mM of EDTA containing a 50-mM phosphate buffer (pH of 7.6),
0.1 ml of 100 mM of H2O2 and enzyme extract into
the reaction medium.
Ascorbate peroxidase (APX) activity was
measured using the method proposed by Çakmak
and Marschner [19], and Çakmak [20], based on the
oxidation of ascorbate at 290 nm (E = 2.8 mM cm−1).
By following the method, the final volume of the
reaction medium was adjusted to 1 ml by adding
0.1 mM of EDTA containing a 50-mM phosphate
buffer (pH of 7.6), 0.1 ml of 10 mM of EDTA
containing 12 mM of H2O2, 0.1 ml of 0.25 mM of L-

mechanisms interfere to eliminate the reactive oxygen species (ROS) formation due to boron toxicity.
This system comprises enzymatic (CAT, SOD,
APX, GR) and non-enzymatic (flavonoids, phenolic
compounds, alkaloids, tocopherols and carotenoids)
elements [14]. Furthermore, it has been reported that
boron deficiency, an environmental stress factor, facilitated ROS formation, and thus, caused the structural and functional destruction of thylakoid membranes [11]. Many studies have investigated the morphological, physiological, biochemical and molecular responses of plants to boron (B) deficiency or excess [1, 5, 13, 15]. However, the studies on the effect
of boron in the sunflower have been generally
limited to the effect of boron applied to plant growth
and development, the yield, oil content, boron requirement of the plant and fertilization of the plant
with boron [7, 15]. Many physiological [6, 11] and
molecular studies [16] were conducted pursuing different goals. However, there is a dearth of studies investigating the effect of boron application on the antioxidant system in sunflower plants. Keleş et al. [17]
conducted a study on the effect of high boron concentration on the antioxidant system in sunflower.
This study aimed to investigate the effect of boron
(B) on the morphological and physiological characteristics of the sunflower (    L.)
plants during the seedling growth period.
$"#$ #

!2)49)9-71)2In the study, the edible "TARSAN-1018" sunflower variety (   
L.) was obtained from the "Trakya Agricultural Research Institute". 

:29:7- -,1:3 :29:7- 54,191548 )4,
5754 6621+)9154 The study used 250 g of turf
contained in 15 cm × 13 cm pots. For each boron
dose, six pots were used and five seeds were planted
in each pot, which was pressed down after covering
with 75 g turf, and 100 ml of water was used for the
first irrigation of each pot. All trials were carried out
in climate-controlled growth cabinets under fluorescent light (27 μmol m−2 s−1) and at 24 ± 1°C for a
photoperiod of 16 hours of light and 8 hours of darkness.
Seedlings, which emerged in about a week,
were irrigated every two days for two weeks with
100 ml
of
water
containing
boron
(Na2O5B2O3.10H2O) at different doses of 0 (control),
0.5, 1.0, 1.5 and 2.0 mg l−1 per pot.
-9-7314)91545.-).7-)The leaf area in
mm2 was determined using a computer program and
a desktop scanner.
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22" statistical software, and the averages of the treatments were compared to each other with Duncan’s
Test by using "MSTAT-C" software [21].

ascorbic acid and enzyme extract into the medium,
and then the ascorbate concentration was measured
at 290 nm using spectrophotometry.
Glutathione reductase (GR) activity was measured using the method proposed by Çakmak and
Marschner [19] and Çakmak [20], based on the oxidation of NADPH at 340 nm (E = 6.2 mM cm−1). By
following the method, the final volume of the
reaction medium was adjusted to 1 ml by adding
0.1 mM of EDTA containing a 50-mM phosphor
buffer (pH of 7.6), 0.1 ml of 0.5 mM of oxidized
glutathione (GSSG), 0.1 ml of 0.12 mM of NADPH
and enzyme extract into the medium, and then the
NADPH oxidation was measured at 340 nm.


"#%$#
Table 1 shows that the application of 1 mg l-1 of
boron increased the leaf area compared with the control group, as determined the morphological measurements. The highest results in the 2nd and the 3rd
leaf areas (47.14, 15.96 mm2) were obtained by applying 1 mg l−1 of boron to the seedlings. The highest
boron concentration of 2 mg l−1 resulted in the 2nd
leaf area being decreased by 49.03%, and the 3rd leaf
area was increased by 113.36% (Table 1).
Table 2 shows the effect of boron doses on the
chlorophyll content of the sunflower seedlings
leaves.

#9)91891+)24)2>818The trials were carried out
using four repetitions in accordance with the "Completely Randomized Design". Variance analysis of
the data was performed using "IBM SPSS Statistics



$ 
..-+95.,1..-7-49*5754,58-85490-2-).)7-)5.8:4.25<-78--,214/8

575458-
3/2 
0.00 (Control)
0.50
1.00
1.50
2.00

4,

-).7-)
33 
31.63±1.17 b
29.79±0.96 b
47.14±1.13 a
32.83±0.73 b
26.66±1.46 c

-+7-)8-")9-++57,14/
95549752

7,

-).7-)33 

4+7-)8-")9-++57,
14/95549752

7.48±0.63 c
15.14±0.86 a
15.96±0.99 a
9.71±0.73 c
11.35±0.67 b

49.03

113.36

Each data represents the average of four repetitions ± standard error.
The differences between the means represented with different letters in the same column are significant at p ≤ 0.05.

$ 
..-+95.,1..-7-49*5754,58-85490-+0257560>22+549-495.90-2-);-85.8:4.25<-78--,214/8
@/+0257560>22 /.7-809188:-
575458-
3/2 

0257560>22)
549-49

0.00 (Control)
0.50
1.00
1.50
2.00

843.81±16.34 a
756.16±11.97 b
788.80±12.12 ab
586.71±12.82 c
597.34±14.77 c

-+7-)8-")9-
++57,14/95
549752

10.39

0257560>22*
549-49
309.94±12.44 a
274.04±10.83 b
275.40±8.67 b
211.45±11.80 d
241.10±8.73 c

-+7-)8-")9-
++57,14/95
549752

31.78

$59)202575
60>22549-49

-+7-)8-")9-
++57,14/95
549752

459.51±13.76 a
408.43±11.93 b
416.59±9.11 b
315.84±16.43 c
320.50±8.02 c

31.27

Each data represents the average of four repetitions ± standard error.
The differences between the means represented with different letters in the same column are significant at p ≤ 0.05.

$ 
..-+95.,1..-7-49*5754,58-854)4915=1,)49-4?>3-)+91;19>"!'$)4,# 
148:4.25<-78@352B314A B3/A B$
5754
58-
3/2 

2:9)90154-
"-,:+9)8-
"

0.00
0.50
1.00
1.50
2.00

80.44±1.45 a
78.78±1.95 b
76.89±2.38 b
80.45±1.69 a
81.00±1.73 b

4+7-)8-
")9-+
+57,14/
9554
9752

0.1

8+57*)9-
!-75=1,)8-
!'

5096.44±114.41 b
5150.59±87.46 a
5133.67±97.13 a
5093.06±75.46 b
5079.53±79.02 b

-+7-)8-
")9-
++57,14/
95549752


0.07

)9)2)8-
$

268.08±8.55
335.61±10.38
400.68±13.70
147.55±8.88
302.62±14.33

4+7-)8-
")9-
++57,
14/95
549752


49.46

#:6-75=1,-
183:9)8-
# 

-+7-)8-
")9-+
+57,14/
9554
9752

0.22±0.01
0.20±0.01
0.18±0.01
0.18±0.02
0.16±0.01

Each data represents the average of four repetitions ± standard error.
The differences between the means represented with different letters in the same column are significant at p ≤ 0.05.
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were observed in the seedlings irrigated with
1 mg l−1 of irrigation water containing boron (47.14
and 15.96 mm2). Moreover, the 2nd and 3rd leaf area
values decreased with increasing boron doses. Our
results corroborate the study of Cervilla et al. [22],
which reported a decrease in the foliar area of tomato
plants with increasing boron doses. Moreover, boron
deficiency resulted in a decrease in the leaf area of
young sunflower plants as shown by Kastori et al.
[12]. Ogunwole et al. [28] reported that in young
corn seedlings, boron deficiency (3.30 ppm), and excessive boron (6.60 ppm) decreased the leaf area,
and the study concluded that boron had a physiological role in leaf formation and/or growth. At higher
boron doses, fresh and dry weights of sunflower
seedlings were affected negatively [29].
Chlorophyll content is a major factor reflecting
the photosynthetic ratios of cultured plants [28]. Previous studies have reported that boron may have a
direct or indirect effect on chlorophyll content. In
this study, chlorophyll contents (chlorophyll a, chlorophyll b and total chlorophyll) of young sunflower
seedlings decreased with increasing boron doses
(Table 2). Our results were confirmed by Karadavut
et al. [30] who reported that increased boron gave
rise to a significant decrease in the contents of chlorophyll a, chlorophyll b and total chlorophyll. Boron
was reported to be a photosynthesis-limiting factor
in sunflower plants as reported by Plesnicar et al.
[23]. Seth and Aery [31] attributed the decrease in
the chlorophyll content at high boron doses to the decrease in leaf area, as well as marginal necrosis and
chlorophyll degradation. El-Shintinawy [11] reported that boron deficiency facilitated ROS formation, and may affect the chlorophyll synthesis system or the activity of chlorophyllase, and thus, directly or indirectly affect the initial or general processes of photosynthesis. Furthermore, they stated
that boron deficiency significantly decreased the Hill
reaction. Kastori et al. [12] reported that boron deficiency led to a decrease in the chlorophyll content of
the leaves of young sunflower plants. Day [32] reported that at higher boron doses, net photosynthesis
decreased in sunflower.
In plants, the activity of enzymatic antioxidants
usually increases the plant’s tolerance to the destructive effects of stress factors [33]. In this study, APX
and SOD activities decreased (0.07% and18.18%,
respectively) and GR and CAT activities increased
(0.1% and 49.46%, respectively) with increasing boron doses (Table 3). CAT and GR play a primary role
in H2O2 elimination in cytoplasm and chloroplasts
[17]. At the highest boron concentration of 2.00 mg
l−1, the activity of these two enzymes became prominent in the young, growing sunflower seedlings.
The increase in the activities of GR and CAT, which
are among the most effective antioxidant enzymes,
indicate increasing ROS activity in the leaves receiving a high boron concentration of 2.00 mg l−1. Our
results agree with those of Cervilla et al. [13] and

The chlorophyll a, chlorophyll b and total chlorophyll contents of the control group were high in all
cases being 843.81, 309.94 and 459.51 µg of chlorophyll/g of fresh tissue, respectively. Considering the
different boron doses, the best result was obtained
with the application of 1 mg l−1 of boron giving
788.80, 275.40 and 416.59 µg of chlorophyll/g of
fresh tissue, respectively. The chlorophyll a, chlorophyll b and total chlorophyll contents of the group
receiving the highest dose of boron decreased by
10.39%, 31.78%, and 31.27%, respectively compared with the control group (Table 2).
Table 3 shows the antioxidant enzyme (GR,
APX, CAT, and SOD) activities in the control group
and the groups receiving boron doses. The group
treated with a 2 mg l−1 boron dose showed the greatest glutathione reductase (GR) activity of
81.00 µmol min−1 mg−1 (T.A.); the group treated with
1 mg l−1 boron dose showed the lowest glutathione
reductase
(GR)
activity
of
76.89 µmol min− mg−1 (T.A.). GR activity increased
with increasing boron (B) doses, and the increase in
the group with the highest dose (2 mg l−1) was 0.1%
compared with the control group (Table 3).The
group treated with a 0.5 mg l−1 boron showed the
highest activity of ascorbate peroxidase of
5150.59 µmol min−1 mg−1 (T.A.), and the group
treated with a 1.5 mg l−1 boron showed the lowest
ascorbate
peroxidase
activity
of
5093.06 µmol min−1 mg−1 (T.A.). Increasing doses of
boron (B) resulted in decreasing ascorbate peroxidase (APX) activity. The group treated with the
highest boron dose of 2 mg l−1, caused a 0.07% decrease in the APX activity compared with the control
group. The highest catalase (CAT) activity of
400.68 µmol min−1 mg−1 (T.A.) was observed with
1 mg l−1 boron, and the lowest activity of
268.08 µmol min−1 mg−1 (T.A.) was observed in the
control group. The group receiving the highest boron
dose (2 mg l−1) in CAT activity showed a 49.46%
increase compared with the control group. Superoxide dismutase (SOD) activity was the highest
(0.22 µmol min−1 mg−1 (T.A.)) in the control group
and the lowest (0.16 µmol min−1 mg−1 (T.A.)) in the
group treated with 2.0 mg l−1 of boron. In the boron
(B) dose applications, the highest value of SOD activity as 0.20 µmol min−1 mg−1 (T.A.) was obtained
with 1 mg l−1 of boron application. The seedling
group treated with a 2 mg l−1 boron showed an
18.18% decrease in the superoxide dismutase activity (SOD) compared with the control group (Table
3).
#%## 
The 2nd and 3rd leaf areas of sunflower seedlings
were affected by the different boron doses of 1 mg
l−1, 1.5 mg l−1and 2 mg l−1 during the growth period
(Table 1). The largest 2nd and 3rd leaf area results
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while chlorophyll content decreased with increasing
boron concentration. GR and CAT activities increased with increasing boron concentration,
whereas APX and SOD activities decreased. Boron
was also speculated to have a physiological effect on
the development of the leaves of sunflower seedlings.

Oluk et al. [34] that determined that high boron doses
(2.00 mM) increase the CAT and GR activities in tomato varieties. Conversely, it was reported that under conditions with soil boron doses above 40 μg
g–1, the activities of both enzymes were particularly
repressed [17]. Tassi et al. [6] showed that GR activity was decreased in the leaves of sunflowers grown
in soil containing high doses of boron. Moreover,
Çakmak and Römheld [24] and Dube et al. [26], reported that boron deficiency in sunflower (  
 ) plants (< 0.33 mg l−1 of boron) decreased the activity of CAT. Superoxide dismutase
(SOD) catalyzes the conversion of O2 to H2O2, and
ascorbate peroxidase (APX) catalyzes the conversion of H2O2 to H2O [24]. Keleş et al. [17] reported
that, in the leaves of young sunflower seedlings,
SOD activity increased with increasing boron doses.
Tassi et al. [5] showed that, depending on boron toxicity in the leaves of sunflower, SOD activity increased in addition to necrosis and chlorosis. Conversely, Çakmak and Römheld [24], and Dube et al.
[26] reported that APX activity increased, although
SOD activity was not affected. The effect of boron
on the enzyme activity in leaves varies greatly depending on the boron concentration and the tolerance
of plant varieties to boron [8, 13]. High boron doses
significantly affected the antioxidant enzyme activity in potato [8], tomato [13], and chickpea [1],
whereas low boron doses significantly affected the
antioxidant enzyme activity in tea [27].
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Thus, our study showed that seedlings irrigated
with water containing 1 mg l−1 of boron developed
better and had the highest values regarding the morphological and physiological characteristics investigated. Increasing doses of boron had an adverse effect on plants (Figure 1). In summary, regarding the
investigated parameters, the leaf area increased until
it reached a particular boron concentration (1 mg l−1)
and then decreased with increasing concentration,
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Assessment (MA) of United Nations was completed
in 2005 [5], more and more scholars began to think
about and plan for research on and development of
ecosystem services in the future [1, 2].
Changes in landscape pattern will inevitably
lead to strong changes in ecosystem components,
structure, ecological processes, and biodiversity,
which have a significant negative impact on ecosystem services [6, 7]. A change in ecosystem service
value is the quantitative reflection of the dynamic
change of landscape pattern [8]. With the rapid development of urbanization, the economy, and society, the land use area of urban construction continues
to expand and spread outwardly. The extension of
road networks has severely fragmented landscapes.
This effect has changed ecological processes such as
material circulation and energy flow within the landscape. Ecosystem services are closely linked to the
well-being of humans. The degradation of ecosystem
services threatens ecosystem safety both regionally
and globally. Therefore, the intrinsic mechanism of
the impact of landscape pattern changes on the ecosystem service value, the response of each ecosystem
service to changes in the landscape, and the methods
for maintaining the life support function of ecosystems are extremely important topics in the study of
regional sustainable development.
Nanping City is located in the upper reaches of
the Minjiang River, which provides drinking water
for this provincial capital city. Nanping, as the headstream of the Minjiang River and the protection barrier for the ecological environment of Fujian Province, promotes regional coordinated development. In
this study, the changes in landscape pattern and the
relationship between ecosystem service value and
landscape pattern in Nanping over the past 20 years
were evaluated. This not only provides reference for
study on the driving mechanism of ecosystem serYLFH YDOXH FKDQJH EXW DOVR LPSURYHV SHRSOH¶V
awareness of protecting ecological environment and
properly illustrates the relationship between man and
the land. Furthermore, it is significant for building a
healthy and stable urban ecosystem and promoting
regional sustainable development.

ABSTRACT
With the support of GIS and RS, the types of
land use from 1995 to 2015 in Nanping City, China,
were classified and the landscape indices were calculated using FRAGSTATS 4.2 software. Then, the
ecosystem service value of Nanping was obtained
and finally the correlation between landscape index
and ecosystem service function was analyzed via
SPSS. The results showed that the landscape patches
in Nanping mainly consisted of forestland, grassland, and cultivated land from 1995 to 2015. The
area of forestland and construction land increased
significantly, while the area of cultivated land
dropped sharply. The landscape indices of TA, LPI,
and COHESION in Nanping did not change significantly. NP and PD increased at first and then decreased, and the value of CONTAG increased constantly. PAFRAC, ED, and SHDI showed a decreasing trend as a whole, while SHAPE illustrated a volatile situation. In the past 20 years, the value of ecosystem services in Nanping has shown an upward
trend. The maximum contribution to total ecosystem
service value is from forestland, followed by grassland and cultivated land. The total ecosystem service
value was positively correlated with CONTAG and
negatively correlated with ED and SHDI.
KEYWORDS:
landscape, ecosystem service, Nanping, land use, remote
sensing

INTRODUCTION
Ecosystem services are the natural benefits to
the survival and development of humankind that are
formed and maintained by ecosystems and ecological processes [1, 2]. They include not only the food
supply for human beings and raw materials for industrial and agricultural production, but also water
conservation, soil formation and protection, entertainment and culture, and so on [3]. A large-scale
study of ecosystem services by scientists worldwide
began in 1997 [4]. After the Millennium Ecosystem
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According to the characteristics and research needs
of the study area, the types of land were divided into
six categories: forestland, cultivated land, grassland,
water area, construction land, and unused land. The
5, 4, and 3 bands were used for color synthesis of the
mosaic remote sensing image because this method
can easily differentiate the six land use types. The
land use classification was carried out via the objectoriented classification method.

METHODS
Study area. The provincial capital city of
1DQSLQJ ƍ ̢ƍ1 ƍ±ƍ(  LV
located in southeastern China, near Taiwan (Fig. 1a).
It has a subtropical monsoon climate with an average
annual temperature of 17±19 Ԩ, average winter temperature of 6±9 Ԩ, average summer temperature of
28±29 Ԩ, and average annual rainfall of 1684±1780
mm. It governs two municipal districts, five counties, and three county-level cities (Fig. 1c) and covers an area of more than 26,300 km2. The forest
coverage rate in Nanping was 75.3%. Wuyishan, a
county-level city under the jurisdiction of Nanping,
is not only the most preserved forest ecosystem at the
same latitude and longitude region, but also one of
only four natural and cultural heritage sites in China.

Choice of landscape index. The main focus of
the study of landscape ecology is the relationships
between society and the living space of humans [9].
Therefore, many scholars began to pay attention to
the landscape ecology of land remediation [10], ecological environment protection [11-15], land use
[16-18], and regional planning [19, 20]. The initial
study method of landscape pattern was of qualitative
description, but in recent years, it has risen to the
stage of quantitative analysis by combining spatial
analysis techniques and mathematical models [21].
Landscape indices are important tools for studying
landscape pattern [22]. In this study, various landscape indices were analyzed using FRAGSTATS
4.2. This software can calculate up to 59 landscape
indices [23]. Based on the different functions and
properties of these landscape indices, 10 were selected; their descriptions are listed in Table 1.

Data collection. Remote sensing images of
five time series (1995, 2000, 2005, 2010, and 2015)
from Landsat 5 and 7 downloaded from the Chinese
geospatial data cloud (http://www.gscloud.cn/) were
used to study the relationship between landscape and
ecosystem service in Nanping. Owing to the large
study area, 7 series were needed to completely cover
the region. Then, pretreatment, such as inlay and
clip, to these images via ENVI 5.2 was implemented.
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TABLE 1
Landscape indices selected and their descriptions
Landscape
index

Description

NP

Refers to the spatial pattern of a landscape
Often is used to describe the heterogeneity of an entire landscape
Value is positively correlated with the fragmentation of landscape

TA

Refers to the total landscape area of a study region
Provides a basis for the calculation of other indicators

PD

Reflects the fragmentation of the overall landscape patches
High patch density indicates:
patch size per unit area is small
landscape heterogeneity is high

SHAPE

Represents the complexity of the landscape shape, which is defined by the deviation degree of a given
patch shape from a square or circle
The higher the SHAPE value, the more complicated the shape of the patch in the landscape

PAFRAC

Fractal dimension of the perimeter area
PAFRAC close to 1 indicates that the shape of the plaque tends to be simple
PAFRAC close to 2 means a more complex plaque shape

LPI

Ratio of the largest patch area to the total area of the landscape
Indicates the influence of the dominant type on the overall landscape pattern

ED

Ratio of the sum of the perimeter of all the patches in the landscape to the total area of landscape

CONTAG

SHDI

COHESION

Describes the agglomeration for different patch types
A greater value indicates that the landscape consists of a few large patches with agglomeration
Reflects the richness and complexity of the landscape types
A decline in value indicates the difference in types among the landscape types has lessened
Reflects the natural connectivity of patch types
In a given closed area, the higher the cohesion index, the better the connectivity and the lower the landscape fragmentation

TABLE 2
Equivalent weighting factor of ecosystem services value per hectare of terrestrial ecosystems in China.
Indictor

Forestland

Grassland

Gas regulation
Climate regulation
Water conservation
Soil formation
and protection
Waste treatment
Biodiversity conservation
Food production
Supply of raw materials
Entertainment and culture

3.50
2.70
3.20

0.80
0.90
0.80

Cultivated
land
0.50
0.89
0.6

1.80
17.10
15.5

Water
area
0.00
0.46
20.38

Barren
land
0.00
0.00
0.03

3.90

1.95

1.46

1.71

0.01

0.02

1.31
3.26
0.10
2.60
1.28

1.31
1.09
0.30
0.05
0.04

1.64
0.71
1.00
0.10
0.01

18.18
2.50
0.30
0.07
5.55

18.18
2.49
0.10
0.01
4.34

0.01
0.34
0.01
0.00
0.01

Wetland

TABLE 3
Equivalent weighting factor of ecosystem services value per hectare of terrestrial ecosystems in Nanping.
3.50
2.70
3.20

Cultivated
land
0.50
0.89
0.60

3.90
1.31
3.26
0.10
2.60
1.28

Forestland
Gas regulation
Climate regulation
Water conservation
Soil formation and protection
Waste treatment
Biodiversity conservation
Food production
Supply of raw materials
Entertainment and culture

0.00
0.46
20.38

Unused
land
0.00
0.00
0.03

1.46

0.01

0.02

1.31

1.64
0.71
1.00
0.10
0.01

18.18
2.49
0.10
0.01
4.34

0.01
0.34
0.01
0.00
0.01

1.95
1.09
0.30
0.05
0.04
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type, and ݂ represents the equivalence factor of a
kind of ecosystem service of a land use type.
The total ecosystem service value can be calculated using Formula 3.

Choice and calculation of ecosystem service
value. In this study, nine types of ecosystem service
indicators were employed: gas regulation, climate
regulation, water conservation, soil formation and
protection, waste treatment, biodiversity conservation, food production, supply of raw materials, and
entertainment and culture. In this study, construction
land was not included in the calculation of ecosystem
service value because this activity greatly damages
the environment, such as with the production of domestic sewage and waste gas. We only studied the
positive effects on the surroundings because ecosystem service value reflects the degree of positive influence on the needs of human beings.
We use the equivalent weighting factor of ecosystem services value per hectare of terrestrial ecosystems in China created by Xie et al. [24, 25] and
Costanza et al. [4] (Table 2). The information in the
table has been widely used and approved by scholars
[26]. Based on the land use types employed in the
current work, we simplified Table 2 to create Table
3 in order to suit the research needs of this study.
We can learn from Table 3 that ecosystem service value of other land use types can be calculated
by that of food production of cultivated land in
Nanping. The average grain yield of Nanping in
2015 was 5700 kg/hm2, and the average grain price
in China in 2015 was 5.24 yuan/kg. Therefore, we
can obtain the service value per hectare of cultivated
land in the study area by using formula 1.
ଵ
ܧ ൌ ή ܶ ή ܶ
(1)

where ܧ represents the service value per hectare of cultivated land in the study area (yuan/hm2),
ܶ represents the average grain yield (kg/hm2) in the
study area, and ܶ refers to the national average
grain price (yuan/kg).
Using ܧ obtained via formula 1, the data of
Table 3 and formula 2 can produce the unit area
value of a specific ecosystem service (ܸܥ ).
(2)
ܸܥ ൌ ܧ ή ݂
where ܸܥ denotes a specific ecosystem service unit area value (yuan/hm2 year) of a land use





 ܸܵܧൌ   ܣ ൈ ܸܥ

(3)

ୀଵ 

where  ܸܵܧis the total value of ecosystem services, $L is the area of a specific land use type, and
ܸܥ is a kind of ecosystem service unit value of a
land use type.
Correlation method for landscape indices
and ecosystem service value. To reveal the effect of
landscape indices on ecosystem service value, the
correlation of landscape indices and ecosystem service value was analyzed using SPSS software and
Pearson correlation coefficients.

RESULTS
Areal changes of different landscape types.
As can be seen from Fig. 2, forestland accounted for
the vast majority of area in the six types of land use,
followed by cultivated land and grassland. These
three types accounted for more than 80% of the total
area of the study region. Forestland area increased
very rapidly, by 2075.80 km2 during the 20-year
study period. The area of construction land decreased gradually before 2005. By 2010, it increased
rapidly, with an increase of 797.17 km2 during the 20
years. The amount of water area in the study period
generally did not change. The cultivated land area
barely changed in the first 10 years, and then increased by 2010, followed by a sharp decrease by
2015, with an overall decrease of 1198.70 km2 during the 20 years. The areal changes in grassland and
unused land generally paralleled each other, with an
increase in the first 10 years and a decrease in the
second (last) 10 years, with 2005 as the change
boundary.

),*85(
$UHDOFKDQJHVRIGLIIHUHQWODQGXVHW\SHVIURPWRLQ1DQSLQJ&LW\
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TABLE 4
Landscape indices for different years in Nanping City
Landscape index
NP
TA
PD
SHAPE
PAFRAC
LPI
ED
CONTAG
SHDI
COHESION

1995
151074
2616730
5.7496
1.4761
1.3593
48.5033
33.8889
58.8565
1.3727
99.6471

2000
163071
2622918
6.9687
1.4138
1.3646
48.5417
31.9885
61.4814
1.2863
99.8594

2005
153958
2626998
5.8585
1.461
1.3626
48.509
31.8491
58.8796
1.3806
99.6344

2010
129747
2627462
4.9370
1.5187
1.3595
48.5007
32.2097
58.6971
1.3879
99.5257

2015
99112
2626871
3.7713
1.4427
1.3384
48.5042
23.0131
65.5540
1.1830
99.939

2000 to 2015, from 61.4814 to 65.5540, reflecting a
slight increase in landscape aggregation. The SHDI
index characterizes the complexity of the landscape
structure [27]. It showed a downward trend in value
during the study period, indicating that the structural
FRPSOH[LW\RI1DQSLQJ¶V landscape decreased, with
each patch type equally divided. The COHESION
index reflects not only the natural connectivity of the
various patch types [28], but also characterizes landscape fragmentation. COHESION in Nanping
changed little over the 20 years, but was slightly
higher in 2015 compared with that in 1995, indicating that landscape connectivity increased as fragmentation decreased, which was consistent with the
trend in NP.
To summarize, owing to the rapid economic development and urbanization, the landscape in the
study area transformed from disorderly development
to reasonable planning in Nanping over the 20 years.
The distribution of all six landscape types gradually
balanced out the development.

Changes in landscape indices. We calculated
all 10 kinds of landscape indices for different years
using FRAGSTATS 4.2 software (Table 4). No significant changes in TA and LPI occurred during the
study period. The number of plaques in the study
area increased at first and then decreased; in the year
2000, the number of plaques was at its maximum,
reaching 163,071, and the number of patches in 2015
was the minimum. PD first increased and then decreased during the study period; in 2000, the patch
density was at its maximum, reaching 6.9687, and
then dropped to 3.7713 in 2015.
The urbanization process of Nanping City before the year 2000 was in its infancy, with a substantial increase in population and uncoordinated relationships between the economy and environment,
leading to the disordered situation of the study area.
The results from the landscape research indicated
that landscape fragmentation in the study region rapidly increased with increasing patch number and
density.
After the year 2000, the urbanization of
Nanping accelerated significantly as the economy
continuously developed. The development of
Nanping gradually moved towards a benign stage.
The specific performance is that the plaque aggregation increased with the decrease in plaque number
and density and in landscape fragmentation. The
SHAPE index describes the complexity of the landscape shape. From 1995 to 2015, SHAPE showed a
fluctuating trend. Before 2005, SHAPE changed insignificantly. Then, SHAPE increased, with a value
of 1.5187 in 2010, indicating that the overall complexity of the landscape in Nanping had increased.
Finally, its value fell back to 1.4427 in 2015.
In this study, the perimeter area fractal dimension (PAFRAC) was selected to measure the complexity of landscape patches in the study area. The
PAFRAC index decreased slightly during the study
period, indicating that the plaques of land use types
showed aggregation and decreasing geometrical
complexity from 1995 to 2015. Although the ED index fluctuated, it showed an overall decreasing
trend. This indicated that the irregularity of landscape patches was reduced under the gradual rational
planning of human beings, which agrees with the
PAFRAC tendency. The CONTAG index for
Nanping showed an upward trend, increasing from

Value and contribution rate of ecosystem
service for different land use types. It can be seen
from Table 5 that the maximum value per unit area
of ecosystem service among the land use types in
Nanping was from the water area type. The contribution rates of water conservation and of waste treatment were the most important service types of the
water area land use. Forestland was the land use type
with the second highest value of ecosystem service.
Excluding waste treatment, food production, and entertainment and culture service types, the values of
the service types of forestland were higher than
11,000 yuan/hm2. The values of ecosystem services
for grassland and cultivated land were similar
amongst the land use type, and the value for unused
land was the lowest.
The ecosystem services values and their contribution rates to different land use types from 1995 to
2015 are shown in Figs. 3 and 4, respectively. Although the value of ecosystem services fluctuated
over the two decades, the ecosystem services values
generally increased. The functional values increased
from 206.58 billion yuan in 1995 to 220.033 billion
yuan in 2015, with an overall increase of 13.451 billion yuan over the 20 years and an average annual
growth of 0.672 billion yuan. In terms of land use
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yuan and an average annual decrease of 0.081 billion
yuan. The contribution rate of grassland was close to
that of cultivated land, with a value ranging from
1.5% to 3.5%. The service value of the water area
remained generally stable, only increasing between
2000 and 2005, then gradually decreasing to a level
similar to that of 1995, for an overall decrease of
0.64 billion yuan over the 20 years. The contribution
rate of water area ranked after forestland, with a
value greater than 5%. The unused land slowly decreased in service value, with a total reduction of
0.0976 billion yuan over the 20 years, and had a contribution rate that was extremely low, with a value of
less than 0.1%.

types, the functional value of forestland had the largest increase, with a contribution rate of more than
85%. Its value increased from 180 billion yuan in
1995 to 199.36 billion yuan in 2015, with a total increase of 19.356 billion yuan and an average annual
increase of 0.967 billion yuan. The value of cultivated land remained relatively stable before 2005,
and then it increased in 2010, reaching a value of
7.2344 billion yuan. A subsequent linear decline in
2015 was observed, reaching a value of 3.263 billion
yuan, with an overall decrease of 3.535 billion yuan
during the 20 years. In addition to the increasing
functional value of grassland in the year 2005, the
value of other stages showed a gradual decreasing
situation, with an overall decrease of 1.631 billion

TABLE 5
List of ecosystem services value per hectare in Nanping City (ten thousand yuan/hm 2)
Service type
Gas regulation
Climate regulation
Water conservation
Soil formation and protection
Waste treatment
Biodiversity conservation
Food production
Supply of raw materials
Entertainment and culture
Total

Forestland
1.4933
1.1520
1.3670
1.6640
0.5589
1.3909
0.0427
1.1093
0.5461
9.3243

Cultivated land
0.2133
0.3797
0.2560
0.6229
0.7012
0.3029
0.4267
0.0427
0.0042
2.9497

Water area
0.0000
0.1962
8.6953
0.0042
7.7567
1.0624
0.0427
0.0042
1.8517
19.6136

Unused land
0.0000
0.0000
0.0128
0.0085
0.0042
0.1450
0.0042
0.0000
0.0042
0.1791

FIGURE 3
Changes in ecosystem services value of Nanping City from 1995 to 2015

FIGURE 4
Contribution of ecosystem services value of the five beneficial landscape types
in Nanping from 1995 to 2015
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Grassland
0.3413
0.3840
0.3413
0.5589
0.8320
0.4651
0.1280
0.0213
0.0171
3.0891
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Shannon diversity index (SHDI) and positively correlated with contagion (CONTAG). This shows that
the greater the landscape patch aggregation, the
higher the ecosystem service value, that is to say, the
more the patch is broken, the lower the ecosystem
service value is.
In addition to soil formation and conservation,
the ED, CONTAG, and SHDI indices showed significant correlation with other service functions, which
indicated that the correlation between the formation
and protection of soil and the agglomeration of the
plaques was not significant. That is to say, if the
plaque is overly broken, the functions of gas regulation, climate regulation, water conservation, waste
management, biodiversity conservation, food production, raw materials, and entertainment and culture will not take effect. However, the correlation between the formation and conservation of soil and the
number of plaques (NP) and plaque density (PD)
both exceeded 0.8, indicating that the function was
strongly influenced by NP and PD. The greater the
PD, the better the soil formation and protection, because various types of plaques, such as forestland,
grassland, and cultivated land, provide cover, as the
vegetation in these land use types grows above the
soil. The perimeter area fractal dimension
(PAFRAC) refers to the complexity of the plaque
shape. The higher the value of PAFRAC, the more
complex the plaque shape is. It can be seen from Table 6 that PAFRAC had a significantly negative correlation with gas regulation, climate regulation,
waste treatment, and raw materials and a significantly positive correlation with food production,
which indicated that the more complex the plaque
shape, the lower the values of gas regulation, climate
regulation, waste treatment, and raw materials were
and the higher the value of food production was.

We can see from Fig. 5 that the value order of
various ecosystem service types in Nanping from
1995 to 2015 is as follows: Soil formation and protection> Water conservation> Gas regulation> Biodiversity conservation> Raw materials> Waste treatment> Entertainment and culture> Food production.
For the fast-growing economy of Nanping City, Soil
formation and protection is of great significance, and
the service values of gas regulation, water conservation, and biodiversity conservation are also more
than 30 billion yuan each. Therefore, Nanping
should strengthen the conservation of forestland so
that the functions of water conservation, biodiversity
conservation, and gas regulation continue to be
maintained at a higher level. During the study period,
the area of forestland increased greatly, hence the
service values of most ecosystem service types, such
as gas regulation and water conservation, were significantly increased. At each stage, the value of various ecosystem service types in Nanping fluctuated
little, mainly because the economy in Nanping was
not yet in a state of rapid development and the
change in land use types was not significant. Meanwhile, this is also an important reason contributing
to forestland covering a large part of the total study
area.
Correlation analysis of landscape indices
and ecosystem services value. Changes in landscape patterns can alter the structure, processes, and
functions of ecosystems. From the correlation analysis of landscape indices and ecosystem services
function in Nanping from 1995 to 2015, correlation
coefficients were obtained (Table 6). Overall, the
ecosystem services values in Nanping were negatively correlated with marginal density (ED) and

FIGURE 5
Values of ecosystem services in Nanping City
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TABLE 6
Correlation between landscape metrics and ecosystem services values
Service type
Gas regulation
Climate
regulation
Water
conservation
Soil formation
and protection
Waste
treatment
Biodiversity
conservation
Food
production
Supply of
raw materials
Entertainment
and culture
Total

NP
-0.760

TA
0.326

PD
-0.647

SHAPE
-0.481

PAFRAC
-.907*

LPI
-0.057

ED
-.977**

CONTAG
.965**

SHDI
-.942*

COHESION
0.829

-0.729

0.317

-0.612

-0.520

-.888*

-0.018

-.968**

.968**

-.948*

0.849

-0.561

0.355

-0.445

-0.657

-0.752

0.121

-.901*

.915*

-.901*

0.867

0.830

-0.131

0.810

-0.467

0.694

0.577

0.493

-0.382

0.338

-0.047

-0.730

0.316

-0.611

-0.521

-.888*

-0.015

-.968**

.970**

-.950*

0.851

-0.705

0.318

-0.592

-0.541

-0.872

-0.007

-.961**

.959**

-.940*

0.852

0.789

-0.319

0.725

0.372

.932*

0.229

.962**

-.890*

0.855

-0.724

-0.790

0.338

-0.677

-0.444

-.923*

-0.083

-.984**

.966**

-.941*

0.813

-0.722

0.358

-0.606

-0.523

-0.875

-0.013

-.970**

.960**

-.938*

0.841

-0.672

0.330

-0.554

-0.577

-0.845

0.036

-.951*

.958*

-.940*

0.865

Note: ** p<0.01. * p<0.05.

the structure of land use was changed obviously. The
exploitation and utilization of unused land continued
to increase, as the area of this land use type showed
a continuous decrease.
It can be seen from the results of this research
that the agglomeration of landscape patches is beneficial to the functional implementation of ecosystem
services, which indicates the complexity and relativity of the ecosystem. The functions of the ecosystem
need a certain amount of area in order to take effect.
However, the question of what the minimum area of
an ecosystem can be for it to still play its role has not
been answered. It will be addressed in future research.
A complexly shaped landscape patch can increase the grain yield, which illustrates that the comSOH[LW\ RI D ODQGVFDSH SDWFK¶V VKDSH LQFUHDVHV WKH
contact opportunities between cultivated land and
surrounding plaques. In agricultural production,
many crops need the help of surrounding plants and
animals to fructify. Therefore, designing the boundary of cultivated land to be disordered and consciously increasing the contact area between cultivated land and the surrounding environment can increase the output of foodstuffs when cultivating
crops.

DISCUSSION
It can be seen that the ecological environment
of Nanping has improved rapidly in the past 20
years, with a prominent reduction of cultivated land
and an increase in forestland. The main reason for
the decrease in cultivated land is that rural laborers
continuously transferred to cities during the study
period. At the same time, poor natural and social
conditions, such as poor traffic conditions and steep
terrain, led to difficulties in working the cultivated
land, and the rate of abandonment of cultivated land
was so high after overexploitation that it led to low
productivity and inefficiently cultivated land. For
example, the abandonment of cultivation in the villages of Sanlou and Beishan, located in Nanping,
was very prominent. However, some of the cultivated land located in the area of urban±rural integration, which had better site conditions, had been
changed to forest after the land was abandoned.
Therefore, during the study period, the forest coverage rate greatly increased. The forest ecosystems in
Nanping fully played roles in water conservation,
climate regulation, and soil formation and protection.
In the most recent years of the study period, the
effect of Nanping on the economic development
zone located in the part of China that is located west
of the island of Taiwan has been enhanced with vigRURXVVXSSRUWIURP&KLQD¶VFHQWUDOJRYHUQPHQW ,Q
addition, the study area is rich in tourism resources,
VXFKDV:X\LVKDQZKLFKLVGHVLJQDWHGD³:RUOGFXO
WXUDODQGQDWXUDOKHULWDJH´XQGHUWKHMXULVGLFWLRQRI
Nanping. In 2015, the total number of tourists that
visited Wuyishan was 11,031,900 and tourism revenue reached 17.247 billion yuan. In the same year,
Wuyishan was selected as 1 of the 10 national parks
pilot projects in China. Owing to the rapid economic
development and population growth in Nanping, the
need to land has been continuously strengthened and

CONCLUSIONS
Based on the five time series of remote sensing
data interpretation of land use, in this study, the
change in landscape area and indices and the relationship between landscape indices and ecosystem
services value in Nanping were quantitatively analyzed. The results showed that:
(1) 'XULQJWKHVWXG\SHULRGWKHODQGXVHW\SHV
LQ1DQSLQJZHUHGRPLQDWHGE\IRUHVWODQGJUDVVODQG
DQGFXOWLYDWHGODQGDFFRXQWLQJIRUPRUH WKDQ
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RIWKHWRWDODUHDRIWKHVWXG\UHJLRQ7KHDUHDVRIIRU
HVWODQG DQG FRQVWUXFWLRQ ODQG LQFUHDVHG REYLRXVO\
7KH DUHD RI IRUHVWODQG LQFUHDVHG E\  NP
RYHUWKH\HDUVWXG\SHULRGLQFRQWUDVWWKHPRVW
VHYHUHGHFUHDVHLQDUHDZDVRIFXOWLYDWHGODQGZLWK
DUHGXFWLRQRINP
(2) 'XULQJWKH VWXG\SHULRGWKH7$/3,DQG
&2+(6,21 LQGLFHV GLG QRW FKDQJH VLJQLILFDQWO\
+RZHYHU 13 DQG 3' ILUVW LQFUHDVHG DQG WKHQ GH
FUHDVHG PDLQO\ EHFDXVH WKH ODQGVFDSH SDWWHUQ ZDV
LPSOHPHQWHGIURPEOLQGGHYHORSPHQWDWILUVWWRUD
WLRQDO SODQQLQJ DW ODVW DV WKH HFRQRP\ GHYHORSHG
7KHRYHUDOOODQGVFDSHIUDJPHQWDWLRQLQ1DQSLQJILUVW
LQFUHDVHGDQGWKHQGHFUHDVHGGXULQJWKH\HDUV$W
WKHVDPHWLPHFRQQHFWLYLW\RIODQGVFDSH &217$* 
JHQHUDOO\ ZDV HQKDQFHG +RZHYHU 3$)5$& ('
DQG6+',LQWKHVWXG\DUHDVKRZHGGRZQZDUGWUHQGV
GXULQJWKH\HDUVPDLQO\EHFDXVHWKHLQWHQVLILFD
WLRQRIKXPDQDFWLYLWLHVOHGWRVLPSOLILFDWLRQRIWKH
ODQGVFDSHVKDSH
(3) )URPWRWKHYDOXHRIHFRV\VWHP
VHUYLFHVLQ1DQSLQJVKRZHGDQRYHUDOOXSZDUGWUHQG
ZLWK D WRWDO LQFUHDVH RI  ELOOLRQ \XDQ GXULQJ
WKH\HDUV7KHFRQWULEXWLRQUDWHRIIRUHVWODQGHFR
V\VWHPVHUYLFHZDVPRUHWKDQDQGWKDWRIJUDVV
ODQGDQGFXOWLYDWHGODQGUHPDLQHGEHWZHHQDQG
7KHFRQWULEXWLRQUDWHRIZDWHUDUHDDQGXQXVHG
ODQGGHFUHDVHGE\DVPDOOHUDPRXQW7KHUDWHRIXQ
XVHGODQGZDVOHVVWKDQ7KHRUGHURIIXQFWLRQDO
YDOXHRIHDFKHFRV\VWHPVHUYLFHW\SHLQ1DQSLQJLV
DVIROORZVVRLOIRUPDWLRQDQGSURWHFWLRQ!ZDWHUFRQ
VHUYDWLRQ!JDVUHJXODWLRQ!ELRGLYHUVLW\FRQVHUYDWLRQ!
UDZPDWHULDOV! ZDVWHWUHDWPHQW!HQWHUWDLQPHQWDQG
FXOWXUH!IRRGSURGXFWLRQ
(4) 7KHWRWDOHFRV\VWHPVHUYLFHYDOXHZDVSRV
LWLYHO\FRUUHODWHGZLWK&217$*DQGQHJDWLYHO\FRU
UHODWHG ZLWK (' DQG 6+', 7KH VHUYLFH IXQFWLRQV
H[FOXGLQJWKHIRUPDWLRQDQGSURWHFWLRQRIVRLOZHUH
FORVHO\UHODWHGWR('&217$*DQG6+',7KHUH
ZDV D VLJQLILFDQW FRUUHODWLRQ EHWZHHQ WKH VRLO IRU
PDWLRQDQGSURWHFWLRQVHUYLFH W\SH DQGWKH 13DQG
3'LQGLFHV3$)5$&VKRZHGDVLJQLILFDQWQHJDWLYH
FRUUHODWLRQ ZLWK DLU UHJXODWLRQ FOLPDWH UHJXODWLRQ
ZDVWHGLVSRVDODQGUDZ PDWHULDOVDQGD VLJQLILFDQW
SRVLWLYHFRUUHODWLRQZLWKIRRGSURGXFWLRQ
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)UHVHQ(QYLURQ%XOO
[9] &KX '   /DQGVFDSH HFRORJ\ FRQFHSW
RULJLQ DQG GHYHOSPHQW -RXUQDO RI 6KDQGRQJ
1RUPDO8QLYHUVLW\  
[10] %UDJKLQ&3HSWHQDWX''UDJKLFL&3LQWLOLL
5'  7HUULWRULDOPDQDJHPHQWZLWKLQWKH
V\VWHPV DIIHFWHG E\ PLQLQJ &DVH VWXG\ WKH
6RXWKZHVWHUQGHYHORSPHQWUHJLRQLQ5RPDQLD
,UDQLDQ -RXUQDO RI (QYLURQPHQWDO +HDOWK 6FL
HQFH (QJLQHHULQJ  
[11] )XHQWHVPRQWHPD\RU(*RXOVRQ'3DUN.-
  7KH HIIHFWLYHQHVV RI DJULHQYLURQPHQW
VFKHPHVIRUWKHFRQVHUYDWLRQRIIDUPODQGPRWKV
DVVHVVLQJ WKH LPSRUWDQFH RI D ODQGVFDSHVFDOH
PDQDJHPHQWDSSURDFK-RXUQDORI$SSOLHG(FRO
RJ\  
[12] -DFNVRQ 67 +REEV 5-   (FRORJLFDO
UHVWRUDWLRQLQWKHOLJKWRIHFRORJLFDOKLVWRU\6FL
HQFH  
[13] /LQGHQPD\HU'+REEV5-0RQWDJXH'UDNH
5 $OH[DQGUD - %HQQHWW $ %XUJPDQ 0
&DOH 3 &DOKRXQ $ &UDPHU 9 &XOOHQ 3
 $ FKHFNOLVW IRU HFRORJLFDO PDQDJHPHQW
RIODQGVFDSHVIRUFRQVHUYDWLRQ(FRORJ\/HWWHUV
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[27] /L ' 'LQJ 6 =KDR 4 =KX = 'RQJ &
  /DQGVFDSH KHWHURJHQHLW\ DQDO\VLV IRU
W\SLFDODJULFXOWXUDODUHDRIWKHPLGGOHDQGORZHU
UHDFKHVRIWKH<HOORZ5LYHUEDVHGRQFKDUDFWHU
LVWLFVFDOHV-RXUQDORI+HQDQ8QLYHUVLW\  

[28] /X< 6KH -< &KHQ &+ 6KH<& /XR
**  /DQGVFDSHHFRORJLFDOVHFXULW\SDW
WHUQ RSWLPL]DWLRQ EDVHG RQ WKH JUDQXODULW\ LQ
YHUVHPHWKRG$FDVHVWXG\LQ;LX\LQJGLVWULFW
+DLNRX$FWD (FRORJLFD 6LQLFD    


[14] &DQRYD /   3URWHFWHG DUHDV DQG ODQG
VFDSH FRQVHUYDWLRQ LQ WKH /RPEDUG\ SODLQ
QRUWKHUQ,WDO\ DQDSSUDLVDO/DQGVFDSH 8U
EDQ3ODQQLQJ  
[15] -XULãLü%9LGLFNL%  ,QIOXHQFHRIVRPH
HFRORJLFDOIDFWRUVDQGIRUHVWSUDFWLFHRQWKHVSD
WLDOSDWWHUQRIVSHFLHVULFKQHVVDQGGLVWULEXWLRQ
RI ORZODQG IRUHVWV DW ODQGVFDSH OHYHO D FDVH
VWXG\ )ORRGSODLQ IRUHVW DUHD RI 5DYQL 6UHP
6HUELD )UHVHQ(QYLURQ%XOO
[16] 0DUXOO - 3LQR -7HOOR ( &RUGRELOOD 0-
  6RFLDO PHWDEROLVP ODQGVFDSH FKDQJH
DQGODQGXVHSODQQLQJLQWKH%DUFHORQD0HWUR
SROLWDQ 5HJLRQ /DQG 8VH 3ROLF\    

[17] $OODQ-'  /DQGVFDSHVDQGULYHUVFDSHV
WKHLQIOXHQFHRIODQGXVHRQVWUHDPHFRV\VWHPV
$QQXDO 5HYLHZ RI (FRORJ\ (YROXWLRQ  6\V
WHPDWLFV  
[18] 6RQJ ; /X ; =KDQJ = &KHQ =  
/DQG XVH FKDQJH LQ 1DROL 5LYHU %DVLQ DQG LWV
HFRHQYLURQPHQW HIIHFWV GXULQJ 
)UHVHQ(QYLURQ%XOO
[19] 6KLUOL %' 6DOW] ' 'D\DQ 7 6KNHG\ <
 8VLQJVSDWLDOO\H[SDQGLQJSRSXODWLRQVDV
DWRROIRUHYDOXDWLQJODQGVFDSHSODQQLQJ7KHUH
LQWURGXFHG3HUVLDQIDOORZGHHUDVDFDVHVWXG\
-RXUQDOIRUQDWXUHFRQVHUYDWLRQ  
[20] 0RLODQHQ$  /DQGVFDSH=RQDWLRQEHQ
HILWIXQFWLRQVDQGWDUJHWEDVHGSODQQLQJ8QLI\
LQJUHVHUYHVHOHFWLRQVWUDWHJLHV%LRORJLFDO&RQ
VHUYDWLRQ  
[21] 6XQ&=<DQ;/=KRQJ-4  (YDOX
DWLRQRIWKHODQGVFDSHSDWWHUQVYXOQHUDELOLW\DQG
DQDO\VLV RI VSDWLDO FRUUHODWLRQ SDWWHUQV LQ WKH
ORZHUUHDFKHVRI/LDRKH5LYHU3ODLQ$FWD(FR
ORJLFD6LQLFD  
[22] /L;+5HQ=<=KRX=;  $QDO\VLV
RQ ODQGVFDSH VWUXFWXUH FKDQJH DQG WKH IDF
WRUVWDNH*XDQ]KRQJ3ODLQ6KDDQ[L3URYLQFHDV
DFDVH-RXUQDORI1RUWKZHVW8QLYHUVLW\  

[23] /X / &KHQJ * /L ;   /DQGVFDSH
FKDQJH LQ PLGGOH +HLKH 5LYHU %DVLQ &KLQHVH
-RXUQDORI$SSOLHG(FRORJ\  
[24] ;LH *' /LQ = /X &; <X ; &DR &
  ([SHUW NQRZOHGJH EDVHG YDOXDWLRQ
PHWKRGRIHFRV\VWHPVHUYLFHVLQ&KLQD-RXUQDO
RI1DWXUDO5HVRXUFHV  
[25] ;LH*;LDR</X&  6WXG\RQHFR
V\VWHP VHUYLFHV SURJUHVV OLPLWDWLRQ DQG EDVLF
SDUDGLJP-RXUQDORI3ODQW(FRORJ\  

[26] =KDQJ<*XDQ'=KDL-'HQJ:  
6SDWLDO DQG WHPSRUDO YDULDWLRQV RI HFRV\VWHP
VHUYLFHV YDOXH LQ &KRQJTLQJ &LW\$FWD 6FLHQ
WLDH&LUFXPVWDQWLDH  
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stimulation by increasing nutrient availability such
as phosphate solubilization by secretion of organic
acids and phosphatases, N2 fixation and phytohormone production like indole-3-acetic acid (IAA).
IAA is the most extensively studied plant hormone
of the auxin class, which stimulates the plant growth
and reproduction of plants and it regulates various
aspects of plant growth and development [2]. Some
of them act as biological control agents against plant
pathogens by either producing antibiotics, lytic enzyme, hydrogen cyanide, siderophore or through
competition for nutrient and space.
    pv.   () causes
bacterial speck of tomato in many growing areas in
Turkey and in the world [3, 4]. Disease causes round
and dark brown to black, slightly raised lesions on
leaves. Dark green halo may be associated with the
spot. Severe spotting may kill large areas of tissue
[5]. Stems, petioles, peduncles, pedicels and petals
are also affected. Infected foliage, leaf defoliation,
flower abortion and fruit lesions cause reductions in
tomato yield due to reduction in photosynthetic areas. Bacterial speck of tomato causes significant reductions, especially in early seasons when the plants
are grown under plastic covers or in the greenhouses
[6, 3]. There are still limitations on the efficacy of
control methods for the bacterial speck disease. Copper containing pesticides have been traditionally
used to control the disease [7 ,8, 9, 4, 10]. However
in many areas, due to emergence of copper resistant
strains the control of the disease has now become ineffective [10]. Therefore, new approaches should be
evaluated for the control of the disease. The aim of
this study was to isolate and characterize the rhizosphere bacteria and to select the isolates with beneficial characteristics for organic farming and having
antagonistic activity against plant pathogens. These
isolates are planned to use in the biocontrol studies
against  in large scales.






Bacterial speck of tomato, caused by  
   pv.   (), continues to be a
problem for greenhouse production in the Mediterranean region of Turkey. Effective and augmentative
control methods are still in need as for the numerous
bacterial plant diseases. In this study, 524 bacteria
were isolated from the vicinity of root area of tomato
plants from 120 different locations in Adana and
Mersin provinces of Turkey. The isolates were characterized and evaluated for their biocontrol potential
against . Cultural characteristics were determined
on the basis of appearance of colonies developed on
King’s B media. Isolates having pectolytic activities
and causing hypersensitive reaction in tobacco
plants were eliminated due to possible pathogenic
characteristics. Out of isolated rhizobacteria, 325 of
them were found to have nitrogen fixing capacity, 11
of them were able to solubilize phosphorus, and 4 of
them induced indole acetic acid (IAA) activity. Forty
eight isolates showed antagonistic effect against 
. Only 39 isolates out of 48 had siderophore
effects. Rest of the isolates had more than one characteristics. The promising isolates on the basis of
above parameters are planned to test in field and
greenhouse conditions for the ability to reduce the
impact of bacterial speck disease and to remediate
the polluted soils such as saline and heavy metal contaminated soils.
)(!#$
Rhizobacteria, bacterial speck disease,    spp,
tomato, PGPR


 %#!&%! 
Rhizobacteria are a group of bacteria inhabiting
in rhizosphere of plants. They can significantly improve plant health and promote growth by increasing
seedling emergence, vigor and yield using various
mechanisms [1]. These mechanisms include growth
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;85+<387 80 :23A8,+-</:3+5 3;85+</; 0:86 <8
6+<8:23A8;92/:/ In total, 120 soil samples were
collected from the rhizosphere of healthy tomato
plants from 44 different locations in the Eastern
Mediterranean Region of Turkey (Mersin and Adana
provinces). The samples were obtained from the root
zone and placed in paper bags than stored at +4oC in
the fridge. The soil samples were then air-dried and
sieved using 0.2 mm pore size sieve. Ten grams of
each sample were taken into a bottle containing 100
ml phosphate buffer solution (PBS) and shaken for
48 hours on a rotary shaker. Serial dilution technique
was performed up to 107 dilution. An aliquot (0.1 ml)
of this suspension was spread on the plates of
King’B (KB) and Tryptic soy agar (TSA) media. The
plates were then incubated at 26oC±1 for 48 h. Typical bacterial colonies with different morphology
were picked up and re-streaked onto fresh KB plate
[11].

activity of the of the bacterial isolates against .
The plates were inoculated with four 50 μl drops of
the tested bacterial suspension in 108 cfu ml-1 density
and incubated at 28°C for 24 h. After the incubation,
the plates were sprayed with  (106 cfu ml-1) and
incubated at 25±1°C for two days. Formation of
clear zones between bacterial isolates and  isolate
indicated antagonistic interaction. The value of inhibition was measured using the formula described by
Geels and Schippers [15]. Inhibition rates (%) were
calculated using Townsend-Heuberger formula (%
inhibition = [(R - r)/R*100]).
$3./:8928:/ 9:8.=-<387  Bacterial isolates
showing inhibition effect to were selected and rescreened for their siderophore production ability.
Antagonism assay was conducted again on King’s B
plates containing Fe+3 (80µM L-1) [16,17]. Annulment of the inhibition indicated siderophore production of the isolates.
$//. 1/:637+<387 </;<  Tomato seeds inoculated with bacterial isolate (suspended in sterile distilled water containing 1% carboxy methyl cellulose)
were placed on 1% water-agar plates as 10
seeds/plate. Control seeds were applied with only
1% CMC solution. Plates were incubated at 24°C for
7 days. Then hypocotyl and radicle length of the
seeds were measured. Vigor index of the seeds was
calculated using the formula (radicle length+hypocotyl length) x germination percentage) described by
Gerhardson et al. [18].

2+:+-</:3A+<387 80 3;85+</;  Morphological
characteristics of the isolates on KB medium, gram
staining, oxidase reaction, pectolytic activity and hypersensitive reaction on tobacco were determined
according to the method of Lelliot and Stead [11].
"28;92+</ ;85=,353A+<387  The plates were
prepared with National Botanical Research Institute's phosphate (NBRIP) growth medium. The cultures of isolates were spot inoculated on the plates
with three replicates. The plates were then incubated
at 26oC for seven days. Formation of clear zone
around the microbial colonies indicated phosphate
solubilization. Phosphate solubilization index of the
isolates were calculated by comparing total diameter
(colony and clear zone diameter) to colony diameter
[12].


#$&%$ $&$$! 
In total, 524 isolates were isolated from the rhizosphere soils of tomato plants from various fields
and greenhouses in Adana and Mersin provinces.
Isolates were different in color; 377 of them were
cream, 94 were white, 49 were yellow, and 3 isolates
were orange and only one of them was pink. Three
isolates produced fluorescent pigmentation [19].
Eight isolates induced hypersensitive reaction on tobacco plants [20]. Twenty-six isolates were found to
have pectolytic activity on potato slices [11].
Nitrogen and phosphorus are major limiting nutrients in plant growth. The biological process responsible for reduction of molecular nitrogen into
ammonia is referred to as nitrogen fixation. A wide
diversity of nitrogen-fixing bacterial species belonging to most phyla of the bacterial domain have the
capacity to colonize the rhizosphere and to interact
with plants [21]. PGPRs have been recorded to solubilize precipitated phosphates to plants, representing
a possible mechanism of plant growth promotion under field conditions [22].

7.85+-/<3-+-3.9:8.=-<387 The isolates were screened for IAA production on LuriaBertani (LB) agar plates containing L-tryptophan.
The plates were incubated at 26oC for three days.
The ability of the microorganisms to produce IAA
was detected by the development of pink color after
the addition of Salkowski reagent to the cultures
[13].
3<:81/7 03?+<387 -+9+-3<@  Nitrogen fixing
capacity were determined with the inoculation of the
isolates onto nitrogen free Jensen’s growth medium
[14]. The plates were inoculated with six different
bacteria with three replicates and incubated at
27±1°C. Seven days later, they were examined and
the growth was recorded as positive.
$/5/-<38708:+7<+1873;6 The King’s B medium was used in order to determine the antagonistic
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"28;92+</;85=,353A37137./?80<2/3;85+</; 
;85+</;
5(3)
36(3)
56(5)
86(5)
93(2)
93(3)
111(1)
112(2)
113(5)
113(6)
119(1)

%8<+5.3+6/</:A87/-8587@66
8.84
7.41
4.14
3.66
4.57
4.68
12.19
5.67
7.80
9.43
15.34

8587@.3+6/</:66
3.20
5.07
3.00
2.50
1.83
2.25
6.09
3.43
6.50
6.13
9.00

"28;92+</;85=,353A37137./?
2.8
1.5
1.38
1.46
2.5
2.08
2.00
1.65
1.20
1.50
1.07


% 
-87-/7<:+<3879:8.=-/.,@<2/3;85+</;B165  
;85+</;
46(5)
80(3)
111(1)
35(4)
68(2)

-87-/7<:+<387B1 65 
8.6
4.56
2.15
4.00
8.4


7<+1873;<3- +-<3>3<@  Potential PGPRs were
also tested for their ability to inhibit the growth of
in  and the results were evaluated using 05 scale. Fourty-eight isolates were found to have antagonisticactivity against at different levels (Table 3). Thirty-nine of these isolates produced siderophore that may cause suppression of plant pathogenic microorganisms by creating competition for
iron [25]. Fluorescent pseudomonads are widely reported for their broad spectrum antagonistic activity
against number of phytopathogens [26]. Recently,
different PGPR strains of    have
been reported to produce siderophores [27] in iron
stress conditions and thereby added an advantage to
exclude the pathogen,      ,
causing charcoal rot of groundnut.

'318:</;<;803;85+</; Vigor index of T13(d),
3(3), 5(3), 35(4), 36(1), 37(1), 37(5), 47(3), 80(1),
92(1), 95(3), 102(4) coded isolates were found to
have higher than index of the control.
Index of 68(2) was the same as control index.
Index of other isolates were lower than control index
(Table 4).
Vigor index of tomato seeds coated with 11
PGPR isolates were higher than control. So they
were found to have positive effect on tomato seed
vigor.

"28;92+</ ;85=,353A+<387  All isolates were
tested for their phosphate solubilizing activity by an
agar assay using NBRIP medium [23]. In total, 11
isolates (56(5), 119(1), 112(2), 113(5), 113(6),
86(5), 93(2), 93(3), 111(1), 36(3) and 5(3)) formed
clear zone on NBRIP media (Figure 1). Their phosphate solubilizing index were between 2.8 and 1.2
(Table 1).
PGPRs have been recorded to solubilize precipitated phosphates to plants, representing a possible
mechanism of plant growth promotion under field
conditions [22].

3<:81/703?371-+9+-3<@ In total, 355 isolate
were able to grow on Jensen’s medium and found to
have nitrogen fixing capacity.
Nitrogen and phosphorus are major limiting nutrients in plant growth. The biological process responsible for reduction of molecular nitrogen into
ammonia is referred to as nitrogen fixation. A wide
diversity of nitrogen-fixing bacterial species belonging to most phyla of the Bacteria domain have the
capacity to colonize the rhizosphere and to interact
with plants [21].
7.85+-/<3-+-3.+-<3>3<@ Four isolates
were able to produce IAA (46(5), 80(3), 111(1),
35(4), 68(2)). Concentration of IAA produced by
these isolates were between 4 and 8.6 µg ml-1 (Table
2).
IAA is one of the most physiologically active
auxins is a common product of L-tryptophan metabolism by several microorganism including PGPR
[14]. Production of different phytohormones like
IAA, gibberellic acid and cytokinin’s by PGPR may
alter root architecture and promote plant development [24].


! &$! 
Plant growth promoting rhizobacteria (PGPR)
use different mechanisms directly or indirectly for
plant growth stimulation and disease suppression
[28]. Nitrogen fixation, producing phytohormones
(auxins, cytokinins and gibberellins), solubilizing
minerals (phosphorus and iron), production of sider-
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ophores and enzymes and induction of systemic reinvestigation. Detailed studies focus on individual
sistance are direct mechanisms. Biocontrol related
mechanisms responsible for growth promotion and
also carefully controlled pot and greenhouse trials of
mechanisms such as antibiotic production, chelation
tomato plants inoculated along with the selected rhiof available iron in the rhizosphere, synthesis of exzobacteria are the next steps of this study. The promtracellular enzymes to hydrolyze the fungal cell wall
ising isolates are then planned to test in field and
and competition for niches within the rhizosphere
greenhouse conditions for the ability to reduce the
have been accepted as indirect ways of action [29,
30]. Most promising PGPR isolates on the basis of
impact of bacterial speck disease and to remediate
antagonistic properties, indole acetic acid and siderthe polluted soils such as saline and heavy metal conophore production, nitrogen fixing and phosphate
taminated soils. Finally commercial exploitation of
solubilization properties are selected from present
these isolates is intended.

%
+7<+1873;6+7.;3./:8928:/9:8.=-<38780<2/3;85+</;87 9>
;85+</;
T1(b)
T5(e)
T7(a)
T8(a)
T9(a)
T13(d)
Hy1(g)
Mt2(h)
GY5(c)
28(2)
5(3)
29(1)
36(1)
37(1)
37(2)
37(5)
39(4)
40(3)
41(3)
44(1)
47(2)
47(3)
49(1)
49(4)
51(3)
54(3)
57(2)
56(5)
58(1)
70(5)
79(3)
80(3)
83(1)
83(3)
84(2)
85(5)
87(2)
87(3)
88(4)
96(1)
102(4)
104(3)
105(7)
111(2)
114(2)
115(1)
119(1)

8-+<387
Mersin-Yenice
Mersin-Hamurlu
Mersin-Adanalioglu
Mersin-Kazanli
Mersin-Adanalioglu
Mersin-Yenitaskent
Mersin-Adanalioglu
Mersin-Hamurlu
Mersin-Adanalioglu
Adana Karatas
Mersin-Hamurlu
Adana Merkez
Tuzla Kadikoy
Tuzla-Hacihasan
Tuzla-Hacihasan
Tuzla-Hacihasan
Ceyhan- KurtkulagiCeyhan-KurtkulagiCeyhan-KurtkulagiYumurtalik-Zeytinbeli
Yumurtalik-Zeytinbeli
Yumurtalik-Zeytinbeli
Yumurtalik-Demirtas
Yumurtalik-Demirtas
Adana-Misis
Adana-Yuregir-Cotlu
Tarsus-Agzidelik
Tarsus-Akarsu
Tarsus-Egemen
Erdemli Kayaci
Erdemli Kayaci
Erdemli Kayaci
Erdemli Kayaci
Erdemli Kayaci
Erdemli Kayaci
Yuregir-Kadikoy
Yuregir Kadikoy
Yuregir Kadikoy
Yuregir KadikoyTuzla-Cavuslu
Tuzla-Merkez
Tuzla-Merkez
Tarsus-Tabaklar
Erdemli Cettepesi
Mersin-Erdemli
Mersin-Erdemli
Mersin-Erdemli
Negative control

@-/53+5723,3<387A87/66
1
3
1
1
1
1
3
1
1
5
10
1
4
3
1
4
3
1
2
1
3
2
5
1
2
1
1
1
1
4
5
5
4
5
4
1
1
3
3
1
4
1
1
2
2
1
5
0

$-+5/
1
2
1
1
1
1
2
1
1
2
3
1
2
2
1
2
2
1
1
1
2
1
2
1
1
1
1
1
1
1
2
2
2
2
2
1
1
2
2
1
2
1
1
1
1
1
2
0

00/-<
22.2c*
44.4b
22.2c
22.2c
22.2c
11.1cd
55.5b
22.2c
22.2c
55.5b
88.9a
22.2c
66.7ab
66.7ab
22.2c
55.5b
44.4b
11.1cd
22.2c
11.1cd
55.5b
33.3c
55.5b
11.1cd
22.2c
22.2c
22.2c
22.2c
33.3c
11.1cd
44.4b
66.7ab
55.5b
66.7b
55.5b
33.3c
33.3
55.5b
44.4b
33.3c
44.4b
22.2c
22.2c
33.3c
33.3c
22.2c
66.7ab
0.00d

$3./:8928:/9:8.=-<387
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

*Data are means of at least three replicates. Means followed by different letters in columns are significantly different at <0.05 as determined by Duncan’s multiple range test.
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%
00/-<80:23A8,+-</:3+87;//.1/:637+<387 
;85+</;
T1(b)
T13(d)
3(3)
5(3)
35(4)
36(1)
37(1)
37(5)
47(3)
57(2)
68(2)
80(1)
85(5)
87(3)
92(1)
95(3)
97(2)
102(4)
105(7)
87<:85

@98-8<@55/71<2-6
1.3
1.7
1.7
2.4
2.4
2.4
2.4
2.8
2.4
1.7
1.4
2.0
1.0
1.4
1.8
1.6
1.8
1.7
1.2
1.4

#+.3-5/5/71<2-6
1.6
1.6
1.7
1.7
2.3
1.7
2.0
2.0
2.0
0.9
1.6
1.9
0.9
1.6
1.7
2.3
1.8
2.2
1.6
1.6

 !( %$

/:637+<387
57
53
63
60
63
60
70
40
80
66
63
53
57
57
67
66
44
63
54
63

'318:7./?
165
181
214
249
299
246
192
192
352
175
189
206
111
171
234
257
156
248
151
189
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The aim of the study was to determine effect of
winter and spring sowing on some agronomic and
quality characteristics of eighteen safflower lines developed by selection breeding method and two varieties in safflower (      L.). The experiment was conducted at the GAP Koruklu Agricultural Research and Development Station, south of
Sanliurfa province, using randomized complete
block split-plot design with three replicates in 20112012 and 2012-2013 years. According to research
mean of seed yield 1862.3 kg ha-1 and 2695.9 kg ha1
, number of head per plant 12.8 and 16.7, 1000 seed
weight 39.6 g and 41.5 g, plant height 74.3 cm and
121.0 cm, oil content 32.5 % and 32.8 %, oil yield
642.7 kg ha-1 and 915.5 kg ha-1 were recorded in
spring and winter sowing time, respectively. In this
study, sowing time and genotype has important effect on seed and oil yield more affected by environmental conditions. Winter sowing is the most suitable time to obtain higher seed and oil yield under arid
condition. Line GAP/UR/36-12 and GEGAP/UR/36-1 can recommend for seed and oil yield
in both sowing time especially winter sowing time
production arid ecological condition.

increasingly important in recent years. Safflower
seeds contain 13 to 46 % oil and approximately 90
% of this oil is composed of unsaturated fatty acids,
namely oleic and linoleic acids [5]. In Turkey, its oil
is used for biodiesel and human nutrition [6]. Nowadays, production of safflower has increased nearly, 3
times in last 5 years and reached 70.000 ton in 2016
[7]. This situation has accelerated in breeding program and new safflower varieties put into safflower
production. The proper selection of those varieties
which will particularly be able to adapt to dry land
conditions will contribute to the obtaining competitive yields to cultivate safflower economically [8].
Because of increasing drought and heat damage to
crops especially in Turkey with its arid and semiarid
climate zones it is important to select varieties that
are well adapted arid condition [9]. In Turkey, it is
growing both summer and winter in some region
where temperate winter condition. Arid and semiarid
Mediterranean areas are characterized with limited
rainfall, high summer temperature [10]. Harran Plain
is located in the Southeastern Anatolia Region where
continental climate, summers are very hot and dry
and the winter are relatively temperate. Therefore,
Safflower has a great potential for arid conditions as
an alternative plant to traditional winter crops [11]. 
Sowing time is important factor affecting both
seed yield and quality in safflower. Therefore, identifying optimum sowing time and determining suitable variety for growing regions are important to obtain safflower with high yield and quality [12, 13,
14].
In this study, the main aim is to investigate the
effects of winter and spring sowing time on seed
yield, oil yield and their component of safflower
lines and varieties developed selection breeding
method under arid ecological conditions.


$"#$ #

!0(27 1(7+5/(0 In this study, eighteen safflower lines and two varieties (Dincer and Balci)
were used. These lines derived from 3 different population P-ES-005, P-IN-052, P-IN-054, originated
from Turkey, Eskisehir; United State, Arizona;


'& "#
Arid Condition, Genotype, Safflower, Oil Content, Sowing Time

$" %$ 
Safflower, (      L.) has been
grown for centuries, primarily for its colorful petals
to use as a food coloring and flavoring agent, for
vegetable oil and also for preparing textile dye [1].
Safflower has capable of wide adaptation, more
drought and salt resistance than other oilseed plant
[2]. Therefore, it is especially suitable for arid, semiarid and salty areas where other oilseeds are difficult
to grow [3, 4].
In Turkey, vegetable oil deficit has continued
for many years. Therefore, safflower has become an
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China, Qinghai; respectively. Lines were developed
by using single plant selection method in Transitional Zone Agricultural Research Institute. According to the single plant selection method individual
plants of each genotype were selected in terms of
some morphological and agronomic parameters correlated to seed yield and oil content. Each year selected single plants replanted next year as a new generation. Material selection was ended in S7. Some
morphological characteristics of the investigated
genotypes are given Table 1.

During the experiment, 40 kg of P2O5 and 40
kg of N were applied per hectare at sowing and 20
kg of nitrogen was applied as a top dressing at the
start of stem elongation. Each genotype was sown in
plots with 4 rows; plots were 5 m long, with 20 cm
between rows and 5-10 cm between plants within
rows after thinning [15]. Date of winter planting was
in November, summer planting was in March both
years [11]. The trial was performed under natural
conditions without irrigation. During growing season, weeds were controlled by hand.

#(140/2-(2*(2(0<6/6The followed data was
measured seed yield, number of head per plant, 1000
seed weight, plant height, oil content, oil yield. Randomly selected twenty plants per plot were used to
determine yield components. Plants were harvested
in July. Data on seed yield were taken from the middle 4 rows of each plot, leaving aside the guard rows
on either side of a plot. Oil content of genotype was
determined by using Soxhlet apparatus. Oil yield
was calculated by multiplying oil content and the
seed yield of each plot.

$5/(0632*/7/32. Field experiments were conducted at the GAP Agricultural Research Institute
(36°42'' N, 38°58'' E and 410 m sea level) in Sanliurfa, Turkey in 2011-2012 and 2012-2013 years.
Soil was clay loam, slightly alkaline rich in potassium and phosphorus and containing 1.78-2.19 % organic matter. The weather conditions during the experimental period and long term are presented in Table 2. Trials were set up in randomized complete
block split-plot design with three replicates.

$ 
#31+1354.303-/)(0).(5()7+5/67/)63,7.+/29+67/-(7+*-+237<4+6
+237<4+
GE-GAP/UR/36-1
GE-GAP/UR/36-2
GE-GAP/UR/36-3
GE-GAP/UR/36-4
GE-GAP/UR/36-6
GE-GAP/UR/36-7
GE-GAP/UR/36-8
GE-GAP/UR/36-9
GE-GAP/UR/36-11
GE-GAP/UR/36-12

03:+530385
Yellow
Yellow
Yellow-Orange
Yellow-Orange
Yellow
Yellow
Yellow
Yellow-Orange
Yellow-Orange
Yellow

#4/2+6
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny

+237<4+
GE-GAP/UR/36-16
GE-GAP/UR/36-20
GE-GAP/UR/36-21
GE-GAP/UR/36-28
GE-GAP/UR/36-29
GE-GAP/UR/36-30
GE-GAP/UR/36-33
GE-GAP/UR/36-34
DİNÇER 5-118
BALCİ

03:+530385
Yellow-Orange
Yellow
Yellow-Orange
Yellow-Orange
Yellow
Yellow-Orange
Yellow-Orange
Yellow-Orange
Orange-Red
Yellow

#4/2+6
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny
Spiny
Spineless
Spiny

Temperature
(0C)
2011-2012
2012-2013
Long-terms
Rainfall (kg/m2)
2011-2012
2012-2013
Long-terms

September

August

July

June

May

April

March

February

January

December

November

October

Years

$ 
#31+)0/1(7/)*(7(*85/2-7.+    (2*    -53:/2-6+(6326(2*032-7+5169(08+6,357.+
+;4+5/1+27(0(5+(


Mean
17.7
20.8
19.4

8.7
14.3
11.8

5.8
8.3
7.0

5.5
6.1
5.5

6.0
9.5
7.1

11.2
12.1
11.0

18.7
17.8
16.3

22.1
23.3
22.5

29.8
28.7
28.3

32.2
31.2
31.4

31.0
30.4
30.4

26.8
25.2
25.7

39.9
8.4
18.6

55.2
86.6
32.6

29.3
54.6
47.4

88.5
24.0
45.0

40.8
42.4
44.5

17.4
10.4
39.0

12.4
8.2
26.4

9.6
41.8
16.8

0.0
0.2
1.0

0.0
0.0
0.8

0.0
0.0
0.0

3.2
0.0
1.2
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$ 
)314(5/6323,7.++,,+)763,63:/2-7/1+326++*</+0*/2    (2*    

Seed Yield (kg ha -1)
Years
2011-2012
2012-2013
Mean
Variety
Winter
Spring
Mean
Winter
Spring
Mean
Winter
Spring
GE-GAP/UR/36-1
3320.0
2125.0
2722.5
3578.3
2307.7
2943.0
3449.2
2216.3
GE-GAP/UR/36-2
2716.7
1720.8
2218.8
2353.3
1928.2
2140.8
2535.0
1824.5
GE-GAP/UR/36-3
2879.2
1545.8
2212.5
2626.7
2441.1
2533.9
2752.9
1993.5
GE-GAP/UR/36-4
2837.5
1710.0
2273.8
2520.0
2010.3
2265.1
2678.8
1860.1
GE-GAP/UR/36-6
2662.5
1626.7
2144.6
2913.3
1905.8
2409.6
2787.9
1766.3
GE-GAP/UR/36-7
3200.8
1716.7
2458.8
2790.0
2397.5
2593.8
2995.4
2057.1
GE-GAP/UR/36-8
2750.0
1700.0
2225.0
2560.0
1986.9
2273.5
2655.0
1843.5
GE-GAP/UR/36-9
2746.7
1816.7
2281.7
2426.7
2039.6
2233.2
2586.7
1928.2
GE-GAP/UR/36-11
2670.0
1579.2
2124.6
2613.3
2434.5
2523.9
2641.7
2006.9
GE-GAP/UR/36-12
3508.3
1829.2
2668.8
3473.3
2066.6
2769.9
3490.8
1947.9
GE-GAP/UR/36-16
2558.3
1445.8
2002.1
2243.3
2344.4
2293.9
2400.8
1895.1
GE-GAP/UR/36-20
2706.7
1845.0
2275.8
2336.7
2097.2
2216.9
2521.7
1971.1
GE-GAP/UR/36-21
2576.7
1460.0
2018.3
2313.3
1869.6
2091.5
2445.0
1664.8
GE-GAP/UR/36-28
3150.0
1940.0
2545.0
2976.7
2615.4
2796.0
3063.3
2277.7
GE-GAP/UR/36-29
2737.5
1600.0
2168.8
2436.7
2169.5
2303.1
2587.1
1884.8
GE-GAP/UR/36-30
2616.7
1443.3
2030.0
2006.7
1651.3
1829.0
2311.7
1547.3
GE-GAP/UR/36-33
2770.8
1433.3
2102.1
2426.7
1517.9
1972.3
2598.8
1475.6
GE-GAP/UR/36-34
2650.0
1718.3
2184.2
1946.7
2120.0
2033.3
2298.3
1919.2
DİNÇER 5-118
2392.5
1583.3
1987.9
2180.0
1665.4
1922.7
2286.3
1624.4
BALCİ
2920.8
1658.3
2289.6
2740.0
1425.6
2082.8
2830.4
1542.0
Mean
2818.6
1674.9
2246.7
2573.1
2049.7
2311.4
2695.9
1862.3
Year 1: LSD (0.05)
Genotype 24.6; Sowing time 40.5; Genotype x Sowing time 34.7
Year 2: LSD (0.05)
Genotype 23.6; Sowing time 35.6 ; Genotype x Sowing time 33.4
#7(7/67/)(02(0<6/6In this research Bartlett’s
test was used to determine the homogeneity of variances between two years. Analysis of variance
(ANOVA) was performed with the statistical package JMP 5.0.1 (SAS, 1989-2002). Statistically significant differences among the mean values were determined with the least significant difference (LSD)
test at the 0.05 level. Besides, correlation analyses
were performed to clarify the relations among parameters evaluated in this study.


"#%$##%## 

Since there were, significant differences between two years for the tested characteristics expect
1000 seed weight according to Bartlett’s homogeneity test, therefore both year data were used separately
for analysis of variance and mean comparisons. The
results of variance analysis revealed significant differences among the genotype and sowing time all investigated characteristics in both years. The significant effects of genotype x sowing time were observed on seed yield, head number per plant, plant
height, oil content and oil yield both two years.
In this study, 2011-2012 and 2012-2013 growing season’s total rainfall was higher than the longterm and enough to germinate for winter and spring

sowing time. The temperatures didn’t drop below 0
ºC in both years carried out the study, cold damage
was not seen in both growing seasons all genotypes
passed winter successfully (Table 2). In some studies, carried out in cold regions by Alizadeh [16] and
Ada [17] reported that all safflower genotypes were
lost because of cold damage and poor germination in
the late autumn.
Although some features of safflower genotypes
are controlled genetic factors and also influenced by
environmental conditions and show different reactions to the conditions. To increase seed yield is one
of the main aim in breeding research of field crops
and it is important to determine high yielding genotype in safflower. Therefore, to achieve the highest
yield from safflower determining suitable sowing
time as important as selection of varieties.
In this research; mean of seed yield were found
2818.6 kg ha-1 and 2573.1 kg ha-1 in winter sowing
time, 1674.9 kg ha-1 and 2049.7 kg ha-1 in spring
sowing in 2011-2012 and 2012-2013 growing season, respectively (Table 3). It is obvious that winter
sowing time has higher value compared to summer
sowing time in terms of seed yield. Beg and Pala
[18]; Cosentino et al. [19] and Cazzato et al. [20]
found similar findings in their researches. This is the
result of longer growth period and deeper root devel-
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opment allowing the plant to uptake water and nutrient from the deep layers of soil in winter sowing
time. When the spring sowing time values examined,
the second year had higher seed yield than the first.
This may have been a consequence of higher amount
of rainfall during elongation phase of safflower than
the first year and long-term values. Alizadeh [16]
emphasized that seed yield was significantly affected rain, especially during early stage of safflower.
In this study, seed yield ranged between 2392.5
kg ha-1 (Dinçer 5-118) and 3508.3 kg ha-1 (GEGAP/UR/36-12) in 2011-2012, 1946.7 kg ha-1 (GEGAP/UR/36-34) and 3578.3 kg ha-1 (GEGAP/UR/36-1) in 2012-2013 winter sowing time. In
spring sowing time, this character varied between
1433.3 kg ha-1 (GE-GAP/UR/36-33) and 2125.0 kg
ha-1 (GE-GAP/UR/36-1) in 2011-2012, 1425.6 kg
ha-1 (Balci) and 2615.4 kg ha-1 (GE-GAP/UR/36-28)
in 2012-2013 (Table 3). Whereas total rainfall
amount was nearly same in both year of the study,
there were differences between two years in terms of
seed yield. Distribution of rainfall may have been
observed these differences between years. According to the results lines GE-GAP/UR/36-12, GEGAP/UR/36-1,
GE-GAP/UR/36-28,
GEGAP/UR/36-7 have higher seed yield than Balci for

winter sowing time and these lines have also advantage for summer sowing production in Harran
Plain’s condition. It was determined that Dincer has
lower seed yield than most of lines in both sowing
time. These results were considered to the reactions
of the genotype to different environmental condition
the most affected seed yield.
Determining yield and yield components is important factor in safflower researches. Head number
of per plant, 1000-seed weight, plant height is agronomic character concerning direct and indirect effect
on seed yield [ 21, 22, 23]. In this study, it was determined high degree of association between seed
yield and number of head per plant, 1000 seed
weight, oil yield in both sowing times present study.
Besides seed yield was correlated with plant height
in spring and winter sowing time (r= 0.49** and r=
0.66**, respectively) (Table 9).
In this research, mean of head number, 1000
seed weight, plant height at winter sowing time were
found 17.0 plant -1 and 16.4 plant -1, 41.4 and 41.6 g,
105.0 and 136.9 cm in 2011-2012 and 2012-2013
growing season, respectively. Those characteristics
at spring sowing were found 11.6 plant -1 and 14.0
plant -1, 39.3 and 39.8 g, 69.8 and 78.8 cm in 201112 and 2012-2013 growing season, respectively (Table 4, 5, 6).

$ 
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Years
Variety
GE-GAP/UR/36-1
GE-GAP/UR/36-2
GE-GAP/UR/36-3
GE-GAP/UR/36-4
GE-GAP/UR/36-6
GE-GAP/UR/36-7
GE-GAP/UR/36-8
GE-GAP/UR/36-9
GE-GAP/UR/36-11
GE-GAP/UR/36-12
GE-GAP/UR/36-16
GE-GAP/UR/36-20
GE-GAP/UR/36-21
GE-GAP/UR/36-28
GE-GAP/UR/36-29
GE-GAP/UR/36-30
GE-GAP/UR/36-33
GE-GAP/UR/36-34
DİNÇER 5-118
BALCİ
Mean
Year 1: LSD (0.05)
Year 2: LSD (0.05)

Number of Head (plant-1 )
2011-2012
2012-2013
Mean
Winter
Spring
Mean
Winter
Spring
Mean
Winter
Spring
19.1
12.3
15.7
17.2
15.5
16.3
18.1
13.9
18.3
10.9
14.6
15.9
14.1
15.0
17.1
12.5
16.3
11.5
13.9
16.2
13.6
14.9
16.3
12.6
18.0
10.1
14.1
15.2
12.3
13.7
16.6
11.2
16.9
11.2
14.0
14.4
14.5
14.5
15.7
12.9
16.8
11.3
14.1
15.8
15.0
15.4
16.3
13.2
17.0
11.2
14.1
16.2
13.6
14.9
16.6
12.4
16.3
11.6
14.0
15.9
14.9
15.4
16.1
13.3
17.5
11.3
14.4
16.0
14.1
15.1
16.8
12.7
18.0
12.0
15.0
17.2
15.4
16.3
17.6
13.7
15.8
12.8
14.3
17.9
14.1
16.0
16.8
13.5
16.7
13.2
14.9
16.1
13.6
14.8
16.4
13.4
16.3
10.4
13.4
15.7
13.7
14.7
16.0
12.1
18.3
12.1
15.2
18.5
17.2
17.9
18.4
14.7
16.4
11.9
14.2
17.1
14.2
15.6
16.8
13.0
15.7
11.2
13.4
15.5
12.3
13.9
15.6
11.8
19.3
11.7
15.5
16.9
13.1
15.0
18.1
12.4
16.7
11.9
14.3
16.0
15.1
15.5
16.3
13.5
16.0
11.2
13.6
17.0
11.9
14.5
16.5
11.6
15.3
12.4
13.9
17.8
11.2
14.6
16.6
11.8
17.0
11.6
14.3
16.4
14.0
15.2
16.7
12.8
Genotype 1.8; Sowing time 2.9; Genotype x Sowing time 2.6
Genotype1.7; Sowing time 1.2; Genotype x Sowing time 2.4
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Years
Variety
GE-GAP/UR/36-1
GE-GAP/UR/36-2
GE-GAP/UR/36-3
GE-GAP/UR/36-4
GE-GAP/UR/36-6
GE-GAP/UR/36-7
GE-GAP/UR/36-8
GE-GAP/UR/36-9
GE-GAP/UR/36-11
GE-GAP/UR/36-12
GE-GAP/UR/36-16
GE-GAP/UR/36-20
GE-GAP/UR/36-21
GE-GAP/UR/36-28
GE-GAP/UR/36-29
GE-GAP/UR/36-30
GE-GAP/UR/36-33
GE-GAP/UR/36-34
DİNÇER 5-118
BALCİ
Mean
Year 1: LSD (0.05)
Year 2: LSD (0.05)

(2*    

1000 Seed Weight (g)
2011-2012
2012-2013
Mean
Winter
Spring
Mean
Winter
Spring
Mean
Winter
Spring
43.2
40.5
41.8
44.5
42.5
43.5
43.9
41.5
42.2
40.0
41.1
40.6
39.0
39.8
41.4
39.5
41.5
39.4
40.5
42.7
40.7
41.7
42.1
40.1
38.8
37.8
38.3
41.9
39.7
40.8
40.3
38.7
43.0
40.3
41.6
45.9
42.8
44.4
44.5
41.6
42.3
39.3
40.8
43.2
41.0
42.1
42.7
40.2
42.9
41.0
42.0
42.6
41.8
42.2
42.8
41.4
42.2
41.2
41.7
42.1
40.1
41.1
42.1
40.7
42.4
40.3
41.4
44.1
42.1
43.1
43.3
41.2
42.8
40.1
41.5
43.5
41.4
42.4
43.1
40.8
41.0
39.3
40.2
41.8
40.1
40.9
41.4
39.7
42.4
39.7
41.1
42.0
39.7
40.9
42.2
39.7
41.8
39.9
40.8
40.2
39.7
40.0
41.0
39.8
40.7
39.2
39.9
39.7
38.5
39.1
40.2
38.8
39.9
36.1
38.0
38.4
36.9
37.6
39.2
36.5
38.1
35.8
36.9
37.7
36.5
37.1
37.9
36.1
38.0
37.0
37.5
38.5
36.2
37.4
38.3
36.6
41.5
38.4
40.0
38.0
37.4
37.7
39.7
37.9
41.9
40.3
41.1
43.0
40.8
41.9
42.5
40.6
42.3
40.6
41.5
41.2
39.3
40.3
41.8
40.0
41.4
39.3
40.4
41.6
39.8
40.7
41.5
39.6
Genotype: 0.9; Sowing time: 1.2; Genotype x Sowing time:ns
Genotype: 1.1; Sowing time: 2.2; Genotype x Sowing time:ns

$
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Years
Variety
GE-GAP/UR/36-1
GE-GAP/UR/36-2
GE-GAP/UR/36-3
GE-GAP/UR/36-4
GE-GAP/UR/36-6
GE-GAP/UR/36-7
GE-GAP/UR/36-8
GE-GAP/UR/36-9
GE-GAP/UR/36-11
GE-GAP/UR/36-12
GE-GAP/UR/36-16
GE-GAP/UR/36-20
GE-GAP/UR/36-21
GE-GAP/UR/36-28
GE-GAP/UR/36-29
GE-GAP/UR/36-30
GE-GAP/UR/36-33
GE-GAP/UR/36-34
DİNÇER 5-118
BALCİ
Mean
Year 1: LSD (0.05)
Year 2: LSD (0.05)

 

  (2*    

Plant Height (cm)
2011-2012
2012-2013
Mean
Winter
Spring
Mean
Winter
Spring
Mean
Winter
Spring
105.1
77.7
91.4
147.0
83.6
115.9
126.7
80.7
106.4
66.8
86.6
142.1
79.6
110.9
124.3
73.2
106.6
75.4
91.0
143.2
77.5
110.4
124.9
76.5
105.5
72.2
88.9
143.7
75.9
109.8
124.6
74.1
105.0
71.0
88.0
137.3
75.7
106.5
121.2
73.4
107.9
69.8
88.8
133.7
80.2
106.9
120.8
75.0
103.7
69.7
86.7
136.5
78.3
107.4
120.1
74.0
108.5
72.9
90.7
143.5
77.5
110.5
126.0
75.2
99.2
65.0
82.1
138.8
75.9
107.4
119.0
70.5
114.1
73.3
93.7
148.2
78.1
112.6
130.6
75.7
100.5
60.8
80.6
125.1
72.2
98.7
112.8
66.5
99.8
69.4
84.6
131.9
76.5
104.2
115.9
73.0
108.5
67.3
87.9
137.9
75.7
106.8
123.2
71.5
110.7
73.9
92.3
141.4
78.7
110.1
126.0
76.3
102.0
60.1
81.1
137.8
82.0
109.9
119.9
71.1
104.4
70.4
87.4
130.7
81.8
106.3
117.6
76.1
98.2
68.7
83.4
129.1
78.7
103.9
113.6
73.7
102.7
68.0
85.3
127.9
81.5
104.7
115.3
74.8
106.0
73.3
89.7
131.8
83.2
107.5
118.9
78.3
106.0
69.6
87.8
130.1
82.8
106.5
118.1
76.2
105.0
69.8
87.4
136.9
78.8
107.8
121.0
74.3
Genotype 3.5; Sowing time 3.2; Genotype x Sowing time 4.9
Genotype 5.2; Sowing time 6.2; Genotype x Sowing time 7.2
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Years
Variety
GE-GAP/UR/36-1
GE-GAP/UR/36-2
GE-GAP/UR/36-3
GE-GAP/UR/36-4
GE-GAP/UR/36-6
GE-GAP/UR/36-7
GE-GAP/UR/36-8
GE-GAP/UR/36-9
GE-GAP/UR/36-11
GE-GAP/UR/36-12
GE-GAP/UR/36-16
GE-GAP/UR/36-20
GE-GAP/UR/36-21
GE-GAP/UR/36-28
GE-GAP/UR/36-29
GE-GAP/UR/36-30
GE-GAP/UR/36-33
GE-GAP/UR/36-34
DİNÇER 5-118
BALCİ
Mean
Year 1: LSD (0.05)
Year 2: LSD (0.05)

Winter
33.5
34.7
34.8
36.7
34.2
34.8
37.4
33.7
34.6
33.9
27.3
32.2
33.0
27.6
36.8
35.5
35.3
33.8
30.0
38.9
33.9

Oil Content (%)
2011-2012
2012-2013
Mean
Spring
Mean
Winter
Spring
Mean
Winter
Spring
34.9
34.2
31.2
28.6
29.9
32.4
31.8
35.0
34.9
30.1
28.5
29.3
32.4
31.8
35.7
35.2
31.8
27.6
29.7
33.3
31.7
35.9
36.3
32.9
28.1
30.5
34.8
32.0
34.9
34.5
31.7
28.3
30.0
32.9
31.6
32.1
33.4
33.4
30.2
31.8
34.1
31.2
37.2
37.3
32.7
29.3
31.0
35.0
33.2
34.6
34.1
32.3
30.9
31.6
33.0
32.7
35.6
35.1
31.3
33.3
32.3
33.0
34.4
33.3
33.6
31.2
29.9
30.6
32.6
31.6
31.7
29.0
29.1
28.4
27.7
28.2
29.6
36.4
34.3
30.6
30.1
30.3
31.4
33.3
32.0
32.5
27.2
31.1
29.2
30.1
31.6
32.4
30.0
33.1
32.8
32.9
30.3
32.6
35.8
36.3
34.1
29.7
31.9
35.5
32.7
38.0
36.7
33.7
31.2
32.4
34.6
34.6
30.8
33.0
34.0
34.0
34.0
34.7
32.4
36.2
35.0
32.4
31.7
32.1
33.1
34.0
29.3
29.7
24.4
30.6
27.5
27.2
30.0
39.6
39.2
36.4
38.4
37.4
37.7
39.0
34.5
34.2
31.7
30.5
31.1
32.8
32.5
Genotype 1.5; Sowing time 0.4; Genotype x Sowing time 2.1
Genotype 1.7; Sowing time 0.9; Genotype x Sowing time 2.4


Number of head per plant is important factor
influence the seed yield, though affected by environmental conditions [24]. In winter sowing time; number of head per plant between 15.3 (Balci) and 19.1
(GE-GAP/UR/36-1) in 2011-2012, 15.2 (GEGAP/UR/36-4) and 17.8 (GE-GAP/UR/36-16) in
2012-2013. At spring sowing time; this character
varied between 10.1 (GE-GAP/UR/36-4) and 13.2
(GE-GAP/UR/36-20), 11.2 (Balci) and 17.2 (GEGAP/UR/36-28) first and second year of the study,
respectively. The correlation coefficients indicated
that there were no significant correlations between
sowing times for head number per plant. These findings were considered that head number per plant
greatly affected by environmental conditions particularly from sowing time. Beside of this head number
per plant showed correlation between plant height
(r= 0.49**), oil content (r= -0.53**) and oil yield (r=
0.66**) at spring sowing time (Table 9).
While the highest mean of 1000-seed weight
was obtained line GE-GAP/UR/36-6, the lowest
value was determined line GE-GAP/UR/36-30 winter and spring sowing time (Table 5). It was determined that high degree of association between sowing times (r = 0.93**) for 1000 seed weight [25, 26].
Ozel et al. [11] conducted their researches under arid
and semi-arid ecological conditions. All these findings showed that differences of 1000 seed weight
may have been a consequence of the genetically
structure of the genotype especially.

Plant height was affected by differences of genotype and sowing time. In this study mean of plant
height ranged between 118.1 cm (Balci) and 130.6
cm (GE-GAP/UR/36-12) in winter sowing time,
71.1 cm (GE-GAP/UR/36-29) and 80.7 cm (GEGAP/UR/36-1) in spring sowing time. There was a
large difference for plant height among genotypes in
different sowing times and years (Table 6).
Our results showed that genotype gave different reaction sowing time in terms of plant height. In
winter sowing time plant height is much more than
in spring sowing time. Mohamadzadeh et al. [27] indicated to obtain the higher plant height in winter
sowing can be related to low temperature and moisture regime. In this study to consider of Harran
Plain’s ecological condition, high temperatures during early plant growth period may have been caused
to shortening of plant height in spring sowing time.
As shown Table 9, the correlation coefficients indicated that plant height was correlated with oil content (r= -0.38*) and (r= -0.39**) in winter and spring
sowing time, respectively.
In this study while the highest oil content was
obtained Balci in both sowing time, the lowest value
was determined Dincer variety (27.2 %) and line
GE-GAP/UR/36-16 (29.6 %) winter and spring sowing time, respectively. When compared mean of the
first and second year oil content in spring sowing
time, it is clear that increasing seed yield caused to
decrease of oil content (Table 7). Correlation analy-
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sis between winter and spring sowing time is statis144.9-1081.1 kg ha-1 Ada (17); 266.1-624.5 kg ha-1
Ali Zadeh et al. [35] and 51.0-650.0 kg ha-1Erbas et
tically important (r= 0.64) at 0.01 level. Oil content
al. [8]. In this trial differences and similarities bewas negatively correlated with seed yield (r= -0.50)
tween the findings of the previous researches menat 0.05 level in spring sowing time and positively
tioned above may be concerned with genetic divercorrelated with oil yield (r= 0.59) at 0.01 level in
sity of the genotypes, different ecological condition
winter sowing time (Table 9). Our findings imply
and agronomic application. Beside of these high dethat genotype is more important factor than environgree of association between oil and seed yield in
ment condition for oil content. Some researcher
winter (r = 0.86**) and spring (r = 0.92**) sowing
pointed out that oil content of safflower mostly detime in this research (Table 9). Jajarmi et al. [30] and
pends on the genotype, beside of this climatic factor
Pasban Eslam [36] indicated that seed yield had a
and agronomic application affected it [28, 29, 30].
significantly positive correlation with oil yield in
Winter sowing time mean of oil yield was
their researches.
found 957.2 kg ha-1 and 873.7 kg ha-1 in 2011-2012
and 2012-2013, respectively (Table 8). At spring

sowing time, these values were determined 578.9 kg

ha-1 and 706.5 kg ha-1 in first and the second year of
 %# 
the study. Winter sowing time has more positive ef
fects on compared to spring sowing in terms of oil
The results of this research have been showed
yield similar to seed yield. The oil yield calculated
that genotype and sowing time may have been imon the seed yield and oil content of genotypes mainly
portant effect on seed and oil yield. Winter sowing
related with increasing of seed yield. Line GEtime had more positive effect compared to spring
GAP/UR/36-12 (1185.0 kg ha-1 and 648.2 kg ha-1)
sowing time in safflower. Safflower has a great poand GE-GAP/UR/36-1 (1157.0 kg ha-1 and 773.6 kg
tential for arid areas and can take place cropping patha-1) were higher oil yield value than Dincer (685.5
tern and rotated with wheat, barley and some legkg ha-1 and 476.6 kg ha-1) and Balci (1100.6 kg ha-1
umes. Seed and oil yield more affected by environand 610.1 kg ha-1) varieties in winter and spring sowmental conditions and genotype gave different reacing time (Table 8).
tion to the sowing time. Lines GE-GAP/UR/36-12
It was reported that oil yield varied between
and GE-GAP/UR/36-1 can recommend for safflower
175.9- 389.4 kg ha-1 Ozel et al. [11] ; 322 to 460 kg
production in both sowing time especially winter
ha-1 Gawandet al. [31]; 416-701 kg ha-1 Koutroubas
sowing time production arid ecological condition.
and Papadoska [32] ; 390.6-514.4 kg ha-1 Rajput et
al. [33]; 242.0-543.0 kg ha-1 Beyyavas et al. [34];

$
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Years
Variety
GE-GAP/UR/36-1
GE-GAP/UR/36-2
GE-GAP/UR/36-3
GE-GAP/UR/36-4
GE-GAP/UR/36-6
GE-GAP/UR/36-7
GE-GAP/UR/36-8
GE-GAP/UR/36-9
GE-GAP/UR/36-11
GE-GAP/UR/36-12
GE-GAP/UR/36-16
GE-GAP/UR/36-20
GE-GAP/UR/36-21
GE-GAP/UR/36-28
GE-GAP/UR/36-29
GE-GAP/UR/36-30
GE-GAP/UR/36-33
GE-GAP/UR/36-34
DİNÇER 5-118
BALCİ
Mean
Year 1: LSD (0.05)
Year 2: LSD (0.05)

Winter
1113.7
942.4
1000.9
1041.9
909.3
1113.1
1029.2
925.1
925.0
1190.9
699.2
870.9
851.5
869.6
1007.0
928.3
979.1
894.6
717.4
1135.7
957.2

Oil Yield (kg ha -1)
2011-2012
2012-2013
Mean
Spring
Mean
Winter
Spring
Mean
Winter
Spring
741.7
927.7
1200.4
805.5
1002.9
1157.0
773.6
602.9
772.7
816.4
675.5
746.0
879.4
639.2
552.2
776.6
913.2
872.1
892.6
957.1
712.2
613.3
827.6
925.3
721.0
823.2
983.6
667.2
568.0
738.6
995.0
665.4
830.2
952.2
616.7
551.1
832.1
970.2
769.7
870.0
1041.7
660.4
631.9
830.6
958.1
738.6
848.4
993.7
685.3
628.6
776.8
817.3
705.7
761.5
871.2
667.1
561.9
743.4
905.4
866.2
885.8
915.2
714.0
608.7
899.8
1179.0
687.6
933.3
1185.0
648.2
444.5
571.9
613.1
720.8
666.9
656.1
582.7
672.4
771.6
751.8
764.3
758.1
811.3
718.4
467.8
659.6
764.4
599.0
681.7
808.0
533.4
627.9
748.7
821.7
846.5
834.1
845.6
737.2
572.3
789.7
896.3
776.0
836.2
951.7
674.2
548.5
738.4
711.9
627.6
669.7
820.1
588.1
440.9
710.0
857.5
466.9
662.2
918.3
453.9
622.7
758.7
657.2
768.3
712.7
775.9
695.5
464.3
590.9
653.7
488.4
571.0
685.5
476.3
656.1
895.9
1065.4
564.1
814.7
1100.6
610.1
578.9
768.1
873.7
706.5
790.1
915.5
642.7
Genotype 8.3; Sowing time 15.5; Genotype x Sowing time 12.9
Genotype 8.7; Sowing time 9.3; Genotype x Sowing time 12.3
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Seed
Yield
Seed
Yield
Number
of Head
1000 Seed
Weight
Plant
Height
Oil
Content
Oil
Yield

W
S
W
S
W
S
W
S
W
S
W
S

W
1
0.11
0.46**
0.02
0.44**
0.35*
-0.13
-0.10
0.25
0.20
0.86**
0.10

S
1
0.07
0.76**
0.28
0.36*
0.66**
0.49**
-0.27
-0.50**
-0.04
0.92**

Number
of Head
W
S

1
-0.09
-0.10
-0.09
-0.20
0.10
0.10
0.11
0.29
-0.03

1
0.12
0.19
0.73**
0.49**
-0.35*
-0.53**
-0.13
0.66**

1000 Seed
Weight
W
S

1
0.93*
0.15
0.01
-0.19
-0.15
0.35*
0.25

1
0.26
0.15
-0.28
-0.25
0.25
0.32*

Plant
Height
W

S

1
0.78**
-0.38*
-0.64**
-0.11
0.62**

1
-0.26
-0.39**
-0.06
0.49**

Oil
Content
W
S

1
0.64**
0.59**
-0.04

1
0.36**
-0.30

Oil
Yield
W S

1
0.09 1

W: Winter, S:Spring, *, **: Significant at the 5 and 1% level, respectively
""#
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pounds. The antioxidant activities of pure compounds and herbal essences have been specified by
accelerated test and radical variants, such as ABTS
and DPPH [4-9]. However, all these methods have
certain weaknesses, since they need special reagents
and sample preparation, which is tedious and time
consuming [10-11]. Electrochemical methods are
still being developed to specify antioxidant capability. They are alternative, fast, simple, and sensitive
methods of analyzing bioactive compounds along
with radical refinement and antioxidant capability itself. They cost much less and usually do not require
sample preparation, which is time consuming [1217]. Glassy carbon electrode (GCE) was used in
many of these experiments. Low oxidation potential
represents more power and the simplicity of moleFXOH¶VHOHFWURQUHOHDVLQJSURFHVVVRLWVKRZVDPRUH
powerful antioxidant [18]. Consequently, the goal of
this study is to specify antioxidant activity of Thymus
through trapping free radicals DPPH and square
wave electrochemical methods. This report is the
stepping stone of a more comprehensive study on antioxidant activity of water-soluble compounds and
similar ones in different systems.

ABSTRACT
The antioxidant activity of Thymusfloral water,
which has medicinal properties, has been evaluated
in different concentrations and constant pH by
square wave voltammetry and DPPH free radical
trapping measurements. For superior comparison in
aqueous medium, ascorbic acid was used as an appropriate standard. The electrochemical method can
be used for the antioxidant capability, because of the
correlation found between anti-radical and oxidation
potentials. In addition, the results from square wave
voltammetry are mostly consistent with the results of
DPPH free radical trapping measurements, and the
benefits are simplicity, high-speed method, low
amounts of sample and solvent, accuracy, and also
there is no need to use some chemical reagents and
sample preparation. Furthermore, the square wave
voltammetry method is more sensitive method for
assessment the antioxidant activities in comparison
with DPPH method.

KEYWORDS:
Thymusfloral water, Antioxidant, Square wave, Radical
Trapping, DPPH, Electrochemical method

MATERIALS AND METHODS
INTRODUCTION

Apparatus and chemicals. Garden Thymus,
known as Thymus vulgaris, was purchased from KaUDM¶VSODQWUHVHDUFKIDFLOLW\'33+ZLWK&$61XP
ber 1898-66-4, was purchased from Sigma-Aldrich
Company; NaCl, with CAS Number: 7647-14-5
from Merck Company; Acetic acid purchased from
Merck Company with CAS Number: 64-19-7 and;
Phosphoric acid, CAS Number 7664-38-2, purchased from Merck Company; MetrohmAutolab Instrument, PGSTAT302N model, was used to measure electro chemical methods. Spectrophotometer,
Cary 300 model, made by Varian Company in Australia, was used to measure absorption. All electrochemical studies were accomplished by three electrodes system including Ag/AgCl electrode, as the
reference electrode; the platinum electrode was used
as the auxiliary electrode and the glassy carbon electrode was used as working electrode.

Thymus (Thymus vulgaris L) is a plant from the
family of Lamiaceae with a bushy structure, a
straight grassy or woody stem and subshrubs to 10
of 30 cm tall [1]. Since ancient times, herbal essences and tinctures, have been used to preserve food
or consumed as medicine. Also, herbal essences
have been wildly used in different industries, including food, pharmaceutical and etc. [2]. Thymol (2-isopropyl-5-methylphenol) is a natural and anti-oxidant
compound which is found in plants like Thymus and
oil essences of different Thymus species. Generally
thymol is the main Phenol component in Thymus and
carvacrol is the secondary one [3]. Antioxidant capacity is one the most important antioxidant parameters. This capacity is defined as combinability to
prevent oxidative degradation of different com-
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was used as working electrode. Acetic acid and
phosphoric acid (0.1 M, pH 2.0) was used as supporting electrolyte. All the electrochemical studies
were performed at room temperature. Ionic strength
was acquired through 0.5 M sodium chloride. Concentration of floral water and ascorbic acid in this assay were 1%, 2%, 3% and 4% V/V. Square wave
voltammetric parameters were as follows:
Start potential 0.0 V, Stop potential 2.0 V, Step
0.005 V, Modulation amplitude 0.02 V, and Frequency 25 Hz.

Water distillation method. Distillation with
water is appointed to extract the floral water. 100 g
of dried plant sample was placed in distillation flask,
then distilled water was added until two third of the
flask was full; afterwards, the flask was attached to
Clevenger apparatus. The steam that contains the essence and floral water comes out of the flask after
heating it, and then is cooled in the cooling section
of the apparatus, turns into liquid. Then, a two-phase
mixture is created with the oily essence on the top as
a supernatant, and the floral water that is mixed with
water is at the bottom. Finally, the water phase is
separated and kept in refrigerator in dark glass.

RESULTS AND DISCUSSION
Evaluating antioxidant activity of Thymus
floral water through DPPH method. In this study,
the antioxidant activity was determined using DPPH
(with the concentration of  ൈ  ͳͲିହ M), different
concentrations offloral water and ascorbic acid (1%,
2%, 3% and 4% V/V) were prepared and 2 mL of
each certain concentration added to 1 mL DPPH. After that, the samples were kept for 30 min in the dark
covered with aluminum foil. Then, the absorption of
samples was measured in 517 nm by UV-Vis Spectrophotometer. Radical scavenging activity was calculated through the following formula:
RSA% = (A Blank -A Sample/A Blank) ×100
RSA%= Radical scavenging activity;
A Blank = Maximum absorption in 517 nm;
A Sample = Sample absorption in 517 nm
ହ ሺ  ሻwas applied
to compare the activity of floral water. The ହ is a
concentration of floral water, which is used to trap
50% of free radicals.

Comparison of Thymus samples and standard samples of ascorbic acid by DPPH method.
Figure 1 shows the antioxidant power of Thymus and
ascorbic acid. The amount of RSA% was escalated
via increasing the concentration; in addition it grows
in a special interval of antioxidant power and was
somewhat decreased after reaching to the concentration 3% (v/v). The main problem of this method is
that the absorption ability will decrease as time
passes. The RSA% diagram of ascorbic acid is
higher than Thymus, which shows that the standard
of ascorbic acid is stronger that Thymus sample from
antioxidant properties point of view (Fig 1). Afterward, ହ was determined accurately. That could be
applied to compare the activity of Thymus floral water, which represents the concentration of floral water that could trap 50% of free radicals. Table 1 tabulates the ହ obtained for ascorbic acid and Thymus, since the less amounts of ହ is desirable, so
ascorbic acid is in better shape from antioxidant activity approach than Thymus. In DPPH method, the
absorption decreases when concentration rises and
beside there is an increasing for the amount of
RSA%. The results show that the amount of RSA%
for Thymusis slightly smaller than the amount of
RSA% for ascorbic acid in different concentrations
by DPPH method. Subsequently, it can be said that
ascorbic acid has somewhat more antioxidant activities by DPPH method (Table 2).

Evaluating antioxidant activity of Thymus
floral water through square wave voltammetry
method. Electrochemical measurements were performed with AUTOLAB Analyzer connected to a
standard cell with three electrodes. Electrochemical
studies were accomplished by three electrodes system including Ag/AgCl electrode, as the reference
electrode; the platinum electrode was used as the
auxiliary electrode and the glassy carbon electrode

FIGURE 1
RSA% in different concentrations for Thymus, and Ascorbic acid
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TABLE 1
Values of۷۱ obtained for Thymus and Ascorbic acid
ହ
Thymus
1.489

Vitamin C
1.049

TABLE 2
Values of RSA% and absorption measured by spectrophotometer for Thymus and ascorbic acid
in different concentrations
Samples

Concentration(V/V)

1
2
3
4

1%
2%
3%
4%

Absorption
Thymus Ascorbic Acid
0.140
0.078
0.096
0.045
0.043
0.014
0.029
0.001

Thymus
39.910
58.260
81.304
87.391

RSA%
Ascorbic Acid
46.245
68.774
90.117
98.945

FIGURE 2
A, B: Square wave voltammograms of Thymus and Ascorbic acid; Experimental conditions:
pH= 2 in different concentrations; C, D: Linear regression equations for Thymus and Ascorbic acid

The following diagram shows the square wave
method is very sensitive. As it can be seen, the intensity of voltammogram raises with the increase of
concentration, in this case concentration rise results
in the intensification of the sensitivity, subsequently
the intensity of the current also rises (Figure 2a).
According to the voltammograms, the antioxidant activity of ascorbic acid relates with increasing
the current in the particular potential range (Figure
2b). More currents related with more concentration,

Results from square wave voltammetry and
comparison of Thymus and standard ascorbic
acid samples. All of radical trapping methods have
certain weaknesses, since they need special reagents
and sample preparation, which is tedious and time
consuming. Nevertheless, they are dependent upon
many parameters such as temperature, the time of
analysis, compound properties of compounds mixtures (essences), antioxidant density, pro-oxidants,
and etc.
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what can be seen after increasing concentration. In
that case, ascorbic acid and Thymus, with identical
concentrations, were evaluated and the results show
that antioxidant activity of ascorbic acid is much
higher that Thymus by square wave voltammetry
method (Figure 2c, 2d). This difference was not recognized by DPPH method properly. Consequently, it
could be say that the square wave voltammetry
method is more sensitive method for evaluation the
antioxidant activities than DPPH method.

CONCLUSIONS
In this study, square wave voltammetry method
and DPPH method were accomplished for assay of
Thymus antioxidant activity and compared with the
corresponding ascorbic acid standard. Our studies
showed the antioxidant capability of Thymus, which
was acquired through square wave, was absolutely
improved when compared to the results of DPPH
method. Moreover, electrochemical measurements
could have many benefits compared to DPPH experiments, including high sensitivity, cheaper operating
costs, high speed, short measurement time, using no
certain reagents and time consuming process of sample preparation, also electrochemical measurement
can be done with different pH and in many environments. Furthermore, it is possible to compare moleFXOHV¶DQWioxidant activities in a vast majority of conditions. Consequently, the square wave voltammetry
method could be considered as a superior alternate
sensitive method for assessment the antioxidant activities in comparison with conventional methods.
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ABSTRACT

reaction of antioxidant of the sample with a stable
(2,2-diphenyl-l-picyrilhydrazyl) DPPHÂ with a photometric indication at 515 nm[12,13].However, this
procedure has some disadvantages, because it requires use of specific reagents and also sample
preparation is actually time consuming.On the other
hand, the electrochemicalmethodsare used todeterminethe antioxidant activity. They are used in stationary systems and dynamic, flow system. The
electrochemical methods are, fast and sensitive
method for the analysis of compounds [14-20]. In
the earlier review, the electrochemical method was
applied for determination of antioxidant activity of
wines and oils [21,22], and human plasma [23].
In this paper, the electrochemical behavior and
antioxidant capacity of Ajwain and ascorbic acid
are evaluated by DPPHÂ and square wave methods.
It is intended to substitute the DPPHÂmethod by
voltammetric determination. The results show the
square wave method can be useful for an improved
understanding of antioxidant activity. To compare
results obtained by both methods, ascorbic acid was
used as a proper standard.

Antioxidant activity of Ajwainas a medicinal
plant with many therapeutic properties has been
evaluated bysquare wave and DPPH radical scavenging measurements in the different concentration
and constant pH.The square wave method can be
used for determination of antioxidant capability,
because of correlation found between anti-radical
and oxidation potentials. The square wave method
has several advantages over the DPPHÂmethod
which,the most important being thatsimplicity, high
speed, Non-use of chemical reagents, low amount
of solvent and sample and lastlyappropriate sensitivity of square wave method concerning identifying antioxidant activity in comparison with DPPH
method.

KEYWORDS:
Ajwain,Antioxidants, Square wave,
method, DPPHT, Radical Trapping

Electrochemical

INTRODUCTION
MATERIALS AND METHODS
Ajwain (TrachyspermumammiL) belonging to
family of Apiaceaeis. Its stem is standing and its
height is 20-50 centimeter. The seed (fruit) of this
plant has medicinal properties [1]. The most important compounds of this plant are Thymol, Cymene, alpha-Pinene, D-3HQWLQ Ȗ-Terpenyn, Betapinene, Myrcene, Carvacrol[2, 3].Ajwain is used as a
pain killer, anti-asthma, and anti-nausea [2-5].
Thymol (2-isopropyl-5-methylphenol) is a natural
and antioxidant compound founding various plants
such as Ajwain. Thymol is used as a topical medication anti-fungal and anti-bacterial agent. Also,
Thymol has many applications in perfumery, food
stuffing, and mouthwash. In recent years, the limitation in use of synthetic antioxidants has caused an
increased attention towards natural antioxidants [69]. The studies have shown the antioxidants in food
and vegetables, are important for human health [10,
11].Different experiments have been also conducted
on the antioxidant activity of natural compounds.
One of these methods is antiradical activity by

Apparatus and chemicals.Ajwain (Trachyspermumammi L.) ZDV SXUFKDVHG IURP .DUDM¶V
plant
research
facility;
2, 2-Diphenyl-1picrylhydrazyl (DPPHÂ), 95% was purchased from
Sigma-Aldrich company;Sodium chloride, Acetic
acid, Phosphoric acid and Ascorbic acid were purchased from Merck company; MetrohmAutolabInstrument, PGSTAT302N model, equipped with
NOVA 1.6 soft-ware was used to measure electrochemical methods.Spectrophotometer,Cary 300
model, made by Varian Company in Australia, was
used to measure absorption. All of the solutions
were freshly prepared using distilled water.
Water distillation method. Distillation with
water was applied to extractthe floral water.100g of
Ajwainwas placed in distillation flask, subsequently
distilled water was added until two third of the
flask, soAjwaincompletely immersed in water.
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The reverse value, namely anti-radical power, ARP
= 1/ܥܫହ
Square wave method. Concentration of floral
water and ascorbic acid in this assay were 1%, 2%,
3% and 4% V/V. Solutions of acetic acid and phosphoric acid 0.1 M, pH=2, were used as supporting
electrolyte.All the electrochemical studies were
performed at room temperature.NaCl 0.5 M was
used
for
adjusting
the
ionic
strength.Electrochemical studies were accomplished by three electrodes system including, glassy
carbon electrode was used as working electrode;
whichwas cleaned by polishingwith alumina powder, platinum electrode was used as a control. All
potentials were measured with the Ag/AgCl electrodeas the reference electrode. Square wave voltammetric parameters were as follows:
Start potential; 0.0 V, Stop potential; 2.0 V,
Step; 0.005 V, Modulation amplitude 0.02 V and
Frequency 25 Hz.

Afterwards, the flask was attached to Clevenger.
The steam that contains the essence and floral water
comes out of the flask after boiling it, then when
the botanic material cools down the water and essential oil would be separated. Finally, the water
phase was separated and kept in refrigerator in dark
glass.
Spectrophotometric measurements DPPHÂ
Radical Scavenging Assay.In this study, the antioxidant
activity
was
determination
by
DPPHÂscavenging. Different concentration of floral
waterand ascorbic acid(1%, 2%, 3% and 4% V/V)
wereprepared and2mL of each certain concentrationadded to 1 mLDPPHÂin ethanol. The initial
DPPHÂ concentration was  ൈ  ͳͲିହ M. Samples
were kept in a dark covered with aluminum foilfor
20minutes. The maximum wavelength of the UVvisible absorption band of the DPPHÂcould be observed in 517 nm. The action of an antioxidant
causes the decrease of absorption, the absorption of
samples weremeasuredby spectrophotometerin 517
nm.
DPPHÂ(purple) + H - $ĺ'33+-H(yellow) +
H(yellow) + AÂ
This assay was taken with caution,because to
possible differences between structural and kinetic
characteristics of the compounds.
The RSA%(Radical scavenging activity)was
obtained by the following formula:
Ψ ൌ ሺ െ  ൊ ሻ ൈ ͳͲͲ
Besides, ହ ሺ  ሻwasused for bettercomparison. The amount of antioxidant required to decrease the initial concentration of
DPPHÂ to 50% measures the antioxidant activity.

RESULTS AND DISCUSSION
Comparison of Ajwain and ascorbic acid by
DPPH method. Antioxidant activity of Ajwain has
been evaluated usingDPPHÂscavenging measurement.As tabulated in Table1the absorptionwould be
decreased when concentration increased, and the
amount of RSA%increases as well. The main problem of this method is that after passing of time
absorbancewould be decreased, so this is difficult to
do reproducible measurements. The results show
that to achieving the upperantioxidant activity, the
privileged concentrationwould be needed, so the
absorbance being subjected to more inaccuracy.

TABLE 1
RSA%Values and absorption measured by spectrophotometer forAjwain and ascorbic acid in different
concentrations
Samples
1
2
3
4

Concentration(V/V)
1%
2%
3%
4%

Absorption
Ajwain Ascorbic acid
0.135
0.071
0.120
0.063
0.085
0.038
0.035
0.001

Ajwain
35.220
42.418
59.213
83.205

RSA%
Ascorbic acid
45.941
51.984
70.811
98.791

FIGURE 1
RSA% in different concentration for Ajwain andAscorbic acid
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tion.Antioxidant compounds can be used as the
reduction agent and oxidized on the inert electrodes. So, the relationship between method of
electrochemical and antioxidant capacity is interesting, because of low oxidation potential coordination
to the high antioxidant activity [24].
As can be seen in Figure2 (a, b) the intensities
of the voltammograms increase withincreasingthe
concentration. Small discrepancies ܧǡ may be
because of changes in the experimental condition
such as concentration, pH, etc.Figure3 (a, b) shows
Ajwainand ascorbic acid in same concentration, as
can be seen the intensities of the voltammograms
for ascorbic acidaremuch higher than Ajwain, by
square wave method.
Consequently, results of voltammograms of
square wave from Ajwain and Ascorbic acid indicates thatthis method are in good shape from correlation between oxidation potentials and anti-radical
opinion, then the square wave method could be
considered as more sensitive and less limit of detectionmethod for determination of antioxidant activities than DPPH method.

Figure 1 shows the amount of RSA% for
Ajwain and ascorbic acid in the same experimental
conditions and different concentrations. As can be
seen RSA% for ascorbic acid was higher than
Ajwain with increasing the concentration. Also,
Table 2 shows the values ofܥܫହ obtained for ascorbic acid and Ajwain, since the less the amounts of
ܥܫହ is more appropriate, so can be said ascorbic
acid has somewhat more antioxidant activity by
DPPH assay.
TABLE 2
Values of ۷۱ obtained for Ajwain and Ascorbic
acid
ହ
Ajwain
Vitamin C
2.188
1.548

Comparison of Ajwain and ascorbic acid by
square wave method. The square wave voltammograms were recorded for Ajwain and ascorbic acid,
at constant pH and different concentra-

FIGURE2
Square wave voltammograms of a: Ajwain, b: Ascorbic acid;experimental conditions: pH= 2 in different
Concentrations

FIGURE3
Current- concentration linear regression equation for a: Ajwain; and b: ascorbic acid
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Fruits, vegetables and cancer prevention: a review of the epidemiological evidence. Nutrition and cancer.18, 1±29.
[11] Vinson, J.A., Yong, H., Su, X. and Zubik,
L.(1998) Phenol antioxidant quantity and
quality in foods: vegetables.Journal of Agricultural and Food Chemistry. 46, 3630±3634.
[12] Brand Williams, W., Cuvelier, M.E., and Berset, C. (1995) Use of a free radical method to
evaluate antioxidant activity. LebensmittelWissenschaft & Technologie. 28, 25-30.
[13] Firuzi, O., Lacanna, A., Petrucci, R., Marrosu,
G., Saso, L. (2005) Evaluation of the antioxidant activity of flavonoids by ³ferric reducing
DQWLR[LGDQWSRZHU´ assay and cyclic voltammetry.BiochimicaetBiophysicaActa.1721,
174±
184.
[14] Prieto-Simon,B., Cortina, M., Campas, M. and
Calas-Blanchard, C. (2008) Electrochemical
biosensors as a tool for antioxidant capacity assessment.Sensors and Actuators B-Chemical 
129, 459-466.
[15] Campanella, L., Martini, E. and Tomassetti, M.
(2005) Antioxidant capacity of the algae using
a biosensor method.Talanta.66, 902-911.
[16] Barroso, M.F., Delerue-Matos, C. and Oliveira,
M. (2012) Flavored waters: influence of ingredients on antioxidant capacity and terpenoid
profile by HS-SPME/GC-MS.Food Chemistry.132, 1055-1062.
[17] Andlauer, W. and Heritier, J.(2011) Rapid
electrochemical screening of antioxidant capacity (RESAC) of selected tea samples. Food
Chemistry. 125, 1517-1520.
[18] Ying, W., Calas-Blanchard, C., Cortina-Puig,
M., Liu, B.H. and Marty, J.L. (2009) An electrochemical method for sensitive determination
of antioxidant capacity. Electroanalysis.21,
1395-1400.
[19] Kremplova, M., Krejcova, L., Hynek, D., Barath, P., Majzlik, P., Horak, V., Adam, V., Sochor, J. (2012) Automated Electrochemical Detection of Iron Ions in Erythrocytes from
MeLiMMinipigs Suffering from Melanoma.International Journal of Electrochemical
Science.7, 5893-5909.

CONCLUSIONS
In conclusion,square wave voltammetry method and DPPH method were accomplished for assay
of Ajwain antioxidant activity. Our studies showed
that antioxidant capacities of Ajwain as deduced
from square wave correlate with DPPH assays,
properly. The correlation between anti-radical and
oxidation potentials, which applied in square wave
assays, can be used for the determination of antioxidant activity. One of the most advantages of the
square wave voltammetry methodover the
DPPHÂishigh sensitivity for evaluating the antioxidant activity of compounds. Other privileged of
electrochemical method could be respected as high
speed, effortless, suitable operating costs, low
amount of solvent and sample,no need to use some
chemical
reagents
andshort
measuring
time.Besides, electrochemical measurement can be
done with different pH and in many environments.
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many scholars. Apart from these studies on impacts,
the sources of air pollutants are mainly divided into
natural and anthropogenic emission sources [2]. Inter-regional sources of pollution also affect each
other, resulting in the production of heavily polluted
air. Thus people have placed more attention to the
temporal and spatial characteristics of air pollution.
Since urban air pollution is mostly influenced by
similar factors such as weather, terrain, rivers, etc., a
whole region is often used as the focus of studies.
Among these studies, Angyang Wang et al. [3] addressed the spatial distribution characteristics of air
pollution index(API) for the major cities in the
Yangtze River Delta area with using Excel and other
statistical software such as SPSS; Dan Sun [4] also
used statistical methods to study the variation in the
API for typical cities in China’s three major urban
areas from 2001 to 2010; Wanxia Ren [5] studied the
cyclical characteristics and rules of API in Beijing,
Shanghai, Tianjin and Chongqing by wavelet analysis; Xiaofei Li [6] determined the characteristics of
API changes in China and their correlation with influencing factors by calculating the pollution component contribution rate and other research methods;
Zuhan Liu et al. [7] analyzed the multi-scale characteristics of air pollution indices by using the
Detrended Cross-Correlation Analysis (DCCA). In
these studies, the common characteristics of urban
air pollution in the region are mainly analyzed,
which can reflect the overall characteristics of urban
air pollution for a large area of the region. However,
distinct pollution control measures and meteorology
in the different regions led to different levels of urban air pollution [8-10]. In some situation, precipitation could directly eliminate air pollution [11].
Therefore, it is inevitable that the characteristic differences in urban air pollution are neglected, which
makes it difficult to implement diverse measures in
urban air pollution control.
Based on the air pollution observation data for
25 major cities in Hubei, Hunan and Jiangxi Provinces that are in the middle reaches of the Yangtze
River from January 2015 to November 2016 and
considering the air pollution index (API) and pollutant components as the classification criteria, the feature classification of air pollution in these cities was
studied by fuzzy clustering analysis. Due to the focus

Based on the air pollution observation data for
25 cities in the middle reaches of the Yangtze River
from January 2015 to November 2016, the feature
classification of urban air pollution is studied by a
fuzzy clustering analysis. The quantitative analysis
of the classification results shows that the results that
are based on different pollutant components are significantly different, and the differences in the urban
air pollution characteristic categories under the same
pollutant component classification criteria are obvious. For example, the classification difference for
the nine cities in Jiangxi Province between the classification results according to the characteristics of
PM2.5 and truncated set level λ = 0.885 and the characteristics of CO and the truncated set level λ = 0.90
is 0.7143. The 25 major cities in the middle reaches
of the Yangtze River are classified according to the
CO characteristics and the truncated set level λ =
0.87. They are classified into 5 categories, namely,
{Wuhan, Yichang, Shiyan, Xiangyang, Jingzhou,
Huanggang, Changsha, Yueyang, Xiangtan, Zhuzhou, Henyang, Nanchang, Jiujiang, Ganzhou, Jingdezhen, Yingtan, Jian, Yichun, Xinyu}, {Xiaogan,
Xianning, Huangshi}, {Yiyang}, {Loudi} and
{Shangrao}, and their category center distances and
their proportions to the category extreme differences
are (0.28, 37%), (0.28, 37%), (0.28, 37%), (0.28,
37%), (0.28, 37%) and (0.28, 37%), respectively. Finally, some suggestions on the classification and
treatment of urban air pollution are recommended.
'&!"
Air pollution, feature classification, air pollution index,
middle reaches of the Yangtze River
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Recently, urban air pollution has caused widespread concern around the world. The association
between ambient air exposure and human health has
also been a focus of the public and governments [1].
To reduce the health impact of air pollution, research
on air quality prediction has been conducted by
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0)8)+:-819:1+9 6. :0- 4)15 +64765-5:9 6.
)187633;:165There is a large spatial-temporal difference in the concentrations of various pollutants in
urban air. To distinguish among these differences
and improve the precision of clustering analysis, the
main components of air pollution and the time-varying concentration of 6 pollutants, namely, PM2.5,
PM10, SO2, CO, NO2 and O3 are considered.

on the characteristics of urban air pollution differences, this study will provide some reference for determining more effective mechanisms for urban air
pollution classification and control and for developing appropriate governance policies and measures.
!##!

On December 26, 2016, with the approval of
the State Council, the National Development and
Reform Commission issued the "Thirteenth Fiveyear Plan for Promoting Economic and Social Development of the Central Region of China”. For the
first time, "the Plan” clearly supports the construction of Wuhan and Zhengzhou into national central
cities and strengthens the capital cities such as
Changsha and Nanchang. Apart from these sections
of the Plan, it aims to enhance urban modernization
and internationalization as well as improve technological innovation or service functions.
The fundamental feature of the construction of
the Yangtze River economic belt are "ecological
concept, green economy and environmental protection first." Urban environmental governance and
ecological construction are important aspects in carrying out the five major development concepts.
Therefore, the Plan brings new development opportunities for Hubei, Hunan and Jiangxi Provinces located in the middle reaches of the Yangtze River.

#0- 4-:06, 6. .;>>= +3;9:-815/ )5)3=919
Fuzzy relations are defined as a set of fuzzy relations
on a productive set [12-13]. Considering that the
fuzzy relation, f: U × U → [0, 1] denotes the fuzzy
relation on the set U, it is called a fuzzy similarity
relation when f satisfies the reflexivity and the symmetry. Additionally, a fuzzy similarity relation that
satisfies transitivity is called a fuzzy equivalent relationship. A fuzzy equivalent matrix can be obtained
by determining the transitive closure of a fuzzy similar matrix. Therefore, by using fuzzy equivalence
relations, the elements of the set can be classified according to different truncated set level to form a dynamic fuzzy clustering.
U1
U2
U3
U4

#"$!"#"

):)96;8+-9Twenty-five cities were selected
as the focus of the study, including Wuhan, Xiaogan,
Xianning, Yichang, Shiyan, Xiangyang, Huangshi,
Jingzhou and Huanggang in Hubei Province, Changsha, Yueyang, Hengyang, Yiyang, Xiangtan, Zhuzhou, Loudi in Hunan Province and Nanchang,
Jiujiang, Ganzhou, Jingdezhen, Shangrao, Yingtan,
Gian, Yichun, Xinyu in Jiangxi Province. Due to the
different time intervals for releasing air pollution observation data, the air pollution observation data for
these 25 cities were obtained from the environmental
monitoring centers in the different cities from January 2015 to November 2016. The air pollution observation data includes 6 types of pollutant concentrations, namely PM2.5, PM10, SO2, CO, NO2 and O3,
which were used to calculate the air pollution index
(API).
The observation data from the periods when the
air pollution was relatively serious were selected as
the basis of clustering analysis. Specifically, data for
272 days were selected from January 1, 2015 to
March 31, 2015; November 1, 2015 to March 31,
2016; and November 1, 2016 to November 30, 2016.


U5
λ=0.4

λ=0.42 λ=0.45 λ=0.6

λ=1

$! 
")473-*)9-,65,=5)41+.;>>=+3;9:-815/
For the dynamic fuzzy clustering, the higher the
truncated set level, the more the corresponding classifications exist, namely, the smaller the differences
from the centre of classification, the fewer elements
in each category. Thus, the classification has finer
level of detail. In contrast, the lower the truncated set
level, the less the corresponding classifications exist,
namely, the bigger the differences from the centre of
classification, the more elements in each category.
Thus, the classification has a much coarser. For example, a series of dynamic fuzzy clustering can be
obtained by using five elements in the set and five
truncated set levels, as shown in Figure 1.
The fuzzy similarity relation R on the set U that
will be classified is established, and the arithmetic
mean minimum similarity coefficient method, that
is, the formula of the element rij in R, is adopted as
shown in equation (1).

(1)
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of PM10 and the truncated set level λ= 0.91, the 7 cities in Hunan Province were divided into four categories, namely, {Yueyang}, {Xiangtan, Zhuzhou, Yiyang} and {Hengyang, Loudi}.Based on the feature
of PM10 and the truncated set level λ= 0.885, the 9
cities in Jiangxi Province were divided into five categories, namely, {Nanchang}, {Jiujiang}, {Ganzhou, Ji'an}, {Jingdezhen} and {Shangrao, Yingtan,
Yichun, Xinyu}.

Where U={X1,X2,...,Xn}, Xi={Xi1,Xi2,...,Xim},
Xj={Xj1,Xj2,...,Xjm}, “Λ” means that the smaller
number is chosen after comparing the two numbers.
#$(('$"#!!"$#"
In 25 cities from three provinces and cities in
each province, the classification of air pollution features based on the six categories was calculated separately and many results were obtained. In the following, only some of the more typical results are selected as examples for illustration.
To facilitate the comparisons of classification
basis and category differences, samples were divided
into four or five categories. Due to the difference in
the number of major pollutant components, the sample was divided into four or five categories as required, the value of the cut for the set level was inevitably different.

-):;8-+3)991.1+):165*)9-,65" Based on
the feature of SO2 and the truncated set level λ=
0.813, the 25 cities from the three provinces were divided into five categories, namely, {Wuhan,
Xiaogan, Xianning, Yichang, Xiangyang, Jingzhou,
Changsha, Yueyang, Xiangtan, Zhuzhou, Hengyang,
Yiyang, Loudi, Nanchang, Jiujiang, Ganzhou, Shangrao, Yingtan, Ji'an, Yichun, Xinyu}, {Shiyan},
{Huangshi}, {Huanggang} and {Jingdezhen}.Based
on the feature of SO2 and the truncated set level λ=
0.81, the 9 cities in Hubei Province were divided into
five categories, namely,{Wuhan, Xiaogan, Xianning, Yichang, Huangshi}, {Shiyan}, {Xiangyang},
{Jingzhou} and {Huanggang}.Based on the feature
of SO2 and the truncated set level λ= 0.86, the 7 cities
in Hunan Province were divided into five categories,
namely,{Changsha, Hengyang}, {Yueyang, Loudi},
{Xiangtan}, {Zhuzhou} and {Yiyang}.Based on the
feature of SO2 and the truncated set level λ= 0.83,
the 9 cities in Jiangxi Province were divided into five
categories, namely, {Nanchang, Ganzhou, Ji'an,
Xinyu}, {Jiujiang}, {Jingdezhen}, {Shangrao} and
{Yingtan}.

-):;8-+3)991.1+):165*)9-,65    Based
on the feature of PM2.5 and the truncated set level λ=
0.875, 25 cities from three provinces were divided
into five categories, namely, {Wuhan, Huangshi,
Jingzhou, Huanggang, Changsha, Yueyang, Xiangtan, Zhuzhou, Hengyang, Yiyang, Loudi, Jiujiang,
Ganzhou, Jingdezhen, Shangrao, Yingtan, Ji'an, Yichun, Xinyu}, {Xiaogan, Xianning}, {Yichang},
{Shiyan} and {Xiangyang}.Based on the feature of
PM2.5 and the truncated set level λ= 0.88, the 9 cities
in Hubei Province were divided into five categories,
namely, {Wuhan, Huangshi, Jingzhou, Huanggang},
{Xiaogan, Xianning}, {Yichang}, {Shiyan} and
{Xiangyang} .Based on the feature of PM2.5 and the
truncated set level λ= 0.92, the 7 cities in Hunan
Province were divided into five categories,
namely,{Changsha,
Xiangtan,
Zhuzhou},
{Yueyang},
{Hengyang},
{Yiyang}
and
{Loudi}.Based on the feature of PM2.5 and the truncated set level λ= 0.888, the 9 cities in Jiangxi Province were divided into five categories, namely,
{Nanchang},{Jiujiang}, {Ganzhou, Shangrao,
Yingtan, Ji'an, Xinyu}, {Jingdezhen} and {Yichun}.

-):;8-+3)991.1+):165*)9-,65Based on
the feature of CO and the truncated set level λ= 0.87,
the 25 cities from the three provinces were divided
into five categories, namely, {Wuhan, Yichang, Shiyang, Jingzhou, Huanggang, Changsha, Yueyang,
Xiangtan, Zhuzhou, Hengyang, Nanchang, Jiujiang,
Ganzhou, Jingdezhen, Yingtan, Ji'an, Yichun,
Xinyu}, {Xiaogan, Xianning, Huangshi}, {Yiyang},
{Loudi} and {Shangrao}.Based on the feature of CO
and the truncated set level λ= 0.91, the 9 cities in Hubei Province were divided into five categories,
namely, {Wuhan, Yichang, Xiangyang, Jingzhou},
{Xiaogan, Xianning}, {Shiyan}, {Huangshi} and {
Huanggang} .Based on the feature of CO and the
truncated set level λ= 0.91, the 7 cities in Hunan
Province were divided into four categories, namely,
{Changsha, Yueyang, Xiangtan, Zhuzhou}, {Hengyang}, {Yiyang} and {Loudi}.Based on the feature
of CO and the truncated set level λ= 0.90, the 9 cities
in Jiangxi Province were divided into five categories,
namely, {Nanchang, Jiujiang, Yichun}, {Ganzhou,
Xinyu}, {Jingdezhen}, {Shangrao} and {Yingtan,
Jian}.

-):;8-+3)991.1+):165 *)9-, 65   Based
on the feature of PM10 and the truncated set level
λ=0.87, the 25 cities from the three provinces were
divided into five categories, namely, {Wuhan,
Xiaogan, Xianning, Huangshi, Huanggang, Changsha, Yueyang, Xiangtan, Zhuzhou, Hengyang, Yiyang, Loudi, Jiujiang, Jingdezhen, Shangrao, Yingtan, Yichun, Xinyu}, {Yichang}, {Xiangyang, Shiyan}, {Jingzhou} and {Ganzhou, Ji'an}.Based on the
feature of PM10 and the truncated set level λ=0.88,
the 9 cities in Hubei Province were divided into five
categories, namely, {Wuhan, Xiaogan, Xianning,
Huangshi, Huanggang}, {Yichang}, {Shiyan},
{Xiangyang} and {Jingzhou} .Based on the feature

-):;8- +3)991.1+):165 *)9-, 65   Based
on the feature of NO2 and the truncated set level λ=
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0.885, the 25 cities from the three provinces were divided into five categories, namely, {Wuhan, Yichang, Shiyan, Huangshi, Jingzhou, Huanggang,
Changsha, Yueyang, Xiangtan, Zhuzhou, Hengyang,
Yiyang, Nanchang, Jiujiang, Shangrao, Yingtan,
Ji'an, Yichun, Xinyu}, {Xiaogan, Xianning},
{Loudi}, {Ganzhou} and {Jingdezhen}. Based on
the feature of NO2 and the truncated set level λ=
0.90, the 9 cities in Hubei Province were divided into
five categories, namely, {Wuhan}, {Xiaogan, Xianning}, {Yichang, Xiangyang, Jingzhou}, {Shiyan}
and {Huangshi, Huanggang} .Based on the feature
of NO2 and the truncated set level λ= 0.92, the 7 cities in Hunan Province were divided into four categories, namely, {Changsha, Xiangtan, Zhuzhou, Hengyang}, {Yueyang}, {Yiyang} and {Loudi}.Based on
the feature of NO2 and the truncated set level λ=
0.90, the 9 cities in Jiangxi Province were divided
into four categories, namely, {Nanchang, Jiujiang,
Shangrao}, {Ganzhou}, {Jingdezhen} and {Yingtan, Ji'an, Yichun, Xinyu}.

chosen for illustrative analysis. Respectively, Figures 2 - 5 reflect the classification results of major
cities in the middle reaches of the Yangtze River
based on four kinds of air pollution, PM2.5, SO2, NO2
and O3. (1) - (4) of Figures 2-5 correspond respectively to each pollutant of classification results for 25
cities from three provinces, the 9 cities in Hubei
Province, the 7 cities in Hunan Province and the 9
cities in Jiangxi Province.
Generally, the classification results for 25 cities
from the three provinces based on different pollutants show that almost all the cities in the middle
reaches of the Yangtze River are consistence with
the classification results from the feature classification of a specific pollutant, except for a few unique
cities. Specifically, all the selected cities in Hunan
Province and Jiangxi Province are classified into one
category when categorized based on PM2.5 characteristics. The classification results based on the SO2
characteristics also show that all the cities in Hunan
and Jiangxi except Jingdezhen are grouped into one
category.
The classification results for Hubei Province
show that Wuhan is likely to fall into the same category with Huangshi, Huanggang and Xianning in
southeastern Hubei while Shiyan, Xiangyang and
Yichang in the northwestern part of Hubei Province
are specific in their classification results.
The classification results for seven cities in Hunan Province show that Changsha, Xiangtan and
Zhuzhou are consistence with the classification results while Yueyang, Yiyang, Loudi and Hengyang
are unique in their classification results.
The classification results based on the characteristics of four atmospheric pollutants PM2.5, SO2,
NO2 and O3 in Jiangxi Province show that the classification results of Yichun, Xinyu, Ji'an and Ganzhou in the southern part of Jiangxi Province are
more consistent than those of other three cities, such
as Jiujiang, Shangrao and Jingdezhen. In addition, it
is worth noting that Nanchang, the provincial capital,
falls into a category of its own based on PM2.5 and
O3 features, reflecting the uniqueness of its pollution
features.

-):;8-+3)991.1+):165*)9-,65  Based on
the feature of O3 and the truncated set level λ= 0.868,
the 25 cities from the three provinces were divided
into five categories, namely, {Wuhan, Xiaogan,
Xianning, Yichang, Xiangyang, Jingzhou, Huanggang, Changsha, Yueyang, Xiangtan, Zhuzhou,
Hengyang, Loudi, Ganzhou, Jingdezhen, Shangrao,
Yingtan, Ji'an, Yichun, Xinyu}, {Shiyan}, {Huangshi}, {Nanchang} and {Jiujiang}.Based on the feature of O3 and the truncated set level λ= 0.87, the 9
cities in Hubei Province were divided into five categories, namely, {Wuhan, Xiaogan, Xianning,
Jingzhou, Huanggang}, {Yichang}, {Shiyan},
{Xiangyang} and {Huangshi}.Based on the feature
of O3 and the truncated set level λ= 0.91, the 7 cities
in Hunan Province were divided into four categories,
namely,
{Changsha,
Xiangtan,
Zhuzhou},
{Yueyang}, {Hengyang} and {Yiyang, Loudi}.
Based on the feature of O3 and the truncated set level
λ= 0.87, the 9 cities in Jiangxi Province were divided
into five categories, namely, {Nanchang},
{Jiujiang}, {Ganzhou, Ji'an}, {Jingdezhen, Shangrao, Yingtan} and {Yichun, Xinyu}.

$""!#"

5)3=9196.+3;9:-815/8-9;3:9To quantify the
clustering results, the results of urban air pollution
feature classification are compared based on their
different pollutant components. For the classification of the characteristics of urban air pollution based
on the same pollutant composition, the differences
between the categories are examined. Due to the
large amount of data for the analysis and limited
space, only representative results are given below as
examples.

" #
!#!"#"! $#
Based on the fuzzy clustering results for air pollution characteristics of six types of classification in
25 cities in the middle reaches of the Yangtze River,
ArcGIS10.2 was applied to intuitively reflect the classification results on the map [14]. Therefore, a further analysis of the spatial distribution characteristics of air pollution in the middle reaches of the
Yangtze River was conducted. Considering the fact
that a large number of classification results were obtained, only some of the more typical examples were
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-5:-8,19:)5+-,6.:0-+):-/68=)5,1:9786768:1657:6:0-8)5/-<)3;-6.)33,):)

(d, p)
First class
Second class
Third class
Forth class
Fifth class

First class
(0, 0)

Second class
(0.28, 37%)
(0, 0)

Third class
(0.28, 37%)
(0.28, 37%)
(0, 0)

Forth class
(0.28, 37%)
(0.28, 37%)
(0.28, 37%)
(0, 0)

Fifth class
(0.28, 37%)
(0.28, 37%)
(0.28, 37%)
(0.28, 37%)
(0, 0)


the pollutants are more obvious. If the diversity factor is larger, then the common characteristics between the two pollutants are smaller. If the difference in the classification results is greater, then the
classified treatment is more meaningful. Therefore,
it is likely to develop specific measures to address
different pollutants.
From the above results, we can see that for each
city in Hubei, Hunan and Jiangxi Provinces, the diversity factors of the classification results based on
the characteristics of PM10 and CO are all 0.7143,
indicating that the common characteristics between
PM10 and CO are not obvious. Therefore, to achieve
the best results, we must develop appropriate management programs to address PM10 and CO through
urban atmospheric management. For pollutants with
small differences in classification results, some adjustments may be needed depending on the actual
monitoring conditions to maximize the management
efficiency.

To describe the degree of difference between
the two classification results of U, the formula for
calculating the difference in classification results is
given, as shown in equation (2).

(2)
where U1 and U2 are two categories of U, K is
the maximum number of categories of two classification results, and nonnegative integers
     and      represent
the number of elements in intersection and union of
the  and  categories, respectively.
If the abovementioned classification results are
calculated by using equation (2), then we can obtain
the results below:
For example, for the 9 cities in Hubei Province,
the diversity factor is 0.3000 when the classification
results based on the characteristics of O3 (truncated
set level λ = 0.87) are compared with those based on
the characteristics of PM10 (truncated set level λ =
0.88). The diversity factor is 0.7143 when the classification results based on the characteristics of CO
(truncated set level λ = 0.91) are compared with
those based on the characteristics of PM10 (truncated
set level λ = 0.88).
For the 7 cities in Hunan Province, the diversity
factor is 0.2500 when the classification results based
on the characteristics of PM2.5 (truncated set level λ
= 0.92) are compared with those based on the characteristics of CO (truncated set level λ = 0.91). The
diversity factor is 0.7143 when the classification results based on the characteristics of CO (truncated
set level λ = 0.91) are compared with those based on
the characteristics of PM10 (truncated set level λ =
0.91).
For the 9 cities in Jiangxi Province, the diversity factor is 0.3636 when the classification results
based on the characteristics of O3 (truncated set level
λ = 0.87) are compared with those based on the characteristics of PM10 (truncated set level λ = 0.885).
The diversity factor is 0.7143 when the classification
results based on the characteristics of CO (truncated
set level λ = 0.90) are compared with those based on
the characteristics of PM10 (truncated set level λ =
0.885).
If the diversity factor is smaller, then the classification of the two pollutants is more similar, and
the common characteristics of the pollution among

):-/68= ,1..-8-5+- )5)3=919 6. :0- +3)991.1
+):165 8-9;3:9 )++68,15/ :6 :0- 9)4- 7633;:)5:
+647691:165 The ratio between center distance of
the category and the range value of all data is used to
analyze category difference. For example, 25 major
cities in the middle reaches of the Yangtze River are
classified according to the characteristics of CO
(truncated set level λ = 0.87). They are divided into
five categories: {Wuhan, Yichang, Shiyan, Xiangyang, Jingzhou, Huanggang, Changsha, Yueyang,
Xiangtan, Zhuzhou, Hengyang, Nanchang, Jiujiang,
Ganzhou, Jingdezhen, Yingtan, Ji'an, Yichun,
Xinyu}, {Xiaogan, Xianning, Huangshi}, {Yiyang},
{Loudi} and {Shangrao}. The proportion of the center-to-center distance of the five categories in the
overall data is calculated, as shown in Table 1.
)15 +65+3;91659 Based on the quantitative
analysis, conclusions can be drawn for major cities
in the middle reaches of the Yangtze River: (1) The
results of urban air pollution classification based on
different pollutants are quite different, indicating
that there are large differences in the composition of
urban air pollution components. (2) Under the classification criteria of the same pollutant, the differences between the categories of urban air pollution
characteristics are obvious, indicating that there is a
large difference in the degree of pollution in each air
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pollution component in the cities. (3) The air pollution classification results for major cities in the middle reaches of the Yangtze River are specific in space
and identical in certain geographical distribution.
Most of the air pollution characteristics of the capital
cities and their neighboring cities belong to the same
category, while the marginal cities in the middle
reaches of the Yangtze River are likely to be heterogeneous and unique in pollution characteristics classification. (4) The geographical distribution of urban
air pollution sources and pollutant composition are
quite different. They should be used as the basis for
urban air pollution monitoring and classification. Urban air pollution classification management can be
combined with regional governance.

!-+644-5,):1659 (1) Cities with the same
air pollution characteristics categories should share
information, and neighboring cities should establish
regional linkage mechanism. In implementing urban
air pollution control measures, we should make full
use of the important information on the general category and establish regional linkage mechanism
with neighboring cities with the same type of characteristics to maximize the effectiveness of governance. (2) Cities with different air pollution characteristic categories should focus on significant differences and neighboring cities should trace the sources
of pollutants. Making full use of the significant information of category differences, neighboring cities
should monitor the source of pollutants together, implement corresponding air pollution control policies
and measures, and provide decision support for the
classification and treatment of air pollution in regional cities. (3) Cities that are unique and heterogeneous under the classification criteria of the same
pollutant composition and trace the source of pollution should be given attention. For the city that is
unique or has substantial differences, it is important
to analyze the causes of the pollutants in the city,
trace the sources of pollution and take appropriate
measures to control the source of pollution. (4) The
causes and mechanisms resulting in heterogeneity
and the identity of the air pollution characteristics
classification results shown on the map may be analyzed in combination with the socio-economic conditions and meteorological conditions of the area.
The distribution of elements in the area should be
reasonably planned to make great progress in regional economic development and environmental
governance.
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chemical cycles of these gases [2]. The waterlogged
conditions of wetland soil facilitate CH4 production
via methanogenesis [3], therefore making wetlands
to be the largest contributor of natural CH4 source.
According to Tian et al [4], natural wetlands contribute 40%-50% of total CH4 emissions during the
2000s. CH4 could also be oxidized to CO2 when
oxygen was available in soil. Moreover, previous
cumulative organic matter in wetland was easily
decomposed to CO2 under rich oxygen conditions
[5]. In wetland soil, N2O could be produced through
nitrification under oxic conditions or via denitrification under anoxic conditions [6]. However, N2O
also could be reduced to N2 through denitrification
when denitrifiers were prevalent in soils [7]. So, the
role of wetland soil as N2O source or sink remains
unclear.
Boreal peatlands, accumulated soil organic
carbon over thousands of years under anaerobic
conditions, stored approximately one third of global
soil carbon [8-9]. These peatlands potentially emitted CO2, CH4 and N2O under future climate change
[1, 10-11], because of changing peatland hydrology
and thermal conditions, which greatly influenced
greenhouse gas production [12]. Peatland hydrology is the key factor determining the range and duration of anaerobic and aerobic conditions, which
regulate greenhouse gas production and emission.
Lowering water table, the most common phenomenon of changing peatland hydrology, can increase
CO2 emissions through accelerating organic carbon
decomposition [13] and increase CH4 oxidation due
to increasing soil oxygen content [14], as well as
facilitate N2O production and emission owing to the
enhancement of available nitrogen [15]. Meanwhile,
increasing soil temperature, induced by climatic
warming, accelerates carbon respiration (CO2 and
CH4) and N2O release from peat surface through
altering microbial community structure and quantity involved in anaerobic processes [11-12, 16-17].
However, numerous studies have been reported

ABSTRACT
Emissions of CH4, CO2 and N2O from peatland soil have important implications for the atmospheric greenhouse gases balance. Till now, little
is known about the patterns and controls of greenhouse gas from peatland soil where lied by permafrost in Northeast China. In the present study, soil
GHG fluxes were observed over three years from a
peatland in Great Hing¶an Mountains. The results
show that pronounced seasonal variation was observed in soil CH4 and CO2 fluxes during the measurement periods, but was not appeared in soil N2O
fluxes. Seasonal dynamics of CO2 emissions were
strongly regulated by air temperature and soil temperature at 5 cm. On seasonal scale, the Q10 of soil
CO2 in spring was much higher than other seasons,
which implied more CO2 emission to atmosphere
under spring warming. We also found a negative
relationship between soil CO2 fluxes and water table depth, with the emissions decreasing as water
table approach to soil surface. The annual emissions
of greenhouse gas from peatland soil were 641.13 g
m-2 yr-1 for CO2, 0.65 g m-2 yr-1 for CH4 and 29.7
mg m-2 yr-1for N2O, respectively. Our results suggest that peatland soil CO2 emission was more sensitive to climate change, especially warming.
KEYWORDS:
Greenhouse gas, peat, permafrost, wetland, the Great
Hing¶an Mountains

INTRODUCTION
More and more evidences have shown that the
changing Earth¶s climate is caused by the increase
in the greenhouse gas concentrations [1]. Apart
from the anthropogenic perturbations on greenhouse gas emissions, some natural ecosystems, such
as wetlands, played an important role in biogeo-
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mean of 18.4 oC in July and a minimum of -28.7 oC
in January. The peatland site was mainly covered
by shrubs, sedges and mosses. The dominated vegetation covered the peatland surface are
Chamaedaphne calyculata, Leduim palustre var.
angustum, Vaccinium vitis-idaea and Betula fruticosa, Eriophorum vaginatum and Sphagnum mosses. The soil in the research site classified as peat
soil, with a mean pH value of 4.9. Soil organic carbon (SOC) content in the uppermost 20 cm depth is
41.4% ± 4.02 %, with a C/N ratio of 23.36 ± 4.7.

greenhouse gas balance in the disturbed peatland
soils [18-20]. Unfortunately, trace gas emission
from natural peatland soils have rarely been studied.
Understanding greenhouse gas emission from peat
soil is vital to improve our knowledge of the contribution of peatland in boreal region to global trace
gas cycles.
China is covered by 3.6 × 105 km2 of wetland,
accounting for approximately 4.5% of global wetland area [21-22], of which about 21.4% of national
wetland located in Northeast China [23]. Over past
2 decades, greenhouse gas emission from wetland
in Northeast China has been extensively studied [12,
24-26]. However, little attention has been paid on
greenhouse gas fluxes from peatlands, especially
from peatland soil in continuous permafrost zone.
Peatland, underlain with permafrost, was especially
vulnerable to global climate change [27]. For example, permafrost degradation caused by warming
can result in land surface subsidence, then may
change peatland topography, hydrology and vegetation [28-30], which can significantly influence C
and N cycles in permafrost regions [11, 31]. In
Northeast China, surface soil temperature in the
permafrost zone has increased in the past decades
and the model predicts that soil temperature will
rise in the future 50 years [32]. These changes in
peatland certainly would affect the dynamic change
and cycle of soil carbon and nitrogen. Therefore, to
improve our knowledge of the greenhouse gas
emission from permafrost peatland under changing
climate, we should understand the fluxes of greenhouse gas from peatland soil. The objectives of the
study were (1) to study temporal emission patterns
of greenhouse gas from peatland soil of Northeast
China, (2) to explore the physical environmental
parameters affecting the temporal variation on
greenhouse gas ÀX[es, (3) to identify the magnitude
and global warming potential (GWP) of annual
greenhouse gas emissions from peatland soil.

Field measurements and flux determination.
In order to measure soil gas flux, four sample plots
covering the dominant vegetation were established
in July 2010. The residual living plants of the sample plots were removed by manual weeding and
clipping at the soil surface before the measurements.
The day before each measurement occasion, the
growing green parts were cleared. Fluxes of greenhouse gas were measured weekly from April to
October during the period of 2010-2012, except that
the observation began on July in 2010. In addition,
gases were sampled two or three-day intervals during the freeze-thaw period between 2010 and 2011.
Gas flux at the soil surface was measured using static dark chamber technique described by
Livingston and Hutchinson [33]. The sampling system was comprised of two parts: a top stainless
steel chamber opened at the bottom and a stainless
steel collar with groove. The collar, with detailed
description in Miao et al [34], was vertically inserted into the surface to a depth of 20 cm in the
sample plot, and remained fixed during the measurement period. The groove filled with water when
placing sample chamber on it for keeping air-tight.
The sample chamber (height 50 cm, length 50 cm,
width 50 cm, equipped with a fan) was wrapped
with Styrofoam for preventing heating during the
measurement. The elevated boardwalks were built
around the collars to prevent disturbance of soil
during the observations.
The flux measurements were conducted in the
morning (9:00-11:00 am, Local time). The chambers were inserted to the groove filled with water,
and the chamber closure time was 30 min. Gas
samples were extracted using a syringe with hypodermic needle at intervals of 0, 10, 20 and 30 min
after chamber installment, and injected into a
pre-evacuated TedlarR Air Sample Bag (100 mL,
Delin Ltd, Liaoning, P. R. China). Then, gas samples were delivered to the lab and analyzed for CH4,
CO2 and N2O with a gas chromatograph (Agilent
4890D, Agilent Co., Santa Clara, CA, USA). The
gas chromatograph equipped with a flame ionization detector (FID) used for the analyses of CO2
and CH4 and with an electron capture detector
(ECD) for analyzing N2O. The more detailed de-

MATERIALS AND METHODS
Site description. The observations were conducted in a peatland located in the north slope of
Great Hing¶an Mountains, which is also located at
the southern boundary of Northern Hemisphere
permafrost. The study site is situated approximately
33 km southeast of the county capital Mohe, Heihongjiang Province, Northeast China (52.94°N,
122.86°E). The climate is defined as cool continental. According to the records of Mohe weather station, the annual precipitation averaged 452 mm for
the period of 1980 to 2009, with over 45% of annual rainfall occurring during the wet season (July and
August). The daily mean air temperature from
1980-2009 is -3.9 °C, with a maximum monthly
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[35]:

scription of measuring system can be found in Song
et al [25]. Gas flux rates were determined by the
linear changes rates of gas concentrations in the
chamber headspace and were adjusted for air temperature and atmospheric pressure. The calculated
fluxes were accepted if R2 of the regression line
exceeded 0.95 for CO2, 0.8 for CH4 and 0.7 for
N2O.

Q10 = e10b1.
The annual soil greenhouse gas fluxes were
calculated using the sum of the fluxes from
snow-free season and snowy season. In the
snow-free season, accumulated soil greenhouse gas
fluxes were calculated using linear interpolation
between sampling days [36]. In the snowy season,
greenhouse gas measurements could not be conducted using chamber method because of deep
snow. Furthermore, microbial activity might be
limited by low temperatures and emissions might
be hampered by snow. Compare to growing season,
greenhouse gas production and emission from soil
might show no significant difference from ecosystem in snowy season. So, we estimated soil greenhouse gas emissions using the fluxes from peatland
ecosystem which has been calculated by Miao et al
[37]. In the present study, fluxes observations from
15 October 2010 to 14 October 2011 are referred to
as the 2011 observation year and from 15 October
2011 to 14 October 2012 as 2012 observation year.
To evaluate the contribution of CO2, CH4 and
N2O to the global greenhouse gas balance of the
peatland soil, an integrated global warming potential (GWP) from greenhouse gas emissions were
calculated by the IPCC methodology. The radiative
forcing constants of CH4 and N2O relative to CO2
on a per mass basis are 86 and 268 at a 20-year time
horizon and 34 and 298 at a 100-year time horizon,
respectively [1].

Auxiliary measurements. During the observation period, water table depth, active layer depth
and temperature in each individual plot were monitored. Water table depth was monitored in a digging
well adjacent to the collar. Active layer depth was
measured by inserting a steel rod to permafrost table. Air temperature in and out the chamber and soil
temperatures at 5 and 10 cm depth outside the collars were recorded by portable digital thermometers
(JM 624, Jinming Instrument CO., Ltd, Tianjin,
China) at each measurement. Atmospheric pressures on each sampling occasion were acquired
from China Meteorological Data Sharing Service
System (http://cdc.cma.gov.cn/). Precipitation was
manually measured by a rain gauge about 3 km
away from the sampling site.
Calculations of Q10, cumulative greenhouse
gas emissions and global warming potential. The
temperature coefficient Q10, known as the change in
respiration rate at intervals of 10 oC, was calculated
as following procedures. Firstly, the relationship
between soil CO2 or CH4 flux and temperature was
fitted to following equation:
F = b0eb1T,
where F and T are soil CO2 or CH4 flux (mg
m-2 h-1) and air temperature or soil temperature at
the depth of 5 cm during the observation period,
respectively. b0 and b1 are fitting parameters determined by the least-square technique. Then, the Q10
value was calculated as described in Davidson et al.

Statistical analysis. Due to absence of flux
measurements in May and June of 2010, the data
measured in 2011 and 2012 were used to apply the
subsequent statistical analyses. All statistical analyses were conducted on SPSS version 19.0 software
(SPSS, Inc., Chicago, IL, USA). The normality test
of gas fluxes was conducted with Kolmogorov-Smirnov test. The CH4 fluxes were square root

FIGURE 1
Daily precipitation and air temperature in the study site. (The data during non-observation period were
acquired from China Meteorological Data Sharing Service System)
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439.4 mm, which was close to the 30-yr average,
451.7 mm. In the other two years, the annual precipitation was much higher (552.3 mm in 2011) or
lower (383.6 mm in 2012) than 30-yr average precipitation. The annual mean air temperature was
-4.5, -3.2 and -4.2 oC in the year from 2010 to 2012,
which was slightly higher or lower than the
long-term mean air temperature of about 0.7 oC.
With the increasing temperature, the active
layer depth continously increased during the measurement period (Fig. 2D). The maximum of thaw
depth reached at the depth of 79 to 85.9 cm in the
measurement years. The water table depth
throughout the observation period fluctuated from
-32 to 3.9 cm (minus value means below the surface). The seasonal variation of water table depth
was not shown clearly, and the lowest value occurred at late July or early August (Fig. 2D). The
seasonality of soil temperatures at 5 and 10 cm below the surface was consistent with the seasonal
patterns of air temperature (Fig. 2E). These environment factors showed clearly seasonal variation
in specific year, but not significantly (P > 0.05)
differed in 2011 and 2012.

transformed and CO2 fluxes were log-transformed
for further analysis. To make sure that CH4 flux
data were positive before transformation, a value of
0.05 was added. The N2O fluxes could not be
transformed to obey normal distribution. The Person correlation analysis was performed to examine
the relationships between the observed gas fluxes
and active layer depth, water table depth and temperature except that the Spearman correlation analysis was applied on N2O fluxes. One-way ANOVA
(LSD method) was employed to identify the differences between two measurement years for CO2 and
CH4 fluxes. The significance level below 0.05 of all
the analysis was considered statistically significant.
The software packages Origin 8.0 (Origin Lab
Corporation, USA) was used for preparation of
figures.

RESULTS
Climate Characteristics and environmental
Factors. Fig. 1 shows the precipitation and air
temperature during the observation period in the
study site. The annual precipitation in 2010 was

FIGURE 2
Greenhouse gases flux from peatland soil and environment factors such as thaw depth, water table, soil
temperature at the depth of 5 and 10 cm (T5 and T10) during the measurement period in the year of
2010-2012. (D: filled circle represent water table, hollow circle represent active layer depth, E: filled triangle represent soil temperature at 10 cm depth, hollow triangle represents soil temperature at 5 cm depth)
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TABLE 1
The basic information about hourly CO2, CH4, and N2O fluxes from peatland soil in Northeast China
Gas fluxes
CO2
(mg m-2 h-1)
CH4
(mg m-2 h-1)
N2O
ȝJ m-2 h-1)

Year
2011
2012
2011
2012
2011
2012

Mean
125.94
132.17
0.17
0.09
5.67
12.95

Minimum
5.03
18.72
-0.05
-0.04
-11.12
-81.66

Maximum
423.38
279
0.8
0.36
18.65
132.72

N
30
17
30
17
18
17

CV(%)
80
60
112
111
129
376

TABLE 2
The correlation coefficients (r) between the observed gas fluxes of CO 2, CH4 and N2O and environmental
factors in the measurement years.
CO2 fluxes
Season
Spring
Summer
Autumn
All

CH4 fluxes

N2O fluxes

ALD

WTD

Ta

Ts5

ALD

WTD

Ta

Ts5

ALD

WTD

Ta

Ts5

0.64
0.11
0.31
-0.09

-0.79*
-0.52**
-0.03
-0.61**

0.69**
0.51**
0.58**
0.72**

0.66
0.54**
0.45
0.74**

0.21
0.18
-0.15
0.18

-0.78*
-0.22
0.07
-0.12

0.55
0.21
0.54**
0.1

0.38
-0.06
0.72**
0.04

n.d.
-0.37
0.29
-0.28

n.d.
0.1
-0.15
0.12

n.d.
0.01
-0.08
0.001

n.d.
0.004
-0.44
-0.02

Abbreviations denote: ALD represents active layer depth (cm), WTD represents water table depth (cm), Ta and Ts5 denote air
temperature (oC) and soil temperature at 5 cm depth below soil surface, respectively. Bold numbers indicate significant correlations, ** correlation significant at the 0.01 level and *correlation significant at the 0.05 level. n.d. denotes not determined.

h-1 has been recorded in the autumn month of 2011.
Compare to CO2, temporal CV of CH4 emissions
were a little higher, but did not significantly differ
for both years.
In our study site, peatland soil functioned as
both sources and sinks of N2O. N2O fluxes from
peatland soil were always low, and fluctuated from
-81.66 to 132.72 ȝJ m-2 h-1 throughout the measurement period (Fig. 2C). Due to the absence of
fluxes data before July in the year of 2010 and 2011,
the seasonal variation of N2O fluxes in 2012 was
present. At the beginning of the growing season,
N2O fluxes gradually increased with the rise of
temperature. The highest N2O emission of 137.72
ȝJ m-2 h-1 was occurred in mid-June. Then, N2O
emissions sharply decreased and kept low fluxes
with the mean value of -33.03 to 11.25 ȝJ m-2 h-1
for the rest of measurement period. Consequently,
the highest temporal CV values of N2O fluxes were
recorded compare with CO2 and CH4.

Temporal variability of soil CO2, CH4 and
N2O fluxes. Fluxes of CO2, CH4 and N2O were
observed in the snow-free seasons of 2010, 2011
and 2012. Due to the absence of fluxes data before
July in 2010, the description of seasonal variation
of greenhouse gas fluxes was only occurred in 2011
and 2012. The emissions of CO2 from peatland soil
showed apparent seasonality in the measurement
years, following seasonal trends in temperature (Fig
2A, 2E). In 2011 and 2012, CO2 emissions showed
a similar seasonal pattern, with the highest emissions recorded in the summer months. In each
measurement year, the lowest daily emissions were
recorded during the autumn months. During the
observation periods, the measured momentary
fluxes of CO2 were in the range of 5.03 and 423.34
mg m-2 h-1, with the average CO2 fluxes of 125.94
and 132.17 mg m-2 h-1 in 2011 and 2012, respectively. Measured temporal coefficient of variation
(CV) in 2012 was much lower than in 2011 (Table
1).
Measured CH4 fluxes varied between -0.05
(negative values indicate flux from the atmoshere to
soil) and 0.80 mg m-2 h-1 during the measurement
period. The negative CH4 fluxes were seldom
measured, which usually occurred in late spring.
The seaonal variation of CH4 fluxes was observed
in the year 2011 and 2012, although their seasonal
patterns were more complicated than CO2 (Fig. 2B).
CH4 emissions in early summer followed sharp
increasing trends. The largest emissions of 0.8 and
0.36 mg m-2 h-1 were recorded in late June of 2011
and 2012, respectively. Then, CH4 emissions declined sharply and kept lower emissions in the remaining period. An interesting phenomenon of a
second emission peak with a value of 0.38 mg m-2

Influence of environmental factors on CO2,
CH4 and N2O fluxes. In order to explore the control factors on soil greenhouse gas fluxes, the bivariate analysis was conducted to explore the relationship between soil greenhouse gas fluxes and
active layer depth, water table depth, air and soil
temperatures. As shown in Table 2, we only found
the positive relationships between soil CO 2 fluxes
and temperatures and negative correlation with water table depth during the 2-year measurement period. Based on season scales, air temperature controlled CO2 emissions for spring, summer and autumn months. However, soil temperature only significantly influenced CO2 emissions in summer. In
addition, water table depth only affected CO2 emis-
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region could be due to the drier condition in drained
or cutaway peatland soil than natural peatland.
Moreover, temperatures significantly regulate soil
CO2 effluxes [43]. Therefore, peatland soil in temperate and tropical regions experienced higher air
temperatures, especially in winter, can emit more
CO2 than that from boreal regions.
Soil and air temperature explained 64.6% and
65% of the temporal dynamics of CO2 from peatland soil, which is constant with the findings of
previous researchers [20, 42, 44]. The strong exponential relationship between CO2 and temperatures
indicates that temperature was the primary control
on the CO2 emissions. However, the temperature
dependence of soil CO2 fluxes varied in seasons
(Table 3). Based on the exponential relationship
between CO2 fluxes and air temperature, calculated
Q10 was 2.56, 1.82 and 1.92 for spring, summer and
autumn, respectively. The calculated Q10 in different seasons demonstrated that the effect of temperature on CO2 emission in spring was much more
sensitive than that in other seasons. The possible
explanation was that associated microorganism
recovered from the previous cold winter [45] and
their activities responded significantly to increasing
temperature in spring, then result in more CO2
emissions. Compare to air temperature, soil temperature had little effect on CO2 emissions in spring
and autumn. However, Q10 calculated from soil
temperature recorded in the entire measurement
period was 2.83, which was similar to the global
average value (Q10 = 3 [46]).
Water table depth has long been regarded as
another important environmental factor controlling
soil CO2 emissions in peatland soil [41]. Generally,
water table depth affected the quantity of peat soil
under aerobic conditions, which determined the
potential CO2 production [20]. It could be confirmed by the negative correlation with water table
depth and soil CO2 emissions in the present study.
The lower water level, the higher CO2 fluxes implies deeper water table depth can enhance soil CO 2
emissions to some degree. However, there was no
clear relationship between soil CO2 fluxes and water table depth in autumn. The water table depth
varied from -3.2 to -14 cm during this measurement

sion in spring and summer, not in autumn. There
was no significant correlation between CH4, N2O
and these environment factors for the entire measurement period. But, CH4 was strongly correlated
with air temperature and soil temperature at 5 cm
depth in summer, and was influenced by water table
depth in spring. Active layer depth might affect soil
CO2 flux during spring, but not significantly. However, no apparent correlations between CH4 and
N2O fluxes and active layer depth have been found
(Table 2).
Cumulative fluxes and global warming potential. Table 3 listed the annual cumulative
greenhouse gas fluxes and the total GWP from the
peatland soil. No significant inter-annual difference
between accumulated emissions for CO2 over the
two-year measurement period, with the value of
706.99 g m-2 yr-1 for 2011 and 575.27 g m-2 yr-1 for
2012. However, methane emission from 2011 was
104% greater than that from 2012. Annual cumulative N2O flux was low, with the emission of 29.7
mg m-2 yr-1. In 2012, estimated total GWPs of peatland soil greenhouse gas were 618.8 and 598.18 g
CO2-eqv m-2 yr-1 in 20-year and 100-year time
horizon, respectively. Although the estimated
GWPs of CH4 and N2O can improve their importance in soil greenhouse gas balance, CO2 emissions dominated the total GWP by 93% and 96%
over the time horizon of 20 and 100 years, respectively.

DISCUSSION
CO2 . The soil CO2 emissions from our study
site varied between 575.27 and 706.99 g CO2 m-2
yr-1 for the measurement years. The average annual
soil respiration (641.13 ± 93.14 g CO2 m-2 yr-1) was
similar to natural peatlands (553.3 g CO2 m-2 yr-1
[38]; 847 g CO2 m-2 yr-1 [39]) in boreal regions but
much lower than that from drained or cutaway boreal peatlands (1397-2097 g CO2 m-2 yr-1 [39-40]),
temperate bogs (1340 g CO2 m-2 yr-1 [41]), and
tropic peatlands (4044-5077 g CO2 m-2 yr-1[42]).
The large discrepancy of CO2 emissions between
our study site and disturbed peatlands in boreal

TABLE 3
Integrated annual emissions and global warming potentials for CO 2, CH4 and N2O for the measurement
years of 2011 and 2012 from the peatland soil.

2011
2012

CO2 flux
(g m-2 yr-1)

CH4 flux
(mg m-2 yr-1)

N2O flux
(mg m-2 yr-1)

Cumulative CO2-equivalents (g CO2-eqv m-2 yr-1)
20-year horizon
100-year horizon
Total
CH4
N2O
CH4
N2O

706.99
575.27

884.14
413.61

n.d.
29.7

76.04
35.57

n.d.
7.96

n.d. denotes not determined.
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783.03
618.8

30.06
14.06

n.d.
8.85

Total
737.05
598.18
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increasing temperature (Fig. 2A, 2D, 2E). The
probable explanation was that the emitted methane
rather derived from previous winter production than
instant production. Biogenic CH4 could be stored in
the deeper layer when the active layer gradually
froze, and then consequently released during thawing period [56]. In our study site, the active layer
depth could reach approximately 50 cm in early
summer, where Wang et al [57] found the highest
CH4 concentrations in this layer.
Furthermore, we found the positive correlations between CH4 fluxes and air and soil temperature during the autumn season. As some previous
studies showed, methane emission could be mainly
controlled by temperature when methane production was not constrained by soil moisture in wetland
soil [58]. Although water level drops below peat
surface, peatland soil might be wetter because of
more rainfall in previous rainy season, which cannot affect methane production in our study site (Fig.
1). Calculated Q10 values of CH4 fluxes for air
temperature and soil temperature was 1.90 and 3.39,
respectively, which implied CH4 fluxes were more
sensitive to soil temperature in autumn.
Recently, field and laboratory studies have
been proven that permafrost peatlands were major
potential N2O sources [59-60]. In our study site, the
measured magnitude of N2O fluxes (29.7 mg m-2
yr-1) was similar to the reported value for drained
peat soil [44], but was much lower than that from
bare peat soil in boreal regions [59, 61]. Be similar
with CH4 fluxes in our study site, we also found no
significant relationship between seasonal N2O
fluxes and such environment factors as soil temperature and water table depth. Maybe more parameters as soil oxygen content, water-filled pore space
and soil NH4+ and NO3-, which have been determined peatland soil N2O fluxes [61-62], should be
measured in our study site to explore the hidden
controls on N2O fluxes in the future.

period. Although, water level under peat soil surface could not constrain oxygen diffusion into soil
matrix, CO2 production was limited by low soil
surface temperature. Consequently, the combine
effects of water level and soil temperature caused
the poor relationship between soil CO2 fluxes and
water table depth in autumn.
CH4 and N2O. Peatland soil not only acted as
sources of CH4 [39, 47] but also as sinks [40],
which depended on the soil moisture conditions
[48]. In the present study, peatland soil is annually
source of atmospheric CH 4, although CH4 consumption could be observed in some occasions (Table 1 and Figure 2A). The magnitude of average
CH4 flux was 0.65 ± 0.33 g CH4 m-2 yr-1 in our
study site, which was comparable to southern European peatlands (0.31± 0.1 g CH4 m-2 yr-1 [49] and
subarctic peatland (1.24 g CH4 m-2 yr-1 [39]), but
was much lower that from peatland in central Estonia (11.36 g CH4 m-2 yr-1 [38]). The low temperature and underlain permafrost result in low CH4
production thus smaller emission. In our study site,
CH4 emissions varied significantly among years
(Table 3). The higher CH4 emission observed in
2011, with the greater annual rainfall and warmer
annual average air temperature, indicated the wetter
year can last longer anaerobic condition period,
which was available for producing methane and
less CH4 consumption [50].
Soil temperature and water table depth are
generally considered to be the significant physical
parameters on CH4 emissions from peatlands
[51-52]. In our study site, temporal variation of soil
CH4 emissions was not simply explained by these
factors during the entire measurement period. It was
consistent with the results of Yavitt et al [53], who
also found no correlations between CH4 flux and
environmental variables in a boreal peatland.
However, the controlling factors on CH4 fluxes
varied in measurement seasons. For example, water
table depth was the mainly control factor which
determine soil CH4 fluxes in spring. Also, temperatures may affect CH4 emissions, but were not significant (p > 0.05). During the measurement period
of spring, water level dropped down with the gradually thawed permafrost, but was maintained near
the soil surface. A higher water table depth, combined with increasing air and surface soil temperature, leads to a larger anoxic zone which facilitated
CH4 production and increased emissions [54-55].
The weak relationship between CH4 emissions
and water table depth and temperatures (air and/or
soil) has been found in summer, which indicated the
complicated processes occurred in CH4 production,
consumption and emission in peatland soil. For
instance, in early summer, CH4 fluxes sharply increased with gradually decreasing water level and

Implications. For peatlands in high latitude
region, they have been experienced warming,
thawing permafrost and increasing precipitation
[63-64], which resulted in changing greenhouse gas
fluxes [31]. In northeast China, it is undergoing
rapid warming, which the average air temperature
increased as the rate of 0.4 oC decade-1 over past 50
years [65]. Climatic warming influences the timing
of snowmelt and surface permafrost melting, and
will improve the activity of soil microorganisms,
and then facilitates soil organic matter decomposition [66]. The observed highest Q10 of CO2 in
spring suggested that severe temperature increasing
might lead to more preserved carbon loss as soil
respiration. Moreover, permafrost degradation has
increased active layer depth since 1970s in our
study region [67], which might cause more CH4
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emission to atmosphere. Because more CH4 have
been trapped in the deeper permafrost layer in our
study region [57]. For example, CH4 emission rates
sharply increased from 0.1 mg m-2 d-1 on 11th June
to 0.58 mg m-2 d-1 on 20th June, and kept high emission rates until 4th July in 2011. Meanwhile, the
active layer depth increased from 32.9 to 49.1 cm,
and then 54.2 cm on 4th July 2011. We hypothesized
that this was caused by the release of CH4 from the
thawing permafrost at the depth of 40 to 50 cm,
which layer contained highest CH4 content [57].
Furthermore, the seasonal patterns of CH4 emissions might be altered if the CH4-rich layer at the
depth of approximately 50 cm below peat surface is
thawed in advance in our study site.
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  (  ) is known as a
cyanobacterium which is planktonic, photosynthetic,
filamentous and single-celled, and forms high biomass in waters at alkaline pH 8.5 up to 11. For centuries,     has been consumed as
food for its protein-rich structure [6].   essentially requires light for energy, carbon source for
autotrophic metabolism and nutrients for reproduction. Carbonate, carbon dioxide, potassium nitrate,
potassium phosphate, iron sulphate, silicate and sea
salt are the main nutrients for growth [7]. The focus
on  is based on its extreme protein content
with important levels of vitamin B12, essential
amino acids and essential fatty acids especially
gamma-linolenic acid (GLA) that have applications
in food, feed, nutraceuticals, therapeutics and diagnostics [8-10].
Several methods have been applied for cultivation of  for bulk production; such as open
ponds [11-13], tubular photobioreactors [14, 15],
and glass panels [16-18]. Among the requirements
for algal growth, suitable growth medium with essential nutrients is a critical success factor and is the
most cost-involving requirement. Consequently,
many media have been developed using seawater
[19], sewage water [20] and industrial effluents [21]
for decreasing the cultivation cost. On the other
hand, Zarrouk’s medium has been successfully
served as the standard medium (SM) for 
culture for many years [22].
Hence, the present work is a significant step
forward in comparing synthetic Zarrouk’s medium
with geothermal water-based medium on the growth,
lipid content and fatty acid composition of  
 . An improved understanding of the impact
of geothermal water on production of long chain polyunsaturated fatty acids (PUFAs) could assist reducing the cultivation costs, in particular raw material,
and synthesis of functional fatty acids.

 !!
This study presents a comparison of biomass
production and lipid accumulation of  
  grown on a medium prepared with geothermal water (GM) with a synthetic cultivation medium
(Zarrouk's medium (ZM)). The biomass concentration of ZM grown algae was found lower than GM3
as 3.7840 gL-1 and 3.9740 gL-1, respectively. The lipid content was determined higher for ZM than
GM3, 3.2704 % and 1.5666%. The fatty acid profiles
were almost similar in both media, whereas palmitic
acid (C16:0) and arachidic acid (C20:0) were the
most abundant saturated fatty acids with gamma linolenic acid (GLA, C18:3,  6,9,12) being the prominent polyunsaturated fatty acid. The polyunsaturated
fatty acid ratio was 41.3657% and the GLA
22.1429% for GM3. It was noteworthy to mention
the amount of very long chain fatty acids was 2-fold
high in GM3 grown  . Geothermal water
seems to be an alternative substrate for cultivation of
   in order to reduce the production costs
with promising sustainable biomass productivity at
least by an increase of 3.7% and increase in GLA
production.
%$ 
Geothermal water,   , growth, lipid, fatty
acids, gamma-linolenic acid

!"!
Cyanobacteria, is a broad category encompassing algae that are oxygenic photoautotrophic microorganisms and are able to convert CO2 into organic
compounds with sunlight, have been the objective of
many studies. This current increasing interest is due
to their potential of synthesizing wide range of bioactive compounds, such as proteins, fatty acids, polysaccharides, minerals, vitamins and pigments [1,
2]. In order to point out these bioactive components
the recent research is based mainly on cultivating cyanobacteria in large scale with different liquid media
[3-5].
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Fluoride
Chloride
Bromide
Iodine
Nitrate
Sulphate
Bicarbonate
Sulphur
Phosphate
$'8+6/37419(1+72- 
Silicate acid
Boric acid
Carbonate
+':=+8'172- 
Arsenic
Chrome
Mercury
Cyanide
Lead
Strontium

'8/4372- 
3.4200
264.9890
0.9960
0.0547
4.4000
600.0000
457.5000
0.0040
0.3000

Sodium
Potassium
Ammonium
Magnesium
Calcium
Manganese
Iron

247.1430
29.3250
1.6125
39.5040
260.9210
0.3310
0.5200

126.0610
6.0850
228.8000
nd
nd
nd
nd
0.0001
nd
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<5+6/2+38'1 2/)64'1-'+ 75+)/+7 '3*
-64;8. 2+*/92 Studied microalgae,  
  UTEX LB 2340 was kindly supplied from
the University of Texas at Austin, USA. The growth
medium for the cultivation is a modification of Zarrouk’s medium (ZM) [22]. One liter of modified Zarrouk’s medium consists of NaHCO3 12.80 g and
K2HPO4 0.50 g; NaNO3 2.00 g, K2SO4 0.80 g, NaCl
0.80 g, MgSO4·7H2O 0.20 g, EDTA-Na2·2H2O
0.08 g, CaCl2·2H2O 0.04 g, and FeSO4·2H2O 0.01 g.
For the other algal cultivations Geothermal Water
was acquired from Armutlu BEL-AR-7 Well,
Yalova, Turkey (longitude 28:84oE, latitude
42:32oN, altitude 80 m). The water temperature was
68°C, pH 7.22 and the total mineralization 2.043
mgL-1. The composition of the geothermal water was
given in Table 1.
   was maintained in ZM to prepare
the culture inoculum at 30±2°C with illumination of
50 µmol m-2 s-1 and shaken orbitally at 90 rpm. For
mass cultivation 10 L transparent plexiglass fermenters equipped with 24h automatic red-blue-green
led lighting cycle at 60 µmol m-2 s-1 were used. Air
was bubbled through a bubble diffuser to provide
CO2 as well as agitation, with a maintained flow rate
of 0.3 L min-1.

GM1 (100% geothermal water, v/v), GM2 (75% geothermal water + 25% potable water, v/v), GM3
(50% geothermal water + 50% potable water, v/v),
GM4 (25% geothermal water + 75% potable water,
v/v).

+'796+2+38 4, 64;8. Algal growth was
monitored by daily measurements of biomass concentration and optical density (OD) (cellsmL-1). The
study was carried over 10 days to see all defined
growth phases: lag, exponential, decline, stationary
and death. During cultivation OD measurements
were recorded at 680 nm by a spectrophotometer [6].
To determine the dry weight, algal cells were filtered
through Whatman GF/C filter paper, washed twice
with distilled water and dried for 12 hours in an oven
set to 100°C [23]. Gravimetrically-determined dry
weights were recorded daily and the growth phases
were observed [24]. All parameters were analysed in
triplicate.
1-'1.'6:+78At the end of the 15-days cultivation, all algae were separated by filtration through
0.22 µ cellulose acetate membrane filter, Nonshin,
China, and biomass remaining were rinsed with distilled water, transferred into a pre-weighed 250 mL
conical flask and lyophilized for 18 h.
/5/* +<86')8/43 Algal biomasses were disrupted with sonication. 0.5 g sample was mixed with
120 mL chloroform/methanol solvent (2:1, v/v) in a
pre-weighed 250 mL conical flask and shaken in a
40 kHz ultrasonic bath (40 USC) for 20 minutes. The
power entering this system was measured as 80 W
and the temperature was maintained at 25°C. After
sonication the chloroform layer was removed and
evaporated under vacuum until absolute dryness.
The lipid material was dissolved in 2 mL of diethyl
ether, quantitatively transferred to a pre-weighed

<5+6/2+38'1)43*/8/437   cells in
exponential phase were harvested by filtration
through 0.50 micron filter cloths and re-inoculate to
10 L transparent plexiglass fermenters with an initial
volume of 6 L cultivation media, namely ZM and the
Geothermal Water Medium (GM). Before inoculation geothermal water, of which was 68°C, was
cooled down to cultivation temperature of 30±2°C.
Four different GM ratios were used; which were

3618

%$

" &

     





 " #!"!


studies have indicated that different nutritional conditions (e.g., concentration of carbon, nitrogen,
phosphorous and iron source) and environmental parameters (e.g., temperature, light quality and quantity) significantly influence on biomass and lipid
productivity of microalgae [30]. One of the bottlenecks for the industrial application of algal growth is
the high cost of the raw material, which contributes
significantly to the high overall production cost [3133].
Therefore, this report deals the comparison of
growth and fatty acid composition of  
  cultivated on synthetic medium and geothermal water. The geothermal water employed was
rich in carbon, nitrogen and phosphate (see Table 1),
enhancing the nutrient levels in the medium.
Algae are photosynthetic organisms, light intensities and light-dark cycle play a significant role
on their growth, biomass accumulation and cell constituents [34, 35]. Thus, one could state that favourable growth of  , like any other algae, was
in parallel to high light intensities along with sufficient nutrients in the growth medium. The algal cultivation was carried until stationary phase, which
was determined by the OD content.  did
not reproduce in GM1 (100% geothermal water) and
GM2 (75% geothermal water + 25% potable water).
The colour of the algal inoculum into these media
turned from emerald green to clear white and a gelatinous structure was observed, indicating the algal
cells had immediately died after inoculation (data
not shown).
Similarly, in GM4 (25% geothermal water +
75% potable water)    was grown for 2
days, however, the cells died thereafter. Therefore,
these three-cultivation media (namely GM1, GM2
and GM4) were designated as “improper”, suggesting either lacking some necessary nutrients for
growth or insufficient/improper inoculum rate.
Eventually the only growth was observed in
GM3 (50% geothermal water + 50% potable water).
The cell concentrations, dry weight and lipid contents for algal growth in GM3 were given in Table 2.
The highest growth was determined on day 10 with
1.449 OD and maximum biomass on day 9 with
1.359 gmL-1 in GM3 medium. In Zarrouk medium
the highest growth was on day 8 with 0.858 OD and
maximum biomass on day 7 with 1.3502 gmL-1. The
lipid accumulated at the end of stationary phase in
GM3 was 1.5666 g 100g-1 and 3.2704 g 100g-1 in
Zarrouk medium (Table 2). The plotted data demonstrated a continuous increase in algal cell concentrations until 10th day followed by a decrease due to
probable depletion of the medium nitrogen after that
time (Figure 1). Consequently, the cultivation was
ended on day 10, since this time was evaluated as the
end of the exponential phase and beginning of the
declining phase. After day 10 the algae utilized the

vial and the ether was removed under a stream of nitrogen. The sample was dried in a vacuum desiccator
over P2O5 for 24 h, reweighed and the quantity of
algal lipid was determined gravimetrically [25].

'88=')/*'3'1=7/7Approximately0.5 g of lyophilized algal ells were extracted into 150 mL chloroform/methanol/acetic acid (2:1:1, v/v/v) and allowed to stand at room temperature for 18 h. The algal debris was removed from the solvent mixture by
filtration. The solvent mixture containing algal lipids
was transferred into a 500 mL separating funnel and
washed twice with 100 mL distilled water. After
each washing, the inorganic phase was removed, and
the organic phase was kept. Residual water in in the
organic phase was removed with the aid of anhydrous MgSO4 and the solvent was evaporated under
vacuum [26]. Fatty acid methyl esters (FAMES) of
the algal lipids were obtained by cold esterification
according to the IUPAC (International Union of Applied and Pure Chemistry) method (Commission
Regulation (EC) No 796/2002 of 6 May 2002). The
analysis of FAMEs was performed with a gas chromatograph (Agilent 6890N Series, Hewlett-Packard
Co., Avondale, PA, USA) equipped with flame ionization detector and a capillary column (Agilent
DB23 column; 60 m, 0.25 mm i.d, J&W Scientific
Co., Folsom, CA, USA) on a split mode (25:1). The
oven temperature was programmed as follows: the
column was heated at 5°Cmin-1 to 150°C and was
held at this temperature for 1 min, then the temperature was increased to 220°C with a ramp of 10°Cmin1
, and was held at this temperature for 8 min, and
thereafter was increased to 230°C and held at this
temperature for 3 min. Both the injector and detector
temperatures were 250 °C. Nitrogen was the carrier
gas and sample injection volume was 1 μL [27]. The
identification of the peaks was achieved by comparison of retention times and peak areas with those of
an authentic standard compounds mixture analysed
under the same conditions. Peak areas of triplicate
injections were measured with an HP computing integrator. The relative concentrations of each constituent of fatty acid were expressed as (%) total fatty
acids.

8'8/78/)'1 '3'1=7/7 The optical density, dry
weight and lipid data were evaluated using ANOVA
in JMP statistical software. All results were expressed as mean ± standard deviation. 


 "!  " 

1-'1 -64;8. '3* 1/5/* '))9291'8/43 Like
all living organisms in nature, the algae require various nutrients to survive and reproduce, however,
nutrient requirements and their amounts have to be
optimized for maximum growth [28, 29]. Several
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stored phosphorus to sustain their growth and reproduction until day 15 as noted by Seyhaneyildiz-Can
et al. [28].
Geothermal aquaculture projects have been in
place in many countries, however, geothermal areas
are not suitable, lethal, for mesophilic photosynthetic microorganisms as a result of dissolved substances such as sulphur compounds and heavy metals such as arsenic and mercury and highly acidic or
alkaline pH. The algae microflora of Pamukkale
thermal water, Denizli, Turkey, was examined and 5
taxa, being calcicole and epilithic, were identified.
More and long running water in Pamukkale travertines leaded to the development of algae since the
water temperature was 35oC and the thermal water
was rich in CaCO3 [36]. In the Roupi Field of Bulgaria geothermal water has been used as an alternative media for growing green,  and
 and blue green,  [37]. Furthermore, in Therma-Nigrita field of Greece commercial production of  on geothermal water
was reported [38].
In general, GW contains As and Sr, which can
be accumulated in the algal biomass, and exposure
to these metals through algal biomass consumption
may cause allergic reactions, skin problems, bone
growth disruption, irritation of stomach and intestines and intensify the chances of cancer development. Due to the health risks, GW have not been

used for mass cultivation of algae as a dietary supplement. However, Armutlu’s GW has been designated as “drinkable water” and does not contain As
and Sr, however contains a multitude of microelements and sufficient level of NaHCO3. Thus could
be an alternative cultivation medium for algal biomass.
'88=')/*)42547/8/4343&'66490'3*+
48.+62'1$'8+6+*/'The fatty acid composition
of total lipids determined by capillary gas chromatography of  grown bothin Zarrouk’s and
geothermal water media were presented in Table 3.
The chromatographic analysis revealed an array of
both saturated (SFA), monounsaturated (MUFA)
and polyunsaturated (PUFA) fatty acids. The data indicated the presence of identified 17 fatty acid compounds with different chain lengths and saturation,
ranging from 12 to 22 carbons. The saturated and unsaturated portions represented 43.3176 : 53.2566 in
ZM and 36.1485 : 53.7147 in GM3 percent of the
total fatty acids, respectively. The total of medium
chain fatty acid levels (having 8-14 carbons in their
chain length) in   cells grown in both media were determines as 1.3069% and 0.5869%, long
chain fatty acid levels (C16 to C19) were 89.6240%
and 88.0565%, and longer chain fatty acid levels
(C20 and longer) were 6.6433% and 11.8376%.

! 
64;8.'3*(/4).+2/)'15'6'2+8+674,7'251+7
/
&
0.326
 
0.398
* Initial OD

2'<

,

0.858
0.698
1.449
1.384
** Maximum OD

/42'77)43)+386'8/43
- 
3.784
3.974
*** Final OD

/5/*

3.2704±0.0114
1.5666±0.0069

Optical Density (680 nm)

1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0
0

2

4

6

Time (day)

8

10

12

GM3

" 
58/)'1*+37/8=4, *96/3-)918/:'8/43/3(48.&'3* 2+*/'
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'88=')/*564,/1+74, 51'8+37/7
&'66490?7+*/92
+48.+62'1+*/92 
C12:0
0.0871±0.0019
0.3107±0.0028**
C13:0
1.0013±0.0272**
C14:0
0.2185±0.0115
0.2762±0.0029*
C15:0
0.2914±0.0020**
C16:0
33.4864±0.2339
35.5616±0.1030**
C16:1
4.7300±0.0354
4.7483±0.1222
C17:0
0.1849±0.0084**
C17:1
0.2918±0.0074**
C18:0
2.2718±0.1245**
1.8731±0.0062
C18:1
15.0000±0.1042**
7.3089±0.2361
C18:2  & C18:2 : 
16.1395±0.1158
16.1299±0.2223
C18:3  6,9,12
17.5200±0.1213
22.1429±0.0566**
C20:0
5.7762±0.0726
8.7447±0.0446**
C22:2
0.8671±0.0128
3.0929±0.0170**

 
  
"
  
 
"
 
  
* show statistically different mean values, p˂0.05
** show statistically different mean values, p˂0.001


alternative growth medium to synthetic Zarrouk’s
The fatty acid profiles were almost similar in
medium having similar nutrient composition. Also,
both media, however, medium-chain saturated fatty
for large scale production of microalgal biomass, eiacids, namely 13:0, 15:0 and 17:0, were not detected
ther for human consumption or renewable energy
in GM3. In both ZM and GM3 palmitic acid (C16:0)
and arachidic acid (C20:0) were the most abundant
production, geothermal water could reduce the prosaturated fatty acids, whereas gamma linolenic acid
duction costs with satisfactory growth and fatty acid
(C18:3,  6,9,12) was the prominent PUFA. It was
profile. FAO [10] stated approximate daily cost of
interesting to observe that the amount of very long
production for 1 kg of  as about 40 Euros
chain fatty acids was 2-fold high in GM3 grown 
and of 1000 liters of a culture medium is about 130 . Although   is known as a low150 Euros. Consequently, by using geothermal water
lipid containing microalgae, the PUFA content, esthe cost for substrate/raw material could be reduced,
pecially GLA content, is mostly higher than many
with at least 3.7% increase in biomass productivity.
blue-green microalgae. Several researches mentioned that the quantity of GLA within  species ranging from 10% to 40% [39-41]. In the present
$! 
study, in Zarrouk’s medium GLA content was found
as 13.71±3.14%, however in GM3 medium it was
This study was supported by the Scientific Re21.16±1.61%, indicating that geothermal water
search Project Office of Uludag University, Bursa,
could be an alternative substrate for cultivation of 
Turkey (Project No: OUAP 2015/30). The authors
  if GLA enhancement in total lipid content
would like to thank Mr. Serkan Cebeci for kindly
is the focus.
providing the geothermal water used in this work.
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The spectral reflections of plants, chlorophyll
a-b and plant nutrient contents vary throughout the
growing period. The aim of this study was to examine the relationship between the spectral reflectance
(RF) and nutrients, chlorophyll (Chl) a-b content in
the visible near infrared (VNIR) region of the electromagnetic spectrum (EMS) during the maturitiy
and harvest periods of the lettuce plant. The treatments were solid fertilizers applied before planting
at two different rates (0, 300 and 600 kg.da-1), and
liquid organic fertilizer applied by drip (20-40 lt da1
) throughout the growing period. Within this period,
spectroradiometric measurements were taken with a
hand spectroradiometer (plant probe and leaf clips)
in the range of 330-1075 nm wavelength of the electromagnetic spectrum. In addition to the relevant
measurement, Normalized Difference Vegetation Index (NDVI) calculations were made, and plant nutrient and chlorophyll a-b analyzes were performed.
According to the results, at the maturity stage there
was a statistically significant relationship at 1% level
between blue band and Fe (-0.710**), chlorophyll a
(-0.754**), green band and N (-0.779**), Mg
(-0.774**), Ca (-0.727**), chlorophyll b (-0.664**),
Fe (0.578**), red band and Ca (-0.782**), Mg
(-0.668**), NDVI and Ca (0.776**), Mg (0.659**),
and at harvest stage, between blue band and P
(-0.667**), green band and chlorophyll a (-0.779**),
NIR band and chlorophyll a (0.772**), Mn
(-0.599**), N (0.593**), Zn (-0.574**) and Cu
(-0.571**).
These results demonstrate that the RF and
NDVI of plant nutrients and chlorophyll b content
are predicted more successfully at the maturity stage.



Organic fertilization corrects physical, chemical and biological qualities of the soil, protects human health, and makes both regional and global contributions in ecological and economic sense by
providing positive effects on the environment [1],
[2]. Spectral reflection, chlorophyll a-b, and plant
nutrient content are different throughout the growth
period in plants [3]. Traditional methods of pigment
and plant nutrition content analysis, through extraction and spectrophotometric or HPLC measurements, require the destruction of measured leaves
and thus do not permit the measurement of changes
in pigments and nutrition content over time in a single leaf [4]. Moreover, these methods of analysis are
time-consuming and expensive [5]. In contrast, spectral reflection (RF) measurements can be applied
quickly and spatially without destroying the plant [48]. In other words, remote sensing techniques are
widely used in assessing and monitoring the content
of plant nutrients, chlorophyll a-b, and stress factors
without destruction of the leaves [9-19]. A decrease
in the chlorophyll and nutrient content in plant leaves
results in stress conditions by limiting photosynthesis and plant yield and quality. Plant nutrient stress
is one of the abiotic stress factors which has been investigated by plant physiologists for many years.
This and similar stress conditions can arise in the
event of a lack of or an excess of plant nutrients [20].
The objectives of this study were to determine the
relationship between the spectral reflectance (RF)
and content of chlorophyll (Chl) a-b and plant nutrients in the maturity and harvest periods of lettuce
plants.

%#$ %!$

+=/;3+5< The plant material was Caipira F1
(Enza Zaden, Holland) curly lettuce cultivar widely
grown in Antalya, Turkey (Figure 1c-d). The experiment was conducted at 36º53ˈ54.60 ̎ N and 30º
38ˈ16.99 ̎ E latitude in a climate controlled greenhouse at 32 m above sea level, and the soil was representative of the Mediterranean region (Figure 1 ab).

)(!#$
spectral reflectance,nutrients-chlorophyll content, lettuce,
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HNO3/HClO4 (4:1) acid mixture on a hot plate. The
samples were then heated until a clear solution was
obtained. The same procedure was repeated several
times. The samples were filtered and diluted to 100
ml with distilled water Concentrations of P, K, Ca,
Mg, Fe, Zn, Mn and Cu were determined using ICPOES (Inductively Coupled Plasma-OES) [25]. Chlorophyll a-b contents measurements were determined
as mg.g-1 using a spectrophotometer (Model UV160A Shimadzu, Japan) [46].

$853. +7. 53:>3. 8;1+73- 0/;=353C/; =;/+=
6/7=<The study was conducted using a completely
randomized block design with three replications under controlled greenhouse conditions. The physical
and chemical analyses of the soil were made before
planting (Table 4). Each treatment consisted of 32
lettuce seedlings in every replication. The treatments
were solid and liquid organic fertilizer at various
doses.
The seven (7) different treatments were solid
fertilizers applied before planting at two different
rates (0, 300 and 600 kg.da-1), and liquid organic fertilizer with drip application (20-40 lt da-1) together
with the control group (no fertilizer application) (Table 1).
The specifications of the solid and liquid organic fertilizers applied during the experiment are
presented in Table 2.

A Portable Analytical Spectral Device (ASD)
TM (FieldSpecFR) was used for the spectroradiometric measurements. Spectral measurements were
taken directly from the leaves at 325- 1075 nm wavelengths throughout the plant growing period. The
plant and contact probes were used in the measurements.
/=28.< The study was conducted using a
completely randomized block design with three replications under controlled greenhouse conditions.
The working steps were regular fertilizer applications, spectroradiometric measurements and laboratory analyses.

$835 +7. 5/+0< +7+5B<3< The physical and
chemical properties of soil samples before planting
are given in Table 4. For the soil samples, pH and EC
were determined in a 1:2.5 ratio of soil: water suspension [21], Total carbonates were determined according to the Scheibler calcimeter [22], Soil texture
was determined using the hydrometer method [23],
organic matter by the Walkley- Black method [24],
and total N was determined according to the modified Kjeldahl method [25], extractable K, Ca and Mg
were extracted with NH4-OAc and available Cu, Fe,
Mn and Zn were extracted with diethylene
tetraamine pentaacetic acid (DTPA) determined with
ICP-OES (Inductively Coupled Plasma-OES). Dried
leaf samples of 0.5 g each were digested with 10 mL

&# 
8-+=3876+980<=>.B+;/++,+7./==>-/<-.



% 
$853.+7.53:>3.8;1+73-0/;=353C/;=;/+=6/7=<
Solid organic
(kg.da-1)
liquid organic
(lt.da-1)

fertilizer
fertilizer

K0

U1

U2

U3

U4

U5

U6

0

0

300

600

0

300

600

0

20

40

20

40

20

40
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$9/-=;+56/+<>;/6/7=<+7.37./ASpectrodi% 
ometric measurements and leaf sampling were per%2/-2/63-+59;89/;=3/<80<853.+7.53:>3.
formed at weeks 5 and 7 (5th week maturity and 9th
8;1+73-0/;=353C/;<
week harvest), which represented the ripening and
Solid organic
Liqued organic
Parameters
fertilizer
fertilizer
harvesting periods of the measurement period, a total
(Altavita)
(Altaverde)
of 9 weeks. Spectral measurements were carried out
Organic matter
50
20
in the range of blue (B) (450-500 nm), green (G)
(%)
(501-570 nm), red (R) (610-700 nm) and near infraHumic + Fulvic
40
15
red (NIR) (701-1075 nm) wavelengths. In addition,
acid (%)
NDVI calculation that was different from the data
Total N (%)
2
3
obtained as a result of the spectroradiometric measTotal P (%)
2
0.7
urements was also calculated in the study.The exTotal K (%)
1
5
periment was carried out in a completely randomized
Dry matter max
80
40
design with three replications and data were ana(%)
pH
5.5-7.5
6-7
lyzed using analysis of variance (ANOVA) with the
C/N
15/1
4/1
statistical software Minitab 17 (Minitab Inc., US)
and XLSTAT for scatter plots figures.
Normalized Difference Vegetation Index
NDVI= (NIR-R)/(NIR+R) [39, 40].


% 
#/<>5=<80?+;3+7-/+7+5B<3<
Source of variation
df
F Values
5>/(+?/5/712=   76
Organic fertilizer doses (A)
6
14.53 **
Period (B)
1
1889.59 **
A×B
6
48.38 **
Error
41
;//7(+?/5/712=  76
Organic fertilizer doses (A)
6
24.02 **
Period (B)
1
1687.42 **
A×B
6
13.57 **
Error
41
#/.'+?/5/712=  76
Organic fertilizer doses (A)
6
15.36 **
Period (B)
1
358.35 **
A×B
6
16.20 **
Error
41
/+;70;+;/.'+?/5/712=  76
Organic fertilizer doses (A)
6
5.56
**
Period (B)
1
225.46 **
A×B
6
5.03
**
41
Error
8;6+53C/.300/;/7-/'/1/=+=3877./A '
Organic fertilizer doses (A)
6
18.25 **
Period (B)
1
258.38 **
A×B
6
18.13 **
Error
41
258;892B55+


Organic fertilizer doses (A)
6
29.487 **
Period (B)
1
279.07 **
A×B
6
43.79 **
Error
41
258;892B55,
Organic fertilizer doses (A)
6
7.27
**
Period (B)
1
4.94
*
A×B
6
2.78
*
Error
41


Source of variation
"
Organic fertilizer doses (A)
Period (B)
A×B
Error

Organic fertilizer doses (A)
Period (B)
A×B
Error
+
Organic fertilizer doses (A)
Period (B)
A×B
Error
1
Organic fertilizer doses (A)
Period (B)
A×B
Error
*76141 
Organic fertilizer doses (A)
Period (B)
A×B
Error
/6141 
Organic fertilizer doses (A)
Period (B)
A×B
Error
>6141 
Organic fertilizer doses (A)
Period (B)
A×B
Error
76141 

Organic fertilizer doses (A)
Period (B)
A×B
Error
* : Significant at P ≤0.05
* * : Significant at P ≤0.01
ns: non-Significant

Organic fertilizer doses (A)
Period (B)
A×B
Error

6
1
6
41

50.99 **
33.58 **
33.47 **

3626

df

F Values

6
1
6
41

31.22 **
173.70 **
6.55 **

6
1
6
41

2.35 ns
142.08 **
4.83 *

6
1
6
41

28.17 **
0.13 ns
22.77 **

6
1
6
41

6.72
6.38
5.89

6
1
6
41

8.96 **
248.63 **
16.72 **

6
1
6
41

4.58
0.05
2.48

6
1
6
41

4.06 *
14.16 **
48.38 **

6
1
6
41

17.45 **
369.22 **
3.30
*

**
*
**

*
ns
*
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lack of or abundance of the mineral substance [20].
The amounts of N and Fe are the most effective and
significant factors for chlorophyll to emerge [43].
The most important function of P, however, is to create the pyrophosphate bonds enabling the energy
transfer. N, P and Fe play a significant part in photosynthesis with these active functions [43]. Mg is directly related to the chlorophyll content of the plant
as it is the central atom of the chlorophylls in the
leaves of the plant [44]. It has been determined that
chlorophylls have strong correlations (P ≤0.01) with
N (-0.543*) on the blue band, where they give the
strongest absorbance during the maturity period [14],
[40], [41] with P (-0.667**) on the red band during
the harvest period, and with Mg (-0.668**) and Fe (
-0.710**) during the maturity period.
Ca has a basic function in the strengthening the
cell walls and plant tissues that are present as Pectates on cell walls [45]. Strong relationships (P
≤0.01) with green band (-0.727**), red (-0.782**)
and NDVI (0.776**) in terms of Ca only are seen
during the maturity period.

The results of the research, the effects of the
solid and liquid organic fertilizer, applied in different
doses, on the blue, green, red, NDVI, chlorophylls ab and plant nutrient content were determined using
variance analysis (Table 3). According to the results
of the variance analysis, with the exception of K (%)
statistical differences were determined in the other
parameters between applications; with the exception
of Ca (%) and Fe (mg kg-1), in all other parameters
between periods, and in all parameters between the
application*period interaction (Table 3).
Based on the soil analysis result of the field of
the study, the pH value is slightly alkaline [28],
CaCO3 is highly calcareous [22], and salt-free [29],
organic matter is poor in terms of humus [30], N contents are fine [31], P contents are too high [26], K
content is too high [32], Ca and Mg contents are fine
[31], Fe and Zn are fine, while Mn and Cu contents
are adequate [32].
Spectral reflection, NDVI, Chlorophylls a-b
and the maximum/minimum averages and values of
change in the plant nutrients are shown in Table 5.
The maximum range of change created by organic
fertilizer applications was determined in Fe
(64.29%) and the minimum in NIR (3.15%), and Fe
was seen to have the maximum rate (70.95%) and
NIR the minimum rate (4.05%) during the harvest
period. The average change in all parameters during
the harvest period was determined to be (26.99%)
higher than the average change in the maturity period. The results of the correlation analysis between
blue, green, red, NIR, NDVI and chlorophylls a-b
and plant nutrient contents are shown in Table 6.
The chlorophyll content of the leaves provides
valuable information regarding the physiological status of the plants [12, 34]. Chlorophyll a-b is definitely required in order for leaves to convert light energy into chemical energy [35-38] by absorbing radiation for photosynthesis [35, 36]. The strongest absorbance of the chlorophylls has been determined in
areas with blue and red wavelengths in EMS [6, 15,
40-42] and it has been shown to be possible to estimate the amount of chlorophylls through these absorbance processes [6, 15, 42]. In the current study
results, it was determined that the chlorophyll a content has significant correlations with blue (-0.754**)
and red (-0.532*) bands in the maturity period, and
with green (-.0779**) and NIR (0.772**) bands during the harvest period, while the amount of chlorophyll b has significant correlations with the green
band (-0.664**) only during the maturity period. The
amount of chlorophyll may increase in relation to the
period and health of the plant. This increase, however, indirectly signifies that the plant is healthy and
has photosynthesis activities [12, 15].
Plant nutrient stress is one of the significant abiotic stress factors which has been researched for
many years. Such stresses may appear in case of a

% 
$86/"2B<3-+5+7.2/63-+5
9;89/;=3/<80 -6./9=280=2/<835
Distribution of soil particles
Sand (%)
Silt (%)
Clay (%)
Electrical conductivity (1:2.5)
(dS.m-1)
pH (1:2.5)
Lime (%)
Organic Matter (%)
N (%)
P (ppm)
K (meq/100g)
Ca (meq/100g)
Mg (meq/100g)
Fe (ppm)
Mn (ppm)
Zn (ppm)
Cu (ppm)

40
22
38
0,69
7,54
17,40
2,05
0,12
170
1,46
21,30
3,88
4.68
12.64
9.14
7.32

Zn elements have significant functions in the
protein and carbohydrate metabolisms in plants, and
have an effect on the stability of biological membranes [45]. In the current research, the relationship
(P ≤0.01) between the amount of Zn and the NIR
band was determined to be (-0.574**) only during
the maturity period. In case of a shortage of zinc, a
50% - 70% decrease occurs in the photosynthesis
rate based on the plant species and the degree of
shortage. The chlorophyll content of plants is extremely reduced in case of a shortage of zinc [45].
Cu has a role in chlorophyll stability and synthesis, together with the carbohydrate and protein
metabolism in plants [43]. Creating complexes with
proteins, Cu is included in the structures of various
enzymes. More than 50% of Cu is present in chloroplasts and bonded to plastocyanin [45]. Mn, how-
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(R2 = 0.614) between red wavelength and Ca, and the
lowest correlation (R2 = 0.331) between green wavelength and Fe at the maturity stage (Figure 2). At the
harvest stage, the strongest correlation (R2 = 0.612)
was determined between green wavelength and Chl
a, and the lowest correlation (R2 = 0.318) between
NIR wavelength and Zn and Cu (Figure 3).

ever, is included in the structure of superoxide dismutase (SOD) together with electron transmission
and enzyme-S in photosynthesis [45]. It was determined that Mn and Cu, with a small but significant
function in photosynthesis, have a strong relationship with the NIR band only during the harvest period, as (-0.599**) and (-0.571**) respectively. A
linear regression showed the strongest correlation

%
+A36>663736>6+7.6/+7?+5>/<80=;/+=6/7=<;/05/-=+7-/80,5>/1;//7;/. # '+7.
25+,95+7=7>=;3/7=/5/6/7=<




Maturity
Stage

Max.
Min.
Mean
CV (%)

Max.
Min.
Mean
CV (%)

Harvest
Stage

Max.
Min.
Mean
CV (%)

Max.
Min.
Mean
CV (%)

Blue

Green

Red

NIR

NDVI

0.075
0.061
0.067
  
N
(%)
4.71
3.89
4.24
  

0.244
0.195
0.220
 
P
(%)
0.29
0.22
0.25
  

0.141
0.103
0.121
  
K
(%)
5.48
3.95
4.73
 

0.922
0.893
0.912
 
Ca
(%)
0.85
0.64
0.75
  

0.797
0.731
0.766
 

Blue

Green

Red

NIR

NDVI

0.096
0.075
0.088
 
N
(%)
5.62
3.27
4.50
 

0.298
0.260
0.281
 
P
(%)
0.35
0.23
0.29
 

0.157
0.128
0.145
  
K
(%)
4.70
3.31
3.61
 

0.964
0.925
0.939
 
Ca
(%)
0.87
0.66
0.75
  

0.757
0.711
0.733
 

Mg (%)
0.18
0.13
0.14
  

Mg (%)
0.17
0.12
0.14
 

Chl a
mg ml-1
6.68
4.59
5.79

Fe
(ppm)
144.60
51.64
83.81

Chl a
mg ml-1
5.93
3.75
4.87
  
Fe
(ppm)
157.10
45.64
82.48
 

Chl b
mg ml-1
3.07
2.19
2.47
  
Mn
(ppm)
48.70
28.88
38.67
 
Chl b
mg ml-1
3.34
1.79
2.62
 
Mn
(ppm)
29.89
16.77
22.11
 











Zn
(ppm)
29.50
17.92
25.00
 






Cu
(ppm)
6.31
4.38
5.40
 












Zn
(ppm)
36.30
26.35
31.77
  





Cu
(ppm)
6.51
3.09
4.84
 







 




 


%
%2/-8;;/5+=387-8/003-3/7=<,/=@//7;/05/-=+7-/ '+7.7>=;3/7=/5/6/7=<-258;892B55+,
Stages

Parameters
Chl a (mg ml-1)
Chl b (mg ml-1)
N (%)
P (%)
K (%)
Ca (%)
Mg (%)
Zn (ppm)
Fe (ppm)
Cu (ppm)
Mn (ppm)

Blue


0.267
0.121
0.380
-0.303
0.312


0.229
 **
 
-0.085

Green
-0.219


 
 
-0.208
  


0.233


  
-0.032

Red
 
 
 
-0.218
-0.102
 


0.371
0.426
-0.390
-0.230

NIR
0.375
0.335
0.189
-0.038
0.037
0.309
0.170
-0.394
0.069
0.250
0.264

NDVI


 
 
0.199
0.109


 
-0.382
-0.413
0.403
0.248

Chl a (mg ml-1)
Chl b (mg ml-1)
N (%)
P (%)
K (%)
Harvest
Ca (%)
Stage
Mg (%)
Zn (ppm)
Fe (ppm)
Cu (ppm)
Mn (ppm)
* : Significant at P ≤0.05
* * : Significant at P ≤0.01

-0.336
0.166
-0.255


-0.326
0.339
-0.033
0.354
0.296
0.379
0.158

 
-0.395
-0.280
-0.248
0.075
0.289
0.091
 


0.346
0.242

-0.349
0.336
-0.098
 
-0.028
0.256
0.082
0.072
0.331
0.207
0.050

 

 
0.382
-0.204
 
-0.137


 
 
 



-0.262
0.211
  
-0.017
-0.335
-0.096
-0.170
-0.421
-0.307
-0.154

Maturity
Stage
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the plant during the maturity and harvest periods affect the spectral reflection. Consequently, it was determined that the maturity period of the plant yielded
more successful results in estimating the RF and
NDVI, together with the plant nutrient and chlorophyll b content. It was also determined that the RF
and nutrient and the contents of chlorophylls a-b obtained from the plant leaves provide fast, economic
and reliable solutions without damaging the plant.

According to the results of this research, the
RF, plant nutrient and the amount of chlorophylls ab obtained from the plant have a statistical relationship at the P ≤0.01 and P ≤0.05 level. The average
change of the parameters (31.28%) assessed during
the harvest period was determined to be higher than
the average change in the maturity period (26.99%).
This difference caused the RF and NDVI together
with plant nutrient and chlorophyll b content to differ
periodically.
A strong correlation (P≤0.01) was determined
between RF and Chlorophylls a-b, N, Ca, Mg and Fe
during the maturity period, and between Rf and P,
Zn, Cu and Mn during the harvest period. These findings demonstrated that the plant nutrient contents of
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RSHURVH DQG FRVW LQWHQVLYH )URP DQ HFRQRPLFDO
SRLQWRIYLHZXVLQJD62;UHGXFWLRQFDWDO\VWDVDQ
DGGLWLYHWRWKH)&&FDWDO\VWLQYHQWRU\LVDQRWKHUHI
IHFWLYHDQGOHVVFRVWO\DOWHUQDWLYHVWUDWHJ\ZKLFKFDQ
WUDQVIHUVXOIXUR[LGHVWRWKHVXOIDWHVLQWKHUHJHQHUD
WRUXQGHUR[LGDWLRQDWPRVSKHUH7KHVXOIDWHVIRUPHG
RQ)&&FDWDO\VWVZLWKWKHDGGLWLYHVDUHPRYHGWRWKH
ULVHU ZKHUH WKH\ DUH WUDQVIHUUHG WR +6 ZKLFK DUH
VHSDUDWHGIURPWKHSURGXFWVDQGWUHDWHGLQWKHXVXDO
ZD\FDOOHGWKH&ODXVH3URFHVVWRSURGXFHVXOIXU>@
7KLVWHFKQLTXHUHTXLULQJDOPRVWQRLQYHVWPHQWH[
FHSWIRUWKHFRVWRIDQDGGLWLYHORDGLQJV\VWHPDQG
WKH DYDLODELOLW\ RI D &ODXV SODQW LV SURPLVLQJO\ DW
WUDFWLYH7KHIROORZLQJWKUHHVWHSVGHWHUPLQHWKHSHU
IRUPDQFH RI D 62 WUDQVIHU FDWDO\VW   WR R[LGL]H
62 WR 62 XQGHU WKH )&& UHJHQHUDWRU FRQGLWLRQV
W\SLFDOO\DW±.  WRFKHPLVRUE62RQWKH
FDWDO\VWLQWKHIRUPRIVXOIDWHVDQG  WRUHGXFHVXO
IDWHVDQGUHOHDVHVXOIXUDV+6LQWKH)&&ULVHUW\S
LFDOO\DW±.>@
,Q UHFHQW \HDUV PL[HG R[LGHV RU VSLQHOV SUH
SDUHG IURP K\GURWDOFLWHOLNH FRPSRXQGV KDYH EHHQ
SURYHG WR EH JRRG VXOIXUWUDQVIHU FDWDO\VWV DPRQJ
ZKLFK 0J$O VSLQHOV SUHSDUHG IURP K\GURWDOFLWH
OLNHFRPSRXQGV +7/&VRU/'+V DUHHVSHFLDOO\WKH
PRVW DWWUDFWLYH VLQFH WKH\ RIIHU D ODUJH FDSDFLW\ RI
DGVRUSWLRQRI62>@:KDW VPRUHLW VHVVHQWLDOWR
DGGWUDQVLWLRQPHWDODQGRUUDUHHDUWKPHWDOR[LGHVWR
VXOIXUWUDQVIHUFDWDO\VWVVRWKDW62ZKLFKDFFRXQWV
IRUDKLJKSURSRUWLRQRIUHJHQHUDWHGIOXHJDVZLOOEH
XQGHU FDWDO\WLF R[LGDWLRQ ,Q WKLV ZRUN 0J0Q
VSLQHOVDVVXOIXUWUDQVIHUFDWDO\VWVZHUHSUHSDUHGE\
FDOFLQDWLQJ PL[HG PDWHULDOV RI 0J $F ā+2 DQG
0Q $F ā+2:HLQYHVWLJDWHGWKHGHVXOIXUL]DWLRQ
FDSDELOLW\RI0J0Q2DQG0J0Q2ZLWKWKHGLV
FXVVLRQ DERXW WKH VWUXFWXUH DQG PRUSKRORJ\ RI
0J0Q2EHIRUHDQGDIWHUGHVXOIXUL]DWLRQIROORZLQJ
,Q DGGLWLRQ WR EHWWHU XQGHUVWDQG WKH PHFKDQLVP RI
GHVXOIXUL]DWLRQWKHYDOHQFHFKDQJHRI0QLRQVLQWKH
SURFHVVRIR[LGDWLRQDGVRUSWLRQZDVIXUWKHUVWXGLHG

$ VHULHV RI 0J0Q VSLQHOV SUHSDUHG E\
0J $F ā+2 DQG0Q $F ā+2ZHUHDSSOLHGWR
UHPRYH62IURPIOXLGFDWDO\WLFFUDFNLQJ )&& IOXH
JDV;5'DQG;36WHFKQRORJLHVZHUHXVHGWRDQD
O\]HWKHSKDVHVWUXFWXUHRI0J0Q2IRUWKHSXUSRVH
RI ILJXULQJ RXW WKH GHVXOIXUL]DWLRQ PHFKDQLVP ,W
WXUQVRXWWKDW0J0Q2KDVDQH[FHOOHQWGHVXOIXUL
]DWLRQUDWHZKLOH0J0Q2KDVKLJKHU62SLFNXS
FDSDFLW\'XULQJWKHSURFHVVRIGHVXOIXUL]DWLRQRULJ
LQDOVWUXFWXUHRIVSLQHOIDGHVZLWKWKHIRUPDWLRQRI
0Q2DQG0J62ZKLFKLVGRSHGZLWK0Q
.(<:25'6
0J0Q VSLQHOV IOXLG FDWDO\WLF FUDFNLQJ GHVXOIXUL]DWLRQ
VXOIXUWUDQVIHUFDWDO\VW

,1752'8&7,21
0DVVLYH UHVHDUFK DFWLYLWLHV KDYH EHHQ FRQ
GXFWHGWRILQGZD\VWRUHDOL]HWKHHIILFLHQWGHVXOIXUL
]DWLRQLQWKHIOXLGFDWDO\WLFFUDFNLQJ )&& SURFHVV
EHFDXVH RI WKH JURZLQJ FRQFHUQ DERXW 62;UHODWHG
SROOXWLRQ7KHIOXLGFDWDO\WLFFUDFNLQJ )&& SURFHVV
LQ RLO UHILQHULHV LV DW SUHVHQW WKH ELJJHVW LQGLYLGXDO
62; VRXUFH   ZKLFK FRQWULEXWHV WR WKH
GDPDJHVWRWKHHQYLURQPHQWHFRV\VWHPDQGHYHQWR
KXPDQKHDOWK>@$VLVNQRZQWRDOOZLWKWKHVXO
IXUFRQWDLQLQJ IHHGVWRFN IHG LQWR IOXLG FDWDO\WLF
FUDFNHUXQLWZLWKRXWDQ\SUHWUHDWPHQWaRI
WKH WRWDO VXOIXU FRPSRXQGV DUH WUDQVIRUPHG WR +6
DQG UHOHDVHa VWD\ LQ WKH OLTXLG SURGXFWV
DQGWKHUHPDLQGHSRVLWHGLQWKHFRNHZKLFKLVFRY
HUHGRQWKH)&&FDWDO\VWVDUHVXEVHTXHQWO\R[LGL]HG
WR62DQGOHVVWKDQ62ZKHQWKHFDWDO\VW
LVEXUQHGRIILQWKHUHJHQHUDWRURI)&&8IRUSXUSRVH
RIUHJHQHUDWLRQ>@,QUHFHQW\HDUVWKHHPLVVLRQV
RI VXOIXU R[LGHV KDYH FDXVHG LQGHOLEO\ QHJDWLYH HI
IHFWV RQ WKH HQYLURQPHQW 7KXV WKHLU HPLVVLRQV RI
SROOXWDQWJDVHV 62;12;&2 DUHXQGHUUHJXODWLRQ
RIVSHFLILFOHJLVODWLRQLQVHYHUDOFRXQWULHV
6RIDUDOWKRXJKHIIHFWLYHDQGZLGHO\XVHGDVD
WHFKQRORJ\ IRU 62; HPLVVLRQV FRQWURO IOXH JDV
VFUXEELQJ DQG IHHG K\GURGHVXOIXUL]DWLRQ DUH ERWK
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HUVLQWKHILUVWPLQZKLOHWKHVDPSOH0J0QH[
KLELWVWKHZRUVW0QDSSOLHGDVR[LGDWLRQSURPRWHU
LQVXOIXUWUDQVIHUFDWDO\VWVKDVDJUHDWSURPRWLRQWR
WKHR[LGDWLRQRI62LQWR62>@7KLVLQGLFDWHVWKDW
WKH UHDVRQ IRU WKH KLJKHVW GHVXOIXUL]DWLRQ UDWH RI
0J0QVDPSOHLVWKDWLWFRQWDLQVWKHKLJKHVWFRQWHQW
RI0J0Q2ZKLFKLVFRPSRVHGRIDEXQGDQW0Q
FDWLRQV2QWKHRWKHUKDQGWKHORZHVWGHVXOIXUL]DWLRQ
UDWH RI 0J0Q VDPSOH LQGLFDWHV 0J0Q2 SUH
VHQWVWKHQHJDWLYHDELOLW\RI62;R[LGDWLRQ

0$7(5,$/6$1'0(7+2'6
$ VHULHV RI 0J0Q VSLQHOV ZHUH SUHSDUHG E\
XVLQJ WKH IROORZLQJ PHWKRG )LUVW 0J $F ā+2
DQG 0Q $F ā+2 PL[HG ZLWK PRODU UDWLRV RI
0J0Q DQGZHUH DGGHGWRDS
SURSULDWHGLVWLOOHG ZDWHU XQWLO QRVROLGSRZGHUVH[
LVWHGIRUWKHSXUSRVHRIIXOOPL[WXUH7KHQWKHVROX
WLRQZDVGULHGWRVROLGVWDWHDQGFDOFLQHGLQGU\DLUDW
.IRUKWRREWDLQWKHVSLQHOVZKLFKZHUHQDPHG
0J0Q0J0Q0J0QDQG0J0QUHVSHF
WLYHO\
$OOWKHV\QWKHVL]HGVDPSOHVZHUHFKDUDFWHUL]HG
E\;UD\GLIIUDFWLRQ ;5' RQD'$1DO\WLFDO; 3HUW
352 03' VSHFWURPHWHU GLIIUDFWRPHWHU &X±.D 
6FDQQLQJHOHFWURQ PLFURVFRS\ ;(0 RQ 1RYD 1D
QR6(0;36RQD.UDWRV$[LV8OWUD'/'SKR
WRHOHFWURQVSHFWURPHWHUHTXLSSHGZLWKDPRQRFKUR
PDWL]HG$O.;UD\VRXUFH H9 
&DWDO\WLF SHUIRUPDQFHV ZHUH HYDOXDWHG LQ D
IL[HGEHG UHDFWRU ZLWK J RI FRPSRVLWH FDWDO\VWV
7KHJDVFRQWDLQLQJSSPRI62 YY 
2DQG YY 1ZDVLQWURGXFHGWRWKHUHDF
WRUDWDIORZUDWHRIFPPLQDW.7KHHYR
OXWLRQRI62ZDVDXWRPDWLFDOO\DQDO\]HGE\DIOXH
JDV DQDO\]HU 0RGHO WHVWR  (3$ PDGH LQ *HU
PDQ\  $FWLYLW\ RI WKH FDWDO\VW LV HVWLPDWHG XVLQJ
GHVXOIXUL]DWLRQUDWHRI62DV
ሺΨሻ ൌ ሺܥ െ ܥሻȀܥ ൈ ͳͲͲ
:KHUH&LVWKH62FRQFHQWUDWLRQVRIIHHGJDV
DQG&LVWKH62FRQFHQWUDWLRQVRIHIIOXHQWJDV 
5(68/76$1'',6&866,21
7KH;5'SDWWHUQVRIIRXUVDPSOHVSUHSDUHGE\
WKHFDOFLQDWLRQRIDVHULHVRIPL[HGDFHWLFDFLGVDOWV
DW.DUHVKRZQLQ)LJXUH D 6SLQHOSKDVHVRI
ERWK 0J0Q2 DQG 0J0Q2 DUH REVHUYHG LQ
0J0Q 0J0Q DQG 0J0Q VDPSOHV EXW RQO\
RQHSKDVHRI0J0Q2FDQEHREVHUYHGLQ0J0Q
VDPSOH 7KH LQWHQVLW\ RI ;5' SHDNV RI WKH
0J0Q2 SKDVHLQFUHDVHVZLWKPDQJDQHVHFRQWHQW
ZKHUHDV WKDW RI WKH 0J0Q2 SKDVH GHFUHDVHV DV
HYLGHQFHGE\WKHSHDNDWDQG:KHQWKH
PRODU UDWLR RI 0J0Q LV  0J0Q2 SKDVH LV
IRUPHGLQGLFDWLQJWKDW0QFDWLRQVDUHWUDQVIRUPHG
LQWR0Q:LWKWKHFRQWHQWRIPDQJDQHVHLQFUHDVLQJ
0Q FDWLRQV DUH JUDGXDOO\ WUDQVIRUPHG LQWR 0Q
IRUPLQJ0J0Q27KXVLWFDQEHVHHQWKDWWKHGLI
IHUHQWUDWLRRI0J $F ā+2WR0Q $F ā+2KDV
LQIOXHQFHRQWKHIRUPDWLRQRI0J0QVSLQHOSKDVHV
$OOIRXUVDPSOHVZHUHWHVWHGIRUWKHLU62SLFN
XSDFWLYLW\LQDIL[HGEHGUHDFWRUVLPXODWLQJWKHFRQ
GLWLRQVLQDIOXLGFDWDO\WLFFUDFNLQJ )&& UHJHQHUD
WRU$VLVVKRZQLQ)LJXUH E DOOIRXUVDPSOHVRI
0J0Q VSLQHOV KDYH YDU\LQJ GHJUHH RI R[LGDWLYH
GHVXOIXUL]DWLRQ SHUIRUPDQFH 7KH 0J0Q VDPSOH
H[KLELWVWKHEHVWGHVXOIXUL]DWLRQHIILFLHQF\WKDQRWK

),*85(
D ;UD\GLIIUDFWRJUDPVRIWKHFDOFLQHGVDPSOHV
E 'HVXOIXUL]DWLRQSHUIRUPDQFHVRIFDWDO\VWV
7DEOHLOOXVWUDWHVERWKWKHDFWXDODQGWKHRUHWL
FDOPD[LPXP62SLFNXSFDSDFLW\WKDWLVFDOFXODWHG
RQWKHDVVXPSWLRQWKDW0JDWRPVDUHWKHRQO\DFWLYH
VLWHVIRU62DGVRUSWLRQDIWHUGHVXOIXUL]DWLRQRIIRXU
VDPSOHVZLWKHDFKZHLJKLQJJ7KHDFWXDOYDOXHV
RIDOOWKHIRXUVDPSOHVDUHFORVHWRHDFKRWKHUDPRQJ
ZKLFKWKHYDOXHRI0J0QLVUHODWLYHO\KLJKHUIRU
LWVKLJKFRQWHQWRI0J2WKDWKDVH[FHOOHQW62SLFN
XSFDSDFLW\>@,WFDQEHIRXQGE\FRQWUDVWWKDWWKH
DFWXDOYDOXHRIWKHVDPSOH0J0QLVORZHUWKDQLWV
WKHRUHWLFDOYDOXH ZKLOH IRUWKH RWKHUWKUHHVDPSOHV
WKHDFWXDOYDOXHVDUHDOZD\VELJJHUWKDQFRUUHVSRQG
LQJWKHRUHWLFDORQHVLQGLFDWLQJWKDWWKHUHH[LVWRWKHU
DFWLYHVLWHVIRU62DGVRUSWLRQEHVLGHVWKH0JDWRPV
ZKLFKVKRXOGEH 0QFDWLRQV$FFRUGLQJWROLWHUD
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WXUH UHSRUW >@ 0QFRQWDLQLQJ VDPSOHV FDQ SUR
GXFH0Q62SKDVHDIWHUWKH GHVXOIXUL]DWLRQZKLFK
FRXOGQRWEHGLUHFWO\GHWHFWHGE\;5'+RZHYHULW
VWLOOH[LVWVLQGLUHFWO\HYLGHQFHGE\0Q6WKHUHGXF
WLYHSURGXFWRIWKHVXOIDWHDGGLWLYHV
;UD\ GLIIUDFWLRQ WHFKQRORJ\ LV LQWURGXFHG WR
DQDO\]H WKH YDULDWLRQ RI SKDVH VWUXFWXUH EHIRUH DQG
DIWHUGHVXOIXUL]DWLRQRIIRXU0J0QVSLQHOVDPSOHV
DVVKRZQLQ)LJXUH;5'DQDO\VLVIRUIUHVK0J0Q
DIWHU GHVXOIXUL]DWLRQ VKRZV WKDW RULJLQDO 0J0Q2
SKDVH KDV GLVDSSHDUHG ZLWK WKH IRUPDWLRQ RI WKH
0Q2 SKDVH DQG D QHZ SKDVH FRPSDUDEOH ZLWK
0J62,WVXJJHVWVWKDWWKHRULJLQDOVWUXFWXUHRI0J
0QVSLQHOIDGHVLQWKHSURFHVVRIGHVXOIXUL]DWLRQ
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;UD\GLIIUDFWRJUDPVIRUVDPSOH0J0QEHIRUH
DQGDIWHUGHVXOIXUL]DWLRQ  0J62  0Q2
7KH;5'GLIIUDFWLRQSDWWHUQVRIWKH IRXU0J
0QVSLQHOVDIWHUGHVXOIXUL]DWLRQDUHVKRZQLQ)LJXUH
$VFDQEHVHHQLQ)LJXUH D WKH0J62SKDVH
DUHREVHUYHGDQGQRFKDUDFWHULVWLFSHDNVRI0Q62
DUHGHWHFWHGLQWKHSDWWHUQV+RZHYHUDFDUHIXOFRP
SDULVRQRIWKH  GLIIUDFWLRQSHDNVLQWKHUDQJH
RIș ± )LJXUH E VKRZVWKDWWKHSHDN
SRVLWLRQRI0J62VKLIWVVOLJKWO\WRZDUGDORZHUș
YDOXH ZLWKWKH LQFUHDVH RI0Q0J2FRQWHQWV7KH
VDPH UHVXOWV DUH DOVR SUHVHQWHG LQ RWKHU GLIIUDFWLRQ
SHDNV$FFRUGLQJWR%UDJJ¶VODZ>@G KNO  Ȝ 
VLQș  ZKHUH G K N O UHIHUVWRWKH GLVWDQFHEHWZHHQ
FU\VWDOSODQHVRI KNO ȜUHIHUVWRWKH;UD\ZDYH
OHQJWK DQG ș UHIHUV WR WKH GLIIUDFWLRQ DQJOH RI WKH
FU\VWDOSODQH KNO WKHGHFUHDVHLQ ș YDOXHPRVW
OLNHO\UHVXOWVIURPWKHLQFUHDVHLQODWWLFHSDUDPHWHUV
G  YDOXH 6LQFHWKHLRQLFUDGLXVRI0Q 

7RLQYHVWLJDWHWKHFKDQJHLQWKHR[LGDWLRQVWDWH
RI0QLQWKHSURFHVVRIGHVXOIXUL]DWLRQ;36H[SHUL
PHQWVZHUHSHUIRUPHGWRREWDLQWKH0QSVSHFWUD
IRUWKH0J0QVDPSOHV62WUHDWHGIRUDQGK
DVVKRZQLQ)LJXUH D 7KH;36SHDNRIWKHIUHVK
VDPSOHFDQEHGHFRQYROXWHGLQWRWZRSHDNVORFDWHG
DWH9DQGH9ZKLFKDUHDVVLJQHGWRWKH
0QDQG0QUHVSHFWLYHO\$IWHUWKH VDPSOH ZDV
WUHDWHGZLWK62IRUKDQGKWZRSHDNVZLWKELQG
LQJHQHUJLHVDWH9DQGH9DSSHDULQLWV
;36 SDWWHUQ ZKLFK DUH FRUUHVSRQGLQJ WR WKH 0Q
DQGLWVVDWHOOLWHVKDNHXS7KH ELQGLQJHQHUJ\SHDN
SRVLWLRQVFRUUHVSRQGLQJWR0QVHULHVDUHFRPSDUDEOH
ZLWKSUHYLRXVO\UHSRUWHGHQHUJ\YDOXHV>@
,W FDQ EH IRXQG IURP WKH ;36 GDWD WKDW DV
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GHVXOIXUL]DWLRQSURFHHGVWKHFRQWHQWRI0QJUDGX
DOO\LQFUHDVHVDQGWKDWRI0QGHFUHDVHVZKLOHWKH
FRQWHQWRI0QFRQWDLQHGLQWKHVDPSOHVWD\VDOPRVW
XQFKDQJHGZKLFKLVILWWHGURXJKO\ZLWKWKHVWDWLVWLFV
VXPPDUL]HGLQ7DEOH,WLVGHGXFHGWKDWGXULQJWKH
SURFHVVRIGHVXOIXUL]DWLRQ0Q LV SDUWLDOO\ UHGXFHG
WR0QZKLFKLVGRSHGLQ0J62IRUPLQJ0J[0Q
[62ZKLFKLVLQJRRGDJUHHPHQWZLWK;5'SHDNV

GLVWULEXWHGLQWKHIUHVKVDPSOHZLWKUHODWLYHO\VPDOO
GLDPHWHU)LJXUH G GLVSOD\VWKHDQJXODUS\UDPLG
VKDSHGSDUWLFOHVZLWKKLJKHUGHQVLW\LQGLFDWLQJWKDW
WKHRULJLQDOSDUWLFOHVH[SDQGLQYROXPHDIWHUWKHDG
VRUSWLRQRIVXOIXUR[LGHV+RZHYHUSDUWLDOS\UDPLG
VKDSHGSDUWLFOHVIDLOWRJURZQRUPDOO\EHFDXVHRIWKH
VSDFH MDP$V FDQ EH REVHUYHG LQ )LJXUH  F  WKH
RULJLQDO SDUWLFOHV FROODSVH LQWR VPDOOHU RQHV ZLWK
S\UDPLGVKDSHGSDUWLFOHVIRUPHGHYHQWXDOO\DIWHUWKH
SURFHVVRIVXOIXUDGVRUSWLRQ
7KHGHWDLOHGPHFKDQLVPRIWKHGHVXOIXUL]DWLRQ
LVYLYLGO\GLVSOD\HGLQ)LJXUH'XULQJWKHVWHSRI
WKHR[LGDWLYHDGVRUSWLRQ0J0Q2LVGHFRPSRVHG
LQWR0Q2DQG0J2LQWUDQVLHQWVWDWHZKLFKDFWVDV
D SULPDU\ DGVRUSWLRQ VLWH WR FDSWXUH 62 IRUPLQJ
0J62ZKHUHDV0Q2VHUYHVDVDQHIIHFWLYHSUR
PRWHU IRU R[LGDWLRQ 6SHFLILFDOO\ D F\FOLF UHGR[
PHFKDQLVPWDNHVSODFHWKDWLQYROYHVWKHR[LGDWLRQRI
62WR62DQG0QEHLQJUHGXFHGWR0QZKLFK
WKHQSOD\VDGXDOUROHLQPHFKDQLVP2QWKHRQHKDQG
0Q F\FOLFUHGR[PHFKDQLVP FDQEH R[LGL]HGWR
0Q E\ 2 2Q WKH RWKHU DV DQ DGVRUSWLRQ VLWH
0QFDQEHGRSHGLQ0J62IRUPLQJ0J;0Q;62
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zone of the dangerous rock mass leads into catastrophic consequences. Mountain people often say a
jingle "Heavy rain brings great collapsed, a small
rain brings small collapsed, no rain does not collapse." Although this sentence is not a scientific
summary of the relationship between rainfall and
dangerous rock mass, it shows the close relationship
between them.
Based on the stability and prevention and control of water-rich stratum slopes, many scholars have
made a series of achievements by introducing the
methods of fracture mechanics, damage mechanics,
numerical simulation and geomechanical test. For
example, Chai et al. [7] considered the effect of fissure water flow in the rock mass on the fissure wall
with both normal hydrostatic pressure and tangential
drag force (seepage hydrodynamic pressure). Xia
Kai-zong et al. [8] established the hydraulic model
of the bedding rock slope under both the unobstructed runoff and the blocked runoff by analyzing
the hydraulic effect in the bedding rock slope, and
analyzed the different Influence of Geometrical Factors, Water Depth and Different Shear Strengths on
Slope Stability. Zhang et al. [9] analyzed the effect
of water on the safety factor of rock slope by DDA
method of discontinuous medium mechanics. L.
Weijers et al. [10] used Biot theory to discuss the initiation, propagation and closure of rock mass cracks
under water pressure. Liu et al. [11] demolished the
formulas of the critical waterflooding height and the
critical rainfall intensity of the trailing edge crack
under the action of water conservancy.
Due to the presence of joints and weak structures in rock slopes, especially when the lithology of
rock mass in the slope is soluble, the original small
cracks will be easily eroded and expanded by the influence of water to form a local water-soluble cavity.
Affected by rainfall, changes in groundwater level
and karstification, discontinuous joints and fissures
in rock mass and cave cavities in small cavities form
channels, changing the occurrence of rock mass
structures. Such changes in the rock mass structure
lead to the increase of local permeability will amplify the mechanical effect of water on the rock mass,
accompanied by erosion and mudification. However,
if this phenomenon occurs within the slip surface of
the slope, it will have an extremely adverse effect on

An important factor affecting the stability of the
slope is the fissure water in the rock mass. In this
study, taking consideration in the mechanism of fissure water acting on layered rock, the related theory
of rock mechanics, fluid mechanics and soil mechanics were used to analyze the stress characteristics of
layered rock mass under hydrostatic pressure, water
softening dissolution effect on rock mass, fissure filling effective stress, dynamic water scouring with
groundwater level. Though these above study of the
typical interaction mechanism between water and
rock mass, the pregnancy, development, and occurring of water-induced landslides were revealed in order to assess stability of layered slope. Finally, the
targeted slope monitoring scheme was formulated
and the reasonable reinforcement proposal was given
for a targeted specific case. The research results can
provide reference for the theory of rock slope instability in the rich water stratum and the treatment
measures.


&% !
Fissure water, Water-induced Landslides, Landslide,
Monitoring scheme
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The collapse of rock mass slope is often affected by water, and the influence of precipitation on
the rock mass is significant. Statistics show that
more than 70% of the rock mass collapse occurs in
the rainy season [1-6]. The seepage of water from the
surface cracks obviously changed the physical and
mechanical properties of the structural planes of the
dangerous rock mass. The water and its flow in the
fractures produced the floating and static hydrodynamic pressure which is not conducive to the stability of the dangerous rock mass. The static pressure
effect of water plays a role of water splitting in the
fracture. When the water flows, it also takes away
fine particulate matter and softens the filling of the
structural plane, greatly reducing the shear strength
of the structural plane and often giving the stable
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the stability of the slope. Changes of mechanical
properties of rocky slope with static water body and
hydraulic circulatory system often result in the decrease of sliding resistance or slip force of the slope,
resulting in landslide accidents. Since the essence of
the type of slope slip is that the mechanical equilibrium state of the rock mass aquifer system and slope
rock mass structure is broken, the energy stored in
the slip surface of the potential rock mass is instantaneously released, A kind of dynamic destruction
phenomenon of high speed migration of the picture.


is, the more dangerous the rock mass. Because the
fracture extension and crack width and length increase, and when external water fully fills the cracks,
the water pressure in cracks increases further.

,*/(40*(2 3,*/(4083 5- 9/, 2(>,7,+ 75*1
3(88 )> -088:7, <(9,7 Fissure water controls the
softening of structural planes in the layered rock
mass and has the dual function of reducing the
strength of the rock mass and initiating sliding. Understanding the influences of the structure, the surface filling degree and the types of fillings on the
mechanical properties of joints, the peak shear
strength and the failure mode is very important. Figure 1 is a stress diagram for a layered rock mass.
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Distribution of Groundwater in Layered Rock
Slope Groundwater in stratified rock slope mainly
relies on rainfall infiltration into the atmosphere.
There are usually a few residual thick layers distributed on the top and the slope of the slope, water and
temporary water storage, intermittent pore diving is
distributed in the residual layer, intermittent pore
water in the residual layer will be continuously infiltrated during the rainfall and sometime after the rain
Fissure water. If the rock mass within a certain depth
below the bedrock surface consists of a soft rock
layer, the pore water will accumulate above the bedrock surface and be drained out of the bed along the
bedrock surface.
If the bedrock surface is composed of hard rock
with developed fractures, the pore water in the residual layer is mainly infiltrated, and the fissure water
recharge conditions are good. While the infiltrated
fissure water encounters soft rock-dominated formations, it is enriched on the top of the strata and
excreted out of the slope along the strata, and the infiltration is only continued at the stratified fracture
and fault distribution. Obviously, the distribution of
fractured water in the stratified rock slope often presents a multi-layer network (Especially during rainfall). The distribution of pore water in the residual
layer is more uniform and the hydraulic contact is
stronger, and its saturation is higher during rainfall.
The distribution of fissure water in the soft rockdominated layer is more strictly regulated controlled
by faults and trenches. The network is sparsely
meshed with infiltration underneath. In hard rock
dominated rock formations, the upper groundwater
of the strata infiltrates along the fissures while the
lower groundwater is blocked by the underlying soft
rock. The enrichment, inter-layer fissures and fractured fissures have high water saturations, and the
groundwater is densely distributed and expelled
along the layers.
Water pressure in cracks caused by rainfall is
bad for the stability of dangerous rock masses. The
main external factor that causes damage to fissures
and controls fracture extension is the water pressure
in cracks. The higher the water pressure in the cracks
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To the whole of layered rock mass stress analysis:

 +  sin θ = τξ 
 cosθ = σξ 

(1)

(2)
Master the structure surface instability limit
equilibrium condition is:
(3)
 cosθ =  sin θ tan ϕ + ξ 
Where W is the weight of upper rock, P is fissure water pressure, τ is the peak shear stress, σ is
the normal stress, ϕ is the basic angle of the internal
friction of the interface,  is the cohesion force, is
the length of the structural plane in the layered rock
mass, ξ is the surface corrosion coefficient of the
structure, and ξ  is the effective length of stress of
the structure.
In the presence of fissure water, the saturated
water conditions control the intensity of the structural plane and dry strength. Accordingly, the following relationship is derived:
σ  = η σ 0   < 1.
The master peak shear strength can be obtained
for the surface of the layered rock mass by:
ξ
(4)
τ = η σ 0 tan(ϕ + θ ) +
(cos θ − sin θ tan ϕ )
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Where η is the rock strength reduction factor,
with size values related to the dissolution degree and
sudden water-rock humidity, and   is the rock softening coefficient, which mainly depends on the size
of the rock lithology.
From these relationships, fissure water in the
layered rock mass influences the control structure by
reducing the effective length of the bearing surface
and reducing its compressive strength. The difference between the strength of rock mass under different water contents is large. The strength of the structural plane after fissure water dissolution is seriously
affected by the fissure water such that weak rock
may lose strength and even collapse after saturation.

!*5:7/52,,42(7.,3,495-9/,*549752897:*
9:7,When water fills a channel in the layers of the
formation, the model shown in Figure 2 can be used.



Reach the ultimate strength of the rock S, the
landside happened, where S is the shear strength of
structure plane.
When rainfall increases, because of the fissure
water’s dynamic pressure and adequate supply, the
increase in critical water pressure always leads to
pressure on the fractured rock. Along with the influence of the control fissure's fillers, this will cause the
channel filled with the fissure water to become large.
In addition, the floating effect from the fissure water
pressure will result in a loss of the force majeure of
the landslide, so when the water channel in the layered rock mass slope forms, the overall strength and
stability of the rock mass will be drastically reduced,
leading to a landslide disaster.
#"$!" !!
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α

When low water content of slope rock mass,
rock mass structure surface filling layer is in unsaturated condition, the general negative pore water pressure, moisture content is smaller and rock mass itself. When slope rock rich water, moisture content
and pore water pressure increases, the surface rock
fissure water infiltration of layered rock mass gradually internal control structure, structural plane
within the pore water pressure increasing, its value
is gradually converted from negative to positive. By
the principle of effective stress, the pore water pressure and effective stress is reduced, cause the overall
intensity decreases. When the local shear failure in
structural plane extended to the whole layer structure, formed through the sliding surface, namely
overall loss of slope stability and landslide disasters
happened.
On the other hand, when the slope rock mass
water content from high to low transition,



P

# 
5+,25-<(9,704+:*,+8*5:7/52,,42(7.,3,49
Assuming that the volume of water filling the
channel after the crack extension is q, the crack
length at a certain moment is , and the height is ,
the instantaneous water flow speed in the hole is:

(5)
=


The fissure water pressure  acting on the channel wall is:

γ
 =  − 2
2

Δ /  = − (Δσ − Δ) = − Δσ ′

(10)
In the formula, Δ is the structural plane fillings volume variation ,volume decrease negative; V
as the volume of structural plane,  as the structural
plane compression coefficient; Δσ as the total structural plane stress increment; Δ as the structure surface pore water pressure increment; Δσ ′ as the
structural plane effective stress increment.
It can be seen that when the moisture content
reduce, pore water pressure increases, master structure surface filler of the effective stress increase,
leading to filling the overall volume decreases, and
thus reduces the surface area of contact with the rock
structure, is easy to lead to local stress concentration,
rock cut short displacement and settlement, deepen
the damage of rock mass. Therefore, the effective
stress increase and decrease to aggravate slope structure degradation and strength is reduced, eventually
lead to the occurrence of landslide disaster.

(6)

Where  is the pressure on the surface of the
fissure, and γ is the density for water; thus:

 =−

γ 2
2  2 2

(7)

As the ultimate load of tensile shear fracture is
σ +σ σ −σ
σ −σ

Pr = 1 3 − 1 3 cos 2α + 1 3 sin 2α +  (8)
2
2
2
π

Where σ 1 is the maximum principal stress, σ 3
is the maximum principal stress. α is the angle between the crack and the maximum principal stress,
  is the fracture toughness value, a is the equivalent fissure length.
When

 − r ≥ 

(9)
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the drainage system fails to effectively discharge the
groundwater. During the heavy rains, the groundwater level is high for the poorly drained slopes (especially after spray protection, etc.), and the stability of
fractured submersibles is also similar to the significant impact when the groundwater level plunges.
Furthermore, hydrodynamic on the stability of
the dangerous rock has a greater impact on the rock
within the horizontal fissure within the hydraulic
power, the hydrodynamic pressure generated by

Most of the stratigraphic rock slopes have
lower groundwater level and lower hydraulic slope,
and the control of fissure submersion is mainly manifested by the weakening of the shear parameters of
the sliding surface and the hydrodynamic pressure
generated by the shear surface. However, when the
surface water level, such as reservoir water plunge,
or for slope protection by spray anchoring and other
protection during the rainstorm and drainage system
failure, the impact of fracture diving on the stability
of the slope will be prominent in the sudden drop in
the groundwater level, the rock mass of groundwater, because of the balance between reservoir water
and water, the seepage force produced by it has no
obvious influence on the stability of the slope. Surrounding the stability of slope is only the fissure water above the slip surface, and it does not means that
the rock mass below the slip surface is floated in the
calculation of the anti-sliding force and sliding force,
and the rock mass above the saturation line is wet
and heavy, while the rock mass below the infiltration
line and below the infiltration line is floated in the
calculation of the anti-sliding force and saturated in
the calculation of the sliding force. Although there is
almost no change in anti-sliding force after the reservoir water level suddenly drops. Groundwater
failed to discharge in time, so plunged, the groundwater level between the backstage and the water
level elevation will slide down due to the loss of the
balance between the reservoir and the water level. It
is clear that the stability of the slope will be greatly
reduced if the reservoir water level drops sharply and

 = ∑   = ∑ γ  ( −  )  


(11)
is the porosity of the horizontal joint, and  
is the hydraulic gradient of the slope joint.
According to the field data, the water flow in
the horizontal fracture belongs to the laminar flow,
and the flow velocity is not large. The stability analysis of the hydrodynamic pressure generated on the
fracture can be neglected.



" 
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Many unstable layered slopes existed in southwest mountainous region in china. Target monitoring area was established closed to Chengdu-Lanzhou
railway in order to realize the slope disaster prediction and failure mechanism study. Combined with
the preliminary investigation, landslide characteristics analysis and risk assessment, monitoring scheme
was determined due to the analysis above, mainly including: surface deformation, deep displacement
(shown in Figure 3), ground water level, rainfall. (as
shown in Table 1).

"
!256,354095704.*549,49
Monitoring projects
The surface displacement
monitoring

Number of statistics
8

Notes
Using total station observations

Deep displacement measuring inclined hole

3

Using high-precision borehole inclinometer observation

Water level observation
hole

2

Using vibrating string type
water level gauge observation
Experienced monitoring
personnel

Artificial patrol

1 person/week
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The surface deformation of the
slope is an intuitive performance
of the stability of the slope, monitoring of which could show the
rough scale and the overall stability of the slope.
The deep displacement could be
used for analyzing the dynamic
characteristics of landslide deformation which plays an important role in determining the
location of the slide zone (or surface) accurately, and studying
the current characteristics and
development trend of the landslide.
Water level is the main inducing
factor of landslides in the monitoring area.
Inspection of the sensor and
monitoring working state, as
well as the cracks on the surface
of the slope

'&

$ (   " 







!"$"%!#$#



#  
54095704.(4+7,04-57*,3,498*/,3,
Meanwhile, the treatment scheme of the slope
also determined to reduce water influence.
(1) Excavate a drain flange on the slope. This
will arc down along the slope, funnelling precipitation to nearby valleys and preventing the erosion of
the slope rock mass. Too much rain and infiltration
can weaken the role of water on the rock mass, and
can reduce the softening of the structure surface
through dissolution and enlargement of the scour
hole, and can decrease the effective stress due to settlement of the slope.
(2) Make a perfusion pile on part of the slope
excavation. The anti-slide pile is inserted below the
sliding surface, forming a resistance (anchoring
force) to the thrusting of the sliding body. The landslide is impeded by the anti-slide pile before the sliding body reaches a steady state. The anti-slide pile`s
squeezing effect can also increase the density of the
rock mass, reducing the fissure water activity space
(shown in Fig.3).
Through the above measures, combined with
the monitoring data from before and after construction, the slope rock mass can be effectively controlled to a large extent, guaranteeing railway construction and the safety of the residents along the
road.



rock interactions and their influence on landslide disasters, including softening dissolution, scour hole’s
enlargement, fissure filling, and effective stress. Finally, an in-site monitoring and reinforcement
scheme for the typical unstable slope was proposed,
including surface displacement, deep displacement,
water level and rainfall considering the rainfall effect. The results can provide reference for the instability theory and treatment measures of high-risk
stratified rock slope.
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Water is one of the leading factors which induce the sliding of rock masses down slopes. Harm
caused by fracture water in the rock mass in mountainous areas has become a priority research problem
in transportation infrastructure construction. Based
on the state of current research and regarding the effect of fracture water on rock, we discuss the water-
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To gain a better understanding of the diversity
of life history patterns, and compare the differences
of life history strategies in rotifer subjecting to the
endogenous and exogenous factors, the life history
strategies in two     evolving
species were detected at four temperatures. The results showed that the duration of reproductive period
were significant different in distinct rotifer evolving
species, and the net reproductive rate was not significantly correlated with the duration of reproductive
period of rotifer. The two    strains (ZJ
and KM) adopt different life history strategies. Regardless of the effects of evolving species and temperature, the durations of developmental stages and
life expectancy at hatching of the tropical strains (ZJ)
were shorten than those of the subtropical strains
(KM), indicating that the growth of tropical rotifer
strain was faster than subtropical strain, but at the
cost of net reproductive rate. Additionally, the intrinsic rate of increase in the two strains had an opposite
variation trend with the duration of juvenile period
and duration of embryonic development, so the maximum reproductive potential of population really depends negatively on the early period of life. All lifetable parameters were affected by temperature significantly, and the durations of each developmental
stage, mean lifespan and life expectancy at hatching
shortened with the increasing temperature, in contrast the intrinsic rate of increase of the rotifers increased significantly and reached a maximum at
28°C, suggesting higher temperature made the
growth, development and metabolic rates of rotifer
accelerate.



A traditional Darwinian perspective is that evolution by natural selection is a slow process that can
result in adaptation and substantial change with time
[1]. In recent years a growing appreciation for the
organism as an adapted complex has increased
awareness of adaptive evolution not only at the biochemical, physiological, and morphological level,
but also at the life history level [2-4]. Life history
trait, like all other phenotypic attributes, represents a
series of selective compromises to a suite of environmental variables, and can be imagined as various investments in growth, reproduction, and survivorship.
An enormous amount of investigations on life history have been proved to be effective for revealing
the response of ecological characteristics, dispersal,
adaptive and competitive abilities of plankton to environmental factors such as temperature and food
concentration [5-7].
Rotifer, a group of primary planktonic invertebrates, plays an important role in the freshwater ecosystem [8], and is increasingly being used as a model
to investigate how the life history strategies evolve
in aquatic environments that are variable in time and
space [9].     is one of the most
common freshwater rotifers, occurs in almost all
types of waterbodies worldwide [8, 10]. In the last
two decades, many rotifer species have been recognized as an ancient cryptic species complex, including    [11-15],    [16],
      [17] and   [18].
These evolving species have different life-history
strategies and population dynamics under continuously changing environmental conditions. In addition to evolving species, geographic strain is also one
of the most significant endogenous factors affecting
the life history characteristics of rotifers [9,19,20].
Temperature is the most important exogenous
factor affecting the growth and reproduction of zooplanktons [21], and the temperature disparity appears also to be the most important and contrasting
environmental variable between different climate regions with water habitats [22]. Effect of temperature
on zooplankton is well documented, from the level
of the individual to population, including rotifers,

(&!"
   , evolutionary entity, life history
characteristics, strain, temperature
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to delimit rotifer primary species hypotheses [27, 30,
31]. The PTP model was applied to the input ML
trees using coalescence theory to distinguish between the population- and species-levels through the
online tool with default settings [32]. The PTP species delimitation results by maximum likelihood and
Bayesian optimisation algorithms were reported. A
generalized mixed Yule coalescent (GMYC) model
with multiple thresholds was run using R software
on the ultrametric gene tree which was constructed
based on Bayesian analysis using the penalized likelihood (PL) method and the truncated Newton (TN)
algorithm on r8s software [33-35]. In the case of discordance in the amount of splitting, we chose to keep
the smallest number of entities, in order to avoid
over-splitting the species complex; thus, if a mistake
was made in the identification of taxa, it was made
in the direction of being more conservative in the
amount of cryptic diversity [31].

1.-:)*2->6-813-4:9Based on the results
of DNA taxonomy in    complex, four
clones (ZJ83 and KMC23 belonging to evolving species I, ZJ37 and KMC29 belonging to evolving species II) were selected for the further ecological studies. Before the experiments commenced, rotifers
were precultured in EPA medium and daily fed on
2.0×106 cells/ml of    at 16, 20, 24, and
28°C respectively for at least one week. The density
of the algal was estimated using a haemocytometer,
then diluted to the desired concentration with EPA
medium. In the process of preculture, the medium
was renewed daily and the rotifer populations were
allowed to grow exponentially by removing a part of
the rotifers every day.
When the experiments conducted, rotifers with
amictic eggs were randomly removed from the stock
rotifer cultures and placed into a glass cup containing 10 mL of EPA medium with 2.0×106 cells/ml of
  at 16, 20, 24, and 28°C. After two hours,
neonates (<2 h old) were collected and transferred
into 24-well tissue culture plates by introducing one
neonate into each well which contained 0.5 mL EPA
medium with 2.0×106 cells/ml of   . Each
treatment consists of four replicates of ten rotifers.
The rotifers were checked every three hours at all
temperatures, and the time of the first egg and neonates produced were recorded. Thereafter, the rotifers were observed at 16°C and 20°C every 12 h, at
24°C and 28°C every 8 h, the number of eggs, neonates produced and the number of original test individuals alive were recorded and then neonates were
eliminated. The original rotifers alive were transferred into freshly culture solution every 24 h. The
life-table experiments were conducted until each individual of every cohort died.

):) 4)2?9-9 According to the data recorded, the durations of juvenile period (JP), embryonic development (ED), reproductive period (RP),

cladocerans and copepods [23, 24]. However, fewer
studies on the effects of the interaction of strains and
evolutionary entities on life-history strategies are
available for the rotifers at different temperatures.
In this study, we collected the   
species complex from two regions of tropics (Zhanjiang) and subtropics (Kunming). On the basis of
DNA taxonomy for the discrimination of evolutionary entities, we investigated the life history characteristics of    between two evolutionary
entities as well as two geographic strains at four temperatures (16°C20°C24°C and 28°C). We expected to (i) evaluate and explain the diversity of life
history patterns, and (ii) compare the differences of
life history strategies between    evolutionary entities as well as geographic strains.
#!"#"
")362-9522-+:154)4,;2:;8- The rotifer
   used in this experiment was collected
in August, 2013 from a tropical shallow lake (Lake
Butterfly, Zhanjiang city, Guangdong, China)
(21°15′N, 110°30′E) and a subtropical deep lake
(Lake Dianchi, Kunming city, Yunnan, China)
(25°03′N, 102°42′E), and then clonally cultured using the EPA medium [25] with natural illumination
at 25±1°C in a homeothermic incubator for over two
months. Rotifer cultures were fed daily the green
alga    which were grown in a
semi-continuous culture using HB-4 medium [26].
Rotifer populations were harvested when they
reached high densities (200–300 ind./ml). Finally, 59
clones of    complex were successfully
established, including 31 Kunming (abbr. KM)
clones and 28 Zhanjiang (abbr. ZJ) clones.

#)>5453?145362->
According to the procedures detailed by [27], DNA
was extracted from the 59 clones of   
complex, and the partial mitochondrial cytochrome
c oxidase subunit I (COI) gene fragment and the nuclear internal transcribed spacer (ITS) region were
amplified and sequenced. All of the COI and ITS sequences were deposited in GenBank (KT161884KT161942 for COI sequences and KT191045KT191103 for ITS sequences).
Three DNA taxonomy methods were used to
independently discriminate evolutionary entities
with the COI and ITS sequences, including the Automatic Barcode Gap Discovery (ABGD), Poisson
Tree Process (PTP), and Generalised Mixed Yule
Coalescent (GMYC) models [28]. Instead of using
one or several predefined distance thresholds to delimit species, the ABGD model is a less subjective
means of attempting to automatically discover the
barcode gap for a given data set. The identified
groups were considered to be equivalent to species
[29]. The ABGD method has been used previously
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post-reproductive period (PP) and mean lifespan
(ML) of the rotifers were calculated according to
[36]. Age-specific survivorship (lx), age-specific fecundity (mx), net reproductive rate (R0), the intrinsic
rate of increase (rm) and the life expectancy at hatching (e0) of the rotifers were calculated according to
[37].
All parameters were calculated in Microsoft
Excel and represented by mean value ± standard error. Afterward, all analyses of data were performed
in the statistical software SPSS Ver16.0. Three-way
analyses of variance (ANOVAs) were used to evaluate the effects of strain, evolving species, temperature, and their interactions on the life-table demographic parameters. SNK-q test methods were used
to conduct the multiple comparisons among the sample mean with significant difference, and the significance level was set to 0.05.

sequence gave optimal solutions of 3 evolving entities. In the case of the ITS dataset, 2 groups were
found with the prior maximal distance of 0.03 using
the ABGD method, while species number estimates
ranged from 2 to 9 using the PTP model, and the
most conservative estimate of 2 evolving entities
was shown in the GMYC analysis. In cases where
there was discordance in the amount of splitting, we
chose to keep the conservative number (two) of entities. Therefore, we here refer to the two evolutionary entities as evolving species (I and II) (Figure 1
and 2).
..-+:9 54 :0- ;8):1549 5. -<-2563-4:)2
":)/-9 5. !5:1.-8 The results of the three-way
ANOVA exploring the life-table parameters depending on strains, evolving species, and temperatures
are presented in Table 1. Strain significantly affected
the durations of reproductive period (RP), post-reproductive period (PP), mean lifespan (ML) and life
expectancy at hatching (e0) of    ( <
0.05, Table 1). Regardless of the effects of evolving
species and temperature, the RP, PP, ML and EP of
the tropical strains (ZJ) were lower than those of the
subtropical strains (KM) (Table 2). Evolving species
significantly affected the durations of juvenile period (JP), RP, PP, ML and e0 of the rotifers ( < 0.05,
Table 1). Across the whole temperature range tested,
the durations of developmental stages in evolving
species I were greater than those of the evolving species II for either strain ZJ or KM (Table 2). Temperature significantly affected the all life history parameters ( < 0.05, Table 1). For the four clones in two
evolutionary units, all the parameters of developmental stage duration (JP, ED, RP, PP and ML) and
e0 of the rotifers shortened from the maximum at
16°C to the minimum at 28°C with the increasing
temperature except that the RP of KMC29 was longest at 20°C.

!"$#"
536591:1545.<52<14/"6-
+1-9The distinguished high levels of genetic differentiation were identified between two phylogenetic
clades, and the sequence divergence ranged from
11.7% to 16.3% in mtDNA COI genes sequences
and 4.6% to 6.6% in rDNA ITS region.
DNA taxonomy tools based on the COI and
ITS sequences provided estimates of evolving entities, ranging from 2 to 9. Based on the COI sequences, the minimum estimate of 2 groups was provided by the ABGD model with 1.2% prior maximal
distance, and the estimated number of putative species was between 2 and 8 (mean 3.82) using the PTP
method with an acceptance rate of 0.37, where the
most supported partition found with a simple heuristic search was 3 species. The GMYC model on COI

$! 
#0-#)445:):-,60?25/-4-:1+:8--5.96-+1-9+5362->*)9-,
54:0-3:9-7;-4+-9
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Furthermore, the interaction of strain and
evolving species significantly affected the PP and
ML of the rotifers; The interaction of strain and temperature significantly affected the other parameters
of developmental stage duration and e0 of the rotifers
with the exception of PP; In contrast, most of the life
history parameters were not affected significantly by
the interaction of evolving species and temperature
by eliminating the effect of the durations of juvenile
period; The interaction of strain, evolving species

and temperature significantly affected the JP, RP and
PP of the rotifers ( < 0.05, three-way ANOVA, Table 1).
..-+:954:0-";8<1<589016)4,-+;4,1:?5.
!5:1.-8The statistical analyses showed that temperature alone significantly affected the age-specific
survivorship (lx) of    ( < 0.05, Table
1). With the increase of temperature, the lx of the two
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rotifers strains tended to decrease earlier and the decreasing speed of those accelerated (Figure 3). In addition, temperature and the interaction of strain and

evolving species significantly affected the age-specific fecundity (mx) of rotifers ( < 0.05, Table 1).
The maximum of the mx of rotifers increased and occurred earlier with the rise of temperature (Figure 3).

#
<)2;-9.853:0-:08--=)?%9:-9:14/:0--..-+:95.9:8)14"-<52<14/96-+1-9:-36-8):;8-
#)4,:0-1814:-8)+:1549"A"A#A#)4,"AA#54-)+05.:0-21.-019:58?6)8)3-:-89

Parameters
Duration of juvenile period (JP)
Duration of embryonic development (ED)
Duration of reproductive period (RP)
Duration post-reproductive period (PP)
Mean lifespan (ML)
Life expectancy at hatching (e0)
Age-specific survivorship (lx)
Age-specific fecundity (mx)
Net reproductive rate (R0)
Intrinsic rate of population growth (rm)

S
0.05
0.05
<0.01
<0.01
<0.01
<0.01
0.05
0.05
<0.01
0.05

E
<0.01
0.05
<0.01
<0.05
<0.01
<0.05
0.05
0.05
0.05
0.05

T
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.05
<0.01
<0.01
<0.01

S×E
0.05
0.05
0.05
<0.05
<0.05
0.05
0.05
<0.01
0.05
0.05

S×T
<0.01
<0.01
<0.01
0.05
<0.01
<0.01
0.05
0.05
<0.05
0.05

E×T
<0.01
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

S×E×T
<0.01
0.05
<0.01
<0.01
0.05
0.05
0.05
0.05
<0.05
<0.01


#
#0-21.-019:58?6)8)3-:-895.:0-:=5-<52<14/96-+1-9;4,-8,1..-8-4::-36-8):;8-9
3-)4@"

Parameters

Temperatures

JP (h)

16°C
20°C
24°C
28°C
16°C
20°C
24°C
28°C
16°C
20°C
24°C
28°C
16°C
20°C
24°C
28°C
16°C
20°C
24°C
28°C
16°C
20°C
24°C
28°C
16°C
20°C
24°C
28°C
16°C
20°C
24°C
28°C

ED (h)

RP (h)

PP (h)

ML (h)

e0 (h)

R0

rm

Evolving species I
ZJ83
KMC23
61.82±0.70a
65.74±0.92a
46.64±0.50b
55.51±0.88b
21.12±0.56c
21.05±0.38c
18.50±0.43d
21.57±0.39c
23.15±0.29a
24.00±0.25a
22.91±0.28a
22.45±0.32b
11.51±0.28b
12.08±0.33c
8.92±0.21c
9.47±0.23d
169.15±8.15a
260.53±14.16a
154.02±7.52a
248.58±13.61a
95.91±4.12b
131.65±10.07b
72.03±3.40c
101.83±6.90b
45.95±7.40a
40.37±6.73a
28.73±3.58b
44.39±4.82a
12.65±1.52c
12.30±1.85b
8.84±1.45c
12.61±1.49b
276.92±10.29a
366.63±14.33a
229.39±7.01b
348.48±13.09a
129.67±4.09c
165.00±11.05b
99.37±3.45d
136.00±6.66b
270.46±16.09a
358.97±12.17a
224.65±5.81b
347.27±16.44a
125.26±2.66c
163.08±9.39b
97.28±4.28c
131.13±5.49b
5.85±0.50a
9.84±0.30ab
7.34±0.39a
12.63±1.05a
6.84±0.29a
10.51±0.86ab
5.73±0.57a
8.29±0.79b
0.0131±0.0008d
0.0143±0.0003c
0.0172±0.0004c
0.0172±0.0006b
0.0285±0.0013b
0.0291±0.0016a
0.0318±0.0009a
0.0319±0.0004a

Evolving species II
ZJ37
KMC29
52.31±0.80a
61.50±0.85a
40.24±0.44b
45.77±0.47b
16.60±0.40c
18.28±0.35c
15.35±0.34c
15.68±0.32d
20.81±0.48a
24.08±0.27a
21.53±0.39a
21.70±0.22b
10.60±0.61b
11.55±0.33c
6.48±0.42c
8.03±0.24d
134.09±8.31a
187.03±11.44b
85.88±3.49b
236.56±17.02a
36.70±4.02c
94.13±7.00c
33.29±2.83c
68.32±3.10c
15.09±2.99a
48.00±7.02a
19.32±1.96a
32.05±4.21b
8.30±1.25b
10.60±1.50c
7.29±1.04b
11.29±1.39c
201.50±9.30a
296.53±12.08a
145.44±3.98b
314.37±17.71a
61.60±4.47c
123.00±6.91b
55.94±3.28c
95.29±3.05b
197.24±11.93a
290.00±5.20a
140.67±6.58b
308.69±26.26a
60.00±6.04c
118.99±3.78b
54.11±5.13c
91.82±2.68b
10.15±1.04a
7.86±0.52b
7.27±0.74b
13.27±1.61a
3.70±0.88c
6.86±0.30b
5.17±0.33bc
4.92±0.11b
0.0197±0.0007b
0.0146±0.0005d
0.0218±0.0008b
0.0190±0.0004c
0.0256±0.0037b
0.0286±0.0011b
0.0410±0.0003a
0.0308±0.0004a

Notes: The life history parameters are abbreviations corresponding to Table 1. Letters indicate the significance of
differences among treatment levels in the same column, which were calculated by the SNK-q test method, and a,
b, c and d indicate that the means decrease gradually.
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!5:1.-8 Strain significantly affected the net reproductive rate (R0) of    ( < 0.05, Table
1). Regardless of the effects of evolving species and
temperature, the R0 of the tropical strains (ZJ) were
lower than that of the subtropical strains (KM) except that the R0 of ZJ37 at 16°C and 28°C were
greater than that of KMC29. However, evolving species didn’t affect significantly the population growth
parameters of rotifers ( > 0.05, Table 1). Temperature significantly affected the R0 and intrinsic rate of
population growth (rm) of rotifers ( < 0.05, Table 1).
For ZJ83, there was no significant difference in R0
among four temperatures, whereas the net reproductive rate of ZJ37 decreased with the increasing of
temperature from 16°C to 24°C. The R0 of KMC29
and KMC23 were the highest at 20°C. On the other
hand, the rm of the rotifers increased significantly and
reached a maximum at 28°C with the rise of temperature ( < 0.05, Table 2).
The interaction of strain and temperature significantly affected the R0 of rotifers, and the interaction of strain, evolving species and temperature significantly affected the R0 and rm of the rotifers ( <
0.05, three-way ANOVA, Table 1). The interaction
of strain and evolving species did not significantly
affect each parameters of life-table, and so were the
interaction of evolving species and temperature ( 
0.05).


"$""

development stage durations in rotifer are determined by genetic factors (evolving species). This results also corroborated our previously experimental
conclusions that the durations of juvenile period,
embryonic development, reproductive period, postreproductive period of the    sibling
species BNA13 were greater than those of BNB3
[39]. It is generally accepted that the net reproductive rate (R0) or egg production of rotifer is correlated positively with the duration of reproductive period. Nevertheless, a number of studies indicated that
the egg production of rotifer depends on its spawning interval rather than the duration of reproductive
period, and the net reproductive rate of rotifer is correlated negatively with the spawning interval when
the duration of reproductive period is a constant [40].
In this study, different rotifer evolving species
showed significant difference in the duration of reproductive period, however the R0 was not, which
demonstrated the above viewpoint that the R0 was
not significantly correlated with the duration of reproductive period of rotifer, but its spawning interval.
Our laboratory findings confirmed the conclusions of [41], which indicated that the life expectancy at hatching (e0) and net reproductive rate (R0)
of different rotifer strains were all significantly different. The two    strains (ZJ and KM)
adopt different life history strategies. Regardless of
the effects of evolving species and temperature, the
durations of developmental stages and life expectancy at hatching of the tropical strains (ZJ) were
shorten than those of the subtropical strains (KM),
indicating that the growth of tropical rotifer strain
was faster than subtropical strain, but at the cost of
net reproductive rate (R0 of ZJ strain < R0 of KM
strain). Consequently, the subtropical strain is undoubtedly in a dominant selection relative to the
tropical strain if we want to culture   
massively.

Genetic factors is an important endogenous
factor affecting the survival and development of rotifer [20,21,38]. The results in this study suggested
that, evolving species affected the five parameters of
the life-table (i.e. JP, RP, PP, ML and e0) of 
  significantly, which indicated that the
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The intrinsic rate of increase (rm) is a comprehensive index weighing the proliferation capacity of
population, and represents the maximum instantaneous growth rate of the population at the most suitable
condition. Pourriot pointed out that the rate at which
planktonic rotifers multiply during the parthenogenetic phase was more affected by the time that the
embryo needs to develop and the early period of life
(post-embryonic development) than by the net reproductive rate when food is enough [42]. In this study,
the two rotifer strains showed significant difference
in the R0, however the duration of juvenile period
(JP), embryonic development (ED) and the intrinsic
rate of increase (rm) were not affected significantly,
and the rm had an opposite variation trend with the
JP and ED, so the maximum reproductive potential
of population really depends negatively on the early
period of life.
Numerous studies showed that temperature is
the master ecological factor affecting the all parameters of the life-table of rotifers. With the increasing
temperature, the durations of each developmental
stage of rotifer will shorten [19, 43, 44], and the development and metabolic rates of rotifer will accelerate, leading to their mean lifespan and life expectancy at hatching shorten [45], which indicated it is
the most important exogenous factor affecting the
life history characteristics of rotifers [46, 47]. In
terms of our results, the durations of each developmental stage, mean lifespan and life expectancy at
hatching shortened with the increasing temperature.
Meanwhile, the lx of the two rotifers strains tended
to decrease earlier and the decreasing speed of those
accelerated. In contrast, our statistical analyses revealed that the intrinsic rate of increase of the rotifers
increased significantly and reached a maximum at
28°C, and the maximum of the mx of rotifers increased and occurred earlier with the rise of temperature, meaning higher temperature has a stimulating
effect on the reproductive potential of rotifers.
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in the crystal of microbial precipitation. Furthermore, the microbial sediments have more negative
carbon isotope information than the cave secondary
deposits, while the microbial sediments under the
dynamic simulation system have more negative carbon isotope information than understanding culture.
We suggested that bacterial induceed carbonate precipitation which may provide a new way to explain
the abnormal distribution of carbon isotopes.

ABSTRACT
Bacterial calcium carbonate precipitation in
caves is a general phenomenon. To better understand
the specific process of bacterial calcium carbonate
precipitation, we inoculated Nocardia sp. strain SJJ8-7 and strain SJJ-8-7 mixed with unidentified strain
SJJ-2-3(the mixed strain) to experimental system of
simulation drip water. Strain SJJ-8-7 and strain SJJ2-3 were isolated from Shijiangjun cave, a karst cave
in Guizhou Province of southwestern China. Strain
SJJ-8-7 and the mixed strain were cultured in B-4C
medium (improved from B-4 medium with 1:2
Mg/Ca mass ratio) and D-4 medium (similar B-4C
medium without yeast extract). Experiments of simulation drip water were monitoring with a duration
of 34 days. The temporal variations both of the Ca or
Mg concentration of the mediums and the pH values
of the mediums were measured by inductively coupled plasma optical emission spectrometry (ICPOES) and a pH meter, respectively. The composition
of mineral elements, crystal characteristics and carbon isotope information of bacterial calcium carbonate precipitation were detected. The results
demonstrated that strain SJJ-8-7 and the mixed strain
would have greatly promoted the pH value of the liquid medium along with the growth and reproduction
of the bacteria till 8th day. Then tends to a stable
value. The Ca concentration of the solution gradually
decreased down to minimum until the 15th day.
Thus, Ca will be a large number of removal with the
pH value of a substantial increase, thereby promoting the occurrence of deposition. Mg did not change
with the regularity. This suggested that it is a physiological adaptation of bacteria removal toxic Ca by
mineralization, but it is an inevitable choice in Carich oligotrophic karst caves. The crystals of the bacterial sediments are calcite in the experiments system
of simulation drip water. The precipitates of a variety
of morphological features including spherical and
rhombic, rod, ellipsoid and irregular forms were
greatly observed in the microbial systems by scanning electronic microscopy but not in the chemical
system. There were some bacterial-like escape pores

KEYWORDS:
Nocardia sp., karst cave, bacterial calcium carbonate precipitation, pH, Mg/Ca, calcite, irregular shape, carbon isotope information

INTRODUCTION
The karst cave deposits, especially stalagmites,
have become the important material of paleoclimate
and paleoenvironment reconstruction because of
their high resolution, high precision, wide distribution and large span [1-4]. The carbon and oxygen
isotopes of speleothem as the main environmental alternative indicators have being widely used to reflect
the paleoclimate and paleoenvironment information
[5, 6]. But information of the cave deposits isotope,
especially, carbon isotope would be so influenced by
many factors that it was often abnormal, which is difficult to explain [7].
With the rise of the geo-microbiology and the
development of biotechnology, microbes as the main
survivors and consumers in the lightless oligotrophic
cave (calcium-rich alkaline) have been playing an
important role in the process of deposition [8-10].
Since bacteria formed CaCO3 precipitations had
been confirmed, the study of bacterial CaCO3 deposition in caves was widely focused [11-16]. Bacterial
deposition would be possible origin for process of
nucleation sites that forming stalagmite sediments
such as stalagmites, stalactites, and moon-milk deposits [17, 18]. Bacterially induced carbonate mineralization was possibly the most important process
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FIGURE 1
The grades of rocky desertification in the study Area and research Sites
MATERIALS AND METHODS

that impacted global carbon cycling [19]. Bacterial
formed carbonate precipitation may provide a new
way to explain the abnormal distribution of carbon
isotopes.
Microbes that play an important role in calcium
carbonate deposition, but whose details are not well
known, were studied. We had completed the bacteria
sampling from speleothems surface in the karst cave
named Shijiangjun (in Guizhou province, southwest
China), screening and purification [20, 21]. Isolated
strains such as SJJ-8-7 and SJJ-2-3 were transferred
into B-4 liquid medium or B-4C liquid medium. Accordingly, bacteria induced calcium carbonate precipitation how influence environment for the microorganisms survival of acid, alkaline, ion concentration, precipitation amount had been further studied.
There search results had been published. However,
in these early experiments the liquid medium system
was standing and quiet while speleothem in karst
caves, especially, stalagmites were formed by active
drip water. Consequently, in order to more accurately indicate how microbial induced calcium carbonate precipitation affects the cave deposition process and how to interfere with the carbon isotope of
cave deposits, experiments of simulation drip water
with a duration of 34 days were performed under the
mediation of strain SJJ-8-7 and strain SJJ-8-7 mixed
with unidentified strain SJJ-2-3(the mixed strain) using B-4C medium(improved from B-4 medium with
1:2 Mg/Ca mass ratio) and D-4 medium(similar B4C medium without yeast extract).

Sample Site. Isolated strain SJJ-8-7 and SJJ-23 were sampled from the karst cave named ShiJiangJun (SJJ) in central-western Guizhou Province
of China (Figure 1). SJJ cave has the altitude of
1360m, the length more than 500m, and humidity
more than 90%. On the top of SJJ cave, the vegetation here was seriously destructed, and here is typical
rock desertification place. SJJ cave had been developed in the upper and Middle Triassic (T2-3), which
were composed of limestone and dolomite.
Experimental system of simulation drip water. The main part of the simulation experiment device (Figure 2) consists of the glass chromatography
column by adding glass beads (diameter 1 mm) to
intercept the microbial sample, the peristaltic multichannel pump to control the flow rate of the culture
medium and the conical flask for storing the culture
medium. In order to prevent glass beads from washing by culture medium some fiber glass was added
to the top of glass beads. Tampon of the conical flask
wrapped with kraft paper can maintain the balance
of the entire experimental system and the outside air
pressure and prevent the pollution caused by outside
microorganisms. Each part was connected and assembled on the aseptic operating table after sterilization at 120°C for 20 minutes. In this study, we used
two kinds of liquid culture medium, B-4C (improved
from B-4 medium with 1:2 Mg/Ca mass ratio) and
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D-4(similar B-4C medium without yeast extract).
The B-4C medium in per liter contained the followings: 1.4g MgCl2, 2.5g calcium acetate and 4g yeast
extract while the D-4 medium in per liter contained
the followings: 0.24g MgCl2, 0.22g calcium acetate.
Ca2+ and Mg2+ concentrations of the D-4 medium
were the same as the drip water of bacterial sampling
point SJJ-7. The two media were adjusted to pH 8.0
using 1 M NaOH. We inoculated strain SJJ-8-7 and
strain SJJ-8-7 mixed with unidentified strain SJJ-2-3
(the mixed strain) to experimental system of simulation drip water. We used four columns respectively,
adding strain SJJ-8-7 into B-4C medium (named
Y(B-4C)), adding the mixed strains into B-4C culture medium (named M(B-4C)), adding strain SJJ-87 into the D-4 medium (named Y(D-4)) and without
adding any strain into D-4 medium as negative control (named N(D-4)). The dropping speed of the four
columns was controlled at 0.5ml/min (as same as the
speed of drip water by monitoring in the SJJ cave)
by the peristaltic multi-channel pump. The new culture medium was replaced every 24 hours. The culture medium through the columns was collected by
adding HgCl2 to kill bacteria for testing Ca2+ and
Mg2+ concentrations and pH value. All of the above
operations were performed in a sterile operation at
room temperature. Experiments of simulation drip
water were monitoring with a duration of 34 days.
The bacterial sediments were collected and separated
on glass beads and fiber glass by ultra pure water,
then air drying.

Fresenius Environmental Bulletin

pH meter (Error 2%), respectively. The detection
limit of ICP-OES was 1ppb and the relative error was
less than 2%. The crystal composition, elemental
composition and crystal morphology analysis of the
speleothem in SJJ cave and the bacterial calcium carbonate precipitation were all completed in the school
of materials science and engineering, Chongqing
University, China. The crystal composition of sediments were analyzed by X-ray diffraction (XRD,
Rigaku D, Goniometer accuracy: 0.02°, Scanning
range: -3°~160°) with Cu-.Į UDGLDWLRQ Scanning
electron microscope (SEM) equipped with an energy
dispersive detector (EDS, Vega3 SBH) was used for
imaging and elemental analysis of crystals. Crystal
morphology were further observed by field emission
scanning electron microscope (SEM, Auriga, Resolution: 1.0nm@15KV; 1.9nm@1KV) equipped with
focused ion beam(FIB) to process samples. Carbon
stable isotopic compositions in the carbonate samples were measured on a Finnigan Delta V Plus gas
isotope mass spectrometer, combined with a Kiel IV
automated carbonate device.
Extraction DNA and identification of strain
SJJ-8-7 were performed in the institute of modern biological medicine of Southwest University in China.
The colony characteristics of strain SJJ-8-7have
been introduced in previous studies [20]. DNA of
strain SJJ-8-7 was extracted using Axyprep bacterial
genomic DNA mini prep kit. The 16S ribosomal
51$ ZDV DPSOLILHG XVLQJ 5 ƍ-AACTGAAGAGTTTGATCCTGGCTC-ƍ  DQG ) ƍ-TACGGTTACCTTGTTACGACTT-ƍ  SULPHUV 
agarose gel electrophoresis was used to verify the
product of PCR, and the positive clones were selected from around 1500bp, and then sent to
GenScript (Nanjing) Co., Ltd. The 16S rRNA gene
sequence was sequenced and analyzed by BLAST in
the GenBank database to determine the strain. The
strain with the high homology 16S rRNA gene sequence belong to the Nocardia, which has the highest homology to Nocardia cummidelens. Comparative 16S rRNA gene sequence analysis showed that
this strain was most closely related to Nocardia CPC
202725(T) (99%), Nocardia QLS 27 (T) (99 %), Nocardia YIM65630(T) (99%), Nocardia albaW9690(T) (99%) and Nocardia albaYIM
30243(T) (99%), respectively. Hence, the isolated
strain (named strain SJJ-8-7 here) could be referred
to as Nocardia sp. It has been the first time that microbial precipitation processes have been related to
Nocardia bacteria.

FIGURE 2
The picture of simulation experiment device

RESULTS AND ANALYSIS

Experimental data analysis. The Ca or Mg
concentration of the liquid culture medium and the
pH values of the medium were measured by inductively coupled plasma optical emission spectrometry
(ICP-OES, Geochemistry and Isotope Laboratory of
Southwestern University, Chongqing, China)and a

The pH value of experimental systems. The
original pH value of the culture mediums through
four columns was 8.0, and the pH value was measured every 24 hours. The pH value of Y(B-4C) with
a duration of 34 days was in the range of 7.51 to 8.10
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be a good proof of this. Some fiber glass which was
used to prevent liquid culture medium from directly
impacting on the inoculation of glass beads and
quartz sand plates used in columns to control flow
rate, would block ion and lower pH value.
In addition, the pH value of Y(D-4) was higher
than the pH value of M(B-4C) and Y(B-4C) in a duration of 34 days. This suggested that the yeast extract added as a carbon source in the B-4C culture
medium may be more beneficial to the growth and
reproduction of the bacteria. The bacteria may secrete the organic acid during the growth and form
microbial mats making pH values changes tend to
occur in the extracellular microenvironment while
less in the whole systems [22]. Moreover, in comparison with the pH value of Y(B-4C) adding strain SJJ8-7, the pH value of M(B-4C) adding the mixed
strain had a larger range. The mixed bacteria growth
and reproduction in the limited nutritional system
may be mutual competition in different species, resulting in a greater impact on the environment. In
summary, the possible explanation of pH values
changes is that there were no pressure to survive in
the initial stage of microbial growth and reproduction period, while after the bacteria counts reached a
certain value entering the growth stability period microbes under the pressure of survival had a stable effect on the environment removing toxic Ca2+ ions by
mineralization. Thus, with the microbial growth and
reproduction capacity weakened, the ability to
change the environment would be a corresponding
decline.

while the pH value in the last three days accumulated
to 8.14. The pH value of M(B-4C) with a duration of
34 days was in the range of 7.57 to 8.13 while the pH
value in the last three days accumulated to 8.18. The
pH value of Y(D-4) with a duration of 34 days was
in the range of 7.33 to 8.30 while the pH value in the
last three days accumulated to 8.20. However, the
pH value of N(D-4) as negative control neither one
day-night within a duration of 34 days nor the accumulation in the last three days was exceeding 8.0
(Figure 3). The changes of pH value in the four systems showed that the three systems inoculated the
strain especially Y(D-4) system have significant
changed in the first 8 days with jumpy increase and
descent. After the 8th day, the pH value of the culture
mediums of the three inoculated systems was stable.

FIGURE 3
The pH diurnal changes of experimental systems. Y(B-4C) was B-4C liquid medium through
the column adding strain SJJ-8-7; M(B-4C) was
B-4C liquid medium through the column adding
mixed strain; Y(D-4) was D-4 liquid medium
through the column adding strain SJJ-8-7; N(D4) was D-4 liquid medium through the column
without adding any strain into D-4 medium as
negative control.

Ca2+ and Mg2+ concentration in experimental systems. The dynamic monitoring of Ca2+
and Mg2+ concentrations in the culture mediums
through the columns of four experimental systems
were carried out for one month (Figure 4).The Ca 2+
concentration of M(B-4C) adding the mixed strain
and Y(B-4C) through SJJ-8-7 single strain in B-4C
culture medium were significantly decreased (the
Ca2+ concentration in the original B-4C culture medium was 600 mg/L, the mass concentration of Mg2+
was 300 mg/L), which the decrease trend was consistent with the dynamic change of the pH value of
the culture medium. The results showed that the
change of Ca2+ concentration was relatively stable in
the first 8 days (SJJ-8-7 single strain system was relatively early), and then decreased significantly up to
80% of the original of the culture medium on the
15th day, the Ca2+ concentration of experimental
systems recovering a relatively stable later on. However, Mg2+ concentration of M(B-4C) and Y(B-4C)
did not change likely the trend of Ca2+ for the first 15
days, and there was a relative decrease on the 15th
day, the descending value reached 40% of the original culture medium, the latter Mg2+ concentration of
two experimental systems basically remained at the
level of the first 15 days.

In this study, the status of the culture medium
was changed by the peristaltic multi-channel pump
simulating the dynamic process of the drip water instead of quiet culture. The pH values of the culture
mediums were monitored by the method of changing
the culture medium by day-night. The results showed
that the pH value in the initial configuration of culture medium is 8.0 while the pH value of M(B-4C)
and Y(B-4C) especially in cultivating eight days
later was lower than 8.0. However, it was found that
the pH value of the all systems except N(D-4) appeared above 8.0 in the whole experiment while it
was about 8.2 in the three days of cumulative experiment. This suggested that the pH values of the culture medium after microbial action could not have
been reduced but increased, however the range of the
increase in a day and night was not enough to make
up for the loss of the experimental system. The decrease in the pH of N(D-4) as negative control can
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bolic processes or did not exert fatal stress on microbial survival. The Mg2+ concentration of Y(D-4) adding SJJ-8-7 single strain in D-4 culture medium did
not change much, which must verify these conjectures.

FIGURE 4
The diurnal variation of Ca2+ and Mg2+ concentrations in experimental systems. Y(B-4C) was
B-4C liquid medium through the column adding
strain SJJ-8-7; M(B-4C) was B-4C liquid medium through the column adding mixed strain;
Y(D-4) was D-4 liquid medium through the column adding strain SJJ-8-7; N(D-4) was D-4 liquid medium through the column without adding
any strain into D-4 medium as negative control.

FIGURE 5
XRD of microbial precipitations and deposits
from SJJ cave. Crystals of microbial deposition
(from Y(B-4C), M(B-4C) and Y(D-4) columns)
were all calcite. XRD analysis of cave secondary
sediments at microbial sampling sites indicated
that SJJ-2 and SJJ-7 were calcite, while SJJ-8
was aragonite crystal.

Analogously, The Ca2+ concentration of Y(D4) adding SJJ-8-7 single strain in D-4 culture medium was significantly lower than that of N(D-4)
sterile system (especially the sharp decrease of Ca2+
concentration in contrast which the original D-4 medium was 60 mg/l, Mg2+ mass concentration was 30
mg/l), while no obvious trend as the Ca2+ concentration of M(B-4C) and Y(B-4C). The Mg2+ concentration of Y(D-4) did not change much.
The possible explanation for this phenomenon
is that bacteria can grow and reproduce rapidly in B4C medium with yeast extract as a carbon source to
eliminate Ca2+ toxicity stress that affects their living
environment. Especially when the bacteria propagated into a stable period about 15 days, Ca 2+ toxicity
may be the key to the survival of bacteria. Also, the
microorganism may be forced to eliminate harmless
Mg2+ for itself to improve the pH and alkalinity of
the surrounding environment, for depositing Ca 2+
[23]. Mg2+ ion did not participate in microbial meta-

Mineral compositions and elemental characteristics of microbial depositions. The results of Xray diffraction (XRD) analysis showed that crystals
of microbial deposition obtained from experimental
system of simulation drip water were all calcite (Figure 5). In addition, speleothems on microbial sampling sites SJJ-2, SJJ-7 are calcite, except that SJJ-8
is aragonite crystal. Both calcite and aragonite were
two common forms of calcium carbonate. No other
forms of calcium carbonate crystals were seen. The
comparative prophase studies showed that not adding Mg2+ or high Ca2+concentrations can produce unstable calcium carbonate crystals such as vaterite,
thus the presence of Mg2+ in bacterial deposition
seemed to be more conducive to calcite deposition.
In this study, three kinds of simulation systems had
been added Mg2+ in the form of MgCl2, and calcite
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SJJ-2 and SJJ-7 were calcite, while SJJ-8 was aragonite crystal. Comparison of microbiological sampling monitoring data showed Mg/Ca ratio of SJJ-2
and SJJ-7 drip water points were 1:2, and Mg/Ca ratio of SJJ-8 was 1:1, which confirmed the related research that the higher Mg/Ca ratio was, the more
conducive the deposition of aragonite was. The presence of Mg2+ in the solution can compete with
Ca2+.Because Mg2+ had stronger affinity for some
sites on the mineral surface, Mg2+ can gradually replace part of Ca2+, and finally dominate the mineral
surface, thus changing the mineral form [28-30]. Microbial calcium carbonate deposition was clearly affected by Mg2+ [31]. However, the mechanism of microbial deposition of aragonite needed further study.

crystals had been formed in the three simulation systems added bacterium, which were not consistent
with the related research, but it were consistent in the
all course of our study. Whether it was standing culture or dynamic simulation, the addition of Mg were
more conducive to microbial deposition of calcium
carbonate in the stable form of calcite. Therefore, we
suggested that the existence of Mg2+ would be more
conducive to the stability of the microbial experimental system and the formation of a stable calcium
carbonate crystal as calcite. Meanwhile, previous
studies had suggested that the presence of Mg2+ were
beneficial to the formation of aragonite crystals [2427]. But in our many trials, aragonite crystals have
not been seen in experimental systems containing
Mg2+ with 1:2 Mg/Ca mass ratio. For this reason, we
conducted XRD analysis of cave secondary sediments at microbial sampling sites, indicating that

FIGURE 6
SEM-EDS images of microbial precipitations and cave deposits. Elements of microbial deposition (from
Y(B-4C), M(B-4C) and Y(D-4) columns) was mainly C, O and Ca, except Au and P and no Mg deposition.
SEM-EDS analysis of cave secondary sediments at microbial sampling sites showed that SJJ-7 consists of
three elements: C, O and Ca. The box in the figures indicated the energy spectrum scan area.
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Similarly, the sediments Y(D-4) of the SJJ-8-7 single
strain in the D-4 culture medium system not only observed crystal morphology in the same as secondary
cave sediments, but also have more unique microbial
deposition form. For example, Y(D-4)1 was attached
to a larger calcite crystal with a smaller cube, which
the square crystals in Y(D-4)a may be a flake structure of the growing calcite. Y(D-4)2 was rhombic
calcite crystal type, Y(D-4)3 was the ellipsoid irregular crystals and the associated with the cube crystals. It was noteworthy that microbial growth was
relatively down in the Y(D-4) system leaching without organic matter dripping, showing a large number
of filamentous bacteria attached to the crystal surface. Can the imprints of these microorganisms in
the sediments indicate bacteria penetrating through
the sediments in our experimental systems?
The carbon isotope information of sediments in
this study had the following three characteristics.
)LUVW WKH į13CPDB of microbial precipitations from
the simulation systems showed: Y(B-4C) ranged
from -ÅWR-ÅDQGWKHDYHUDJHYDOXH
was -Å0 %-4C) ranged from -ÅWR
-Å DQG WKH DYHUDJH YDOXH ZDV - Å
Y(D-4) ranged from -ÅWR-19.ÅDQGWKH
average value was -Å7KHRYHUDOODYHUDJH
RIį13CPDB value was -Å 7DEOH  The difference between the D-4 and B-4C culture medium
was whether or not the yeast extract was added. The
difference between Y(B-4C) and M(B-4C) culture
systems was the difference between the single strain
and the mixed strain. However, carbon isotope information of microbial precipitations from the simulation systems showed no significant difference, yeast
extract did not participate in the fractionation of carbon isotope information. The difference between the
single strain and the mixed strain had little influence
on the carbon isotope information of microbial precipitations because the strain SJJ-8-7 may have similar deposition mechanism to the strain SJJ-2-3. SecRQGO\ WKH į13CPDB of secondary cave sediments of
bacterial sampling points ranged from -ÅWR
-ÅZLWKDQDYHUDJHYDOXHRI-Å (Table 2). 7KHį13CPDB of the bacterial sediments had a
distinct negative

Also, elements analysis microbial deposition
and the speleothems using EDS-SEM demonstrated
that the composition of sediments elements was
mainly C, O and Ca, except Au and P and no Mg
deposition (Figure 5. P may come from impurities
contained in the glass beads and glass fibers, while
Au was mainly derived from the sediment samples
by gold-coated so on to increase the conductivity for
EDS-SEM.
Crystal morphology and carbon isotope of
microbial precipitations and cave deposits. In order to further compare the crystal morphological
characteristics of microbial precipitations and secondary cave sediments of bacterial sampling points,
the crystal morphology of deposits was also analyzed by FIB-SEM to increase the crystal morphology resolution. The FIB-SEM showed that the SJJ-2
and SJJ-7 secondary cave sediments were regular
rhombohedra crystals of calcite and SJJ-8 was
oblique columnar of calcite (Figure 7). In the experimental systems, there were more unique characteristics of microbial calcite crystals different from
those under pure chemical action. Microbial sediments of Y(B-4C) had various calcite crystal morphologies. We named various sediments by the diffeUHQW VLPXODWLRQ V\VWHPV¶ QDPHV Interestingly,
Y(B-4C)1 were deposits with many holes in its surface. The surface of these calcium carbonate crystals
were magnified in Y(B-4C)a and observed to be apparent in the size of the bacteria-like depression,
which may be left after the bacteria escape from the
sediments [32, 33]. Y(B-4C)2 was the various crystal accumulation of the calcite, visible cube, rhombohedra and other regular crystal form such as Y(B4C)3, irregular crystal morphologies embedding in
the calcite for space limitation and the effect on bacteria growth. Also, microbial sediments of M(B-4C)
showed unique different from those under pure
chemical calcite crystals, such as M (B-4C)1, a, and
b, respectively, were cylinder, hexagonal prisms, and
rod-shaped crystals. The rod-shaped sediments resembled bacterial morphology. Would it be cave microbes that provides nucleate sites for carbonate deposits with its own special structure as a template?

TABLE 1
The į13C values of microbial precipitations
Sample source
Y(B-4C) filtered medium
Y(B-4C) from glass fiber
Y(B-4C) filtered medium
Y(B-4C) from silicone tube
M(B-4C) from silicone tube
M(B-4C) filtered medium
Y(D-4) on glass beads
Y(D-4) filtered medium
Y(D-4) from glass fiber
SJJ-8-7(B-4C)
SJJ-8-7(B-4)
SJJ-2-3(B-4C)
SJJ-2-3(B-4)

į13CPDB˄Å˅
-22.113
-23.445
-21.633
-19.763
-19.099
-21.11
-23.557
-19.072
-23.481
-14.425
-15.197
-8.896
-8.459
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į13C Std Dev˄Å˅
0.134
0.189
0.034
0.09
0.078
0.147
0.077
0.036
0.07
0.092
0.141
0.048
0.025
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ÅZLWKDQDYHUDJHRI-ÅZKLFKWKH
PHDQRIFDUERQLVRWRSHYDOXHZDVPRUHWKDQÅ
in the simulation experiment. 7KHį13CPDB of the precipitations from strain SJJ-8-7 in dynamic simulation
Systems was lighter than from quiet culture.

WUHQGZLWKUHVSHFWWRį13CPDB of the secondary cave
sediments, whose mean difference was -Å
/DVWEXWQRWOHDVWWKHį13CPDB of the deposits from
strain SJJ-8-7 and strain SJJ-2-3 standing cultured in
B-4 and B-4C medium ranged from -ÅWR-

Sample source
Stalagmite
Stalactite
Stalagmite
Bacon
Cave flag
Soda Straw
Cave flag
Spherical stalactites

Fresenius Environmental Bulletin

TABLE 2
the į13C values of speleothems on microbial sampling sites
į13C Std Dev˄Å˅
Sample No
į13CPDB˄Å˅
SJJ-1
-7.802
0.055
SJJ-2
-5.87
0.041
SJJ-3
-1.667
0.039
SJJ-4
-0.032
0.046
SJJ-5
-2.606
0.032
SJJ-6
-0.485
0.075
SJJ-7
-8.185
0.105
SJJ-8

0.323

0.029

FIGURE 7
FIB-SEM images of microbial precipitations and SJJ cave deposits. The FIB-SEM showed that the SJJ-2
and SJJ-7 secondary cave sediments were regular rhombohedra crystals of calcite and SJJ-8 was oblique
columnar of calcite. Microbial sediments of Y(B-4C)1 was with many holes in its surface (indicated by arrow).Y(B-4C)2 was the various crystal accumulation of the calcite, visible cube, rhombohedra and other
regular crystal form such as Y(B-4C)3(the box showing), irregular crystal morphologies embedding in the
calcite for space limitation and the effect on bacteria growth. Microbial sediments of M(B-4C) showed
that M (B-4C)1, a, and b, were cylinder, hexagonal prisms, and rod-shaped crystals, respectively. The sediments from Y(D-4) showed a flake structure of the growing calcite (indicated by arrow in Y(D-4)1). Y(D4)2 was rhombic calcite crystal type while Y(D-4)3 was the ellipsoid irregular crystals and the associated
with the cube crystals.
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DISCUSSION

֖CO32-+H+;CO32-+Ca2+֖CaCO3՝Ǆ

Mechanism of bacterial calcium carbonate
precipitation. Carbonate mineral formation must
meet two conditions, that is, the carbonate in the water reaches saturation and has sufficient effective nucleation sites. In other words, theoretically, the microbial effects of the mineral saturation index and the
ability to provide nucleation sites can promote the
formation of carbonate precipitates [34]. But in fact,
bacterial activity simply triggers a change in solution
chemistry that leads to over-saturation and mineral
precipitation [35]. Thus, we believe that microorganisms can alter the pH and alkalinity of the environment by metabolism, thereby forming effective nucleation sites for carbonate deposition [36]. In this
study, the analysis of pH and Ca2+ ion and Mg2+ ion
in the experimental systems showed that the growth
and reproduction of microorganisms could greatly
change the pH value and alkalinity of the surrounding environment, so that Ca2+ ion could reach the saturation and exclude the physiological toxic pressure.
The correlation between pH and sedimentation in the
quiet experiments demonstrated this. Moreover, it is
closely related to the growth cycle of the microorganisms themselves. The precipitation did not occur
when the pH of the surrounding microbial environment was substantially increased but did not reach
the saturation state of Ca2+. When we used dilute hydrochloric acid to test the simulation system solution
(waste liquid), there was no bubble in the first eight
days of the experiment, and then there would be tiny
bubbles. Therefore, it is the key to the microbial deposition of calcium carbonate that microorganisms are
able to eliminate Ca2+ toxicity from their metabolic
activities. However, it is an inevitable choice for microbes living in Ca-rich oligotrophic karst caves. The
mechanism of microbial deposition of calcium carbonate provides a reasonable explanation for the
anomalous phenomena in the modern monitoring
drip water of SJJ cave that it is high pH value in dry
season and low pH value in rainy season [37]. In
other words, when the soil and other external microorganisms are carried into the cave by rainfall during
the rainy season, microorganisms need to increase
the drip pH value on the basis of metabolic need, and
vice versa. In this study, the results of strain SJJ-8-7
identification showed that the homology with the
strain was higher than that of Nocardia cummidelens. Nocardia sp belong to Aetinomyeetales, which
is mainly of aerobic bacteria and is widely distributed in the soil [38,39]. This further confirms the
conclusion that soil bacteria can generally deposition
calcium carbonate. The possible mechanisms of the
bacterial deposition of calcium carbonate are summarized. When bacteria increase the pH value of the
surrounding environment through metabolic effects,
the bacteria can use the carbon dioxide by their own
metabolism or from the air to react as follows:
CO2+H2O֖H2CO3;H2CO3֖HCO3-+H+;HCO3-

Discussion on the specificity of microbial
deposition calcium carbonate. In this study, there
were more unique characteristics of microbial calcite
crystals different from those under pure chemical action, such as cylinder, hexagonal prisms, ellipsoid
and so on. This may be associated with activities
such as secretions during bacterial growth and the
depositional space of the crystal. Microorganisms
and their extracellular polymers can be used as nucleation sites for carbonate nuclei to further provide
favorable conditions for the growth of carbonate
mineral crystals. Also, there are bacterial-like crystal
forms, such as rod-shaped, cave microorganisms
may use their special structure as a template for carbonate deposition to provide nucleate sites. Moreover, there are bacterial-like subsets on the surface of
bacterial deposits, and the bacteria-like pores in the
deposition may be left by the bacteria with their own
special structure as a template for carbonate deposition to provide nucleation sites, which escape mechanism was confirmed by many scholars. The characteristics of the crystal morphology of calcium carbonate deposited by microorganisms indicate that
bacteria have penetrated through the process of deposition. Those special forms of microbial deposition
of calcium carbonate crystals can be an important basis for distinguishing the causes of microbial origin
and the non microbial origin of calcium carbonate
deposits in geological research .
In the study, the experimental systems had
added Mg2+ with 1:2 Mg/Ca mass ratio. Microorganisms did not deposit Mg in elemental analysis, nor
did aragonite in XRD analysis. However the concentration of Mg in the experimental systems decreased
obviously. The presence of Mg2+ in the solution can
compete with Ca2+.Because Mg2+ had stronger affinity for some sites on the mineral surface, Mg2+ can
gradually replace part of Ca2+, and finally dominate
the mineral surface. However, the concentration of
Mg in this study may not be sufficient to dominate
the mineral surface. Therefore, no Mg deposits had
been observed. Our experiment is a simulation of the
process of cave dropping water, which is disturbed.
But in the analysis of calcium carbonate crystals, the
calcium carbonate crystals showed calcite, no aragonite, and aragonite. In comparison with the early
quiet experiment, there was the aragonite deposition
in the condition of non Mg. Hence, we suggest that
the presence of Mg2+ ion may be more conducive to
bacterial deposited calcium carbonate calcite than
physical stability.
Because of the karst caves usually communicating with the outside through various pipe fissures,
bacteria precipitation calcium carbonate in the soil
enter the karst caves with permeated water or pipeline water, which has a wide impact on the cave deposition process. The SJJ cave is developed in grey
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matter dolomite and dolomitic limestone, and microorganisms are generally involved in deposition,
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CONCLUSIONS
This study shows that Nocardia strain SJJ-8-7
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This study investigates the spatial and temporal
distribution of hydro-meteorological time series data
from 1961 to 2014 in the upper Indus basin, Pakistan. A non-parametric Mann-Kendall test with
Trend free pre-whitening technique (TFPW) and
Sen’s slope has been applied on the annual and seasonal precipitation, temperature and discharge data.
The results show that the minimum and maximum
temperature have warming trends and the trends
keep increasing with the elevation. During the winter
season, maximum temperature has a significant increasing trend with Sen’s slope of 1.87, 1.76, and
1.26 0C per 64 years in higher, central and lower regions of the upper Indus basin, respectively, and
same trends were found in spring maximum and
minimum temperatures. Precipitation time series
also show increasing trends. Discharges during the
winter and spring seasons increase due to increase in
temperature, and during the summer season it is decreasing. The altitudinal variability impacts have
produced the increase in annual discharge in River
Hunza, Shigar, Astore, Chitral, Shoyk. and Gilgit
whereas decrease in river Indus (at Br. Khairabad and
Kharmond, Alam bridge), Kabul (at Nowshera), and
Swat (at Kalam) under the climate change condition.
The reduction in discharges during the summer season
and increase in during the winter and spring seasons require that proper reservoir (Tarbela, Manlgla) operating
policy should be planned for efficient management of
fresh water resources.

Earth's general temperature has been increased
up to 0.89 °C over the duration from 1901 to 2012
[1]. Moreover, in the past 100 years that temperature
of the earth is warming [2, 3]. This rise in temperature has not only affected the Global Circulation Patterns and has a direct influence on local climatic settings due to variation in characteristics and distribution of precipitation and temperature. Hydrological
impacts under the climate change may have noteworthy influence the water resource availability and
may cause the variation in hydrological cycle [4].
These changes vary spatially and temporally and are
affected by the local climatic and topographic features. IPCC [1] reported the acceleration in climate
changes and that effect may turn out to be more extreme.
Several studies reported that warming has occurred over India [5, 6]. Significant annual and seasonal variation of 0.17 oC per decade in temperature
has been observed in China [7]. Fowler and Archer
[8] reported by the analysis of 39 years temperature
data (1961–1999) of 7 climate stations in the Karakoram and Hindukush mountains using regression
techniques, and concluded that a winter is getting
warming and a summer is getting cooling. Several
studies have been conducted in the south Asian region on the precipitation trends [9]. In Xinanjiang
China seasonal and annul precipitation during the
autumn and winter season increasing while in spring
and summer it is decreasing [10]. Regional and point
rainfall has been estimated for the period of 35 years
(1975-2010) period over central Anatolia region of
Turkey [11]. Sen and Kilinc [12] estimated the daily
precipitation using the regional climate model
(RegCM4) for the Turkey and the validate the daily
precipitation with NWP verification techniques.
Fowler and Archer [7] applied the Mann-Kandall
test and linear regression on the precipitation, tem-

+*#%&:
Trend analysis, Mann-Kandall, Upper Indus basin, Climate change
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climatic settings. Keeping in view, hydro-climatic variability and related hydrological impacts resulting from
altitudinal variability under changing climate was analyzed in this study. The results of this study will also be
helpful for decision makers to develop the strategies for
planning and development of water resources under
different climatic scenarios to overcome their adverse
impact.

perature and streamflow data, concluded that significance level of 5% was observed in temperature in
most of the part, precipitation did not show significant trend. Whereas seasonal and annual runoff
showing decreasing tend.
The above-mentioned literature review has motivated to this study with priority to assess the possible acceleration of climate changes and related hydrological impacts on upper Indus basin in Pakistan.
This system is highly significant in terms of sustainable water supply to extensive population of lower
Indus basin in Pakistan. Large regional variations
have been observed in the climate of Pakistan which
are categorized by hot summer and cold winter. The
temperature contrast amongst day and night is critical. During the summer season, southern parts experiences the rises in temperature up to 45°C or considerably more. Low precipitation rate produces the
dry and deserted place. Northern part of Pakistan is
cold due to the snow-covered mountains, whereas
southern regions is dry, surrounded with deserts.
Change in climate significantly affecting the water
sources like glaciers and streams. Glaciers are losing
their mass due to the rise in temperature, variation in
rainfall pattern and stream flows are rapidly affecting because of the climate change. Past studies reveal that the earth climate is consistent in evolving
process. In order to reduce the emissions of greenhouse, it is required to adapt to the climate change
effects. Realize what change in climate will imply
that Pakistan is the just a single step toward this path.
In most global climate models anticipate the intensity of future climate change will prompt to critical
effects on water resources, and in turn affect the sustainability of capital and natural resources. Issue
considering the stress is intensified by the variation
in the free market activity because of the climate
change, it takes a load on resources, is most likely to
observe in the southern region of the country. Pakistan's economy depends on agriculture that is very
reliant on Indus Basin Irrigation framework" [13].
Archer and Fowler [14] stated that the water system
framework helps a region of 22.2 million hectares
and flooded land for 85% of all food/crop yield.
Original storage capacity of three major reservoirs
(Tarbela, Mangla and Chasma) of Pakistan is 19.43
billion cubic meters. Future prediction of water resources in relation to climate change is an essential
for operation and planning of hydraulic equipment
[15]. Water resource management authority have
been using the seasonal flow forecasting for timely
warning of an excess or deficit of power generation
[14]. A regime is very much dependent on the winter
snow melting, precipitation and a glacial regime depends on simultaneous rainfall [14]. A long-term precipitation and temperature series (1895-1999) from 17
different stations of UIB has been studied. The records
show a complex season-dependent spatial correlation
structure. Results indicate the large differences in climatic variability as influenced by local topographic and

&'(+%
The range of this catchment is 33º 40ʹ to 37º 12ʹ
N latitude and 70º 30ʹ to 77º 30ʹ E, longitude. Due to
unavailability of data in China and India, study area was
confined in the catchment carrying in Pakistan boundary and catchment of Indus basin with in and out of Pakistan boundary is shown in Fig. 1. The watershed
boundary of the Upper Indus Basin was derived from
the DEM at the confluence point of the Kabul and Indus
river at the upstream of Khairabad in Attock as shown
in the Fig. 2. The catchment area at the Khairabad point
is 312818 km2. The elevation ranges from 254 m to
8570 m above mean sea level. There are large number
of rivers which fall into the main Indus River. The main
sub basins are Chitral, Swat, Kabul, Hunza, Gilgit, Astore, Shigar, Shyok, Kunhar, Khan Khawar, Neelum,
Kanshi, Poonch, Soan, Siran, Sil, Haro etc. Indus river
originates from the north side of the Himalayas at Kaillas Parbat in Tibet having altitude of 5486.40 m. Navigating around 805 km in northwest course, it joins
the Shyok river near Sakurdo at the elevation of
2734.20 m. continuous travelling in the same direction for 161 km, it joins the Gilgit river at the Nanga
Parbat having the elevation of 1524 m. Further flowing in southwest direction for about 322 km, the river
gets enter into Punjab province plains at the Kalabagh (244 m). Below Warsak, Kunhar river which is
also named as Chitralriver, joins Indus. Five miles
below the Attock, Haro river joins the Indus and
about seven miles upstream of Jinnah Barrage, Soan
river drains into the Indus River.
'#

'#"

To carry out the analysis, historical fifty-four
years (1961-2014) monthly hydro- meteorological
data has been collected from Pakistan Meteorological department (PMD) and Surface Water Hydrology
Project (SWHP, out of these monthly historic data of
twenty-five Climatic stations is and thirty-five
stream flow stations has been selected. Details of climatic and hydrometric stations are given in Tables 1
and 2. Streamflow measurement for upper Indus basin was started in 1960 by SWHP. Drainage area for
stream gauges, ranges from 262 km2 to 286,000
km2. To describe the analysis a year is divided into
four seasons (a) winter (Dec-Feb), (b) spring (MarMay), (c) summer (Jun-Aug), (d) autumn (Sep-Nov)
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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

Astor
Bagh
Balakot
Bunji
Cherat
Chilas
Chitral
Dir
Drosh
Garhi Dopatta
Gilgit
Gujar Khan
Gupis
Islamabad
Jehlum
Kakul
Kalam
Kotli
Mangla
Murree
Muzaffarabad
Parachinar
Peshawar
Saidu Sharif
Skardu

-?5
?@01
35.4
34.0
34.4
35.7
33.8
35.4
35.9
35.2
35.6
34.2
35.9
33.3
36.2
33.6
32.9
34.2
35.47
33.5
33.1
33.9
34.4
33.5
34.0
34.7
35.2

;:35?@01
74.9
73.8
73.4
74.6
71.9
74.1
71.8
71.9
71.8
73.6
74.3
73.3
73.4
73.1
73.7
73.3
72.63
73.9
73.6
73.4
73.5
70.1
71.6
72.4
75.7

81A-?5;:
9
2168
457
981
1372
1302
1251
1500
1370
1465
813
1460
518
2156
508
234
1309
1067
615
2363
2168
702
1729
360
962
2210

::@-8$=1/5<
5?-?5;:99
477.8
860
1671.1
144.4
629.9
173.2
442.8
1415.9
588
1611
129
1030
118.9
1142.1
853.2
1366.2
510
1300.4
940
1789.3
1526.7
769.1
3403.8
1053.8
204.2

!-C59@9
-21
-0.55
-3
-6
-5.6
-4.4
-16.1
-13.9
-9
-7.2
-11.1
0
-12
-3.9
-6
-7.3
-11.11
-2.8
42.78
-10.6
-2
-15
-3.9
-3
-21

::@-8 
!5:59@9
37
41.11
43.3
46.1
41.1
48.1
44.4
41.5
47.3
45.8
45
40
41.1
46
49.2
40
32.22
46.7
3.88
32.2
46.5
38.6
48
43.6
41

!1-:
8
20.28
20.15
20.05
17.75
21.85
14.15
13.8
19.15
19.3
16.95
20
14.55
21.05
21.6
16.35
10.555
21.95
23.33
10.8
22.25
11.8
22.05
20.3
10

Source: Pakistan Meteorological department and Surface Water Hydrology Project, WAPDA
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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
33
34
35

Naran
Garhi Habibullah
Muzaffarabad
Chinari
Domel
Kohala
Azad Pattan
Kotli
Palote
Kharmong
Yogo
Shigar
Kachura
Gilgit
Dainyor Br.
Alam Br.
Bunji
Doyain
Shatial Br.
Karora
Besham Qila
Daggar
Phulra
Kalam
Chakdara
Chitral
Jhansi Post
Nowshera
Gurriala
Khairabad
Thal
Chirah
Chahan
Dhok Pathan
Massan

-?5?@01
00
34.9
34.4
34.4
34.2
34.3
34.1
33.7
33.5
33.2
35.2
35.2
35.4
35.5
35.9
36.1
35.8
35.7
35.5
35.5
34.9
34.9
34.5
34.3
35.5
34.6
35.9
33.9
34.0
33.7
33.9
33.4
33.7
33.4
33.1
33.0

;:35?@01
00
73.7
73.4
73.5
73.8
73.5
73.5
73.6
73.9
73.4
75.9
76.1
75.7
75.4
74.3
74.3
74.6
74.6
74.7
73.6
72.8
72.9
72.5
73.1
72.6
72.0
71.8
71.4
72.0
72.3
72.2
71.5
73.3
72.9
72.3
71.7

%5A1=
Kunhar
Kunhar
Jhelum
Jhelum
Jhelum
Jhelum
Jhelum
Poch
Kanshi
Indus
Shyok
Shigar
Indus
Gilgit
Hunza
Gilgit
Indus
Astore
Indus
Gorband
Indus
Brandu
Siran
Swat
Swat
Chitral
Bara
Kabul
Haro
Indus
Khuram
Soan
Sil
Soan
Indus
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1036
2383
7278
13597
14504
22300
26485
3237
1111
67858
33670
6965
155402
12650
13712
27193
160989
3919
150219
559
179515
598
1057
2013
5642
12333
1847
85895
3056
252525
5543
326
241
6475
287489

81A-?5;:
-9>89
2400
670
701
485
530
400
2542
2469
2438
2341
1430
1280
1583
880
580
700
732
1921
676
1500
518
282
329
634
562
305

!1-:::@-8
&?=1-928;B
/@>1/
47.33
101.69
382.53
323.08
336.77
829.21
731.42
126.34
6.18
461.54
10.17
5.92
30.53
7.05
9.26
18.07
50.69
3.91
206.91
0.54
68.05
5.48
19.44
2.44
5.30
7.82
5.63
23.79
26.95
86.14
25.38
5.20
1.70
43.42
3684.49
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first performed MK test, then [25] derived the distribution of the test statistic. Mann Kendall test is employed to carry out the investigate of trends within climatological studies and have stated that the MK test is
independent of normal distribution of time-series data
[26, 27]. Ahani et al. [28] observed that the minimal
sensitivity of the MK test to disruptions is due to inhomogeneous time series. For the trend detection, this test
has found to be an excellent tool [17]. The number of
annual values of the data series is denoted by n. To
compute the Mann-Kendall statistics, difference in annual x value were determined; S was computed using
equation 4:

and annual (Jan-Dec). Locations of Climate and hydro-metric stations is shown in Figs. 1 and 2 respectively.


!'## #+
The rationale of the documentation trend is to determine whether the value of the random variable usually decreasing / increasing over a certain time [16]. In
order to find the statistical significance of the trend,
parametric and non-parametric statistical test is carried out [17] and [18]. The analysis was performed
for the mean value of time series; the following steps
include (i) the analysis of serial correlation effect; (ii)
identification “of trends by using the Mann-Kendall
test” [19] Spearman rho test and linear trend methods;
(iii) Estimation of the trend value by applying Sen‟s estimator.

&1=5-8;=18-?5;:221/? It is required to consider the correlation or serial correlation for the analysis
of time series and it is defined as correlation of a variable with itself over successive time intervals, before the
test for trend” [20]. Specifically, [21] it is stated, “if the
time series exhibit the positive serial correlation, then
the significant trend is non-parametric test in time series
that is random more often than specified by the significance level”. To perform this reported by several [21]
and [22] that “before applying the any trend detecting
test like Mann- Kendall test, time series must be ‘prewhitened’ for the elimination of the serial correlation
effect”. [23] have also modified the pre-whiting process
where substantial serial correlation is found. In most recent studies, for the detection of trends in the hydrological and meteorological parameters, TFPW method has
been applied, by [22]. We have integrated the recommendations in this study and accordingly prospective
statistically considerable trends in temperature examination (x1, x2. . . xn) [21] and scrutinized procedures as
follows: For a given time series, the slope of the trend (β)
is estimate using robust slope estimator (method of
Sen). Then, the time series is de-trended, assuming a
linear trend as

 =   − (β −  ) 2

 = ∑ =1 ∑  = =1 ( −  )
 =1

(3)

Where sgn (xj - xk) is “an indicator function that
takes on the values 1, 0 or -1 according to sign of difference (xj - xk), where j > k”.

> 0⎤
= 0⎥⎥
< 0⎥⎦

⎡ 1  − 
(  −  ) = ⎢⎢ 0  − 
⎢⎣− 1  − 

(4)

Luo et al. [29] analyzed, the values “xj and xk are
the annual values in the year j and k” respectively. The
variance S was computed by the following equation applied by [24].

1
(  ) = ( − 1)(2 + 5) −
 ( − 1)(2 + 5) (5)


[

∑

 =1 





]

q= the No. of tied groups and tp is the No. of data
in the group p [29]. Before computing the VAR(S), the
data was checked, all the local groups and the data extent in each cluster are connected. “S and VAR(S) were
used to compute the test statistic Z” [30].
⎡  −1
⎢ (  0.5 )
⎢
=⎢
0
⎢ −1
⎢⎣

  −
  −
  −





⎤
> 0⎥
⎥
= 0⎥
< 0⎥
⎥⎦

(6)

Z values were used for the trend evaluation.
Positive values of Z indicate the upward (warming)
trend and negative values show the downward (cooling) trend. Statistics “Z has a normal distribution” [30].
The insignificant assumption, Ho stands true if there is
no trend and therefore uses a standard normal table to
decide whether to reject Ho. For investigation, whichever upward or downward trend (“a two-tailed test”) inference identical Ho remains “rejected if the absolute
value of Z is greater than Z 1-a/2, where Z 1-a/2, was
obtained from standard normal” tables [30]. In this
study, existence and importance of trend was evaluated
with α values that is α ≤ 0.1.

&1:F>1>?59-?;=>8;<1Tabari et al. [22] found
“if a time series represent the linear trend, then a simple

(1)

sLag-1 serial correlation coefficient (designated
by r1)” [21] is computed. Should the designed r1 prove
not to be meaningful at 5% level, statistical tests would
then be employed to the primary data sets of the time
series. According to the analysis of [24] the ‘pre-whitened’ time series can be obtained if the calculated r1 is
significant, prior to application tests.

 =  − 1− + (β *  )



(2)


!-::1:0-88?1>?[17] pointed that Mann at
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tion, temperature and stream flow of twenty-five climatic and thirty-five stream flow station were performed in Upperi Indus Basin (UIB) over the period
1961-2014.The analysis has been carried out on annual, seasonal (winter (Dec-Feb), spring (Mar-May),
summer (Jun-Aug), autumn (Sep-Nov) time series.
The spatial distribution of trends and changes in precipitation, temperature and stream flow are discussed in
preceding sections.

'19<1=-?@=1 '=1:0> Temperature analysis
has been performed on annual and seasonal data on
the maximum, minimum and mean temperature data
at the climate stations in upper Indus Basin.

::@-8 '=1:0> Analysis of the Annual maximum temperature has indicated the overall trend of the
region is shifting towards warming trends for the period
of 1961 to 2014, which is the signal of climate change.
Among the twenty-five climate stations, Cherat, bunji
and Cherat show decreasing (negative) tends in annual
maximum temperature. At the Skerdu station, the highest warming trend has been observed i.e. with the rate
of 0.49 0C per decade at 99.9% significant level which
is alarming for this very important zone of UIB. The
warming trend is observed in the stations Gupis, Drosh,
Chitral, Astore and Dir per decade temperature is

non-parametric procedure can be used for the slope estimation”. Slope values of pairs of data of N were initially calculated as follows:
  −  If J > k
(7)
=
−
Where xj and xk are the annual values in the year
j and k respectively, the Sen’s estimator of slope is the
median of these N values of Q, median of the slope estimates (N) was obtained in the usual way. Luo et al.
[29] N values of Qi were ranked from smallest to largest and the Sen’s estimator” was computed as follow:
 ,    = [(  +1) / 2 ] if N is odd and

1
(  + ⎡  + 2 ⎤ if N was even
2 2
⎢ 2 ⎥
⎦
⎣
Tabari et al. [31] has verified with double-sided
test at 100 (1 - α)% confidence interval for testing and
has been through non- parametric test of the true slope
while data were processed using an Excel macro named
MAKESENS.
%&( '&"&(&&#"&
The trend analysis and variability in precipita-
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increasing 0.22, 0.23, 0.28 and 0.21 0C respectively
with the maximum significant level of 99.9%. Parachinar and Kohat stations are shifting towards warming
trend with rate of 0.18 and 0.27 0C per decade with 99%
significant level. Annual maximum temperature of
Peshawar is also moving towards the warming trend
with the rate of 0.14 0C per decade at 95% significant
level. Risalpur and Chilas showed warming trend but
statistically not significant. The annual maximum temperature decreased with the rate of 0.03, 0.38 and 0.18
0
C per decade at Bunji, Cherat, and Kakul respectively
as shown in Fig. 3. The overall analysis of these
twenty-five meteorological stations applying MannKendall test and Sen‟s showed an increase of annual
mean maximum temperature (20 out of 25) for the period 1961 to 2014. The analysis of the maximum, minimum and mean temperature for the selected stations is
shown in Figs. 3 and 4 respectively. The upward and
downward arrows show per decade increasing and deceasing trends.

&1->;:-8 )-=5-.585?D 5: ?=1:0> Figure 3
shows the variability of maximum temperature in
Winter, Spring, Autumn and summer seasons, upward and downward arrow shows the per decade increase in temperature and bold arrow shows significant trend. Overall maximum temperature is increasing in the upper Indus basin, at the 75% stations

maximum warming trend is observed in the winter
season (Dec-Feb), during the spring season at
the18% stations warming trends was observed and
no stations shows the decreasing trend of maximum
temperature during the spring and winter seasons.
Whereas during the autumn season 12% stations
shows very strong increasing trends of maximum
temperature.
Figure 4 demonstrate the spatial distribution of
seasonal trends in minimum temperature for the period 1961-2014. The study reveals that most of stations have increasing trends in winter and autumn
seasons whereas have cooling trends in spring and
summer seasons. About 54%, 46%, 38% and 69% of
the stations have warming trend in winter, spring,
summer and autumn seasons respectively whereas
23%, 15%, 23% and 15% of stations have significant
trends respectively.
$=1/5<5?-?5;:'=1:0>. Precipitation trend analysis has been performed on annual and seasonal data
at climate stations in upper Indus Basin (UIB).

::@-8 A-=5-.585?D The results of analysis by
applying Mann-Kendall besides Sen slope estimation
methods; annual rainfall was summarized in Fig.5. At
ten (15) stations out of sixteen (25) stations, the annual
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precipitation, during the spring season 50% of stations have the increasing trends, during the summer
season at the 83% of stations precipitation trends are
increasing significantly and during the autumn season at the higher elevated areas precipitation is increasing significantly.

8?5?@05:-89<-/?;:859-?14-:31)-=5
-?5;:5:859-?14-:31B5?481A-?5;: Analysis
of the maximum, minimum, mean temperature and
the annual rainfall has been made with the elevation,
which is shown in Fig. 7. Percent per decade in maximum temperature increase with an increase in elevation whereas minimum temperature decreases
with an increase in elevation. Mean Temperature is
also increasing with elevation. Analysis on relation
between elevation and maximum and mean temperature indicate increasing trends with higher temperatures whereas decreasing trend for the minimum
temperature. The maximum and mean temperature
has higher trends in high mountainous region. The
low elevated region (<1300 m) of UIB has the positive trends ranging from 2% to 9% in annual precipitation whereas the high mountainous region (>1300
m) has the cooling trends. The most of sub-basins of
UIB have the increasing trends.

precipitation has been increased for the period 1961 to
2014.At the stations Risalpur, Bunji, Chilas, and Peshawar and Risalpur annual precipitation with highest significance level (99.9%) was observed with the rate of
40.24 (6%), 16.41 (9%), 40.33 (9%) and 9.41 (6%) mm
per decade respectively. At the stations Skardu, Gilgit
and Gupis increasing trend of annual precipitation has
been observed with 99%% significance level and per
decade increase in annual rainfall is 16.81(8%), 5.18
(4%), and 3.72 (2%) respectively. Chitral station
showed 95% significance level with rate of 22.65 (5%)
mm per decade. There are also some stations where annul maximum rainfall is decreased for period 19602013.At the stations Parachinar, Drosh, Cherat, Dir,
Kohat and Astore 1.84 (1%) 9 (1%),30 (5%),41 (3%),
12.49 (2%) and 7.27 (1%), mm per decade respectively
but all these were statistically inconsequential. The spatial distribution of the annual rainfall trends is shown in
Fig.5. The upward and downward arrows show per
decade increasing and deceasing trends.

&1->;:-8A-=5-.585?DFigure 5shows the variability of precipitation in winter, spring, autumn and
summer seasons, upward and downward arrow
shows the per decade increase in precipitation and
bold arrow shows significant trend. Majority (81%)
of stations has the increasing trends during the winter
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)-=5-.585?D5:&?=1-928;B'=1:0> Figure 6
shows the variability of stream flows in annually,
winter, spring, autumn and summer seasons, upward
and downward arrow shows the per decade increase
in stream flows and bold arrow shows significant
trend. Majority (81%) of stations has the increasing
trends during the winter. The annual discharges of
Indus river at Besham Qila shows increasing trend
with the rate of 6%. [9] also analyzed the Indus river
flows at Bisham Qila for the period of 1969 to 1995
and found the increasing trend. On the other hand,
the flow at Dainyor has decreased significantly
(p=.006) up to 29% for the record length (1966 to
2010) and has also found the decreasing trend for the
period 1966 to 1995 [9]. The trend in Rivers Shyok
at Yogo and Indus at Kharmong, Kachura and Bunji
has the same tendency as detected by (Sharif, et al
2013) with changes up to 24%, 13%, 29% and 11%
respectively. The annual mean flow in the Kabul basin at Nowshera has decreased with p value 0.15 up
to 15%. The River Swat at the Kalam has subsiding
trend, whereas the Swat River at Chakdara and River
Chitral at Chitral showed cumulative tendency. The
average annual runoff showed increasing trend for
rivers Shoyk (at Yoga), Shigar (at Shigar) Indus (at
Kachura) up to 9%, 7% and 5 % respectively due to
warming trend of annual temperature up to 5% (1
0C), whereas the annual and summer (JJA) stream
flow in river Kabul at Nowshera has come to a diminution up to 22% and 11% by increasing 4% and 1%
(0.96 & 0.22 0C) temperature.

has decreasing trends per decade. During the winter
season (Dec-Feb) maximum temperature is increasing significantly with Sen’s slope 1.87, 1.76, and
1.26 0C per 64 years in higher, central and lower regions of Upper Indus Basin. An increase of winter
temperature is major reason of change in flow regime in tributaries of Indus River at Tarbela reservoir. Annual precipitation in ten stations is increasing in the upper Indus basin. Whereas, in the highly
elevated region, percent per decade annual rainfall is
increasing and in low elevated area it is decreasing.
Majority (81%) of stations has the increasing trends
during the winter precipitation, during the spring
season 50% of stations have the increasing trends,
during the summer season at the 83% of stations precipitation trends are increasing significantly and during the autumn season at the higher elevated areas
precipitation is increasing significantly.
Average Annual flows in Highly elevated areas (Snow Cover) tributaries is increasing and in low
elevated region it is decreasing, whereas during the
winter and spring monthly flow is increasing due to
the increase in temperature (earlier melt of snow),
during the summer it is decreasing due the decrease
in temperature during the summer season. It is concluded from the analysis of temperature, precipitation and stream flow that the phenomenon of the climate change is occurring in the upper Indus basin, it
is alarming for the planner and water experts to guide
and adopt the Integrated Watershed Management to
fulfill the fore coming food and water demands.

#" (&#"&
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In this study trend analysis has been per-formed
using non-parametric statistical test on several hydro-meteorological stations in upper Indus basin.
The trend free pre-whitening technique used for the
correction of time series autocorrelation. for this purpose, fifty-four years (54) (1961-2014) year’s temperature, precipitation and stream flow data of 25 climatic and thirty-five (35) hydrometric stations historic data has been collected. Results indicates that
the overall increase in annual mean and maximum
temperature in UIB for the selected period. There is
a maximum increase in the annual maximum temperature of 0.49 0C per decade at 99.9% significant
level in the Gilgit station, which is alarming for this
very important zone of UIB. As most of the region
around the Gilgit is covered with snow. Because of
the increase in temperature glaciers are melting.
Mean annual temperature in lower region of the UIB,
and Cherat, bunji and Cherat of the upper region of
upper Indus basin has been reduced. It is concluded
that in upper region (snow covered) of UIB the annual maximum temperature is increasing whereas in
lower region it is decreasing. In high elevated areas,
the mean and maximum temperature is increasing,
whereas in low elevated areas minimum temperature
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Annually, many agricultural resources and residues are burned by traditional methods which can
result in waste products that cause air pollution and
soil degradation. Therefore, alternative techniques
should be established to protect the soil and environment. This study was conducted as a pot experiment
to evaluate the effect of maize straw and corn cob
biochar on the beginning of maize (    )
seedling growth and soil properties. Maize straw and
corn cob were used as raw materials to produce biochar through low temperature pyrolysis at 300 and
600°C. The maize straw biochars will be referred to
as BMS300 and BMS600, and the corn cob biochars
will be referred to as BCC300 and BCC600, with
300 and 600 referring to their respective temperatures. Five rates of biochar were used (0.0, 7.0, 14.0,
21.0 and 28.0 g of biochar per 2000 g of soil) indicated as B0, B1, B2, B3 and B4, respectively for both
types of biochar. SEM micrographs of MBS600 and
BCC600 showed a higher porous structure and a
larger BET surface area (BMS600 179.75 cm2/g and
BCC600 167 cm2/g) than that of BMS300 and
BCC300. Results showed high ash contents in
BMS600 (25.45%) and BCC600 (20.45%). The elemental analysis showed that an increase in pyrolysis
temperature (from 300 to 600°C) led to an increase
in carbon content (67.5 to 76.93 % in BMS and 71.6
to 80.4% in BCC). In addition, the results showed
that the biochar derived from slow pyrolysis significantly affected plant and stem height, number of
leaves, fresh and dry weight, and chlorophyll content. Results also showed that BMS300 and BMS600
increased soil pH by 0.21 and 0.53, whereas
BCC300 and BCC600 increased soil pH by 0.18 and
0.33, respectively. Urease and catalase enzymes increased significantly in all biochar rates. The results
indicated that the maize straw and corn cob biochar
improved soil properties, nutrient retention, and
plant growth.

Loess is a type of alluvial soil located in western China along the upper and middle reaches of the
Yellow River. Loess in China accounts for 10 % of
global land area and covers an area of about 640
thousand square kilometers. The high water permeability, low porosity, and loose structure of Loess
leads to the leaching of nutrients from the soil.
Therefore, many studies had been conducted to find
suitable solutions or other alternative techniques to
improve these kinds of soil properties. [1]
Biochar is the carbonaceous product of raw organic material (such as crop residue and animal manure) when heated anaerobically in low or high temperature within a closed container. Addition of biochar to agricultural soils has been projected to improve soil fertility and as a means for mitigating climate change. Biochar also can help improve soil
productivity and fertility by enhancing water retention and nutrient uptake. In addition to increasing
cation exchange capacity (CEC) of soil, biochar can
also significantly increase soil pH, improve porosity,
and decrease bulk density which allows for better
root penetration. Biochar enriches the soil with a variety of nutrients and can improve soil fertility [2-9].
It is important to understand the chemical and physical properties of biochar in order to enhance biochar
technology for society and the environment. Previous studies, which compared the characteristics of
different kinds of biochar created by slow pyrolysis,
showed that pyrolysis temperature and type of biomass are significant factors in determining the most
appropriate application biochar. Pituello et al. [10],
discovered that pyrolysis temperature had a significant impact on the surface functional groups of biochar and as a result was able to control the sequestration of heavy metal in soils. In addition, the studies which were investigated by Erdem et al. [11] and
Zhang et al. [12] showed that the biochar derived
from different biomass could reduce the heavy metals uptake of plants and has a good application potential for the environment. Thus, conversion of crop
and animal residues to biochar is an important strategy to increase soil productivity and carbon seques-

&% !
Biochar, maize straw, corn cob, pyrolysis, beginning
growth
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tration, as well as helping to mitigate global warming. Biochar can also contribute to plant growth by
improving the chemical and physical properties of
soil, enhancing microbial activity, decreasing nutrient leaching, and improving the availability of nutrients. Therefore, biochar should be considered as an
innovative and beneficial soil amendment for agricultural use [13-18]. Recently, many studies have
been conducted to investigate the influence of biochar on the seedling growth of various plant species.
Sun et al. [19], Taek et al. [20], Budi et al. [21], and
Saxena, et al. [22] found both neutral and positive
effects of biochar and their results indicated that type
of biomass, biochar application rates, and type of soil
had a significant impact on plant growth. According
to Zuo et al. [23], maize straw yield in China in 2013
(at 240 million tons) was higher than any other crop
making maize straw a prime candidate for the production of biochar. In this study, maize straw and
corn cob biomass were selected due to the potential
economic and environmental benefits of producing
biochar as opposed to traditional burning methods
[24]. In addition, production of biochar from these
residues improved soil properties after prolonged use
which in turn could provide a reference for widespread agricultural application of biochar. Therefore,
additional studies should be established to evaluate
the effects of biochar on maize growth and soil loess
properties. Hence, this paper selected these residues
to produce biochar (pyrolyzed at 300°C and 600°C)
and analyzed its physical and chemical properties as
well as its effectiveness as a soil amendment. Therefore, the specific objectives of this study are to 1)
evaluate the effects of maize straw and corn cob biochar on the beginning growth of maize seedlings, 2)
to compare chemical and physical properties of
maize straw and corn cob biochar, 3) to assess the
use and feasibility of biochar production technology
in the other regions of the world where biomass is
readily available.

11A). Organic matter (OM) contents were analysed
using two methods; the first was conducted according to burning method which used a drying oven at
105°C for 24 hrs., and muffle furnace at 400°C for 6
hrs., and the second method used potassium dichromate oxidation (K2Cr2O7) [29] and a UV-1800 spectrophotometer (Shanghai Spectrum Instrument Co.
Ltd., China). CEC was determined according to the
method intended for calcareous soils (China
NY/T1121.5-2006).
" 
756,790,85-25,888502:8,+049/08,=6,703,49
756,790,8
,8:298
pH
8.19
CEC cmol·kg-1
17.4
EC μScm-1
2767
Organic matter %
11.87 (burning)
Organic matter g
13.98
(spectrophotometer)
kg-1
Sand %
51
Silt %
29
Clay %
20
The two kinds of biomass used in this study
were maize straw (MS), which was obtained from
nearby Lanzhou city, Gansu province, China, and
corn cob (CC), which was obtained from Wu Wei
city, Gansu province, China. The two samples were
dried thoroughly, then crushed and sieved through a
0.420 mm, 0.250 mm (40 and 60 mesh, respectively)
prior to analysis. MS and CC were washed with deionized (DI) water several times to remove impurities and were then placed in a covered ceramic crucible in order to produce biochar through slow pyrolysis under oxygen-limited conditions in a muffle furnace. Biochar was pyrolzyed at 300°C for six hours
and 600°C for three hours because the pyrolysis temperature significantly impacts the chemical and
physical properties of biochar [30]. The biochar was
then crushed to a fine powder and sieved to a uniform molecule size of 0.250 mm (No.60 mesh). The
samples after these stages were stored in sealed
brown containers for advanced analysis. Biochar
which was prepared from maize straw (MS) named
as BMS300 (300°C) and BMS600 (600°C), where
that prepared from corn cob (CC) named as BCC300
(300°C) and BCC600 (600°C).

" !"!
(9,70(28 The soil samples chosen for these
experiments were collected from 0–20 cm depth
from farmlands surrounding Lanzhou city, Gansu
province, China. Soil samples were air-dried and
passed through a 2–mm sieve before analysis, where
a small portion was set aside for basic analysis. Properties of loess soil used in this experiment are listed
in Table 1; the soil texture was determined by the
measuring cylinder method [25] and classified as a
sandy loam soil. Soil pH was measured with a 1:1
soil to water ratio [26,27], with a pH meter (PHS-3C,
Electronic and Scientific Instrument Co. Shanghai,
China). The electrical conductivity (EC) was measured in suspension with a 1:1 soil to water ratio [28],
using a vacuum filtration system and conductivity
meter (Hangzhou Orion Instrument Co. Ltd/DDS-

/(7(*9,70?(90545-05*/(7Analyses of the
biochar used in this study include an elemental analysis, proximate analysis, pH, electrical conductivity
(1:5) μScm-1, SEM, and BET. An elemental analysis
was taken using an Elementar Analysensysteme
GmbH VarioEL cube. The proximate analyses
(which consisted of ash content and biochar yield),
ash content of biochar was tested using the standard
test method for chemical analysis of wood charcoal
[ASTM, D1762-84, Re-approved 2007]. pH of biochar was measured with a pH meter after dissolving
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with a general linear model univariate and one-way
ANOVA analysis using Duncan’s multiple range
where differences were considered significant when
 < 0.05.


!#"!!#!!

05*/(7 */(7(*9,70?(9054 The biochar yield
(ƞchar) was calculated by dry mass of biochar from
the muffle furnace (mchar) / dry mass of biomass
(mbio) loaded into the muffle furnace×100. BMS and
BCC biochar yields are shown in Table 2. The yields
of both types of biochar declined with rising pyrolysis temperatures (300°C to 600°C) from 48.89 % to
26.55 % for BCC and from 35.97 % to 19.65 % for
BMS. However, BMS yields were lower than BCC
yields under the same condition and temperatures.
Potential causes for lower yields could be due to
higher ash content in BMS than in BCC, as well as
due to variances in structure and elemental composition. These findings are in accordance with results
found in other investigations [33,34]. In this study,
when the pyrolysis temperature was 600°C the ash
contents of BMS was higher than BCC, the results
are shown in Table 2. These results might be due to
the fact that the plant leaves of MS accumulated
more dust than CC; because of the wider surface area
and greater capacity to transfer impurities. Ash content typically increased with augmenting pyrolysis
temperature in biochar derived from different raw
materials, such as rice husk, bagasse and cow biosolids [35]. Previous research also found that ash content decreased with higher pyrolysis temperatures
[36]. The carbon (C), hydrogen (H), and nitrogen (N)
contents of the different types of biochar were tested
and are shown in Table 2. The C content ↑increased
with high pyrolysis temperature and the H content
↓decreased with high pyrolysis temperature in both
BCC and BMS. This revealed the negative relationship between C and H content with pyrolysis temperature. Biochar carbonization was investigated in this
paper using the atomic ratio H/C. Lower atomic ratios of H/C indicate higher degrees of carbonization,
therefore as pyrolysis temperature increased both
BCC and BMS showed a higher degree of carbonization; thus, carbonization of biochar depends on pyrolysis temperature. The ratio between H and C can
also be employed to investigate aromaticity of biochar. However, high aromaticity can be firmly in soil
[33, 37] and the low ratio between H/C refers to high
aromaticity [38]. The results showed that C content
of BCC was higher than BMS when the pyrolysis
temperature was the same, whereas, the N content of
BMS was higher than BCC when the pyrolysis temperature was the same.

2 g of biochar in 50 ml DI water and mixed well for
1 hr in a mechanical shaker. A collection of SEM
(scanning electron microscope) images was used to
analyze the morphology and internal structure of the
biochar. The BET surface area of biochar was measured by using a porosity and surface analyzer (Micromeritics ASAP 2020, USA). The measurements
above were taken three times in order to assess the
statistical significance of the data. The concentration
rates of biochar application (0.0, 7.0, 14.0, 21.0 and
28.0 g of biochar per 2000 g of soil) used in the experiment will be referred to as B0, B1, B2, B3 and
B4, respectively.

59,=6,703,49(28,9:6The pot experiments
was carried out outdoors (average temperature 1820°C, average humidity of 34%) near the school of
environmental and municipal engineering laboratory
at Lanzhou Jiaotong University, Lanzhou city,
China. Maize used for the pot experiments was
planted in the soil collected near Lanzhou city (mentioned in Materials and Methods above). Maize
seeds were obtained from Gansu Jin Sui Seed Co.,
LTD. The trial consisted of five treatments and was
replicated three times. The four different types of biochar (BMS300, BMS600, BCC300 and BCC600)
were mixed with 2000 g of dry soil at the five different application rates mentioned above (B0, B1, B2,
B3 and B4) and were then transferred to plastic pots
(size 200 mm × 185 mm). Quantity, viability and purity of seeds was tested using a wet paper towel germination test [31] and then calculated by followed
equation; number of strongly seeds germination
×100/ total number of seeds tested = percent germinations. Seven maize      seeds were
planted per pot 3 cm deep. Fifteen days after planting,
three of the seven sprouts were removed leaving the
four most viable sprouts in each pot to continue the
rest of analyses. All pots were placed in direct sunlight and covered during intensive rain fall. Data was
collected weekly for eight weeks and included plant
height, stem diameter, and number of leaves. At the
end of the eighth week plants were harvested and
weighed to determine fresh and dry weight for each
treatment. Fresh shoots were dried in an oven at 75
°C for 48 hrs. A sample weight was taken every three
hours until a stable weight was reached, to ensure the
plants were dried thoroughly. After the plants were
harvested, soil pH, EC, soil enzyme activity (urease
and catalase) and chlorophyll content were tested. In
this experiment, the chlorophyll content of leaves
was extracted using the acetone method and determined by a spectrophotometer [32].
(9( (4(2>808 The graphs in this study were
drawn using Microsoft Excel 2010. Data analysis
was performed using SPSS software (version 16.0)
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/>80*5*/,30*(2*/(7(*9,70?(90545-)05*/(7+,70;,+-7533(0?,897(<(4+*574*5)
(9+0--,7,496>752>8089,36,7(9:7,8
756,790,8
 
 
! 
! 
Yields %
48.89
26.55
35.97
19.65
Ash content %
11.14
20.45
17.68
25.45
pH
8.63
11.03
9.42
11.42
EC μScm
689
1025
925
1369
Carbon C%
71.6
80.4
67.5
76.93
Hydrogen H%
4.26
1.34
4.3
1.31
Nitrogen N%
1.23
1.65
2.51
1.89
H/C ratio
0.71
0.19
0.76
0. 2
167
179.75
BET SA cm2/g
MV cm3/g
0.063409
0.059617
105.159
115.998
MA m2/g
61.8585
63.7554
ESA m2/g
SPSA m2/g
0.3957
171.9405
0.5385
183.7554
*SA≡ Surface area; MV≡ Micropore volume; MA≡ Micropore area; ESA≡ External surface area; SPSA≡ Single point surface area.

#  
576/525.>(4+049,74(2897:*9:7,5-)05*/(7:804.!8*(4404.,2,*975430*758*56,
unique because of its porous structure, but this structure is clearly affected by pyrolysis temperature. Biochar has a very porous structure, but, as seen in Figure 1, the structure of BCC300 and BMS300 contained a small amount of pores that were not interconnected. This may be due to inadequate carbonization. Whereas biochar produced in high temperature (BCC600 and BMS600) was comprised of several interconnected pores. The surface area of the biochar was directly correlated with pyrolysis temperature. According to the results of this study, biochar
made of CC and MS are recommended to be use as
a carbon biomass for creating carbon materials such
as activated charcoal and carbon fibers to stop or immobilize contaminated substances from the environment. Similar results have been reported from previous studies and concluded that pores and cracks in
biochar increased with pyrolysis temperature [33, 40,
41].

Biochar pH and electrical conductivity (EC) of
different pyrolysis temperatures are shown in Table
2. pH increased with the higher pyrolysis temperature (600°C) in both BCC and BMS. Biochar alkalinity was improved with increasing pyrolysis temperature, and several studies showed that the pH of
biochar rises with pyrolysis temperature [12,33,39].
EC also increased with an increase in pyrolysis temperature.
Porosity and surface area are important physical properties used to evaluate the applicability and
quality of materials. Therefore, the BET analyses of
biochar prepared from different kinds of biomass are
shown in Table 2. Pyrolysis temperature strongly effects the surface area of biochar [33]. BMS600 had
the highest surface area (179.75 cm2/g) followed by
BCC600 (167 cm2/g). The results for BMS300 and
BCC300 are not shown because the surface area was
too small to be calculated. The internal structure of
both BCC and BMS at both 300°C and 600°C is
shown in the SEM images in Figure 1. Biochar is
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--,*985-)05*/(7543(0?,.75<9/Figure 2
shows the results of average plant height measurements (cm) for BCC300, BCC600, MBS300 and
MBS600, with application biochar rates (0.0, 7.0,
14.0, 21.0 and 28.0 g/2000g soil) referred to as B0,
B1, B2, B3 and B4, respectively). These measurements were obtained every seven days by measuring
the plant height for each treatment using tape
measures. The results showed an increase in plant
height in BCC300 (B1 and B2), and decreased plant
height in BCC300 (B3 and B4). The plant height decreased in BCC600 (B1 and B4) compared with the
control sample B0, and B2 and B3. On the other
hand, in BMS300, plant height increased in B1and
B2, and decreased in B3 and B4 respectively. In contrast, BMS600 showed a decrease in plant height in
B1, B3 and B4 and increased plant height in B2.
Though, this augmentation was a significant difference in plant height ( < 0.05) for BMS300,
BMS600 in B2 and B4, respectively. In the middle
levels B2 of BCC300, BCC600, BMS300 and
BMS600 maize plant height increased significantly
( < 0.05) relative to the control group. This outcome is comparable to those of some earlier studies
[24]. Stem diameter was measured using vernier caliper 0–200 mm – 0.02 mm (Qinghai Measuring &

Cutting Tools Co., Ltd. China, Standard code Q/Q1
KC-2000). With an increased application of biochar,
the plant stem diameter increased significantly ( <
0.05) in all treatments. Figure 2 shows that maize
stem diameters increased with higher application
rates of biochar, except in BMS600 B1, B2 and B3.
Our results showed a significant difference in
BMS600 and BCC300 in all treatments (B1, B2, B3
and B4) and negligible difference between BCC600
and BMS300 (Treatment B1). Similarly, two samples were collected randomly from each pot (total of
30 samples for each type of biochar) to count and
average the number of leaves, as shown in Figure 2.
The number of leaves was recorded starting from the
third week after planting. The average number of
leaves increased with biochar addition. Generally,
biochar application rates increased the plant biomass, subsequently improving the physical structure
of the soil. On the other hand, with an increased biochar application rate, leaf number increased significantly in all treatments when compared to the control
(B0). B2 and B3 had a higher number of leaves when
compared to B4. In addition, Figure 2 shows shoot
biomass fresh weight and dry weight of maize after
eight weeks of growth. The results generally showed
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liming requirements, but in general it does not add
nutrients in any considerable quantity. Most agricultural land in the world is acidic and would benefit
from an increase in soil pH. An increase in soil pH
can impact the normal development and growth of
plants [39]. Therefore, application of biochar to soil
has a direct impact on soil pH and, in general, increases soil pH. Figure 3(a) shows the pH of the soil
after the application of biochar. Results showed that
soil pH increased to a significant difference level (
< 0.05), synergistically with maize straw and corn
cob biochar in all treatments (B1, B2, B3 and B4)
when compared to the control (B0). The highest pH
values were recorded in BMS600 B2, B3, B4 and
BCC300 B1, B2, respectively. Furthermore, these
results suggested that the biochar pH increased after
pyrolysis; thus, biochar pH increased soil pH, respectively, as mentioned before in previous studies
which reported that the biochar can increase the soil
pH [33, 45]. Additionally, EC in soil showed a significant difference ( < 0.05) increasing with the application of biochar especially in B1, B2 and B3 for
all types of biochar (Figure 3(b)). This was attributed
to the release of weakly bound nutrients (anions and
cations) of the biochar into the soil solution. These
nutrients can then be easily absorbed by plants. Previous studies represented similar results to what described in this study [45, 46].

a significant (< 0.05) increase in fresh and dry biomass with increased biochar level application rates
(B1, B2, B3 and B4) when compared to the control
(B0). The highest values of fresh weight (280, 241,
242 and 190 g) were recorded in BCC300, BMS300,
BMS600 and BCC600, respectively. These results
were supported by previous studies pointed by Negre
et al. [42] and Yu et al. [43] which were recommended that the compost, mixed compost, and biochar-morel could be potential applied in maize and
wheat cultivation with an economical benefit and
practise. Figure 2 shows the results of chlorophyll
contents from fresh weight of maize leaves. The
chlorophyll contents of maize leaves first increased,
and reached a significant difference ( < 0.05), then
decreased as biochar application rates increased,
when compared to the control (B0). The highest
level of chlorophyll contents was detected in
BMS600 and 300 from biochar rates B3, B2, respectively. On the other hand, concentration of chlorophyll showed a slight increase in BCC600 and
BCC300 from biochar rates B2, B3 respectively
when compared with BMS. These results are similar
to previous studies [44] and indicate that the application of different amounts of biochar can improve
the rate of plant photosynthesis.
--,*95-)05*/(7(6620*(905485485026756,7
90,8 Biochar reduces soil acidity which decreases
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Soil enzyme activities are directly related to the
speed of soil nutrient transformation. Depending on
various factors, biochar can have either a positive or
negative effect on soil enzyme activity. These effects
may be related to the reaction between biochar and
soil compositions. On the other hand, soil enzymes
have a key role in enhancing the physical and chemical properties of soil. Despite its large impact, there
has been little research focused on the relationship
between application of biochar and soil enzyme activity. In this study, soil enzymes such as; catalase
and urease were examined after applications of biochar at different rates. Amendment of biochar appears to improve soil enzyme activity significantly.
Urease activity in the soil was tested using colorimetry method [47], and the colorimetry standard curve
for soil urease activity was; y = 0.1102x - 0.0051, R²
= 0.9922. Enzyme soil activity (urease) was high in
all treatments (B1, B2, B3 and B4) when compared
to the control (B0). Figure 3(c) shows that soil urease
activity was significantly higher than B0, when biochar rates were B1, B2 (BCC300 and BCC600), as
well as in B1, B2 (BMS300 and BMS600) respectively. Catalase, in this study, was measured by ultraviolet spectrophotometry [48]. The effects of biochar applications rate (B1, B2, B3 and B4) on catalase enzyme compared with the control (B0) are
shown in Figure 3(d). Catalase enzyme activities in
this study increased significantly ( < 0.05) in all biochar application compared with control (B0), and
the highest values were found in B4 (BCC300 and
BCC600). Moreover, BMS600 recorded highest values from B4 and B3 respectively; these results revealed that catalase activities increased with higher
biochar application rates. Also, this result was similar to previous studies that have been conducted on
the effects of biochar on soil catalase activities which
suggested that catalase activity was directly affected
based on the type of biochar and pyrolysis temperature [45,49].

pollution, as well as many other environmental issues. Thus, the use of biochar instead of chemical
fertilizers has the potential to reduce the extent of
these environmental issues. Currently, the use of biochar is not common in applied agronomy. Therefore, more investigation should be conducted to evaluate the effects of biochar on soil properties and
plant growth. In conclusion, based on the results derived from this study, as well as previous studies, biochar should be considered as an alternative solution
for various soil and environmental problems, also it
has been demonstrated as an eco-friendly system.
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fective antimicrobial properties at low concentrations, high stability against high temperatures, nontoxicity, and good UV absorbance properties. Also,
it is known as a GRAS compound by Food and Drug
Administration [15]. It is worth noting that because
ZnO NPs use as a nutrient agent, thus addition of it
to the film packaging and its probable diffusion to
the food products are not harmful to human health
[16]. The effective antimicrobial properties of ZnO
NPs in active films have been reported for starch
films against Staphylococcus aureus; polylactic
acid-ZnO NPs nanocomposite films against Escherichia coli and Staphylococcus aureus; chitosanneem oil based film against E. coli; and sodium alginate-gum acacia hydrogels versus Pseudomonas aerigunosa and Bacillus cereus. The main reason for superior antimicrobial properties of metal nanoparticles is connected to their high surface area [17]. Aspergillus and Penicillium species are among the major spoiler fungal strains, which limit the shelf life of
food products by production of toxic mycotoxins, off
flavor, bad appearance etc. Thus, it is important to
study the antifungal effects of ZnO NPs [18], while
few studies have been done on it. Incorporation of
ZnO NPs in biopolymer matrix is not only for its antimicrobial effects, but also for enhancing the mechanical and barrier properties of the bio nanocomposites as filler [19]. Previous studies have shown
that the ZnO NPs can improve the mechanical, barrier [20]; and thermal properties of nanocomposite
films.
This article focuses on the preparation of nanozinc oxide and oily wastewater treatment performance.

In this paper, zinc oxide nanocrystals were prepared by homogeneous precipitation method using
urea and zinc nitrate as raw materials. Wet peroxide
oxidation (WPO) and catalytic wet oxidation (CWO)
of oily wastewater were investigated. More than
80% chemical oxygen demand (COD) removal from
oily wastewater was achieved using nano-zinc oxide
catalytic wet oxidation (CWO) under the following
conditions using a 0.6 L batch reactor: temperature
is 340°C and concentration of nano-zinc oxide is 100
mg/L. 99.7% of COD removal was achieved using
WPO under the following conditions: temperature is
320°C, residence time is 20 min, H2O2 dose is 200
mg/L and initial COD is 10000 mg/L.


'%!"
nano-zinc oxide, Catalytic wet oxidation, Oily wastewater,
COD removal

#!$#
Zinc oxide is a new and important semiconductor material, which is useful in various applications
such as photo-electric devices [1], electronic devices
[2], surface acoustic wave devices [3], field emitters
[4], sensors [5], ultraviolet lasers [6], solar cells [7],
etc. Till now, many methods have been developed to
synthesize zinc oxide nanocrystals including vapor
phase growth [8], vapor–liquid–solid process [9],
soft chemical method [10], electrophoretic deposition [11], sol–gel process [12], etc. Depending on the
adopted synthesis method, zinc oxide nanocrystals
would show various morphologies under different
formation mechanisms.
Nanotechnology provides comprehensive opportunity to improve food packaging, and can increase the shelf life of food as well as improve the
properties of packaging material. There has been
much interest in the use of metal nanoparticles in this
type of packaging, due to fact that metal oxide nanoparticles show excellent antimicrobial properties
[13]. Among them, application of gold and silver as
antimicrobial agent, is limited due to their high price
[14]. Zinc oxide is an interesting agent in food and
pharmacy fields due to its nutritional properties, ef-

#!"#"
66)7)9:8 )4, 675+-,:7-. Nano-zinc oxide
nanocrystals were prepared with zinc nitrate (analytical-grade product) and urea (analytical-grade product) as raw materials. Solution concentrations of zinc
nitrate were 0.1, 0.3 and 1.0 M, respectively. Urea
was used as the precipitant and the molar ratio of
zinc nitrate and urea was 1:2. Preparation process
was as the following: first preparing solutions at
above concentrations, put the solutions at 95 °C for
4 h under saturated vapor pressure, and then obtain
precipitates, drying the precipitates at room temperature (25 °C) for 24 h, and then thermal treatment at
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% =6-713-498 WPO experiments were
carried out in the same reactor as described above
using the same volume of oily wastewater. The required quantity of H2O2 was then delivered into the
reactor using a high pressure pump. Samples were
withdrawn at pre-determined time periods.

500 °C for 10 min and finally get nanometer zinc oxide powders.
CWO of the oily wastewater was conducted in
a laboratory-scale, batch reactor with a volume capacity of 600 mL designed to a maximum temperature and pressure of 723 K and 42 MPa. The flow
diagram of the experimental setup is shown in Fig.
1. All wetted parts, from the pumps to the condenser,
were made of stainless steel (1Cr18Ni9Ti). The
speed of the stirrer is 1200 r/min. The electric furnace was used as heater. The heating wires of electric
furnace were placed below and around the reactor.
The reaction temperature was monitored directly using thermocouple (inserted inside the reactor) and
controlled within 1 K by a temperature controller
(Shanghai Miqi Instrumentation Co., N-8000 Digital
Controller). Before the experiment, the reactor was
loaded with oily wastewater and deionized water to
bring the total volume of liquid to 90–125 mL, and
concentration of oily wastewater is approximately
corresponding to initial COD of 2000–20000 mg/L.
Then, nitrogen gas was used to purge the reactor for
10 min. After purging, the reactor was heated for
about 50 min then the specified amount of O2 was
pressured and fed into the reactor using a syringe
pump within 2 s at room temperature. Finally, a specific amount of required catalyst (nanometer zinc oxide) was introduced into the reactor. After the reaction, the sample valve of reactor was opened and the
effluent was cooled rapidly in a shell and tube heat
exchanger and then depressurized to ambient condition. The product stream was then separated into liquid and vapor phases. The liquid products were collected in a graduated cylinder. Liquid samples (ca.25
mL) were periodically withdrawn from the reactor
and analyzed.


)9-71)28)4,)4)2>91+)23-905,8Hydrogen
peroxide (analysis purity, 35wt% aqueous solution,
Harbin, China) and O2 (analysis purity, 99.2%,
Shandong, China) used as oxidant. Nano-zinc oxide
was used as catalyst. The oily wastewater sample is
taken from a production plant of an oilfield.
The COD of the collected liquid are measured
by potassium dichromate method of Chinese Standard 11914-89.


!"$#""$""
)9)2>91+%-9=1,)91545.12>%)89-<)9-7
Nano-zinc oxide catalysed wet oxidation of oily
wastewater in absence of oxygen
It is shown that significant COD removal from
oily wastewater occurred (Fig. 2). COD removal increased with increasing nano-zinc oxide concentration. The maximum amount of COD that could be
removed was approximately 86.5% in 20 min in the
presence of nano-zinc oxide as opposed to approximately 58.3% without nano-zinc oxide addition. It is
indicated that nano-zinc oxide is capable of direct
oxidation of a significant amount of the COD in oily
wastewater.



$!
"+0-3)91+,1)/7)35.90--=6-713-49)28-9:6

3688



&%

# '  !









 !#!$ "#"


that the initial COD had influence on the COD removal to some extent. An increasing initial COD
from 2000 to 8000 mg/L resulted in the rapid increase in the COD removal rate. However, beyond
initial COD of 8000 mg/L, COD removal rate increases slowly with increasing initial COD.


$! 
..-+95.14+7-)814/4)45?14+5=1,-+54+-497)
9154547-35;)21490-)*8-4+-5.5=>/-4
54,19154814191)23/
9-36-7)9:7- @.
%-9-75=1,-=1,)91545.12>%)89-<)9-7
..-+95.9-36-7)9:7- The results are given in Fig.
3. As expected, rising temperature increased the
COD removal. At 320°C the COD removal reached
about 90.05 and 99.6% after 5 and 20 min, respectively. Higher temperature not only increases energy
consumption, but may result in decomposition of
H2O2 thereby it reduces the efficiency of H2O2 usage.

$! 
..-+95.14191)254%5.512>
<)89-<)9-754,1915487-81,-4+-913- 95 
314  ,58-3/



..-+9 5.    ,58- A series of experiments
were conducted to determine the effect of H2O2 dose
on WPO of oily wastewater at given COD concentration. The experimental results are presented in
Fig. 5. As can be seen in Fig. 5, COD removal increased with increasing H2O2 dose. Approximately
99.7% of COD was removed when H2O2 dose was
200 mg/L.


$! 
..-+95.9-36-7)9:7-54%5.512>
<)89-<)9-754,1915487-81,-4+-913- 95 
314  ,58-3/14191)2
3/

..-+95.14191)2 The study of the effect
of initial COD on WPO of oily wastewater was undertaken at temperature of 320°C, H2O2 dose 100
mg/L and residence time of 5 to 20 min. The results
are shown in Fig. 4. It can be observed from Fig. 4


$! 
..-+95.54%5.512><)89-<)9-754,1
915489-36-7)9:7- @7-81,-4+-913- 95 
31414191)23/
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In this paper, zinc oxide nanocrystals were prepared by homogeneous precipitation method using
urea and zinc nitrate as raw materials. Nano-zinc oxide catalysed WO and WPO are both effective processes for removing COD from oliy wastewater. A
higher amount of COD can be removed using the
WPO process under the following conditions: temperature is 320°C, residence time is 20 min, H2O2
dose was 200 mg/L and initial COD is 10000 mg/L.
Greater than 80% COD removal from oily
wastewater was achieved using NaHCO3 catalysed
WO under the following conditions: temperature is
320°C and concentration of nano-zinc oxide is 100
mg/L.
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and ecologically fragile. Datong is a temperate continental monsoon climate. The climate is dry. Over
the years, the average annual rainfall in Datong city
is less than 400 mm and the average total water resources is only 951 million cubic meters, which is
less than 1/8 of the national average per capita. Datong is listed as one of 110 serious water shortage
cities in China, and urban water supply is very tense.
Yungang grotto in Yungang Mining Area is
one of the three world famous grottoes and have up
to 30,000 visitors each day [1, 2]. The daily water
consumption of the scenic area is 2000m3, which
comes from the urban tap water supply. Because Datong city water supply is very tight, the development
of Yungang scenic spot is seriously restricted. However, there is a large amount of goaf water stored in
the mining area around Yungang Scenic area. If it
can be used as a resource, the water supply in Yungang area and even Datong City can be greatly alleviated. It is necessary to evaluate the environmental
quality of goaf water in mining area.
A large number of previous studies have been
carried out on the water quality, water environment
capacity and evaluation mechanism of mining area.
For example, Young Wook Cheong monitored the
change of water quality of a closed coal mine in
South Korean for 3 years and analyzed the changes
of PH, Fe, and SO2- plasma [3]. M. Farhad Howladar
et al. evaluated the industrial water quality of granite
mining area in Bangladesh by means of multivariate
statistical evaluation [4]. Wang Liangqi et al. modeled the matter element of coal mine water environment on water environment system, ecological system and socio-economic system [5]. Zhanglei et al.
identified the water environmental capacity of each
collapsed lake by evaluating the water quality of
three collapse lakes in Panji mining area [6].
Evaluation of water quality is an important content of water environmental quality assessment.
Methods of water quality assessment were proposed
in the 60s of last century. Currently, there are many
methods of water quality evaluation, such as index
evaluation, fuzzy evaluation, grey evaluation, matter
element analysis and artificial neural network [7-14].
In the present study, principal component Analysis

In order to alleviate water shortage in Yungang
Mining Area of Datong, Shanxi, China, we intend
to make use of water in goaf. In this paper, samples
and water quality tests were carried out on the goaf
water of Qingciyao mine, Jiangjiawan mine, Jinghuagong palace and Yungang mine in Yungang Mining Area. And the method of single factor pollution
index, principal component analysis and improved
Nemerow synthetic pollution index method were
used to evaluate the environmental quality of the water in the goaf. Results showed that, BOD5, Total
Iron, Ammonia Nitrogen and Total Phosphorus are
the main contaminant in the four coal mines, and water quality of goaf in Qingciyao mine is the best with
the (Nemerow synthetic pollution index) value is
1.15 and the comprehensive principal component is
-0.38. The water quality of Yungang is the worst
since  value is 5.3 and 4.7 respectively, and the
comprehensive main component is 1.54 and 1.55.
But through proper treatment, the goaf water of Yungang Mining Area can reach the national standard of
landscape recreation water.


)'"#
Coal mining area, goaf water, water quality evaluation,
pollution assessment, Yungang Grottoes

$"%$
Datong Mining Area has a long history of coal
mining, annual coal production of 30 million tons, is
an important energy base in China. After the mining
of coal resources, a large amount of goaf will be
formed, and groundwater and surface water will converge to the goaf to form goaf water. The statistical
results show that the total amount of goaf water in
Datong Mining Area is about 32.5 million cubic meters.
Yungang Mining Area is located in the Loess
Plateau of Shanxi Province, which is drought-prone
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(PCA) was used to analyze the pollution source and
comprehensive score in 6 goaf water samples from
four coal mines in Yungang Mining Area. On this
basis, the single factor pollution index method and
the Nemerow synthetic pollution index method were
used to evaluate the water quality. The evaluation
criteria refer to the national standard of landscape
recreation water.

Yungang mine and Jiangjiawan coal mine annual
output of 3.3 million tons. The rivers of the mining
area are developed, with a basin area of 1210km2,
which is 74km in length and 50-600m in width. Due
to the vertical and horizontal surface gully of the
mining area, the atmospheric precipitation, the river
directly or indirectly recharge the goaf in the mining
area, thus forming a rich water resource in the goaf.
After field investigation, Field investigation show
that water accumulation occurred in 20 goafs of four
mines (Table 1).

#*584260 *6- $.;<260 The goaf of Jinghuagong15#-1, Jiangjiawan 7#-1, Jiangjiawan8#-1,
Qingciyao11#-1, Yungang2#-1 and Yungang12#-1
were sampled. The samples were numbered as QCY1 JHG-1, JJW-1, JJW-2, YG-1 and YG-2, respectively (Table 1). During sampling, the sampling barrel (5L plastic barrel) is washed three times with raw
water, and then the sample is loaded into a 5L plastic
barrel and sealed by a sealing strip, and is sent to the
geological and mineral research institute of Shanxi
Province to carry out for BOD5 (biochemical oxygen
demand), Ammonia Nitrogen, Turbidity and other
13 indicators. The test standard is based on GB/
T5750.6-2006, GB/T6820, GB/T7490, GB/T11892,
GB/T7489, GB/T750, GB/T7475, GB/T7488,
GB/T7494, GB/T11893, GB/T11894, GB/T11903,
GB/T,11910.

$"#$#

#<=-A*:.*Datong coalfield is located in the
southern side of the Tianshan-Yinshan zonal tectonic belt, belonging to the third uplift zone of the
New Huaxia system [15]. It is bordered by the Xishi
Mountains of Lv Liang's meridional structural belt in
the west and the Datong Basin in the east. Yungang
Mining Area is located in the north and northeast of
Datong coalfield (40º04′-40º10′N, 113°03′113°10′E) and is about 12.5 km from Datong City in
the west (Fig. 1a, b, c). The total covering area is
about 28.5 km.
There are 11 coal mines in Yungang Mining
Area. After considering the water supply position of
goaf, four coal mines close to Yungang Grottoes are
selected as sampling points (Fig. 1d, e, f, g). Totally,
Yungang mine Jinhuagong mine, Qingciyao mine,

%" 
7,*<2767/;<=-A*:.*?*<.:;*584.;*6-?*<.:;=884A87;2<276
261=*0760 !260,*2*7526. 2*6032*?*6 )=60*60 )=60*600:7<<7.; 17<7-./0*:.
-.:2>.-/:75<1.7//2,2*4?.+;2<.7/)=60*60:7<<7.;2620 
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Goaf area**
Research time
Sample No
Golf number
water yield*
11-1
1.6
3.8
-11-2
0.93
2.0
-12-1
32.8
40
-Jinhuagong
2017.8.17
12-2
3.1
4.6
-15-1
1.2
1.863
JHG-1
7-1
21.1
19.3
JJW-1
7-2
5.6
6.3
-7-3
8.5
4.3
-Jiangjiawan
2017.8.23
11-1
7.3
20.25
-11-2
5.42
6.28
-8-1
1.5
3.23
JJW-2
11-1
Qingciyao
50
46.7
2017.8.23
QCY-1
2#-1
45.3
50.1
YG-1
2#-2
9.7
11.1
-3#-1
14.9
2.5
-11#-1
3.0
5.8
-Yungang
2017.8.24
11#-2
2.7
5.5
-12#-1
0.9
1.6
YG-2
12#-2
2.3
3.1
-12#-3
3.9
5.2
-Note: *:/Ten thousand cubic meters, **:/Ten thousand square meters

58:7>.- .5.:7? ;A6<1.<2, 8744=<276 26
index. The  was interpreted: ≤1, safety; 1.0
-.@ 5.<17- The traditional Nemerow synthetic
≤2.0, slight; 2.0≤3.0, normal; 3.0≤5.0,
pollution index method only considers the influence
moderate; 5.0, serious. The pH, DO is a special
of the maximum pollutant on the evaluation system
index, the index is calculated by formula (5) and (6)
in water quality evaluation. Often, the peak of an indicator pollutant to be evaluated is very low, but the
water quality is greatly affected [16]. In this paper,
the maximum single factor pollution index in foris the pH standard value in formula (4).
mula (2) is modified by the  value of the high load
≥7,
 is 8.5≤7,  is 6.5.
index variable obtained by PCA. The single factor
≥
pollution index () and the improved Nemerow synthetic pollution index () are calculated according
to the following formula:
Location

<

In formula (5), (6),  is the saturated solution
value under water temperature;  is the standard
value of DO.

58:7>.- 8:26,28*4 ,75876.6< *6*4A;2;
 PCA is a commonly used multi-index statistical method. It is a method for characterizing the information carried by the whole test index with less
number of indexes in the environment according to
the actual requirement [17]. The main purpose of
principal component analysis in this paper is to calculate the variance contribution rate of the first n
principal components and the comprehensive score
of water quality. And then the index of high load in

In the formula,  is the measured value of the
index  (mg/L); is the standard value for the evaluation of the index , the standard adopted in this
study is the standard GB12941-91 for landscape entertainment; The  was interpreted: ≤0.8, safety;
0.8≤1.0, alarm; 1.0≤2.0, moderate; 2.0,
serious.  is the improvement index of the largest
single factor pollution index, is the number of high
load indexes in the first principal component;  is
the sum of single factor pollution index of the first 
term; F' is the average of the single factor pollution
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principal component analysis was selected to revise
the Nemerow synthetic pollution index. In this paper, the improved principal component analysis
method is used for logarithmic processing of all
transformed positive and inverse indexes when the
original data is dimensionless, in order to reduce the
"logarithmic" effect of positive and inverse index
conversion. Dimensionless processing can be calculated by formula (8):

ues are under the standard line. The exceeded standard indicators include Turbidity, Total Iron, BOD5,
Total Phosphorus(TP), etc. From the evaluation results, the Turbidity and Total Phosphorus of goaf
water in Qingciyao11#-1(QCY-1) and Jinghuagong15#-1 (JHG-1) were slightly exceeded, and the
other  values were less than 1; The indexes of exceeding the standard of goaf water samples in
Jiangjiawan are BOD5, Total Iron, TP. In Yungang2#-1 water sample(YG-1), the  value of Ammonia Nitrogen, Total Nickel and Total Zinc is beyond the standard. The Total Nickel  value reaches
10.5, which belongs to heavy pollution. Ammonia
Nitrogen, TP index in Yungang12#-1 water sample(YG-2) has a certain degree of exceeding the
standard, the other index single factor pollution index is less than 0.7. In addition, the author found that
the index of high pollution index shows consistency
in the water samples of different goaf of the same
mine. For example, the  value of BOD5 for the two
goaf water samples in Jiangjiawan Mine is 4.4, 9.3,
respectively. Similarly, the  values of the TP of the
two goaf water samples in Yungang Mine were 10.8
and 12.5. This shows that the pollution sources of the
goaf in the same coal mine have a certain similarity.

The original measurement value of as the index of the water sample in formula (8); is a logarithmic


"#%$##%##

$.;< :.;=4< Water quality test results of four
mines in Yungang mining area are shown in Table 2.
The indexes corresponding to - are Turbidity,
pH, DO (dissolved oxygen), PI (permanganate indices), BOD5, Ammonia Nitrogen, Total Iron, Total
Copper, Total Zinc, Total Nickel, Total Phosphorus,
Volatile Phenol, Anionic Surfactant. The pH of all
the water samples meet the requirements of national
standard, indicating that there is no acid mine water
in the six goaf. In addition, the Total Copper and Total Zinc value is far below the standard value, reflecting the very limited pollution of the metal ions on the
goaf.

'*<.:9=*42<A>*4=*<276+*;.-76 :26,28*4
75876.6<6*4A;2;Principal component analysis
is suitable for dimensionality reduction of variables
with high correlation. Before proceeding principal
component analysis, it is necessary to evaluate correlation between 13 variables [18, 19, 20, 21, 22]. It
is generally believed that when the correlation coefficient of most variables is greater than 0.3, the reliability of the results obtained by principal component analysis is higher [23]. Table 3 is the correlation
matrix of 13 variables. The correlation coefficient of
most index variables is above 0.3, and the correlation
of variables in line frame is more than 0.8. The principal component analysis method is suitable for this
study.

>*4=*<276 7/ ;2604. /*,<7: 8744=<276 26-.@
First, the single factor pollution index method is used
to evaluate the goaf water. The  value is calculated
from the formula (1,5, 6, 7). The solid line of single
factor pollution index scatter diagram (Fig. 2) is the
standard line of single factor pollution index. From
the whole, the  value of most of the indexes is in
the standard state. On the whole, most of the  val-
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Index*
(NTU)

(mg/L)
(mg/L)
 (mg/L)
 (mg/L)
 (mg/L)
 (mg/L)
 (mg/L)
(mg/L)
(mg/L)
(mg/L)
(mg/L)

QCY-1
3
7.49
6.91
0.79
3.59
0.03
0.509
<9E-5
<8E-4
0.02
0.0455
0.002
0.041

JHG-1
3
7
6.59
1.11
2.63
0.22
0.544
<9E-5
<8E-4
0.04462
0.06
0.002
0.048

JJW-1
10.5
7.11
6.64
1.03
17.77
0.38
1.026
<9E-5
<8E-4
0.064
0.064
0.002
0.05

JJW-2
3.5
6.84
6.42
0.71
37.05
0.24
1.035
<9E-5
<8E-4
0.1856
0.041
0.002
0.048

YG-1
1.7
6.61
6.89
5.82
3.93
0.89
0.423
<9E-5
<8E-4
0.526
0.216
0.005
0.05

Note: *:GB is the standard of water for landscape entertainment GB12941-91.
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YG-2
0.5
6.76
7.14
0.87
2.53
1.38
0.375
<9E-5
<8E-4
7E-5
0.245
0.002
0.05

GB*
7.65
6-9
4
6
4
0.5
0.5
0.01
0.1
0.05
0.02
0.01
0.2
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1.00
-0.06
-0.10
-0.64
0.40
-0.68
0.38
-0.07
-0.07
0.41
-0.50
-0.73
-0.28

























1.00
0.98
-0.31
0.26
0.14
0.75
-0.49
-0.50
-0.51
0.73
0.05
0.44

1.00
-0.31
0.19
0.15
0.69
-0.35
-0.36
-0.61
0.67
0.12
0.58

1.00
-0.83
0.31
-0.77
0.24
0.25
-0.01
0.18
0.80
0.01

1.00
-0.08
0.80
-0.60
-0.60
0.19
0.10
-0.82
-0.39

1.00
-0.03
-0.17
-0.17
-0.56
0.64
0.26
0.19

1.00
-0.71
-0.71
-0.11
0.45
-0.61
-0.03

1.00
1.00
-0.29
-0.66
0.46
0.54

1.00
-0.8
-0.66
0.45
0.53

1.00
-0.43
-0.46
-0.89

1.00
0.24
0.13

1.00
0.54

1.0

Note: correlation of variables in line frame is more than 0.8.

The three principal components can be interpreted as follows by the sign of the size of the coefficients in the linear expression: Synthesis of index
information of BOD5, Total Iron, Total Copper and
Total Zinc for the first principal component; the second main component is inversely proportional to the
Turbidity, pH, BOD5, Total Iron and Total Nickel;
the third main component mainly carries the information of pH, DO, Total Nickel and Anionic Surfactant.
The first major component loading is highly influenced by human activity, and the total iron and
total phosphorus load in this test are over 0.7, which
may be caused by mining activities and the supply of
surface water (Such as the Shili River in the study
area) [24]. In addition, Fe and Ni in goaf water is
generally derived from weathering of rocks, and the
excess of Fe and Ni in water samples may be related
to the oxidation reaction of pyrite in coal [25]. Finally, the principal component score and synthesis
score of each goaf water (Fig. 3) are calculated, in
which the positive and negative values of principal

The water in Yungang Mining Area is proposed
to be used as the water supply for Yungang grottoes.
Therefore, the related index values of landscape recreation water quality standard (GB12941-91) were
selected to participate in the analysis of principal
component analysis (PCA). After the treatment of
goaf water by principal component analysis (Table
4), the cumulative variance contribution of the three
principal components reached 89.805%. That is to
say, the water quality information of the goaf water
samples carried by the three principal components,
F1, F2, and F3, can reflect the water quality of all
water samples. The expressions are:
F1=-0.02+0.21+0.150.09+0.26 +0.13 +0.3 -0.43 0.43 +0.09+0.31-0.18-0.23
F2=-0.43-0.03-0.03+0.440.32 +0.31 -0.28 +0.05 +0.05 0.14+0.23+0.39X12+0.08
F3=-0.12+0.55+0.60.18+0.03 +0.18 +0.32 +0.01 +0.01 0.57+0.33+0.17+0.56
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component scores are caused by the data standardization, and the positive and negative values are only
used as references. From Figure 3, the national
standard scores on the three principal component
factors are lower, its comprehensive score is-2.19.
The comprehensive scores of all goaf water were
from low to high: Qingciyao11#-1 goaf water (QCY1), Jiangjiawan7#-1 goaf water (JJW-1), JJiangjiawan8#-1 goaf water(JW-2), JJinghuagong15#-1

Index
X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
Eigenvalue
variance /%
Cumulative variance /%

goaf water(JHG-1), Yungang2#-1(YG-1) goaf water
and Yungang12#-1(YG-2) goaf water. According to
the results of principal component analysis, it is
found that the water quality of the Qingciyao goaf
water is the best, and the quality of water samples
taken from the old goaf of Yungang Mine is poor.
Scores of all water sample did not reach the national
standard, and the treatment should be carried out before use.

$ 
:26,28*4,75876.6<*6*4A;2;:.;=4<;

PC1
PC2
-0.052
-0.882
0.471
-0.069
0.335
-0.057
-0.196
0.9
0.595
-0.665
0.306
0.645
0.672
-0.565
-0.987
0.098
-0.987
0.098
0.208
-0.293
0.716
0.475
-0.404
0.809
-0.512
0.167
5.169
4.215
39.763
32.424
39.763
72.186

PC3
-0.178
0.828
0.904
-0.273
0.04
0.267
0.48
0.021
0.013
-0.868
0.498
0.255
0.841
2.291
17.619
89.805


%" 
1*:<7/,758*:2;767/5*26,75876.6</*,<7:;,7:.;*6-5*26,75876.6</*,<7:;,7:.;2607*/?*<.:
3697

&%

# '  !

 





 !#!$ "#"



%" 
>*4=*<276:.;=4<;7/.5.:7?;A6<1.<2,8744=<27626-.@5.<17-
>*4=*<276 7/ '*<.: 9=*42<A =6-.: <1.
.5.:7? ;A6<1.<2, 8744=<276 26-.@ 5.<17-
Nemerow synthetic pollution index method is
widely used in water quality and soil assessment. Its
advantage is simple and direct quantitative analysis
of pollution degree [26, 27, 28]. The disadvantage is
its own "maximum effect". The maximum value of
an index variable will greatly increase the overall
synthetic pollution index , so that the evaluation is
distorted. In view of this phenomenon, Chinese
scholars have put forward some revised ideas [29,
30]. In this study, the average value(F'max) of the sum
of single factor pollution index(Fz) obtained by PCA
and maximum single factor pollution index(Fmax)
was used as the revised Fmax. That is to say, the forward water quality index, BOD5, Total Iron and TP,
which has the largest principal component load in
principal component analysis, is chosen as the revised index of Fmax. The  value is calculated by formula (2, 3, 4). The pre-and post-revised Nemerow
synthetic pollution index are shown in Figure 4.
Overall, the general trend of  value of the water
sample before and after the improvement is not
changed. The smaller  value of the water sample
reflects the low concentration of each pollution indicator, so the improved  value fluctuates very little.
On the contrary, the curve will be corrected when the
 value is large. For example, in Figure 4, the 
value of Yungang12#-1 goaf water(YG-2) is larger
than Yungang2#-1 goaf water(YG-1) by using the
traditional Nemerow synthetic pollution index
method, because of the "maximum value effect" of
the TP index of YG-2. The  value of Yungang2#1 goaf water(YG-1) calculated by the improved
method is larger than that of Yungang12#-1 goaf water(YG-2) because the Total Nickel and TP of YG-1
have larger  value but are ignored by the traditional
method. The improved  value reflects the water
quality more scientifically, which lays a scientific
foundation for the design of water treatment scheme.

In view of the water quality, the quality of
Qingciyao goaf water is better,  value is only 1.15,
and the  value is close to the national standard 
(1). The water quality of Yungang goaf water is the
worst in several mines, and the  value is above 4.
This is in agreement with the results obtained from
the principal component analysis.
%#

1.The surface water resources of Datong Mining Area are collapsing. But the Yungang Mining
Area has large amount of water stored in the numerous goafs, which is a great use to Yungang Grottoes
Scenic spot. After the resource utilization of goaf
water, giving priority to the supply of Yungang Grottoes scenic area is of great significance for the protection of the world-class cultural relics. At the same
time, it can also ease the water shortage in Datong
Area.
2. According to the evaluation results of single
factor pollution index method, the water quality pollution index mainly includes Turbidity, BOD5, Total
Iron and Total Phosphorus. The single factor pollution index of some goaf water is higher, such as the
 value of BOD5 index reaches 9.2 in Jiangjiawan8#-1 goaf water, and the  value of the Total
Nickel and Total Phosphorus reaches 10 in Yungang
2#-1 goaf water as well.
3. According to PCA and Nemerow synthetic
pollution index method, water resources in goaf can
be used after certain treatment. The water quality of
Qingjingyao goaf water is the best, and its principal
component scores and  are -0.38 and 1.15 respectively, while the water quality of Yungang mine is
the worst.
4. The main pollution sources of goaf water in
Yungang Mining Area are dust and pulverized coal,
excretion of underground workers, waste oil and so
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on. According to the water quality standard of landscape recreation water, water can be supplied to Yungang Grottoes after the treatment of flocculation,
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phase [14-17]. Since the pioneering work of Modell
and co-workers [18-20], research on SCWG has produced a diversified set of experimental data covering
a large variety of experimental conditions.
In this study, SCWG was applied to treat corn
stalk in a 0.7 L batch autoclave under the experimental conditions of 24-40 MPa, 803-953 K, and
residence time of 110-140 s. The present study reports on the operational features of SCWG for carbon gasification ratio (CG), hydrogen gasification
ratio (HG).


&!#

66(7(9:8 (4+ 3,9/5+ All the experiments
were performed in a continuous Inconel 625 flow reactor. The apparatus includes feed system, preheater,
reactor, condenser, gas-liquid separator and backpressure regulator. SCWG of corn stalk was carried
out in a 0.7 L batch autoclave. Firstly, water and corn
stalk (40 g) was put into the reactor, and then the system was flowed by nitrogen to remove the air within
the system; the valves around the reactor were closed
when the air was removed entirely. Liquid samples
(ca.20 mL) were periodically withdrawn from the reactor and analyzed.

/,30*(2(4(2<808The gas samples were analyzed according to ASTM D2597-2010 and DIN
51872-4-1990 methods, through a Perkinelmer Clarus 680 model GC coupled with two TCD and one
FID detectors.
Two parameters, carbon gasification ratio
(CG), hydrogen gasification ratio (HG) will be discussed as the measure of organic compound destruction and gasification efficiency in the SCWG of corn
stalk. The CG and HG are defined as Eqs. (1) and
(2).

New data were obtained for production of CH4
by gasification of corn stalk in supercritical water in
a continuous Inconel 625 flow reactor. The gasification reactions were carried out at 803-953 K, 24-40
MPa and residence time of 110-140 s. The effects of
pressure, residence time, temperature on gasification
efficiency were studied. The results indicated that
pressure change had no significant influence on gasification efficiency. Higher temperature and longer
residence time enhanced gasification efficiency, and
lower temperature favored the production of H2. The
carbon gasification ratio and hydrogen gasification
ratio were up to 97% and 132% at 953 K and 140 s,
respectively, which demonstrated that corn stalk can
be completely gasified in SCW.


'%!"
Supercritical water, Corn stalk, Gasification, H2 production
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The problem of the greenhouse effect and
global climate change due to the consumption of oilbased fuels, has attracted more and more attention all
over the world [1-3]. It has become an important research area for replacement of petroleum with nonfossil energy sources such as biomass, nuclear, solar
and wind energy. Lignocellulosic biomass, the most
abundant sustainable feedstock in the world, is the
only non-fossil energy source which can be converted into liquid, solid and gaseous fuels, as well as
other chemicals. It mainly consists of lignin (15–
25%), cellulose (38–50%) and hemicellulose (23–
32%) [4-6]. The efficient production of biomass-derived fuels and high value-added chemicals requires
the utilization of both hemicellulose and cellulose,
which mainly contains of C5 and C6 sugars, respectively [7, 8].
Supercritical water gasification (SCWG) is a
well known process suitable for converting high-water-content biomasses [9-13]. SCWG promises a
rapid, direct route to gases like H2, CO, CO2 and CH4
without char formation and without the variety of
products that have to be recovered from the aqueous

 =

 
× 100%(1)


 
×100%(2)
 
Where, CPG is the carbon amount in the gas
product; COC is carbon amount in organic compounds, HPG is the hydrogen amount in the gas product; HPG is the hydrogen amount in organic compounds.
 =
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The effect of pressure on gasification of corn stalk
was investigated. As it is shown in Fig.1, changing
of the reaction pressure had no significant influence
on CG and HG, and it has been proved by lots of

researchers. Boukis et al. [21] confirmed that the
pressure variation during 25–45 MPa had no evident
effect on the gas composition and conversion at 873
K and 15 s in the course of SCW reforming methanol. Antal et al. [22] found that an increase in pressure from 28–34.5 MPa had no significant effect on
the gas composition or yields by investigating the

3702

$#

! %

    





!"  ! 


Figure 3 showed the variation of RCG and RHG
to reaction temperature and residence time, respectively. All the CG and HG increased with temperature and residence time increasing. CG reached 97%
at 953 K and 140 s, and it is suggested the corn stalk
is almost decomposed completely and all of the decomposed organic carbon has been already converted to gas. HG reached 132% at 953 K and 140 s,
which indicated some of H2 in the product gas comes
from water in the SCWG process.

gasification of sugarcane bagasse in a cornstarch gel.
However, in this study, the CH4 molar fraction increased from 23.2% to 29.3% and the content of H2
decreased from 37.4% to 31.5%, and CO decrease
from 21.6% to 16.4%.
Figure 2a, 2b, 2c and 2d showed the results of
corn stalk gasification in SCW at 32 MPa, 803-953
K, and 110-140 s. At first H2 molar fraction increased and the peak value was obtained at 803 K
and 953 K with residence time 110 s and 120 s, respectively, however, the peak value was obtained at
903 K with residence time from 130 s to 140 s. It
may be concluded that the highest H2 molar fraction
can be obtained at a lower temperature with residence time increasing.
Minowa and Ogi [23] suggested that the CH4
was not only produced by the methanation reaction
of H2 and CO, but also by H2 and CO2 in SCWG of
organic compounds, and both the reactions could be
accelerated with the increase of temperature and residence time. Thus, the methanation reactions become dominant in the SCWG system with the increase of temperature and residence time, and then,
the H2, CO and CO2 are consumed. So the molar
fraction of H2 was reduced and the content of carbon
dioxide did not increase significantly. Finally, the
H2, CO, CH4 and CO2 come to equilibrium.

$""
In this study, the performance of supercritical
water gasification (SWG) was investigated for the
corn stalk treatment at 803-953 K, 24-40MPa and
residence time of 110-140 s. The results showed that
H2 can be obtained by the gasification of corn stalk
in SCW. Higher temperature and longer residence
time enhanced gasification efficiency, and lower
temperature favored the production of H2. Corn stalk
can be converted to H2, CO, CH4 and CO2 completely; CG and HG reached 97% and 132%, respectively, at 953 K and 140 s, which demonstrated that
phenol can be completely gasified in SCW.


100

803 K
853 K
903 K
953 K

RCG (%)

80

60

40

20

0
110

120

130

140

Residence time (s)

(
140
120

RHG (%)

100
80
803 K
853 K
903 K
953 K

60
40
20
0
110

120

130

140

Residence time (s)

)
$! 
--,*95-7,80+,4*,903,54!!(9 ( = ()7,67,8,499/,!(4+!
7,86,*90;,2<

3703

$#

! %

    





!"  ! 


%#"

[12]Arpornwichanop,
A.,
Boonpithak,
N.,
Kheawhom, S., Ponpesh, P., Authayanun, S.
(2014) Performance Analysis of a Biomass Supercritical Water Gasification Process under Energy Self-sufficient Condition. Computer Aided
Chemical Engineering. 33, 1699.
[13]Azadi, P., Farnood, R. (2011) Review of heterogeneous catalysts for sub- and supercritical
water gasification of biomass and wastes. International Journal of Hydrogen Energy. 36, 9529.
[14]Savage, P.E. (2009) A perspective on catalysis
in sub- and supercritical water. The Journal of
Supercritical Fluids. 47, 407.
[15]Sinağ, A., Gülbay, S., Uskan, B., Canel, M.
(2010) Biomass decomposition in near critical
water. Energy Conversion and Management. 51,
612.
[16]Williams, P.T., Muangrat, R., Onwudili, J.A.
(2010) Influence of alkali catalysts on the production of hydrogen-rich gas from the hydrothermal gasification of food processing waste.
Applied Catalysis B: Environmental. 100, 440.
[17]Güngören-Madenoğlu, T., Üremek-Cengiz, N.,
Sağlam, M., Yüksel, M., Ballice, L. (2016) Catalytic gasification of mannose for hydrogen production in near- and super-critical water. The
Journal of Supercritical Fluids. 107, 153-162.
[18]Ramzi C., Onwudili, J.A., Biller, P., Williams,
P.T., Ross, A.B. (2016) Hydrogen production
from the catalytic supercritical water gasification of process water generated from hydrothermal liquefaction of microalgae. Fuel. 166, 2428.
[19]Kang, K., Azargohar, R., Dalai, A.K., Wang, H.
(2016) Systematic screening and modification
of Ni based catalysts for hydrogen generation
from supercritical water gasification of lignin.
Chemical Engineering Journal. 283, 1019-1032.
[20]Guan, Q., Huang, X., Liu, J., Gu, J., Miao, R.,
Chen, Q., Ning, P. (2016) Supercritical water
gasification of phenol using a Ru/CeO2 catalyst.
Chemical Engineering Journal. 283, 358-365.
[21]Boukis, N., Diem, V., Habicht, W., Dinjus, E.
(2003) Methanol reforming in supercritical water. Ind. Eng. Chem. Res. 42, 728-735.
[22]Antal Jr., M.J., Allen, S.G., Schulman, D., Xu,
X., Divilio, R.J. (2000) Biomass gasification in
supercritical water.Ind. Eng. Chem. Res. 39,
4040-4053.
[23]Minowa, T., Ogi, T. (1998) Hydrogen production from cellulose using a reduced nickel catalyst. Catal. Today. 45, 411-416.

This is supported by Doctoral Scientific Research Foundation of Guangdong Ocean University.


!!"

[1] Zhi, Z., Li, N., Qiao, Y., Zheng, X., Wang, H.,
Lu, X. (2015) Kinetic study of levulinic acid
production from corn stalk at relatively high
temperature using FeCl3 as catalyst: A simplified model evaluated. Industrial Crops and
Products. 76, 672-680.
[2] Xu, Z., Li, W., Du, Z., Wu, H., Jameel, H.,
Chang, H.M., Ma, L. (2015) Conversion of corn
stalk into furfural using a novel heterogeneous
strong acid catalyst in γ-valerolactone. Bioresource Technology. 198, 764-771.
[3] Sui, W., Chen, H. (2015) Water transfer in
steam explosion process of corn stalk. Industrial
Crops and Products. 76, 977-986.
[4] Liu, L., Ju, M., Li, W., Liu, Y., Huang, X.
(2015) Influence of solid alkali application on
corn stalk dissolution and degradation in solvent
systems. Polymer Degradation and Stability.
120, 98-106.
[5] Sun, Y.-G., Ma, Y.-L., Wang, L.-Q., Wang, F.Z., Wu, Q.-Q., Pan, G.-Y. (2015) Physicochemical properties of corn stalk after treatment using
steam explosion coupled with acid or alkali.
Carbohydrate Polymers. 117, 486-493.
[6] Sui, W., Chen, H. (2015) Study on loading coefficient in steam explosion process of corn
stalk. Bioresource Technology. 179, 534-542.
[7] Fathi, M.R., Asfaram, A., Farhangi, A. (2015)
Removal of Direct Red 23 from aqueous solution using corn stalks: Isotherms, kinetics and
thermodynamic studies. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy. 135, 364-372.
[8] Jiang, W., Peng, H., Li, H., Xu, J. (2014) Effect
of acetylation/deacetylation on enzymatic hydrolysis of corn stalk. Biomass and Bioenergy.
71, 294-298.
[9] Ding, N., Azargohar, R., Dalai, A.K., Kozinski,
J.A. (2014) Catalytic gasification of cellulose
and pinewood to H2 in supercritical water. Fuel.
118, 416.
[10]Lu, Y.J. Zhu, Y.M., Li, S., Zhang, X.M., Guo,
L.J. (2014) Behavior of nickel catalysts in supercritical water gasification of glucose: Influence of support. Biomass and Bioenergy. 67,
125.
[11]Alauddin, Z.A.B.Z., Lahijani, P., Mohammadi,
M., Mohamed, A.R. (2010) Gasification of lignocellulosic biomass in fluidized beds for renewable energy development: A review. Renewable and Sustainable Energy Reviews, 14,
2852.

3704

$#

! %

    





!"  ! 



!,*,0;,+
**,69,+


   
   

!!"$#!

04.&:
School of Mechanical and Power Engineering,
Guangdong Ocean University,
Jiefang Road 40,
Xiashan District,
Zhanjiang City 524025 – China
e-mail: wangshicheng9800@163.com

3705

%$

" &

     





 " #!"!


    
" #   
! #)


5$/$".4$%,$6$.$+''(04$-+1.17'.$0$0%(+ $9),3.06$4:
School of Agriculture, Department of Plant Protection, University of Jordan, Amman 11942, Jordan

  

Tobacco whitefly (WF)# ) * (Gennadius) (Hemiptera: Aleyrodiae) has been considered as a major pest on many host plants worldwide. Three  ""+) spp.: )+* " ) (Bs) #-
"%" '+ $) (Ba) and  *+( $ $) ) var.
!+()*!  (Bt) were tested for their effects on WF
eggs, nymph and adults mortality. Bs and Bt were
the most efficient  ""+) strains on WF adults
compared to Ba and T20 treatments. Bs and Bt efficacy against nymphs were more significant than
that in T20 treatment. Meanwhile, Ba and T20 had
no significant effect on nymph's mortality. All
strains have no significant effect on WF eggs. Biological control of  * using  ""+) pathogens is vital and an evolving approach that needs to
be investigated carefully and its ecological safety
made it necessary for scientists and farmers to be
aware of its importance.

hazards; one of these alternatives is the use of bio
insecticides that contain microorganisms or their biproducts. Bio insecticides have valued importance
because their toxicity to animals and human is very
low. Compared to insecticides, they are safe for
both, farmers and consumers. Although chemical
insecticides are more commonly used in the world,
some bio control agents can replace them [8]. A
number of biological control agents such as bacteria, fungi, viruses, pheromones, and plant extracts
have been used for the control of insect pests that
attack many agricultural crops [9, 49]. The most
widely used in the world are preparations of  "
"+)*+( $ $) ) (Bt) [10]. The insecticidal activity
of (Bt) is due to containing parasporal inclusions
produced during sporulation. Bio insecticides based
on the proteinaceous-endotoxin of (Bt constitute
part of a more ecologically rational pest control
strategy [11]. Bt strains have been isolated worldwide from different habitats, including soil, insects,
stored-product dust, and deciduous and coniferous
leaves [12]. Plant growth-promoting rhizobacteria
(PGPR) are defined as beneficial bacteria that live
freely in the soil, rhizosphere, rhizoplane, and phylosphere [13]. PGPR promotes plant growth either
by affecting plant metabolism directly through supplying the plants with substances that are usually in
short supply such as nitrogen, phosphorus and iron.
Additionally, they enhance producing hormones
and improve stresses tolerance in the plants. Moreover, a biocontrol-PGPB, promote plant growth
indirectly by preventing harmful effects of some
phytopathogenic bacteria, fungi, nematodes and
viruses [14, 49].
 )+* " ) is one of the widely soil studied
bacteria for plant growth promotion [15]. Its success is due to rapid surface colonization of plant
through biofilm formation [16] and offers many
advantages to crops including increase in yield [17]
and offers a role of systemic resistance against a
variety of fungal and bacterial pathogens, and few
phloem feeders [18].  #-"%" '+ $) is also
one of the most persistent and abundant bacteria in
rhizospheres [19] with anti-pathogen activities [20].
It helps plant to take essential nutrients and therefore reduces the rates of fertilizer application [21],

#"
 ""+) )+* " ) (Bs)  #-"%" '+ $) (Ba) and 
*+( $ $) )var. !+()*! (Bt), Tween20, Whitefly stages

 ! 
Tobacco whitefly (WF)# ) * (Gennadius) (Homoptera: Aleyrodiae) has been considered as a major pest on more than 500 host plants
worldwide [1] including vegetables, wild crops,
ornamental plants [2] and greenhouse crops [3]. In
Jordan, WF is a key pest of vegetables [4, 49]. The
crop damage could be directly by excessive sap
removal, or indirectly by promoting the growth of
sooty mould, inducing systemic disorders through
feeding, or by transmitting viruses [5, 6, 49], such
as tomato yellow leaf curl virus (TYLCV) and cucumber vein yellowing virus (CVYV). These viruses are major trouble to tomato and cucurbits crops,
which could cause yield reductions ranging from 50
to 100% [7, 49].
Alternative methods for insect control could
provide acceptable levels of pest control with lower
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and it was found to improve yield in lettuce and
other vegetables [22].
The beneficial effects of PGPR are believed to
occur, to a certain extent, as a direct consequence of
a resistance response known as 'induced systemic
resistance' (ISR) [23, 24]. The ISR is a plant defence state that is associated with an enhanced resistance to broad range of pathogens [25]. However, the ISR produced by PGPR does not require
substantial reprogramming of the transcriptome,
since changes in gene expression are usually weak
or undetectable [26]. In contrast, ISR is characterized by the establishment of a primed state for defence in which defence-related responses are induced more rapidly upon pathogen or insect attack,
thereby leading to an augmented and metabolically
less costly state of resistance [25, 27, 28, 29].
The genus  ""+) includes several beneficial
PGPR species and related strains e.g&+# "+)
&)*+(   #-"%" '+ $) and  )+* " )
which are often utilized as a bio-control agent [12].
These bacteria can promote growth and provide
plant protection by antibiosis and/or ISR elicitation
in many crops. For example reduced insect herbivores in cucumber [30]; however ISR caused reduction of )-( $&,* in the field and greenhouse [31] and (%$%)&%(* $ [32]. Another
example for the ISR response was in the field and
greenhouse against the cucumber mosaic virus [33]
and tomato mottle virus [34], respectively. Recently, inoculation of )+* " ) to soilless tomato crops
grown under greenhouse conditions provided the
resistance of tomato to the whitefly  * [35].
It is the aim of this study to test three  ""+) spp.:
 )+* " ) (Bs)  #-"%" '+ $) (Ba) and 
*+( $ $) ) var. !+()*!  (Bt) for their effects on
WF eggs, nymph and adults mortality.





 " #!"!

condition and irrigated as needed. Whiteflies were
reared under greenhouse conditions and identified
according to Carver and Reid [36]. A whitefly culture was established and maintained at the greenhouses at the Department of Plant Protection, Faculty of Agriculture at University of Jordan. WF
colonies were kept in (1×1×1m) cages covered with
fine mesh on all sides. A continuous supply of new
cauliflower plants were provided as needed for the
colony replenishment.

146$.,6: ))(&65 1)   22 10
'7.65 0':/2+$.056$4$0'**51) 
  The effect of the  ""+) strains on the different stages of WF was studied under laboratory
conditions using a leaf-dip bioassay according to
Liu and Stansley [37] and $, ,% under greenhouse
conditions depending on the life stage. 
For each WF stage (adult, nymph, egg), four
treatments were used: 
Treatment 1   #-"%" '+ $) (1 x 108
CFU/ml).
Treatment 2 )+* " )(1 x 108 CFU/ml).
Treatment 3   *+( $ $) ) var. !+()*! (1
x 108 CFU/ml).
Treatment 4 control (distilled water)
Treatment 5: 10 ml of distilled water with 50
µl Tween 20.

"+,6().: $'7.6 Five treatments were considered for the adult stage. For treatment 1: 30-daysold cauliflower seedlings (Solid Snow) were used.
One leaf of the cauliflower plant/treatment was
dipped separately for approximately 5 second in 10
ml of the suspension ( #-"%" '+ $) (1x108
CFU/ml), 24 hrs old with 50 µl Tween 20) then airdried on a filter paper for 2 hrs. and placed in a Petri dish (9-cm in diameter) lined with a wetted filter
paper, and then inoculated with 20-30 adult individuals, labelled, and left under glass house condition (20±5 ºC; 50-70% RH). Treatment 1 was replicated four times. Adults were counted daily for
three days and mortality percentages were calculated.
Similarly, for the treatment 2, 3, 4, and 5, the
procedure followed for treatment 1 was followed
except that bacteria was changed to  )+* " ) in
treatment 2, and  *+( $ $) ) var. !+()*! in
treatment 3, distilled water in treatment 4, and 10
ml of distilled water with 50 µl Tween 20 in treatment 5.


  

$&6(4,$. 64$,05 Three  ""+) spp. were
used in this study:  ""+) #-"%" '+ $)  
 ""+) )+* " ) and  *+( $ $) ) Information
regarding the three  ""+) spp. are presented in
Table 1.
04,&+/(061)$&6(4,$.64$,05A bacterial
mass from each of the  ""+) strains were inoculated separately into nutrient broth (16g in one liter
distilled water sterilized by autoclaving at 121 °C
for 15 minutes) amended with 0.10 % Tween 20.
The inoculated tubes were placed overnight on orbital shaker at 37 ºC± 2 ºC at 150 rpm.

     7.674( A three weeks-old
cauliflower (Solid Snow) transplants at the primary
leaf stage were individually transplanted into a
plastic pot (15 cm diameter) filled with (1: 1/soil:
sand). Plants were kept in cages under greenhouse

"+,6().:0:/2+5. WF nymphs were subjected to five treatments as previously described (see
section 3.4.1) for the WF adults ( #-"%" '+
 $) in treatment 1  )+* " ) in treatment 2, 
*+( $ $) ) var. !+()*! in treatment 3, distilled
water in treatment 4, and 10 ml of distilled water
with 50 µl Tween 20 in treatment 5. For each
treatment, 30-days-old cauliflower seedlings were
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used. One leaf of the cauliflower seedlings was
inoculated with 20-30 nymphs which was dipped
separately for approximately 5 s in 10 ml of the
treatment suspension then air-dried on filter paper
for 2 h and placed in a Petri dish (9-cm in diameter)
lined with a wetted filter paper, labelled, and left
under green house conditions (20±5 ºC; 50-70%
RH). Nymphs were considered dead if it is shrivelled or if its colour changed to brown when compared to the normal pale yellow color [38].





 " #!"!

according to Henderson and Tilton formula
(1955). Thereafter, mean separation between the
treatments mortality was done using one way
ANOVA.
! 

))(&6 1) $&6(4,$ 64$,05 10 ,))(4(06
"+,6().: 6$*(5 ))(&6 1) %$&6(4,$ 564$,05 10
9+,6().: $'7.65 The mean mortality of adults was
correlated to the strain type (treatment), maximum
mortality was in Bs treatment, with the highest value of 41.38%. However, T20 treatment has the
lowest mortality of 3.8% (Figure 1). There was a
significant difference between Bs and the other
treatments (T20, Ba and Bt). On the other hand,
there was no significant difference between Bt and
Ba.    = 5.16,  = 0.016 (Table 2).

))(&61)%$&6(4,$564$,05100:/2+$.56$*(5
1) 9+,6().:The highest mean mortality was in Bt
with 33.6%. Nymph’s mortality in T20 treatment
was the lowest with 5.1% (Figure 2). There was no
significant difference between the bacterial strains
but there was a significant difference between Bs,
Bt and T20 and no difference between Ba and T20
(   = 5.01,  = 0.034) (Table 2).

** 56$*( For egg stage, cauliflower seedlings (Solid Snow) were placed in the rearing room
(cages), and left for 24 hrs to get WF-egg infested
cauliflower seedlings. One infested leaf of the cauliflower seedlings was dipped separately for approximately 5 s. The same treatments used for
white fly adults and nymphs were also used for egg
stage. After that, the leaves were air-dried on a filter paper for 2 hrs and placed in a Petri dish (9-cm
in diameter) lined with a wetted filter paper, labelled, and left under conditions (20±5 ºC; 50-70%
RH). Each treatment was replicated four times. The
numbers of viable eggs were counted daily for three
days. Eggs were considered unviable if it is shrivelled or if its colour changed to black colour [38].

6$6,56,&$. 0$.:5,5 Data for strains efficacy
% on WF adults, nymphs and eggs were corrected


 
0)14/$6,10$%176%$&6(4,$.564$,0575(',06+,5567':
 52
#-"%" '+ $)
)+* " )
*+( $ $) )
subspecies !+()*! (*!)

156
Mint
Olive

1&$6,10
Madinah, KSA
Amman, Jordan

Formulated as powder

#($4
2014
2016

174&(
Taibah University
Jordan University

2013

NCARTT
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))(&61)6+4(( 564$,056$5$0' 9((0 1061%$&&19+,6().:$'7.650:/2+5$0'(**5
/146$.,6:
"+,6().:56$*(
Mean of adult
mortality ±SE
Mean of nymph
mortality ±SE
Mean of egg
Mortality ±SE

4($6/(06


$

6

5



3.80±2.072b

11.20±5.588b

12.40±3.897b

41.40±10.448a

22.49

5.10 ±5.101b

19.60±4.037ab

33.60±6.360a

24.30±4.774a

18.28

1.75 ±0.892a

3.00 ±1.274a

4.51±1.482a

2.25±0.892a

4.14

*Means followed by different letters within each row are significantly different (p < 0.05) using LSD. Bt: 
*+( $$) ), Ba: #-"%" '+  $), Bs: )+* " ), T20: Tween20.

! 
($0/146$.,6:1)9+,6().:0:/2+$.56$*(&$75('%:6+4(( 52270'(4*4((0+175(&10',6,105
6$  5  9((0 
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against larvae and adults of (%)%& " #"$%
)*( due to the different inclusions [44] and due
to the endo-and exotoxins they produce [45]. Crystal proteins have been reported in  )+* " ) [46].
On the other hand, a biosurfactant has been isolated
from  #-"%" '+ $) and has a pesticidal effect on mosquito [47] and &%%&*( " **%(" )
[48].

))(&6 1) %$&6(4,$. 564$,05 10 (** 56$*( 1)
9+,6().: Egg mortality was very few in all treatments. Mean egg mortality was in its maximum in
Bt treatment (Figure 3) with 4.51% mortality. There
was no difference between the three bacterial
strains and T20 (Table 2) (     = 0.81,  =
0.52).


!

" 
The current study aimed to test the effect of
different  ""+) spp. as PGBR on cauliflower
plant and on whitefly  * different stages
mortality in vitro and under greenhouse conditions.
 * is a globally devastating and harmful
sucking insect that feeds directly as nymphs and
adults on the plants, transfer many plant viruses
mainly # $ viruses [39, 40, 49], and excrete
honeydew that helps the development of sooty
mold and indirectly affect the photosynthesis [41,
49]. It is difficult to control this pest conventionally
due to its high reproductive rate and preference to
habitat on the under surfaces of leaves [42, 49].
Biological control is one of the good alternative
solutions to pesticides for fighting this pest, because
it is environmentally friendly and effective against
pathogens that are difficult to control by conventional means [43].
Results from our study indicated that the tested  ""+) strains-treated plants significantly increased the mortality of the different whitefly stages. Bs and Ba which promoted the plant growth had
also the highest negative effect on survival of
nymph and adult development of whitefly. Induced
systemic resistance and growth promoting could be
one explanation for this result. ISR is a latent defence that is activated only after the plant is under
pathogen or pest attack [27]. Our outcome was in
agreement with many earlier studies. For example,
Hanafi et al. [35] found that inoculation of tomato
plants with a PGPR Bs strain led to a significantly
lower survival of  * ) nymphs and pupae.
Valenzuela-Soto et al. [18] found that  )+* " )
inoculation on tomato plants retarded the development of  * . The results were not obvious
until the 28th day of the experiment where the
numbers of 4th instar nymphs, pupae, empty pupal
cases, and emerged adults were reduced. That study
demonstrated growth promoting and ISR establishment due to PR protein genes in response to 
* infestation. Moreover, Murphy et al. [34]
found that certain strains  ""+)sp., i.e #-"%
" '+ $) )+* " ), and &+# "+) reduced the
number of the silver whitefly WF ((# ) ($
* %" ) significantly. Crystal inclusions could be
another explanation for increasing mortality of the
different stages of whitefly. In two studies conducted by Obeidat,  *+( $$) ) isolates collected
from different habitats in Jordan exhibited toxicity
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against infections. One of the factors involved in the
formation of antimicrobial resistance is the polymeric matrix structures called biofilm, which the microorganisms create by adsorbing to the biotic and
abiotic surfaces that let them survive in various environmental conditions [1-3]. The sessile microorganisms within biofilm are reported to be much more
resistant to antimicrobial agents owing to the biofilm
matrix. Therefore, it is important to understand the
mechanisms and environmental conditions controlling biofilm formation in order to reduce the microbiological risk associated with biofilm [4].
#    is a nosocomial bacterium causing biofilm-associated chronic infections.
Increasing resistance problem against antimicrobials
and biofilm structures produced by microorganisms
raised the importance of studies for finding new therapeutic agents. In this respect, plant extracts and the
effects of their components on resistant microorganisms and their biofilm structures draw the attention
of many researchers [4-5].
  L. is an important medicinal plant with different pharmaceutical uses 
  has been used for the treatment of numerous diseases such as malaria, hemorrhoids, headache, bleeding disorders, cough, flu, pneumonia,
high blood pressure, eczema, psoriasis for centuries
[6].
The genus of Achillea, which belongs to the
family of Asteraceae, is represented by more than
140 species all over the world. About 40 species of
Achillea grow in Turkey.   , which is
known as “civanperçemi” colloquially, is considered
as one of the oldest medicinal plants in our country.
The species of   is represented by two
sub-species in its Turkey flora [7-8].
The antimicrobial effects of   ,
which is used for the treatment of many diseases
from past to present, against   which shows
resistance to a large number of antibiotics in the studies on antibiotic susceptibility as well as its potential
efficacy on the biofilm were investigated in this
study. The results obtained are considered to contribute to the studies for developing alternative agents
against the microbial resistance problem which increases every passing day and to the literature.



This research was conducted to investigate the
anti-biofilm and antimicrobial activities of essential
oil from   L. (EOAM) on clinical
isolates of #    , as well as its
chemical composition, and cytotoxic activity. The
chemical composition of EOAM was analyzed by
gas chromatography. Antimicrobial and antibiofilm
activities were determined by broth micro-dilution
method. Colorimetric assay was used to assess its cytotoxicity on human osteosarcoma (MG63), human
breast cancer (MCF-7), and mouse fibroblast (L929)
cell lines. Viability in the biofilm was studied using
2,3-bis (2- methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) assay. 3-Cyclopenten-1-one,
2-hydroxy-3-(3-methyl-2-butenyl)
(28.94 %), piperitone oxide (25.74 %), carvacrol
(15.41 %), eucalyptol (5.16 %) and limonene (3.23
%) were the major components of the essential oil.
IC50 value was found to be 28.07 μg/mL, 19.02
μg/mL, 41.35 μg/mL in the MCF-7, MG-63, and
L929 cell line, respectively. Minimum inhibitory
concentration (MIC) values were found in the range
of 12.5-25 μl/mL, whereas bactericidal activities
reached higher concentrations values in the order of
25 and 50 μl/mL. Minimal biofilm inhibition concentration (MBIC) value was found to be 1.56-12.5
(μl/mL) while minimal biofilm eradication concentration (MBEC) value was found to be 6.25-50
(μl/mL). EOAM damaged viability in the biofilm at
MIC value by 35.3-94.3 %. These findings suggest
that EOAM contains components that may be useful
for the development of potential phytotherapeutic
agents against    infections.


#! 
 , #   , Essential oil,
Anti-biofilm, Antimicrobial activity





Pathogenic microorganisms pose a great risk in
terms of environment and public health due to the infections they cause. Also, the resistance mechanisms
developed by these microorganisms against antimicrobial agents cause important problems in fighting
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-$/4 .$4(2,$- $/' (742$&4,0/ The aerial
parts of   were collected in July of 2017
in Sivas city of Turkey. Plant sample was identified
by a qualified person (taxonomist) in Cumhuriyet
University and verified using Flora of Turkey. For
extraction processes, plant samples were dried at
room conditions. The aerial parts were ground before
the essential oil was extracted by hydro distillation
method using the Clevenger apparatus.

+(.,&$- &0.103,4,0/ 0) 4+( (33(/4,$- 0,-.
Analysis and identification of essential oil was determined by GC apparatus using a Perkin- Elmer Clarus
500 Series GC system equipped with a flame ionization detector (FID) and BPX-5 apolar capillary column (30 m x 0.25 mm, 0.25 m i.d.) connected to a
mass spectrometer [9].

(-- &5-452( Human osteosarcoma (MG63),
human breast cancer (MCF-7), and mouse fibroblast
(L929) cell lines were supplied by America Type
Culture Collection (ATCC). The medium environment that we used in our study was DMEM, containing 10 % fetal bovine serum (FBS), 1% L-glutamine,
100 IU/mL penicillin and 10 mg/mL streptomycin.
Cell lines produced using DMEM would be reproduced at 37°C, in an oven with 95% humidity and
5% CO2. 

840407,&,48$33$8Cytotoxicity effects of essential oil of    (EOAM) on MCF-7,
MG63, and L929 cells were determined by XTT (2,
3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenyl
amino) carbonyl]-2H-tetrazolium hydroxide). XTT
solution was prepared by mixing XTT agent (Labelling reagent)/ activation agent (electron coupling reagent) at 50/1 ratio. The intensity of the orange color
resulting from formazan is proportional to the number of live cells. Microtiter plates (96-well) were
used to seed the cells to a concentration of 1 × 105
cells/mL in a 100 μl final volume for each well. After
24 hours, the cells were treated with varying concentration EOAM between 6.25-100 µg/mL. The cells
were then incubated for 24 h and 48 h at 37 0C in a
humidified atmosphere containing 5 % CO2. The cell
viability was determined according to the intensity
of the orange color observed at the end of the incubation period, which was measured in microplate
reader (Thermo Scientific Microplate Photometer,
Multiskan FC, USA) in the reference range of 450
nm. All absorbance were compared to control samples (cells without any test compound) which represented 100% viability. Cell viability was determined
as in Eq1 [10].
Cell viability (%) = 100 – [OD sample – OD
blank] / [OD pozitif control – OD blank] ×100…..1
Where OD blank and OD positive control are
the absorbance of dead cell with DMSO and viable

cell respectively.

,&2002*$/,3.3
#    
strains used in the study were isolated in the Clinical
Microbiology Laboratories of Cumhuriyet University Hospital between 2016 and 2017. The bacteria
were identified using the matrix assisted laser desorption ionization-time of flight mass spectrometry
(MALDI-TOFMS) automated microbiology system. 

6$-5$4,0/ 0) $/4,%$&4(2,$- $&4,6,48 The
broth microdilution method employed for the determination of antimicrobial activities of EOAM was
done according to the protocol of National Committee for Clinical Laboratory Standards (NCCLS)[11].
Minimum inhibitory concentration (MIC) of the
EOAM against    strains was performed by a
serial dilution technique using 96-well microtiter
plates.
The inocula of the strains were prepared from
overnight broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity. Essential
oil was dissolved in nutrient broth (NB) containing
0.5 % (v/v) Tween 20, and serial two-fold dilutions
were prepared in 96-well plates with NB at a concentrations varying between 50-3.12 µl/mL (v/v). Wells
containing only NB medium with inoculum and
these containing medium, inoculum and tetracycline
served as controls.A microplate reader (Thermo Scientific Microplate Photometer, Multiskan FC, USA)
was used to measure the absorbance of the plates at
570 nm after incubation for 24 h at 37 °C. The optical
density at the 24th h of the inoculum remain the same
or decrease at the MIC which was detected as the
lowest concentration of EOAM, when compared to
the reading at the beginning.
For the minimum bactericidal concentration
(MBC) of EOAM determination, 10 μL was taken
from each well following the incubation, spot-inoculated on nutrient agar (NA) and incubated at 37 °C
for 24 h. The concentration without any growth of
the subculture was observed as the MBC.

,0),-.)02.$4,0/0) The microtiter
plate method was used in order to determine the biofilm production capacities of clinical isolates of 
  . The bacteria strains were incubated for 24 h
at 37 ºC by means of passaging to the blood agar
plate. Strains to be used in the study were suspended
in tryptic soy broth (TSB) which was added 2% glucose, and incubated for 24 h. The suspensions were
prepared in accordance with 0.5 Mcfarland, and it
was ensured that each of them is 108 cfu/mL. Two
hundred microliter was taken from the suspensions
and transferred to the microtiter plate with 96 wells.
Only TSB was used as control. The wells were
slowly emptied in order to eliminate planktonic cells
following the incubation for 48 h at 37ºC, and
washed three times with sterile distilled water. The
plates were dried with air during 30 min. They were
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crystal violet. Biofilm without EO was positive control [15]. The concentration at which existing biofilms were removed from the bottom of the treated
wells was considered as the MBEC.

,0),-..(4$%0-,3.$33$8. The bacterial viability within the biofilm was quantified using the tetrazolium salt XTT reduction test [16]. After biofilm
formation for 48 h at 37 °C, planktonic bacteria were
removed and the wells were washed twice with sterile distilled water. EOAM diluted in TSB medium
with the containing of 2 % (w/v) glucose with 0.5%
Tween 20 (v/v). EOAM at concentrations of MIC
was applied to the 48 h biofilm structures formed in
wells. TSB medium with 0.5% tween 20 was used as
control. After incubation during 24 h at 37 °C, TSB
medium and non adherent bacteria were removed by
washing with sterile distilled water, and XTT reagent
was added to the test and control wells. The plate was
incubated in darkness and room temperature for 30
min. At the end of incubation, cell viability was determined by reading the wells at 450 nm in a microplate reader (Thermo Scientific Microplate Photometer, Multiskan FC, USA). The control was a biofilm
without essential oil. By comparing the OD values
(450 nm) of the growth control with that of the essential oil. The percentage of biofilm metabolism
was calculated as in Eq 2.
Biofilm eradication (%) = [ (OD growth control –
OD sample) / OD growth control] x100 ….2

4$4,34,&$- $/$-83,3. All experiments were
done in triplicate. Data were expressed in the form of
arithmetic mean ± standard deviation (x ± SD). OneWay analysis of variance (ANOVA) and post-hoc
Tukey analyses were used to reveal the relationships
between groups. The differences were accepted as
significant for p < 0.05.

stained with 0.1 % (w/v) crystal violet at room temperature for 15 min, and washed 3 times with sterile
distilled water. Afterwards the crystal violet was solubilized in 95 % ethanol and absorbance was read in
a microplate reader (Thermo Scientific Microplate
Photometer, Multiskan FC, USA) at 570 nm. Biofilm
formations were evaluated in accordance with the
scale reported by Chusri et al. [12], based on the control absorbance value (Table 1).

 
33(33.(/43&$-()024+(%,0),-.)02.$4,0/
OD control ≥ OD sample
2OD control ≥ OD sample >
OD control
4OD control ≥ OD sample >
2OD control
OD sample > 4OD control

Nonadherent (0)
Weakly adherent (I)
Moderately adherent (III)
Strongly adherent (IV)


6$-5$4,0/0)$/4,%,0),-.$&4,6,48 Minimum
biofilm inhibitory concentration (MBIC) is called as
the lowest concentration at which the antimicrobial
agents prevents the biofilm formation [13]. In order
to determine the anti-biofilm activity of EOAM, the
microtiter plate method was used. This method was
carried out with some modifications as described by
Adukwu et al. [14]. Overnight cultures of   
strains in the TSB (Tryptic Soy Broth) medium with
the containing of 2 % (w/v) glucose were prepared
as 108 cfu/ mL and then dispensed 100 μL into with
per each test well. Then 100 μL of different concentrations of EOAM (50-0.78 µl/mL) were dispensed
into each well. The positive control contained cell
cultures without EO addition whereas the negative
control contained only TSB. After incubation for 24
h at 37 °C, the supernatant was decanted and rinsed
three times with 300 μL of sterile distilled water. The
plates were stained with 0.1 % (w/v) crystal violet at
room temperature for 40 min, and washed 3 times
with sterile distilled water. Afterwards the crystal violet was solubilized in 95 % ethanol and absorbance
was read in a microplate reader (Thermo Scientific
Microplate Photometer, Multiskan FC, USA) at 570
nm. MBIC was determined as the EOAM concentration at which the absorbance is equal to or less than
that of the negative control. This test was performed
in triplicate, and the mean was taken as an average
of three readings.
Minimum biofilm eradication concentration
(MBEC) is the lowest concentration which candamage the structure of emerging biofilm. Two hundred
microlitters (108 CFU/mL) of each strain was inoculated into each well of flat bottom 96-well microtiter
plate. The wells were incubated for 48 h at 37 °C.
After biofilm formation, the medium and non-adherent bacteria were removed by aspiration using a micropipette followed by a twice washing with sterile
distilled water. Serial dilutions of EOAM (50-0.78
µl/mL) were distributed into wells. Plates were incubated for 24 h at 37 °C and then the wells were
washed with sterile distilled water and stained with

 

0.103,4,0/0)4+((33(/4,$-0,-. The composition of the EOAM is presented in Table 2. Thirtyfour compounds, corresponding to 98.8% of the total
oil, were identified in the EOAM. EOAM contained
a complex mixture of compounds. The main components of the essential oil were determined 3-Cyclopenten-1-one,
2-hydroxy-3-(3-methyl-2-butenyl)
(28,94 %), Piperitone oxide (25.74 %), Carvacrol
(15,41 %), Eucalyptol (5.16 %) and Limonene (3,23
%). Previous studies showed that the major components of extracts and essential oils obtained through
different methods from the plant of  
  L. collected from different geographical regions were quite different from each other [17, 18].
Costescu et al. [19], detected β-pinene (17%) and
chamazulene (13%) in the flower extract and αbisabolol in the leaf extract of the plant. In another
study by Orav et al. [20] chamazulene was detected
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method against #   . EOAM produced inhibitory and bactericidal effects against the
tested strains. Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration
(MBC) values are summarized in Table 3. It inhibited 11 clinical isolates of    with MIC values
in the range of 12.5-25 μl/mL, whereas bactericidal
activities reached higher concentrations values in the
order of 25 and 50 μl/mL.
Many researchers stated in their studies that essential oils were active against pathogenic microorganisms. Due to their hydrophobic characteristics,
essential oils act by enabling the breakdown of cell
membranes and mitochondrial lipids [23]. Previous
studies demonstrated that the extracts and essential
oils obtained from the plant of  
L. collected from different geographical regions had
antimicrobial activity against many bacteria and
fungi [22, 24].
Issabeagloo et al. [25], emphasized that the essential oil of   was active against many
Staphylococcus species including    in their
study on the antimicrobial activity of the essential oil
of  .
Sevindik et al. [26], reported that the essential
oil of the plant collected from the North Anatolia was
quite effective on   . Candan et al [22], stated
that the essential oil of   collected from
Sivas Kızıldağ region in the Middle Anatolia was
again effective on   .
In our study, the essential oil obtained from 
  collected from the Yıldızeli region of Sivas province was found to be effective on the clinical
isolates of   . The antimicrobial characteristics of carvacrol, eucalyptol and limonene components found in its structure when the content of the
essential oil was examined were laid emphasis on in
previous studies [27-29].

,0),-.)02.$4,0/$/'$/4,%,0),-.$&4,6,48
The studies conducted indicated that nosocomial infections secondary to     biofilm became a
quite important problem. It was reported that sessile
microorganisms within biofilm could be approximately 1000 times more resistant to antimicrobial
agents compared to free planktonic cells. All of 
   isolates used in our study were determined to
be capable of producing strong biofilms (Table 4)
[30-32].
The inhibition and eradication effect of EOAM
on biofilm formation of     clinical isolates
was investigated in our study. According to the results obtained, the MBIC value was found to be 1.56
(μl/mL) in one isolate, 3.12 (μl/mL) in two isolates,
6.25 (μl/mL) in five isolates, 12.5 (μl/mL) in three
isolates while the MBEC value was found to be 6.25
(μl/mL) in two isolates, 12.5 (μl/mL) in seven isolates, 25 (μl/mL) in one isolate and 50 (μl/mL) in one

in the plants collected from the Netherlands, Greece,
Moldova, Lithuania and Germany while oxygenated
monoterpenes were detected in the plants collected
from France, Belgium, Russia, Armenia, Spain and
Italy.

 
$,/&0.10/(/430)(33(/4,$-0,-0)$(2,$-1$243
0)

Rta
11,711
12,907
13,094
13,29
13,404
14,297
14,569
14,728
14,877
15,689
16,977

(%)b
0,64
0,56
0,96
0,65
0,71
0,17
1,92
3,23
5,16
0,95
0,14

18,422
19,57
19,921
20,349
21,305

0,13
0,88
1,05
0,2
0,27

21,653
22,074
22,791
23,227
23,666
23,807
24,132

1,49
0,71
25,74
0,2
1,51
0,43
15,41

24,359
25,671

0,87
0,36

26,566
27,123
27,517
28,167
28,813
30,024
32,934
33,156
35,408

28,94
1,09
1,39
1,31
1,1
0,8
0,42
0,44
0,17

Compound
α-Pinene
Sabinene
β-Pinene
β-Pinene
3-Octanol
Terpinolene
p-Cymene
Limonene
Eucalyptol
γ-Terpinene
Linalool
Cyclohexanone,
2-(1-methylethylidene)Borneol
4-Terpineol
α-Terpineol
2-Allyl-4-methylphenol
2-Cyclopenten-1-one, 2,3
-dimethylPulegone
Piperitone oxide
p-Mentha-1,8-dien-3-one
Thymol
Dihydroedulan
Carvacrol
2-Oxabicyclo[2.2.2]octan-6-one,
1,3,3-trimethylVerbenone
3-Cyclopenten-1-one,
2-hydroxy-3-(3-methyl-2butenyl)β-Elemene
Cinerolone
Caryophyllene
Humulene oxide
β-Cuvebene
Spathulenol
Caryophylene oxide
β-Elemene

Rta: retention time;(%)b: relative percentage
obtained from peak area

The major components of the essential oil obtained from the plant of   collected from
Iran by Abdossi et al [21], were found to be α-Pinene, camphene, limonene, borneol, and carvacrol.
In another study conducted in Turkey, eucalyptol,
camphor, α-terpineol, β-pinene, and borneol were
found to be the most common components of the
chemical composition of the plant [22]. According to
the results of both studies, the presence of limonene,
carvacrol and eucalyptol was similar to our results.

/4,%$&4(2,$-$&4,6,48. The antibacterial activity of the EOAM was evaluated by the micro-dilution
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/4,.,&20%,$-$/'$/4,%,0),-.$&4,6,4,(30)(33(/4,$-0,-0)$*$,/34&-,/,&$-
,30-$4(30) 

Strain MIC (Tetracycline) MIC
MBC
MBIC
(μg/mL)
(μl/mL) (μl/mL) (μl/mL)
1
0.5
12.5
50
12.5
2
0.5
12.5
25
6.25
3
0.5
12.5
25
6.25
4
0.5
12.5
25
3.12
5
0.5
12.5
50
3.12
6
0.5
12.5
25
1.56
7
0.5
12.5
50
6.25
8
0.5
12.5
25
6.25
9
0.5
12.5
25
6.25
10
0.5
25
50
12.5
11
0.5
25
50
12.5

MBEC
(μl/mL)
25
12.5
12.5
6.25
50
6.25
12.5
12.5
12.5
12.5
12.5

Reduction in Biofilm
metabolism on MIC(%)
35.3 ± 1.5
57.3 ± 1.3
52.3 ± 2.0
73.0 ± 3.0
68.3 ± 2.0
72.6 ± 3.5
79.3 ± 3.5
76.0 ± 3.0
73.3 ± 2.5
89.6 ± 3.2
94.3 ± 2.0

MIC: minimum inhibitory concentration, MBC: minimum bactericidal concentration,
MBIC: minimum biofilm inhibitory concentration, MBEC: minimum biofilm eradication concentration

  
,0),-.)02.$4,0/$&4,6,4,(30)&-,/,&$-,30-$4(30) 

Strains
1
2
3
4
5
6
7
8
9
10
11

OD control
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03
0.18±0.03

I
3.66
3.03
3.84
3.96
3.43
3.99
3.59
3.80
3.74
3.22
3.81

OD sample
II
3.90
3.57
3.93
3.83
3.44
3.82
4.01
3.87
3.78
3.17
3.78

Mean OD ± SD
III
3.45
3.74
3.73
3.56
3.75
3.65
3.62
3.77
3.66
3.68
4.95

3.67±0.22
3.44±0.37
3.83±0.10
3.78±0.20
3.54±0.18
3.82±0.17
3.74±0.23
3.81±0.05
3.72±0.06
3.35±0.28
4.18±0.66

Adherent
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV

OD: Optical Density, OD: Optical Density of microorganisms biofilm, Adherent: Create a level of
biofilm, SD: Standard deviation
840407,&,48 $33$8 In this study, the EOAM
IC50 value in the human breast cancer (MCF-7) cell
line was found to be 28.07 μg/mL after 24 h incubation and 16.72 μg/mL after 48 h incubation. Also, it
was found to be 19.02 μg/mL and 17.75 μg/mL in the
human osteosarcoma (MG-63) cell line after 24 and
48 h incubation, respectively while it was found to
be 41.35 μg/mL and 39.84 µg/mL in the fibroblast
cell line (L929). Previous studies revealed that the
species of Achillea and their components had cytotoxic activity on many cell lines such as the breast
cancer cell series (MDA-MB-231), human lung tumor cell lines (A549, RERF-LC-kj, QG-90), breast
cancer cell line (MCF7) [39, 40]. When compared,
our results seem to be consistent with the results of
previous studies

isolate (Table 3). Previous studies also reported that
   was effective on microbial biofilm
structures [33-34]. Lee et al. [35], investigated the
antibiofilm activities of some essential oils on  
  and found that those with a high content of limonene and eucalyptol had high antibiofilm activities.
In some other studies, the antibiofilm activity of carvacrol on the test microorganisms and   were
found to be quite important [36-37]. Oumzil et al
[38], reported the antimicrobial activity of the component of piperitone oxide on 19 bacteria and 3
fungi.
Carvacrol, limonene, eucalyptol and piperitone
oxide constitute approximately 50 % of the chemical
composition of the essential oils of   
We suggest that the antimicrobial activity detected in
our study originated from these components.

('5&4,0/,/%,0),-..(4$%0-,3. MIC value
of the    essential oil was applied onto
the bacterial biofilm formations that emerged after
the 48 h incubation. It was seen that the EOAM damaged the biofilm structure at the MIC value by 35.394.3 % (Table 3).


The use of all plant medications in the world
due to their flavonid, carotenoid, and other phenolic
compounds content increases their significance in
the complementary as well as alternative or conventional treatment every day. The findings of this study
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show that   essential oil has antimicrobial and antibiofilm activity against     isolates. Thus, it is a potential agent for the treatment of
   infections and biofilms. In addition, the results provide evidence that the essential oil of 
  may be a useful source of anti-cancer
agent.
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EM (   ) is a new kind of
compound microbial agents. EM consists of more
than 80 kinds of microorganisms including photosynthetic bacteria, actinomyces, yeast, lactic acid
bacteria, etc., and without harmful substances [1-2].
EM will not pollute the environment, and it can be
used in degrading nitrogen and phosphorus in
wastewater. Recently, EM technique is not only applied widely in Japan, but also in many other countries or regions such as Thailand, Colombia and
Egypt [3-5]. Compared to the conventional biological agents, EM possesses the advantages of stable
performances and complete functions [4]. At present, the EM technology not only receives extensive
attentions in the environmental research field, but
there are many studies using EM in the fermentation
of organic fertilizer. For greenhouse field, the soil
contains excessive salts due to long-term continuous
cropping and unreasonable fertilization, these also
result in a series of other problems such as the imbalance of the microbial community, and the disharmony of nutrient supply [6-7]. Using EM to improve
the greenhouse saline soil might be a feasible approach.
Isolation layer technology is widely applied in
coastal saline soil [8-9]. This is mainly due to that
the main ions in coastal saline soil, such as sodium
chloride and magnesium ions, are soluble salt ions
[10]. Burying isolation layer can prevent the salt migrating to the surface soil, alleviate salt stress, and
thus create a suitable growth environment for crops
[11]. Similarly, salt ions in greenhouse soil are
mainly nitrate and ammonium, which is also easy to
dissolve in water [12]. However, few studies have
considered using the isolation layer in decrease salts
in plough layer under greenhouse condition. On the
other hand, the buried depth of the isolation layer is
of great importance. Inappropriate buried depth may
increase the soil salt content in plough layer thus aggravates salt stress [13-14]. Oppositely, appropriate
buried depth can produce beneficial compensation
effect for crop root, which contributes to a higher
yield and a better fruit quality [14].

#$"$

EM (    ) technique has
been widely used in environmental protection field,
while its application in the improvement of agricultural soil was seldom studied. In this study, EM was
used to ferment the EM organic fertilizers, and these
fertilizers were applied to the tomato cultivated soils
under the greenhouse condition. Isolation layers
were buried into the soils with different depths of 20
cm (D1), 30 cm (D2) and 40 cm (D3). The application amounts of organic fertilizer were 2800 kg/ha
(F1), 3600 kg/ha (F2) and 4400 kg/ha (F3), respectively. The soil salt content, the available nutrient
concentrations, as well as the physical indicators of
the greenhouse soil were observed. Results showed
that compared to CK, the treatments reduced the salinity of soil in plough layer by 7.7-39.2%. The salt
removing effect is the most satisfactory when the
EM organic fertilization amount was 3600 kg/ha.
The treatments increased the soil organic matter content by 4.7-22.9% and field capacity by 3.4-18.8%,
in comparison to CK. However, the soil available N,
P and K concentrations were decreased by 4.418.4%, 5.4-23.7% and 5.3-16.2%, respectively, under different treatments. The buried depth of straw
layer had no obvious effects on soil physical indicators and available nutrient concentrations. Our results suggested that the EM organic fertilizer application could create a better growth environment for
crops when compared to inorganic fertilization.
From the perspective of soil improvement, 3600
kg/ha of organic fertilizer application amount combined with 30 cm buried depth of straw layer was
recommended.


)' "#
   , tomato, environment, soil
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In this study, EM was used to ferment EM organic fertilizers, and these fertilizers were applied to
cultivate tomatoes under different straw buried
depths, to evaluate: (1) the effects of EM organic fertilizer on salt content in plough layer; (2) the effects
of EM organic fertilizer on soil physical characters;
(3) the effects of EM organic fertilizer on soil available nutrients. This study was expected to provide
useful information for the improvement of greenhouse soil.

fertilizations, a plastic film with 60 cm depth was
buried into the profile soil between different treatments. The tomato variety '  ' was used as plant
material. Weeding and pest control were carried out
based on the local practice.
The experiment contained 3 different EM organic fertilizer application amounts (F1: 2800 kg/ha,
F2: 3600 kg/ha and F3: 4400 kg/ha) and 3 buried
depths of straw layer (D1: 20 cm, D2: 30 cm and D3:
40 cm). A treatment (CK) applied with 180 kg/ha N,
90 kg/ha P2O5, 54 kg/ha K2O and 30 cm depth of
straw layer was employed as comparison. Thus,
there were 10 treatments in total. During the whole
growth period, the tomatoes were irrigated each 6
days from May 27. The irrigation quota was 180
m3/ha. The irrigation pipe was mosaic column pipe
with the inner diameter of 8 mm. The distance between two adjacent emitters was 30 cm, the drip flow
was 2 L/h and the operating pressure was 0.3 MPa.
The total applied fertilizer was divided into 3 same
proportions (33.3%) according to basal fertilizer,
first fruit cluster fertilizer and second fruit cluster
fertilizer. EM organic fertilizer was mixed evenly
with the soils in plough layer when applying, while
the inorganic fertilizer was applied in small holes
near the plants.

$"#$ #

A9/;36/7=+5<3=/The experiments were conducted in 2017 from May to November at the Fruit
Science and Technology Demonstrative Base of
Yunxiao County (latitude 23°57′38″N, longitude
117°20′5″E). Yunxiao County is located in Fujian
province of China, which belongs to the subtropical
maritime climate. Average temperature in Yunxiao
from 2006 to 2016 was 21.5 °C. The average maximum temperature was 28.3 °C and the average minimum was 13.4 °C. The average maximum and minimum temperature occurred separately in January
and July. Yunxiao had abundant rainfalls of 1730.6
mm annual year. The frost-free duration in Yunxiao
was 347 days. Before experiments, we measured the
basic indicators of experimental soil, which were salt
content of 2.83 g/kg, organic matter content of 2.2%,
total N content of 1.13 g/kg, available P content of
15.1 mg/kg, available K content of 118.9 mg/kg,
bulk density of 1.38 g/cm3 and field capacity of
22.7%.

#+695/ +7. 6/+<>;/6/7= (1) Soil salt content in plough layer (g/kg): Soil samples for salt
measurement were collected in 15th day of each
month from May 15 to October 15 using 5-point
method [15]. The samples were naturally dried and
grinded for determining the salt content.
(2) Soil main physical properties: The undisturbed soil samples were collected by the cutting ring
sampler, to determine the soil bulk density, porosity
and field capacity [16].
(3) Soil available nutrient concentrations
(mg/kg). Soil samples in 0-20 cm soil layer were air
dried then passed through a 2 mm sieve for measuring the soil available nutrient concentrations. The
available N concentration was determined by the alkali solution diffusion method; the available P concentration was determined by sodium bicarbonate
extraction method; the available K concentration
was determined by the ammonium acetate extraction
method [17-18].

A9/;36/7=+5 ./<317 EM organic fertilizer
was fermented using EM (produced by AiMuLe
Company, Ltd, Jiangsu, China) and organic materials (dry straw, bean dreg and swine manure, provided by Nanjing Institute of Vegetable and Flower
Science, Jiangsu, China), which contained 5% N,
2.5% P2O5 and 1.5% K2O. To examine the effects of
EM organic fertilizer, the inorganic fertilizer containing urea (46% N), calcium superphosphate (16%
P2O5) and potassiumsulphate (50% K2O) according
to the local practice was used as comparison. The
isolation layer was 5 cm in thickness, which using 25 cm dry straw sections as main material.
The experiments were carried out under an 8
m-span, 30 m-length greenhouse. The total experimental area was 75 m2. In order to create suitable
growth environment for crop roots, soil ridges were
established with width of 60 cm and length of 3 m
and height of 5 cm. Between the two adjacent ridges,
there was a distance of 20 cm. For each soil ridge, 2
lines of tomatoes were planted, the row-to-row spacing was 30 cm and the plant-to-plant spacing was 40
cm. Thus, in one ridge, totally 16 tomato plants were
involved, these 16 tomatoes were gathered as one
treatment. For preventing the interaction of different

#=+=3<=3-+5 +7+5B<3< Data were submitted to
SPSS 18.0 software to compare the difference [1920].
"#%$##%## 

B7+63-<80<+5=-87=/7=37958>125+B/;Fig
1 showed the dynamics of soil salt content in plough
layer. Overall, the salt presented a decline trend except a slight increase detected in August. This might
due to the fact that the higher temperature in August
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As was shown in Table 1, straw burying and the
combination of organic fertilization and straw burying had no significant ( >0.05) impacts on all the
four indicators. However, EM organic fertilization
had significant (<0.05) effect and much significant
(<0.01) effect on the total porosity and the field capacity, respectively. Surprisingly, we have not found
the significant increase of soil organic matter under
higher EM organic fertilizer application amount, this
might because that the duration of this experiment
was only one tomato-cultivated season, and the effects were not obvious.
The bulk density under F1D1 was the lowest,
and was 1.32 g/cm3, which was significantly
(<0.05) lower than that under F3D2, while was not
significantly different ( >0.05) compared to other
treatments. Similarly, the differences of soil total porosity were not significant ( >0.05) among the treatments except F2D2, the total porosity under F2D2
was significantly (<0.05) higher than other treatments. Compared to CK, the treatments significantly
(<0.05) increased the soil organic matter content by
4.7-22.9%, while there were no significant ( >0.05)
differences among the organic fertilizer treatments.
The maximum field capacity of 28.2% was found in
F2D2, but which had no significant difference compared with F2D3. In comparison to CK, the treatments increased the field capacity by 3.4-18.8%.
Overall, EM organic fertilization combined with the
straw burying was conductive to increasing total porosity, organic matter content, field capacity and decreasing bulk density. This was in line with Chang's
[24] result. This might because that the hypha in microorganism could stick to the soil particles thus increased soil porosity and field capacity.

resulted in a stronger resalinization. Chang Tingting's [21] results proved that evaporation could promote the resalinization process thus increase the salt
concentration in the plough layer. It was seen from
the results in May that the soil salt contents showed
differences among the treatments shortly after the
fertilizer application. The salt content under CK was
the highest, which indicated that the application of
inorganic fertilizer would increase soil salt content
in a short duration, this result was similar to our early
study in coastal area [22]. After May, although the
salt contents were changing, the differences among
the treatments were obvious. In October, the salt
content reached a relatively low level, of which
F2D2 was the lowest, and was 1.35 g/kg; followed
by F3D2, was 1.44 g/kg; the highest of 2.22 g/kg was
detected in CK. Overall, the salt content in plough
layer decreased by 28.8-40.1% from May to October. Compared to CK, the treatments reduced the salinity of soil in plough layer by 7.7-39.2%.
On the other hand, fertilization and straw burying also had profound impacts on the reduction of
soil salinity. The salt removing effect is the most satisfactory when the EM organic fertilization amount
was 3600 kg/ha, this suggested that EM organic fertilizer could reduce soil salinity, while when the fertilizer application amount reached a certain level, excessive fertilizer would increase soil salt content, this
result agreed with Zhong's [23] results. Under the
same fertilizer application amount, the buried depth
of straw layer was better to be F2, indicating that
both too deep and too shallow depth of buried straw
layer were not beneficial for decreasing salinity of
the soil in plough layer.
#83592B<3-+5-2+;+-=/;<Table 1 showed the
soil physical indicators under different treatments.
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$2/92B<3-+537.3-+=8;<80=2/<83537958>125+B/;

Bulk density
(g/cm3)
1.32±0.01 b
1.34±0.03 ab
1.35±0.03 ab
1.34±0.02 ab
1.34±0.03 ab
1.38±0.02 a
1.36±0.00 ab
1.34±0.04 ab
1.35±0.01 ab
1.38±0.02 a
ns
ns
ns

Treatment
F1D1
F2D1
F3D1
F1D2
F2D2
F3D2
F1D3
F2D3
F3D3
CK
D
F
D×F

Total porosity
(%)
53.1±0.80 b
54.2±1.50 b
53.9±0.68 b
53.9±1.48 b
58.2±0.86 a
53.2±2.67 b
54.6±1.31 b
54.8±1.25 b
53.0±0.33 b
52.0±1.07 b
ns
*
ns

Organic matter
(%)
2.40±0.07 ab
2.51±0.09 ab
2.81±0.10 a
2.77±0.53 a
2.62±0.08 ab
2.80±0.10 a
2.41±0.06 ab
2.53±0.10 ab
2.75±0.06 a
2.29±0.06 b
ns
ns
ns

Field capacity
(%)
24.5±0.37 cd
27.1±1.15 ab
25.6±0.73 bc
24.3±0.58 cd
28.2±0.78 a
25.7±0.49 bc
25.5±0.57 bc
28.0±0.74 a
25.6±0.81 bc
23.7±0.45 d
ns
**
ns

Note: F1, F2 and F3 respectively represent the different organic fertilizer application amounts of 2800, 3600 and
4400 kg/ha. D1, D2 and D3 represent the different straw buried depths of 20, 30 and 40 cm. In the same column,
means followed by the same letter (a, b, c, d) do not differ significantly at 0.05 level, according to Duncan’s
multiple range test. *, **and ns indicate that the experimental treatment has a significant (at 0.05 level) effect, an
extremely significant (at 0.01 level) effect, and no significant effect on soil available nutrient contents (N, P, K),
respectively.
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=3?/5B;/9;/</7==2/.300/;/7=8;1+73-0/;=353C/;+9953-+=387+68>7=<80    +7.
412+  
+7. ;/9;/</7==2/.300/;/7=<=;+@,>;3/../9=2<80  +7. -6/+7<08558@/.,B=2/<+6/5/==/;
+,-./0.878=.300/;<317303-+7=5B+=  5/?/5+--8;.371=8>7-+7D<6>5=395/;+71/=/<=+7.
7<37.3-+=/=2+==2//A9/;36/7=+5=;/+=6/7=2+<+<317303-+7=+=  5/?/5/00/-=+7/A=;/6/5B<317303-+7=
+=  5/?/5/00/-=+7.78<317303-+7=/00/-=87<835+?+35+,5/7>=;3/7=-87=/7=<!;/<9/-=3?/5B
#835 +?+35+,5/ 7>=;3/7=< Fig 2 displayed the
effects of different treatments on soil available nutrients in the plough layer. As was shown in Fig 2, the
available N concentrations were in a range of 150200 mg/kg, and were 4.4-18.4% lower compared to
CK. This suggested that if compared with the inorganic fertilizer, EM organic fertilizer was not beneficial for increasing soil available N concentration.
While the soil available N concentration was closely
related to the crop yield, thus our study confirmed

the early result that the yield increase effect of organic fertilizer was not obvious in comparison to inorganic fertilizer [25]. A higher application amount
of EM organic fertilizer obviously increased the soil
available N concentration, while the influence of
straw buried depth was not clear. Besides, our study
detected a positive relationship (Fig 3-a) between the
tomato yield and the available N concentration
( =0.92), this indicated that the tomato yield could
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"quality element" due to its positive effects in enhancing fruit quality [26], and here our results also
showed that K had some yield increase effects.
 %# 

It was concluded from the results that compared to CK, the treatments reduced the salinity of
soil in plough layer by 7.7-39.2%. The salt removing
effect is the most satisfactory when the EM organic
fertilization amount was 3600 kg/ha. The treatments
increased the soil organic matter content by 4.722.9% and field capacity by 3.4-18.8%, in comparison to CK. However, the soil available N, P and K
concentrations were decreased by 4.4-18.4%, 5.423.7% and 5.3-16.2%, respectively, under different
treatments. The buried depth of straw layer had no
obvious effects on soil physical indicators and available nutrient concentrations. Our results suggested
that the EM organic fertilizer application could create a better growth environment for crops when compared to inorganic fertilization. From the perspective
of soil improvement, 3600 kg/ha of organic fertilizer
application amount combined with 30 cm buried
depth of straw layer was recommended.
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be increased through increasing soil available N concentration by increase EM organic fertilization
amount.
The available P concentration was ranged from
15 to 25 mg/kg. Compared to CK, the treatments decreased soil available P concentration by 5.4-23.7%.
A relatively higher application amount of EM organic fertilizer slightly increased the soil available P
concentration, while no obvious relationship was detected between available P concentration and buried
depth. The tomato yield was not obviously correlated to available P concentration (Fig 3-b), thus, to
ensure the tomato yield, an essential supply of P was
needed, while extra P was not needed.
The soil available K concentrations were
ranged from 120.8-139.5 mg/kg, and the treatments
decreased available K by 5.3-16.2% compared to
CK. When the EM organic fertilizer application
amount was 4400 kg/ha, the soil available K concentration was not significantly ( >0.05) lower than that
of CK. EM organic fertilization could increase the
soil available K concentration, while when fertilizer
application amount increase from F1 to F2, the increase of available K was not significant ( >0.05).
Moreover, we found a positive relationship between
available K and tomato yield (Fig 3-c), and the correlation coefficient was 0.89. K was considered the
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Information about genetic diversity and heritability for quantitative characters and path coefficients among traits analysis in breeding programmes
are essential for selection of desirable genotypes and
determining selection criteria [2, 3, 4, 5].Using estimation of heritability together with genetic advance
is valuable to select desirable genotypes for evaluation of breeding material [6].Gul et al. [7] recorded
that estimation of broad sense heritability was highest for number of pods per plant, number of primary
branches plant, 100-seed weight, seed yield per plant
and number of secondary branches per plant in
chickpea. Pandey et al. [8] revealed that genotypic
variance was moderate to high for number of pods
per plant, grain yield per plant, number of branches
per plant. High heritability for seed yield per plant,
biological yield per plant,100-seed weight, pods per
plant and plant height in chickpea was also reported
by Sanjay et al. [9], Khan et al [10], Shweta et al.
[11] and Mushtaq et al. [12].
Knowledge about relationships between seed
yield per plant and yield components is also important, but the simple correlation coefficient among
the yield components is insufficient for determining
selection criteria in chickpea breeding. Therefore, it
is prerequisite that direct effect and indirect effect
via other traits on seed yield by using path analysis
are revealed. Positive direct effect of seeds number
per plant and pods number per plant on seed yield
per plant was recorded by Yücel et al [13]. Dehal et
al [14] reported that primary branches per plant and
pods per plant showed high indirect effect. Grain
yield per plant was positively and significantly correlated with plant height, branches number per plant,
pods number per plant and 100-seed weight [7, 8,
15]. Toker et al. [16] reported that grain yield was
positively and statistically significant correlated with
plant height, number of branches and pods per plant,
while it was negatively and statistically significant
related with 100 grain weight. Therefore, these characters suggested for their consideration during selection of high yielding genotypes by above mentioned
worker in chickpea. On the other hand, in some researches, it was reported that biological yield should
be used primary selection criteria for improving seed
yield in common vetch and grass pea [17].
The objective of the present study was to determine the appropriate selection criteria for improving
seed yield in kabuli type chickpea under rainfed

The present study was carried out to evaluate
appropriate selection criteria for improving seed
yield in chickpea breeding material under rainfed
condition. For this reason, extent of genetic variability, heritability and path coefficient analysis were estimated for chickpea breeding programme. The present study was conducted with twelve genotypes for
three years at the Mediterranean climate conditions
in Turkey.The experiment was arranged in randomized block design with 3 replications. Genetic parameters and path coefficient analysis were determined for some quantitative characters. The highest
broad sense heritability was found for 100-seed
weight (86.22%). High heritability for 100-seed
weight and height of first podding node coupled with
high genetic advance was estimated. The highest direct effect on seed yield per plant was number of
seeds/plant (82.1%) followed by 100-seed weight
(46.6%). Number of full pods per plant, number of
branches per plant had a great indirect effects on
seed yield per plant. Conclusions it can be said that
yield of chickpea should be improved by selecting
plant with higher number of seeds per plant and 100seed weight.


"! 
Chickpea, heritability, variability, correlation, path analysis



 
Chickpea (     L.) has a great importance in human diet and soil fertility in the world.
It is major pulses grown in Turkey. Mediterranean
region of Turkeyhas also a great potential for grain
production of winter chickpea. It is traditionally
sown on low native fertility soils in spring at coastal
regions of Turkey, but grain yield is very low amount
[1]. However, chickpea can be sown in autumn in
coastal regions, but Ascochyta blight is one of the
most problem in winter chickpea production because
of rainy and warmer seasons. The cultivars which
have tolerant to Ascochyta blight and appropriate to
machine harvesting must be improved under rainfed
conditions in Mediterranean climate.
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were done with TARPOGEN a computer program
according to Dewey and Lu [20].

conditions. Therefore, magnitude of genetic variability, heritability and relationships among yield components in chickpea by using path coefficient analysis were investigated for breeding programmes.


  



The analysis of variance showed significant
differences among the genotypes for plant height,
height of first podding,100-seed weight and number
of seeds per plant (Table 1). Wide variability was especially observed for number of seeds per plant
(26.22-38.83 number), plant height (56.22-69.30
cm), first podding height (31.11-42.57 cm) and 100seed weight (31.70-40.10 g). The highest phenotypic
coefficient of variation was found for branches number per plant (17.90%) followed by seeds number per
plant (16.75%) and seed yield per plant (15.89%)
while height of first podding had lowest (3.68%).
The highest genetic coefficient of variation was determined for seeds number (8.62%) followed by
branches number per plant (7.91%) and pods number
per plant (7.44%).
As seen in the Table 1, the highest coefficient
broad sense heritability (h2b) was indicated for 100seed weight with a value of 86.22% followed by
height of first podding with a value of 60.0% and
plant height with 39.60% while the lowest value was
recorded for number of branches (19.49%). Percentage of genetic advance was the highest in 100-seed
weight (13.70%) followed by height of first podding
node (12.10%) whereas the lowest value were found
for plant height (5.00%).In this study, low genotypic
coefficient of variation, heritability and genetic advance were determined for pod number, seeds number per plant, branches number per plant, and seed
yield per plant as a compare 100-seed weight and
height of first podding plant height.
Genotypic coefficient variation (GCV) and
phynotypic coefficient of variation (PCV) were
closer for 100-seed weight and height of first podding node than other traits (Table 1). The high phenotypic variance as compared to genotypic variance
indicates the effect of environment in trait expression [21]. It can be stated that effect of environment
on these traits was slightly.

The present study was carried out in the research area of the Field Crop Department of Agricultural Faculty at Cukurova University for three years
during 2012/2013, 2014/2015 and 2015/2016 growing season under rainfed conditions.The location of
research had a typical coastal Mediterranean climate
in Turkey. There was annual total precipitation of
625 mm and average temperature of 18.7 ºC in
Adana according to long terms. The soil of research
was sandy-loam type textures.
Nine promising genotypes of kabuli chickpea
types (FLIP 06-111 C, FLIP 06-118 C, FLIP 08-93
C, FLIP 07-201 C, FLIP 06- 140 C, FLIP 05-88 C,
FLIP 04-30 C, 01-54 C, 00-39 C) orginated in
ICARDA and three check cultivars (İnci, Hasanbey,
Seçkin) originated in Turkey were used as material
for present study.
The experiment was organized in randomized
complete blocks design (RCBD) with three replications. A plot size was 9 m2 (5mx1.8m). Each crop
was planted in 4 rows of 5 m length with a spacing
of 45 cm between rows and 6 cm intra row spacing.
Fertilization was applied at a rate of 27 kg ha-1 N and
69 kg ha-1 P2O5before seeding. Experiment was established at the end of November for 3years.
Some important quantitative traits such as plant
height (cm), number of total branches per plant
(main branches and secondary branches), number of
full pods per plant, height of first podding node (cm),
number of seeds per plant, 100-seed weight (g) and
seed yield per plant (g) were recorded on five plants
randomly selected from each plot.
The data was analysed according to the RCBD
over 3 years using the MSTATC program. Phenotypic (PCV) and genotypic (GCV) coefficients of
variability, broad since heritability (h2b) of traits and
genetic advance (GA) were calculated [18, 19].Correlation coefficient and path coefficient analysis



*'.'#/426#3'40()'/0581'4#/&)'/'5+%1#3#.'5'34+/%*+%,1'#
Characters
Plant height(cm)
Height of first podding (cm)
Branches number/plant
Pods number/plant
Seeds number/plant
100-seed weight
Seed yield per plant (g)

Mean
Squares
134.7
107.22**
3.02
114.50
118.99
65.42**
13.82

Mean

Range

GCV%

PCV%

h2 b

GA

GA%

61.92
37.30
8.57
29.47
31.63
34.73
10.50

56.22-69.30
31.11-42.57
7.74 - 9.76
23.80-33.36
26.22- 38.83
31.70- 40.10
8.61- 12.64

3.93
2.22
7.91
7.44
8.62
7.20
6.51

6.24
3.68
17.90
13.08
16.75
7.75
15.89

39.60
60.00
19.49
21.46
26.47
86.22
22.10

3.15
4.54
0.61
2.09
2.88
4.78
0.90

5.00
12.10
7.20
7.10
9.10
13.70
8.60

GCV= genotypic coefficient of variation, PVC= ghenotypic coefficient of variation, h2b=broad sense heritability,
GA= genetic advance (5% selection intensity), GA% =genetic advance in percentage of mean.
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Characters
SY
PH
HFP
BN
FPN
SN
100SW
SY
1.000
0.023ns
-0.152ns
0.373**
0.855**
0.939**
0.466**
PH
1.000
0.828**
0.341**
-0.045ns
-0.075ns
0.443**
*
**
**
HFP
1.000
0.214
-0.233
-0.261
0.359**
BN
1.000
0.377**
0.365**
0.286**
**
0.200*
FPN
1.000
0.905
SN
1.000
0.280**
100SW
1.000
SY: Seed yield, PH: Plant height, HFP: Height of first podding, BN: Branches per plant, FPN: Full pods per plant, SN: Seeds
per plant, SW: 100-seed weight *Significant at 5% probability level, **High significant probability level.


 
+3'%5#/&+/&+3'%5%0/53+$65+0/40(7#3+0640/4''&8+'-&+/%*+%,1'#
Characters
1. Plant height
2.Height of first
pod
3.Pods per plant
4.Seeds per plant
5.100-Seed weight
6.Harvest index

Correlation
Coefficient
0.023
-0.152
0.373**
0.855**
0.939**
0.466**

Direct
effect
-0.030
13.7%
0.023
6.1%
-0.014
3.4%
0.102
11.0%
0.789
82.1%
0.234
46.0%

1
1.000
-0.025
6.9%
-0.010
24%
0.001
0.15
0.02
0.23%
-0.01
2.6%

Heritability shows the estimation of heritable
fraction of variability. Similarly to our findings Kumar et al. [22], Sanjay et al.[8], Dehal et al [14] and
Gohil and Patel [23] indicated high heritability for
100-seed weight.However, heritability coupled with
genetic advance must be evaluated for indication of
gene action.High heritability coupled with high genetic advance as percent of mean for 100-seed
weight and height of first podding node was estimated (Table 1). Therefore it can be stated that additive gene effect was important andinfluence of environmental was little in these traits. The similar results were reported by Malik et al. [15], Dehal et al
[14], Mohamed et al. [24], Babbar et al [25] who
estimated high heritability coupled with high genetic
advance for 100-seed weight. Gul et al. [7] also reported high value of PCV, GVC, heritability and genetic advance for these traits In this study, lower
genotypic coefficient of variation, heritability and
genetic advance were determined for pod number,
seeds number per plant, branches number per plant,
and seed yield per plant as a compared with 100-seed
weight and height of first podding plant height The
similar results were reported by Arsad and et al. [26]
who estimated low heritability for seed yield per
plant. Similarly to our findings, Jha et al [2] and Malik et al. [21] stated low heritability for plant height.
However, the present results were in contrast with
some findings indicating high and moderate heritability for seed yield per plant, pods number per plant
and plant height in chickpea[10, 11, 12, 14, 27].In

2
0.018
8.4%
1.000
0.004
1.1%
-0.005
0.6%
-0.006
0.6%
0.008
1.6%

Indirect effect
3
4
-0.005
-0.004
2.2%
2.0%
-0.03
-0.024
8.5%
6.5%
1.000
0.038
9%
-0.05
1.000
0.6%
-0.05
0.09
0.5%
9.6%
-0.04
0.020
0.8%
4.0%

5
-0.059
26.0%
-0.206
56.0%
0.288
68.0%
0.715
81.6
1.000
0.221
44.0%

6
0.104
46.7%
0.084
23.0%
0.067
15.8%
0.045
5.3%
0.065
6.8%
1.000

fact, Salam et al. [28] stated that estimation of heritability was effect by sample size and environmental
factors. On the other hand, lower heritability coupled
with lower genetic advance was observed for other
traits except of the 100-seed weight and height of
first podding. Environmental effect was high in these
traits and effective selection for these traits may not
be rewarding to increase seed yield per plant.
Seed yield per plant was positively and significantly correlated with branches number (0.373**),
full pods number (0.855**), seeds number per plant
(0.939**) and 100-seed weight (0.466**) as seen in
Table 2.
There were no significant correlations between
seed yield per plant and plant height, height of first
podding. Plant height showed positive and highly
significant correlation with height of first podding
node, number of branches per plant and seed weight.
Height of first podding node had positive and significant correlations with branches number and 100seed weight, but it had a high negative associations
with full pod number and seed number. Number of
branches per plant had highly significant and positive with full pods per plant, seeds per plant and 100seed weight. Full pods number per plant revealed
significant and positive correlated with seeds number per plant and 100-seed weight. Seeds number per
plant had a significant and positive correlation with
100-seed weight. There were significant correlations
between seed yield per plant and full pod number,
seeds number, branches number, 100 seed weight,
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(Table 2). These results were in close agreement
with the findings of some reports [7, 8, 14, 15, 27,
29].
The results of path coefficient analysis indicated that number of seeds per plant and 100-seed
weight had positive direct effects on seed yield
(82.1% and 46.0% respectively) as seen in Table 3.
The results of path coefficient analysis indicated that number of seeds per plant and 100-seed
weight should be used to improve seed yield as a selection criteria in chickpea breeding programmes
(Table 3). Similar findings were reported by Güler et
al [30] and Yücel et al [13]. The results were in contrast with Kumar and et al. [22] who reported plant
height, pods number/plant had high direct effect on
seed yield.
Branches number per plant and full pods number per plant had a great indirect effect on seed yield
per plant through seeds number per plant. These results suggested that the selection for these traits may
contribute to improving seed yield per plant via
seeds number per plant. Similar results were reported
by some worker [6, 14, 29, 31, 32].
 
100-seed weight showed higher heritability
coupled with high genetic advance. Positive direct
effect for 100-seed weight on the seed yield per plant
was also higher than others traits. This character
could be used as a main selection criteria for improvement seed yielding in chickpea breeding. Also,
number of seeds per plant can be consider as a second selection criteria in increasing yielding capacity
of chickpea.
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Medicinal plants are a great source for economic value all over the world, where nature provided us with a very rich botanical wealth and large
number of diverse types of plants [4, 5]. The medicinal value of plants lies in some chemical substances
that produce a definite physiological action on the
human body and the most important of these compounds are alkaloids, flavonoids, tannins, terpenoids
and phenolics [5, 6].
Olive leaves Olive ( ) have been
used as a folk remedy for combating diseases due to
they are rich in polyphenolic compounds as their
contents may reach up to 40 g per kg of dry tissue
[7]. Several studies reported that, polyphenols from
olive represent natural anti-inflammatory agents and
exhibit a wide range of interesting bioactivities such
as antioxidant, antimicrobial, antiatherogenic, antitumoral, cytoprotective and cardioprotective properties [8-11].
The aim of the current investigation is to show
the effect of olive leaves extract on hyperglycemia in
STZ-induced rats as well as efficiency of liver and
kidney function in vivo.


" !"!

);-91)3: STZ was acquired from Sigma
Chemicals (St Louis, Mo, USA), in 97% purity. All
other reagents used were of analytical grade.

-;06,: 9-7)9);165 6. 631=- )8<-6<: -?
;9)+;Olive leaves (25g) were blended in 200 ml of
water about 3-5 minutes. The whole solution was
heated 2-3 minutes of boiling, then filtered using
Double Rings Filter Paper 102. The leaf extract was
separated and freeze-dried until used. It was redissolved in distilled water.

5,<+;165 6. ,1)*-;-: For the evaluation of
STZ diabetic effect, T2DM was induced by intraperitoneally injection of a single dose of STZ per body
weight was (45 mg/kg b.wt.) dissolved in 0.01 M citrate buffer (pH 4.5) immediately before use. After
STZ injection, rats had free access to food, water and
were given 5% glucose solution to drink overnight to

To evaluate the effect of olive leaves extract
(OLE) on type 2 diabetes mellitus (T2DM) induced
by streptozotocin (STZ) in rats, male rats were allocated into four groups; normal control, diabetic control (45 mg/kg STZ), normal rats treated orally with
OLE (17.8 mg/kg b.wt.) and diabetic rats treated
with OLE. The changes in glucose level, kidney and
liver function were investigated. OLE kept glucose
level close to normal. There was a significant change
between total protein and total albumin as the extract
was found to keep them near normal level. Creatinine, urea, uric acid and liver function levels were
very high in diabetic group. OLE significantly improved the levels of urea, creatinine, uric acid and
kept liver function markers in normal range on
treated diabetic rats. The present study submits that,
OLE could be used to prevent T2DM complications
such as nephropathy and liver damage through enhancing glycemic state.


'% !
Glucose, kidney function, liver function, olive leaves extract, streptozotocin, T2DM



" #"
Diabetes mellitus is a chronic, progressive and
imperfect understood metabolic state that characterized by hyperglycemia (high blood sugar) which represents a major public health concern worldwide [1].
Mainly two types of diabetes mellitus are known;
type 1 diabetes mellitus (T1DM) and type 2 diabetes
mellitus (T2DM). Disturbances in insulin secretion,
sensitivity to tissue actions of insulin, or both of
them are supposed to be the commonest reasons
leading to T2DM pathophysiology, diseases mainly
arising from tissue insulin resistance which progress
the complete loss of secretory activity of the pancreatic β-cells [1]. Hyperglycemia in T2DM can produce long-term complications such as cardiovascular
and renal disorders, retinopathy and poor blood flow
[2, 3].
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"6;)3 )3*<415 )5, ;6;)3 796;-15 " +65
;-5;:Total albumin was assayed in serum according
to the method of Doumas et al. [13], while total protein was determined by the method of Gornal et al.
[14].

9-);1515-<9-))5,<91+)+1,+65;-5;:Determination of creatinine [15] and urea [16] were assayed in serum by diagnostic kit method. Where, uric
acid was assayed by the method of Fossati et al. [17].

32)315-706:70);):-):7)9;);-)41
56;9)5:.-9):-!")5,)3)515-)4156;9)5:.-9
):-"-5A@4-)+;1=1;1-:ALP enzyme activity
was determined by the method of Belfield and Goldberg [18]. The activities of AST and ALT were assayed according to the method of Reitman and
Frankel [19].

!;);1:;1+)3 )5)3@:1: Values are presented as
means ± SEM. Statistical analysis was carried out by
using the “costat” statistic computer program. Statistical analysis was based on One-way analysis of variance ANOVA followed by student-Newman Keuls
test, and least significant difference (LSD) at P <
0.05. A Pearson product-moment correlation coefficient was used to describe the relationships between
enzymatic and non-enzymatic antioxidants.


!#"!!#!!

47)+;6.631=-3-)=-:-?;9)+;65;0-3-=-3:6.
/3<+6:-;6;)3)3*<415)5,;6;)3796;-1515,1..-9
-5; /96<7: Table (1) showed the effect of olive
leaves extract on STZ-induced rats. Diabetic group
revealed a significant increase in the level of glucose
(283.28 mg/dl) however, the levels of total albumin
and total protein significantly decreased (30.6 and
42.05 g/l, respectively) as compared to normal
group. Diabetic rats supplemented with OLE showed
improvements in these levels where, it decreased the
high level of glucose (55.30 mg/dl) and increased the
levels of total albumin and total protein (41.70 and

encounter hypoglycemic shock. Rats were checked
daily for the presence of glycosuria. Rats were considered to be diabetic if glycosuria was present for 3
consecutive days. Three days after STZ injection,
fasting blood samples were obtained and blood sugar
was determined (≥300 mg/dl).

?7-914-5;)3 )514)3: 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 retained 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 (CUIACUC) and the approval number was CUIIS1616.

?7-914-5;)3 ,-:1/5 The animals were randomly allocated into four groups: normal control, diabetic control (45 mg/kg STZ), normal rats treated
with olive leaves extract (17.8 mg/kg b.wt.) and diabetic rats treated with OLE (17.8 mg/kg b.wt.). OLE
was dissolved in distilled water and then given by
oral gavage administration five days a week during
the study period. The dose was calculated as 20 mg
oleuropein/kg b.wt. Throughout 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-93G-MX] (3.5%).

16+0-41+)3 )5)3@:1: Blood samples were
collected from orbital sinus under anesthesia as follows: about 3 ml in EDTA-coated tubes and about 2
ml in plain tubes, centrifuged at 3000 rpm for 10 min
at 4 º C to get plasma and serum respectively. Rats
were sacrificed by cervical dislocation at the end of
the study period.

-;-9415);165 6. /3<+6:- 3-=-3 The estimation of glucose level was carried out as illustrated by
Trinder [12].

" 
..-+;6.631=-3-)=-:-?;9)+;65;0-3-=-3:6./3<+6:-;6;)3)3*<415)5,;6;)3796;-1515,1..-9-5;/96<7:
96<7:
694)3
+65;963
1)*-;1+
+65;963
694)3

1)*-;1+

!  




3<+6:-4/ ,3
(-96;14-
>--2:
99.80±1.99bA
110.38 ±
4.86bA
297.34 ±
283.28±21.97aA
26.17aA
93.03±4.84bA
112.43 ±
7.63bA
116.42±11.27bB
283.28 ±
21.97aA
73.89
21.41

"6;)3)3*<415/ 3
(-96;14-
>--2:
54.0±5.66aA
55.1±4.91aA

"6;)396;-15/ 3
(-96;14-
>--2:
70.08±6.67aA
72.47±5.40 aA

53.6±5.46aA

30.6±3.36bB

71.21±5.25aA

42.05±4.16bB

59.6±1.68aA

55.6±4.91aA

67.68±6.33aA

75.51±2.64 aA

55.30±4.94aA

41.70±3.28abA

66.67±4.55aA

74.49±2.91 aA

2.19

1.34

23.57

12.82

Values are mean ±SEM. Each group contains 6 rats. The mean values with different  letter within a  indicate
significant differences (p<0.05). The mean values with different +)71;)3 letter within a 96> indicates significant differences
(p<0.05).
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74.49 g/l, respectively). Currently, diabetes mellitus
is characterized as a chronic metabolic disease conjugated with great prevalence and global public
health concern where, it is caused by absolute or relative deficiency in insulin and/or reduction in insulin
activity [20].
The deficiency in insulin secretion or insulin
tolerance increase the level of blood glucose and
cause vital damage to body systems such as, nerves
and blood vessels [21].
The present study showed a high increase in
glucose level (283.28 mg/dl). However, the levels of
total albumin and total protein decreased. These results are similar to the results of Wang et al. [20] who
observed an increase in blood glucose level. In the
same context, Laaboudi et al. [22] found an increase
in glucose level and a decrease in total protein level
in diabetic group, they demonstrated that the oral administration of olive and leaves extract decreased the
levels of glucose, and increased total protein in
treated rats. Al-Janabi et al. [23] revealed that the use
of OLE improved the levels of blood glucose, total
protein, and albumin of diabetic rats. In diabetes
stats, a chronic metabolic disorders like increased
blood glucose level rising from the lack in insulin secretion, action, or both of them. In addition, increased protein metabolism, albuminuria and microproteinuria may attribute to the reduction in serum
levels of total protein and albumin [24]. According
to the current results, treatment of diabetic rats with
OLE led to decreasing the level of glucose (116.42
mg/dl). This result is in parallel with the observation
of Komaki et al. [25] who found that, humans treated
with olive leaf extract revealed a significant decrease
in blood glucose compared with untreated controls.
There are two possible mechanisms proposed
to explain the hypoglycemic effect of olive leaf extract oleuropein: improving glucose-induced insulin
release and increasing peripheral uptake of glucose
[26]. Another way that might exert the hypoglycemic
effect by olive leaf extract is through the inhibition
of pancreatin amylase activity [25]. Olive leaf extract may also inhibit starch digestion and glucose
uptake or stimulate hepatic glycogen synthesis, culminating in reduced hyperglycemia [27]. The same
authors suggested that, starch digestion by intestinal
enzymes and the inhibition of disaccharases at the

level of the intestinal mucosa may underlie the hypoglycemic effect of the olive leaf extract.

47)+;6.631=-3-)=-:-?;9)+;65;0-3-=-3:6.
+9-);1515-<9-))5,<91+)+1,15,1..-9-5;/96<7:
The levels of creatinine, uric acid and urea in diabetic group showed significant increases (9.75,
14.13 mg/dl and 48.11 g/l, respectively) as compared
to normal group. While, the group treated with OLE
possessed enhancement in these levels (4.75, 8.63
mg/dl and 36.43 g/l, for creatinine, uric acid and urea
respectively) after 10 weeks of treatment. Regarding
to the present study, diabetic rats possessed increased levels of urea, creatinine and uric acid. These
results are in agreement with the results of Salahuddin and Katary [28] who mentioned that, the diabetic
rats revealed an elevation in the level of creatinine
and urea. Also Al-Attar and Alsalmi [29] detected a
statistically increases in the levels of creatinine and
uric acid in diabetic rats. In the treated diabetic
group, the levels of creatinine were significantly decreased compared to diabetic group, while the level
of uric acid was unchanged compared with normal
control rats. Laaboudi et al. [22] confirmed that the
administration of OLE decreased the levels of creatinine, urea and uric acid in STZ diabetic male rats.
The increases of creatinine, urea and uric acid in diabetic group related to the progressive renal damage
and diabetic nephropathy [30]. In addition, the high
production of urea may result from the increase of
protein catabolism in liver and plasma [31]. Moreover, the increase in uric acid may be related to the
decrease in total protein level in diabetic rats, which
may have led to muscle wasting and an elevated release of purine, the main source of uric acid [22].
Theremediation of diabetic rats with OLE led
to reduction in the levels of urea, creatinine and uric
acid. The study of Al-Attar et al. [32] showed that,
the administration of OLE can prevent severe alterations of renal haematobiochemical markers and disruptions of its histological structure. Tavafi et al.
[33] studied the effect of olive leaf extract on gentamicin-induced nephrotoxicity in rats where, they
found that the olive leaf extract ameliorated gentamicin nephrotoxicity throughout the antioxidant activity, increase of renal glutathione (GSH) content and
increase of renal antioxidant enzymes activity.



" 
..-+;6.631=-3-)=-:-?;9)+;65;0-3-=-3:6.+9-);1515-<9-))5,<91+)+1,15,1..-9-5;/96<7:
96<7:

694)3+65;963
1)*-;1++65;963
694)3
1)*-;1+
!  

9-);1515-4/ ,3
(-96;14-
>--2:
1.42 ± 0.30aA
1.5 ± 0.29bA
1.33 ± 0.44aB
9.75 ± 1.88aA
1.33 ± 0.60bA
1.25 ± 0.25aA
1.13 ± 0.13aB
4.75 ± 0.43bA
1.48
3.32

#9-)/ 3
(-96;14-
>--2:
35.28 ± 1.10aA
35.60 ± 3.03bA
36.02 ± 3.58aB
48.11 ± 1.01aA
33.22 ± 1.57aA
34.01 ± 1.14bA
34.16 ± 2.32aA
36.43 ± 2.46bA
10.40
6.84

#91+4/ ,3
(-96;14-
>--2:
4.87 ± 0.28aA
4.83 ± 0.33cA
4.71 ± 0.17aB
14.13 ± 0.38aA
5.26 ± 0.49aA
4.05 ± 0.40cA
4.92 ± 0.19aB
8.63 ± 0.55bA
1.00
1.38

Values are mean ±SEM. Each group contains 6 rats. The mean values with different  letter within a  indicate
significant differences (p<0.05). The mean values with different +)71;)3 letter within a 96> indicates significant differences
(p<0.05).
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96<7:
694)3+65;963
1)*-;1++65;963
694)3
1)*-;1+
!  

# 3
(-96;14-
>--2:
30.59 ± 2.84aA
34.59 ± 0.94bA
31.28 ± 2.54aB
59.76 ± 2.07aA
aA
30.61 ± 2.14bA
32.12 ± 1.93
33.75 ± 0.99aA
36.89 ± 3.09bA
10.59
7.16

!"# 3
(-96;14-
>--2:
10.50 ± 1.32aA
10.25 ± 0.66bA
9.25 ± 0.43aB
20.67 ± 2.33aA
aA
11.5 ± 1.5
9.00 ± 1.00bA
9.25 ± 0.75aA
10.67 ± 0.67bA
3.86
4.41

"# 3
(-96;14-
>--2:
37.83 ± 2.68aA
37.33 ± 1.67bA
37.00 ± 3.00aB
47.58 ± 0.42aA
aA
39.75 ± 3.25
36.5 ± 1.44bA
37.75 ± 1.25aA
39.5 ± 1.89bA
11.17
4.79

Values are mean ±SEM. Each group contains 6 rats. The mean values with different  letter within a  indicate
significant differences (p<0.05). The mean values with different +)71;)3 letter within a 96> indicates significant differences
(p<0.05).


#  
699-3);165*-;>--5+9-);1515-4/ ,3)5,# 3+9-);1515-4/ ,3
)5,"# 3+9-);1515-4/ ,3)5,!"# 3# 3)5,!"# 3

47)+;6.631=-3-)=-:-?;9)+;65;0-3-=-3:6.
!")5,"+65;-5;:15,1..-9-5;/96<7:
The present findings showed highly increased activity of AST and a moderate significant increase in
ALP and ALT activities in the diabetic control group
(Table 3). AST activity has shown a 2 fold increase
in diabetic control rats at the end of the experiment.
However, a significant decrease of AST activity in
diabetic rats treated with OLE (10.67 U/l) compared
to diabetic control. The present results indicated that,
treatment with OLE didn’t permit the ALP activity
from rising in the plasma of diabetic treated group
(39.50 U/l) compared to diabetic control group
(47.58 U/l). ALP activity in treated normal group
(36.50 U/l) was very close to normal group
(37.33U/l). At the same time, diabetic rats exhibited

a significant increase in ALT activity (47.58 U/l) after 10 weeks of treatment, while it was 37.00 U/l at
zero time. Besides, the OLE treated diabetic group
recorded a significantly lower value (39.50 U/l) at
the end of the experiment compared with a diabetic
control group (Table 3).
The results of the current work showed significant increase in ALP, AST and ALT in diabetic
group. These findings are generally in accordance
with previous experimental diabetes studies [29].
In diabetes mellitus, a significant decrease in
levels of total protein and albumin and increases of
levels of ALT, AST and ALP indicated the damage
happen to liver cells in diabetic group [34]. Sakr et
al. [35] mentioned that, treating rats with STZ caused
structural alterations in the liver. These alterations
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#  
699-3);165*-;>--5#91+4/ ,3)5,# 3#91+4/ ,3)5,"/ 3
#!!

include leucocytic infiltrations, congestion of blood
vessels, and cytoplasmic vacuolization of hepatocytes. Of these liver enzymes, ALT is most closely
related to liver fat accumulation and consequently
ALT has been used as a marker of non-alcoholic
fatty liver disease (NAFLD) [36, 37].
Regarding to the liver enzymes activities, the
OLE-treated group improved the activities of ALP,
AST and ALT (Table 3). The obtained results of
Hamad [38] showed that, olive leaf extract have very
high phenol content and possess strong antioxidant
activity and significant effect on liver damages induced by CCl4 administration, which result in improved serum ALT and AST and increased serum total antioxidant capacity in comparison with CCl4
treated group. So, the improving effect of olive may
related to its antioxidant activity.

-)9:65 +699-3);165 *-;>--5 3171, 796.13-
)5, 0-)9; .<5+;165 7)9)4-;-9: A Pearson product-moment correlation coefficient was computed to
estimate the relationship between different kidney
and liver function parameters. The results suggest
that that 18 out of 36 correlations were statistically
significant.
Statistical analysis confirmed these results, indicating a significant positive correlation between
both creatinine and ALP (r2 = 0.70, p ≤ 0.05), and
between creatinine and ALT (r2 = 0.54, p ≤ 0.05)
(Fig1 A and B). Statistical analysis indicated a significant positive correlation between creatinine and
ALT (r2 = 0.77, p ≤ 0.05), and between ALP and
AST (r2 = 0.77, p ≤ 0.05) (Fig1 C and D). Results of
Al-Attar and Alsalmi [29] exhibited a positive correlation between creatinine and ALP, creatinine and
ALT, creatinine and ALT, ALP and AST.
At the same time, the present study showed a
strong significant positive correlation between uric
acid and ALP (r2 = 0.795, p ≤ 0.05), and a significant
negaitive correlation between uric acid and total protein (r2 = 0.51, p ≤ 0.05) (Fig2 A and B). Laaboudi
et al. [22] also found a correlation between uric acid
and total protein.

Olive leaves extract showed an ameliorative effect on the diabetic state, through improving kidney
function, liver function, and exerting a hypoglycemic effect. So, using OLE as a medicinal product can
be beneficial to diabetic individuals. At the same
time, it will be a less cost and more safe than using
organic solvents.
%"!
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ABSTRACT

magnitude above those found in their environment
[2, 3, 4, 5, 6, 7].
Marine echinoderms which have calcareous
skeleton are common and widely spread groups of
organisms in the seas and are considered valuable
bioindicators of heavy metals pollution [8, 9]. Due
to their life history and population traits, as well as
their capacity to rework enormous amounts of bottom sediments, some deposit-feeding organisms
might meet the criteria posted for a species to be
chosen as biomonitors. In many benthic communities, holothurians conspicuously form the dominant
group of macroinvertebrates [10, 11]. In addition to
their remarkable capacity to rework huge amounts
of benthic deposits, they organically enrich sediments and accelerate the transit of nutrients and
trace metals from sediment to benthic food chain
[12].
Although there are considerable reports on the
use of holothurians as bioindicators for trace metal
pollution and on the relationship between metal
content in these animals and that in sediment, there
are no studies on the accumulation of trace elements in the different species of cucumbers in the
Gulf of Aqaba, Red Sea area.

Samples of two species of sea cucumber
namely Actinophyga bannwarth and Holothuria
impatiens and sediments were collected from two
sites along the Jordanian coast of the Gulf of Aqaba
in the period January ± July 2009. The samples
were analyzed for their content of (Cd, Cu, Pb, Mn,
Zn, Ni and Fe) in the body compartments of two
sizes (small and large) of the two species, and in the
clay fraction of sediments (< 63 μm). The results
indicate that Actinophyga bannwarth has the ability
to accumulate Cd, Cu, Ni, Mn and Pb. While Holothuria impatiens showed ability to accumulate Zn
and Fe. In phosphate Loading Berth (PLB) the
results showed that the Actinophyga bannwarth
showed high ability to accumulate Cd, Cu, Ni, and
Zn compared to Holothuria impatiens. Concentrations of metals (Cu, Mn, Zn, Ni and Fe) in the small
size (<25 cm) of the two species were higher than
its concentration in the large size (>30 cm). The
intestine content (IC) contained high concentrations
of Cd, Cu, Pb and Fe as compared to other tissues.

KEYWORDS:
Trace Metals, Sea Cucumber, Gulf of Aqaba

MATERIALS AND METHODS
INTRODUCTION

Sample collection and Treatment. Two species of sea cucumber (Holothuria impatiens, Actinophyga bannwarthi) and sediment samples were
collected at a depth range of 4-18m from the Marine Science Station site (MSS) and Phosphate
Loading Berth (PLB) site by SCUBA diving (Figure 1). A total of 5 surficial sediment samples each
weighed 250 g (wet weight) were collected from
the surrounding environment of each species. After
collection, the samples were placed in clean plastic
bags and transported to the laboratory in an ice box.
Ten individual samples of each sea cucumber were
divided arbitrarily into two sizes; small (< 25cm)
and large (> 30cm), each of which consists of five
individuals. In the laboratory, the specimens were
immediately dissected into four organs: intestine
(I), respiratory tree (RT), muscle (M), and body

An increase in attention has been drawn due to
the wide occurrence of heavy metal pollution in
marine environment because heavy metals may
transform into the persistent metallic compounds
with high toxicity, which can be bioaccumulated in
the organisms, magnified in the food chain, thus
threatening human health. Consequently, monitoring and prevention of heavy metal pollution are one
of the hot topics in environmental researches [1].
Consequently, it is commonly accepted that trace
metals pollution of coastal areas can be studied by
the analysis of some members of the indigenous
biota common to all regions and called bioindicators, which have the ability to accumulate and concentrate trace metals to levels several orders of
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final volume (25 ml) using deionized distilled water, and then stored in a refrigerator until further
analysis by the use of Atomic Absorption Spectrophotometer.
Sediment samples were dried at 80°C for 24
hours till constant weight. Samples of 2 g dry
weight were put into an Erlenmeyer flask and 5 ml
deionized distilled water and 2 ml of H2O2 were
added to each sample. The flasks were then heated
on a hot plate at 110- 120 °C for an hour. After
then, 40 ml of IM HCl were added to each sample
and heating continued for half an hour below the
boiling point. Each sample was then filtered over a
50 volumetric flask. The filter was washed three
times with the deionized distilled water and the
volume was finally completed to 50 ml with deionized distilled water and stored for analysis.

wall (BW). In addition, the intestine content (IC)
was also sampled. Organs were rinsed with sea
water to remove any debris, and then washed with
distilled water. All samples were stored in lightweight polyethylene bags in a deep freezer (-18°C)
for future analysis.

Trace metal analysis. Trace metal (Zn, Cu,
Cd, Pb, Mn, Ni and Fe) were measured in different
parts (four organs and intestine content) of the sea
cucumber samples and sediment. All samples were
analyzed using Flame Atomic Absorption Spectrophotometer (FAAS; analytical Jena Nov AA 300
Atomic Absorption Spectrophotometer). Detection
OLPLWV LQ ȝJ J-1 were 0.003 for Cd, 0.003 for Cu,
0.005 for Fe, 0.003 for Mn, 0.008 for Ni, 0.005 for
Pb, and 0.002 for Zn. The ANOVA and Student's-t
comparison tests have been used to compare the
mean concentrations of heavy metals in different
sea cucumbers organs of the selected species.

FIGURE 1
Locations of the sampling sites along the Jordanian coast of the Gulf of Aqaba.
Sample Digestion. Duplicate (0.05 to 4g) dry
tissue/organs of sea cucumber (105°C) were put in
a crucible and ached in a muffle furnace at 500 °C
for 5 hr. The ash was transferred to a clean Teflon
beaker; 5 ml 65% nitric acid was added, incubated
at 60°C on the hot plate. The samples were refluxed; the solution was boiled and evaporated to
near dryness when another 5 ml of 65% nitric acid
was added to each crucible. The temperature was
again gradually raised, and samples were refluxed,
and then allowed to evaporate to near dryness. The
residue was allowed to cool at room temperature.
After then, 5 ml of deionized distilled water and 2
ml of HCl (%36) were added and heated below
boiling point for about 5 minutes until the solution
becomes clear. Each digest was filtered into 25 ml
volumetric flasks using Whatman 40 filter paper.
The filter was washed three times with deionized
distilled water. The samples were completed to the

RESULTS
Variations between different sites. Table 1
shows the trace metals concentrations of sea cucumber species collected from MSS and PLB. The
difference between different metal concentrations
between the two species was significant for Zn, Cu,
and Fe, while not significant for Cd, Pb, Mn and Ni.
Highest concentrations of Cd, Cu, Mn, Ni and Zn
were found in Actinophyga bannwarth compared to
highest concentrations of Pb and Fe were found

TABLE 1
Mean metal concentrations (μg/g ± SD) of the two species of sea cucumber collected from MSS and
PLB.
Station
Element
Cd
Zn
Cu
Pb
Fe
Mn
Ni

Holothuria impatiens
0.97±0.22
45.08±3.17
1.51±0.28
13.46±2.271
1118±83.4
23.45±4.71
117.5±8.29

MSS
Actinopyga
bannwarthi
1.11±0.25
55.35±7.53
3.15±0.46
12.09±1.82
345.5±44.04
49.02±8.74
367±30.55

P values
0.908
0.001
0.001
0.31
0.0262
0.229
0.895

3741

Holothuria impatiens
0.76±0.20
53.47±5.49
1.23±0.28
15.3±1.55
293.1±57.3
22.71±5.90
3.39±0.72

PLB
Actinopyga
bannwarthi
1.01± 0.21
33.85±3.13
7.32±1.66
17.88±2.06
2147±201
1588±0.65
5.40±0.65

P values
0.665
0.2
0.002
0.64
0.0383
0.01
0.344

© by PSP

Volume 27 ± No. 5A/2018 pages 3740-3745

Fresenius Environmental Bulletin

highest concentrations of Zn were found in muscles
(M) and intestine (I). In comparison, body wall
(BW) shows high ability to accumulate Mn.

in Holothuria impatiens. Phosphate Loading Berth,
the difference between different metal concentrations of the two species was significant for Cu, Fe
and Mn, while not significant difference for Cd, Zn,
Pb and Ni. The highest concentrations of Zn were
found in Holothuria impatiens while the rest of
elements was higher in Actinophyga bannwarth.

Variations between different sizes. Table 4
shows metal concentrations in different size of sea
cucumber. Statistical analysis does not show any
significant differences between large and small
species of sea cucumbers, meanwhile in Actinophyga bannwarth the tendency of accumulation of Cd,
Zn, Pb, Ni and Fe were found in small size, Cu and
Mn were found in large size. In Holothuria impatiens, small size of Holothuria impatiens exhibits
higher metals concentrations compared to the large
ones.

Variations between different organs. The
concentrations of metals in different organs of Actinophyga bannwarth and Holothuria impatiens are
represented in Table 2 and 3, respectively. The
results show a significant difference in the concentrations of Cd, Zn, Cu, Pb, Mn and Ni in the organs
of Actinophyga bannwarth and Holothuria impatiens, while the only exceptions was for Fe, the difference between different organs was not significant.
Intestine content (IC) shows higher concentrations of Cu, Pb, Ni and Cd in Actinophyga
bannwarth while, the highest concentrations of Fe
was found in Body wall (BW), Zn was accumulated
in Intestine (I) and Muscles (M).
In Holothuria impatiens, IC shows high concentrations of Cu, Pb, Ni, Cd and Fe, while the

Trace metals in sediment. The concentrations of various metals in sediments from the selected sites are presented in Table (5). Significant
difference between the Phosphate loading berth and
Marine Science Station have been observed for Cd,
Cu, Pb and Fe and except its higher concentrations
in Phosphate loading berth. Meanwhile, the concentrations of Zn, Mn and Ni were not significant difference.

TABLE 2
Mean metal concentrations (μg/g ± SD) between different organs of Actinopyga bannwarthi.
Cd
Zn
Cu
Pb
Fe
Mn
Ni

BW
0.130.07
46.298.85
7.373.54
1.431.43
148.732.18
0.080.05
1.430.39

I
0.110.0
56.16.68
4.361.77
2.522.52
60.79.9
0.370.17
1.060.66

IC
4.182.17
52.427.66
8.520.69
40.181.98
251.661.5
92.915.4
18.10.89

M
0.18.0.03
59.9714.18
3.481.5
11.223.22
27155.9
33.912.1
1.040.33

RT
0.130.04
8.212.26
2.470.5
82.36
5099.55038
39663962
2.620.37

P value
<0.0001
<0.0001
<0.0001
<0.0001
0.277
<0.0001
<0.0001

TABLE 3
Mean metal concentrations (μg/g ± SD) between different organs of r Holothuria impatiens.
Cd
Zn
Cu
Pb
Fe
Mn
Ni

BW
0.120.06
617.21
1.060.49
8.351.14
107.917.3
209.6521.53
0.420.18

I
0.16.060
798.49
0.060.04
8.951.18
43.810.62
163.7814.08
4.101.28

IC
4.180.45
38.335.33
4.600.55
28.812.48
29102196
48.904.03
95.5612.92

M
0.210.081
53.875.76
0.820.31
18.215.48
411.6112.6
189.8417.13
11.784.07

RT
0.130.08
13.772.2
0.280.1
7.460.68
52.457.5
88.954.5
3.071.41

P value
<0.0001
<0.0001
<0.0001
<0.0001
0.177
<0.0001
<0.0001

TABLE 4
Mean metal concentrations (μg/g ± SD) in different size of Actinopyga bannwarthi and
Holothuria impatiens.

Cd
Zn
Cu
Pb
Fe
Mn
Ni

Actinopyga bannwarthi
Small (<25 cm)
Large (>30 cm)
1.190.26
0.930.21
50.026.86
39.184.61
3.320.5
7.161.65
15.281.81
14.692.11
231203
183.536.96
20.546.033
1616.91584.9
460.9102.2
233.615.44

P value
0.422
0.191
0.270
0.829
0.292
0.315
0.250
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Holothuria impatiens
Small (<25 cm)
Large (>30 cm)
0.860.21
0.860.21
54.925.19
43.873.53
1.420.28
1.310.29
17.512.36
11.21.33
1193883.8
217.634.63
24.965.56
21.075.05
159.311.7
119.29.23

P value
0.983
0.079
0.783
0.02
0.271
0.600
0.974
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for the Pacific oyster Crassostrea gigas. [24] Determined an increase in tissue concentrations of Cd
with increasing size in the limpet Patella vulgate.
[21, 25] showed that small mussels may exhibit
higher metal levels than large mussels, possibly
owing to maturity and increased soft tissue weight
in the large animals. He concluded that the relationship between small and large animals could be due
to differences in metabolic activity, [26] or due to
sexual maturity since maturation is accompanied by
physiological changes and variations in affinity of
biochemical substances for metals.
Sea cucumbers are considered to be the most
important macrofaunal consumers and processors of
surface sediments in a wide variety of sub-tidal
marine systems [27], and can have major effects on
marine natural sediment texture, communities and
chemistry through consumption, digestion and
physical displacement and mixing of sediments
[28]. In general, the consumption and excretion of
sediments by deposit-feeding sea cucumbers stabilizes the sediment surface and results in net horizontal transport of surface sediments, specifically
lateral transfer of sediments [28]. In present study
levels of Zn, Pb, Fe and Mn, were lower in the sea
cucumber than in the sediments material and this
may reflect binding of very high concentrations of
these metal in the sediments and differential mean
of regulating these metals in sea cucumber tissue. In
addition, the determination of metal concentrations
in sediment provides information about the total
content not the bioavailable fraction. The sea cucumber of the present study demonstrated elevated
concentrations of Cd and Cu in different tissue.
Great varieties of organisms are known to accumulate these elements at high concentrations by storing
them in inactive inclusions.

TABLE 5
Mean metal concentrations of sediment (μg/g ±
SD) from the Marine Science Station (MSS) and
Phosphate Loading Berth sampling (PLB) sites.
Metal
Cd
Zn
Cu
Pb
Fe
Mn
Ni

PLB
0.100.03
140.577.5
0.570.2
626.931.5
5911454.8
203083.9
39.723.1

MSS
1.0010.003
165.238
2.576.2
55.786.2
5693284.5
201053.7
28.27.1
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P value
0.012
0.208
0.0162
0.0324
0.025
0.597
0.246

DISCUSSION
The results of the present study showed different species may have different uptake and accumulation rates of various trace metals this is in according with finding of [13]. [14] Reported that the
aquatic invertebrates living in the same habitat may
well have very different body concentrations of
trace and heavy metal concentrations. The differences in the accumulation abilities are probably
related to differences in rates of metal uptake and/or
inefficiencies of binding the metal inside the tissue.
The differences may also dependent both on environmental parameters (salinity, temperature, PH,
light, oxygen, nutrient concentration, and complexion agent) and on the structural differences among
the species [15, 16]. In the present study, however,
the differences in environmental parameter are
insignificant as they do not vary widely with time
and space, except for the presence of raw phosphate
deposits in the PLB site. Differences could be a
consequence of interspecific dissimilarities in the
amounts of sediments ingested by holothurians,
which can vary over several orders of magnitude
from one species to another [17] as well as in varying metal concentrations in the sediments a particular species ingest.
It is commonly accepted that all aquatic invertebrates accumulate metals in their tissue whether
or not these metals are essential to metabolism.
According to [18, 19] the concentrations of heavy
metals in the bodies of marine invertebrates are
highly variable both within and between species.
The regulation of trace metal concentrations in
constituent tissues and organs of sea cucumber is
widespread. It seems that sea cucumbers are able to
regulate the tissue and subsequently the body concentrations of essential metals over a wide range of
external environmental availabilities of trace metals
[20].
Size is one of the most important factors affecting metal levels in the tissue because it is usually related to age, food acquisition capability and
weight. It has been reported that size can produce
great differences in metal concentration in tissues of
marine organisms [21, 22]. [23] Showed the dependence of Cd concentrations on age and weight
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Tobacco whitefly (WF)&#,#-#(Gennadius) (Homoptera: Aleyrodiae) has been considered as a major pest on many host plants worldwide.
Three #%%., spp.: ,.-#%#, (Bs), &0%(%#*.
#', (Ba) and  -".+#'!#',#, var. $.+,-$# (Bt)
were tested for their ability to enhance plant growth
when evaluating their efficacy against the tobacco
whitefly stages. Number of cauliflower leaves, stem
diameter, fresh and dry weight of cauliflower plants
were more significantly in Bs and Ba compared to Bt
and control treatments. Total Chlorophyll of new
leaves was similar in all treatments. On the other
hand, total Chlorophyll of old leaves was less in Bs,
Bt and Ba than in control. However, the plant parameters used in this study were informative for promoting growth. All the results obtained for the different
plant parameters that were considered in this study
showed significant differences between the bacterial-treated plants and the control.

the soil, rhizosphere, rhizoplane, and phylosphere [4,
26]. PGPR promotes plant growth either by affecting
plant metabolism directly through supplying the
plants with substances that are usually in short supply such as nitrogen, phosphorus and iron. Additionally, they enhance producing hormones and improve
stresses tolerance in the plants. Moreover, a biocontrol-PGPB, promote plant growth indirectly by preventing harmful effects of some phytopathogenic
bacteria, fungi, nematodes and viruses [5, 26].
In the absence of major pathogens, many soil
and especially rhizosphere bacteria can stimulate
growth of crops by directly affecting plant metabolism and have been used in environmental applications [6]. PGPB belong to diverse genera including
-(-+"+(&(-+''+-"+(
-+ 1(+(, 1(,)#+#%%.& 1(-(-+ #%%.,
+$"(%+#%(,-+##.&'-+(-+ %/(
-+#.& +'$# 0+(!'()"! %.0/+ #
+((%., "0%%(-+#.& ,.(&(', ++
-#-)"0%((.,-+)-(&0,, #+#(, as well as
the well-known legume symbiont"#1(#.&[5, 7].
The #%%., species; ,.-#%#,and&0%(
%#*. #', are abundant in rhizospheres and they
have proved to be effective in plant growth promoters that mean plant biomass increase, early reproductive maturity, and biotic and abiotic stress tolerance
[8, 26].
,.-#%#, is one of the widely soil studied bacteria for plant growth promotion [7, 26]. Its success
is due to rapid surface colonization of plant through
biofilm formation [9, 26] and offers many advantages to crops including increase in yield [6, 26]
and offers a role of systemic resistance against a variety of fungal and bacterial pathogens, and few
phloem feeders [10, 26].
 &0%(%#*. #', is also one of the most
persistent and abundant bacteria in rhizospheres [11,
26] with anti-pathogen activities [12, 26]. It helps
plant to take essential nutrients and therefore reduces
the rates of fertilizer application [13], and it was
found to improve yield in lettuce and other vegetables [14]. A number of biological control agents such
as bacteria, fungi, viruses, pheromones, and plant extracts have been used for the control of insect pests
that attack many agricultural crops [15, 25].

('!#$
#%%.,,.-#%#, (Bs),#%%.,&0%(%#*. #', (Ba) and
#%%.,-".+#'!#',#, var. $.+,-$# (Bt), Tobacco whitefly, Cauliflower

 %#!&%! 
Cauliflower is considered one of several vegetables in the species +,,#(%+ in the genus
+,,#, which is in the family +,,# It is
an annual plant which reproduces by seeds. Only the
head is eaten [1]. Cauliflower is relatively difficult
to grow compared to cabbage, with common problems such as an underdeveloped head and poor curd
quality [2]. The plant grows best in cool daytime
temperatures (21–29 °C), with plentiful sun, and
moist soil conditions high in organic matter and
sandy soils [3]. Pests affecting cauliflower are
aphids, root maggots, cutworms, whitefly, moths,
and flea beetles [2, 25].
Plant growth-promoting rhizobacteria (PGPR)
are defined as beneficial bacteria that live freely in
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(50×30×60cm, 50 seeds/tray; one seed/pot) containing soil mixture oven-sterilized three times. For control, seeds were dipped in distilled water for eight
hours. Pots were placed in the greenhouse condition.
The bacterial suspensions (107–108 cells/ml) with a
rate of 30 ml/kg soil were added to the pots at weekly
intervals (modification for Kaushal et al. [20] till
harvesting [18, 26]. Growth parameters included the
number of leaves; stem diameter, fresh and dry
weight. Each treatment was replicated four times.
The experiment was laid out in a complete randomized design consisting of four replicates with three
plants for each treatment.

The most widely used in the world are preparations of #%%.,-".+#'!#',#, (Bt) [16, 26]. The insecticidal activity of (Bt) is due to containing
parasporal inclusions produced during sporulation.
Bioinsecticides based on the proteinaceous-endotoxin of (Bt constitute part of a more ecologically
rational pest control strategy [17,26]. Bt strains have
been isolated worldwide from different habitats, including soil, insects, stored-product dust, and deciduous and coniferous leaves [8]. -".+#'!#',#,infects many insects belonging to different orders including Lepidoptera, Diptera, Coleoptera, Hymenoptera, Homoptera, Phthiraptera, Orthoptera, and
Mallophaga [16, 25, 26].
It is the aim of this study to find the effect of
three Bacillus strains tested against the different
stages of tobacco whitefly, on different plant growth
parameters of cauliflowers.

$<)<1;<1+)46)4@;1;Growth promoting bioassay data were analyzed using a one way ANOVA for
the treatments.
#$&%$

"4)6<:7?<0":757<16/17);;)@)6,%-;<
16/<0-*141<@7.<0-)+<-:1)<7":757<-:7?<0
7. )=41.47?-: -). 6=5*-:; The maximum
number of leaves was in Bs treatment with an average of 12.75 leave/plant (Figure 1), then in Ba treatment with 12.25 leave/plant. Number of leaves in Bt
treatment was the lowest with 10.25 which was similar to that in the control. It is clear that Bs and Ba
treatments have a significant positive effect on promoting growth in cauliflower plant ((  ) = 9.22,
 = 0.002) (Table 1).

%#$ %!$

"4)6<:7?<0":757<16/;;)@)6,%-;<16/
<0-*141<@7.<0-)+<-:1)<7":757<-:7?<07.
)=41.47?-:Three bacterial strains (&0%(%#*.
#',,.-#%#, and -".+#'!#',#, var. $.+,-$#
were used in this experiment as treatments and as reported by Al Arabiat et al. [26] to control different
stages of tobacco whitefly. Distilled water was considered as control. The bacterial strains were grown
in nutrient broth medium and were agitated on a rotary shaker at 120 rpm and 37°C for 16 hrs [18, 26].
Bacterial suspensions were pelleted by centrifugation at 6000 rpm for 5 min, re-suspended and washed
with sterile water, and adjusted to Optical density
620 = 0.1 that corresponds to 107–108 cells/ml
[19,26]. Cauliflower seeds (Solid Snow cultivar)
were dipped in each bacterial suspension for eight
hours then one seed was planted in plastic pots

$<-5,1)5-<-:There was a significant difference in cauliflower stem diameter between Bs and
Ba compared to Bt and control (    = 16.68,
< 0.001) (Figure 2). Maximum stem diameter was
in Bs treatment with an average of 5.48 mm. Bt had
the lowest stem diameter with 3.62 mm. Bs and Ba

&# 
..-+<7.;<:)16;766=5*-:7.4-)>-;7.+)=41.47?-:84)6<)+<-:1);;=;8-6;176; A 
+-44; 54?1<0):)<-7. 54 3/;714?-:-),,-,<7<0-87<;)<?--34@16<-:>)4;=6,-:/:--607=;-+76,1
<176<);76<:74')<-:
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had a significant positive effect on promoting growth
in cauliflower plant. However, Bt has a negative effect on plant growth (Table 1).

047:780@44 7. 6-? 4-)>-; The chlorophyll
value for new leaves in Figure (3) for the bacteria
strains and water showed that the maximum value
was in Bs with 34 value then control with 26.5, Ba
with 24.8 and Bt was the lowest with 23.3 value.
However, the results show no significant difference
between all treatments (   = 1.19,  = 0.356)
(Table 1).

difference was noticed in control, Bt and Bs treatment in chlorophyll value (Table 1).
:-;0 ?-1/0< There was a significant difference in cauliflower fresh weight in Bs and Ba compared to Bt and control (      )
(Figure 5). Maximum fresh weight was in Bs treatment with an average of 15.65gm. Control treatment
had the lowest fresh weight with 7.53g. Bs and Ba
had a significant positive effect on promoting growth
in cauliflower plant (Table 1).

:@?-1/0<There was a significant difference
in cauliflower dry weight between Bs and Ba compared to Bt and control treatments (   = 7.60,
 = 0.004) (Figure 6). Maximum dry weight was in
Bs treatment with an average of 4.45gm. Bt treatment had the lowest dry weight with 1.88g. Bs and
Ba had a significant positive effect in promoting
growth in cauliflower plant (Table 1).

047:780@447.74,4-)>-;No significant difference in the bacterial strains (Bt, Ba, Bs) was noticed in chlorophyll value for cauliflower old leaves
(   = 3.08,  = 0.068) (Figure 4). Maximum
chlorophyll value was in control treatment with 25.6
which was significantly more than Ba treatment
which had the lowest value with 12.1. No significant


% 
..-+<7.;<:)16;76,1..-:-6<8):)5-<-:;7.+)=41.47?-:84)6<

"4)6<8):)5-<-:
>-:)/-
=5*-:7.4-)>-;±SE
$<-5,1)5-<-:+5±SE
047:780@447.6-?
4-)>-;±SE
047:780@447.74,
4-)>-;±SE
:-;0?-1/0</±SE
:@?-1/0</±SE

76<:74
10.25±0.216b
4.24±28.003b

<
10.25±0.216b
3.62 ±4.560b

%:-)<5-6<
)
12.25±0.649a
5.16.±19.330a

;
12.750±.216a
5.48±10.322a

$
1.33
0.64

26.50±4.894a

23.30±2.572a

24.80 ±4.351a

34.00±2.752a

13.44

25.60±1.746a

19.50±4.038ab

12.10±2.894b

17.10±1.598ab

9.79

7.50 ±0.420b
1.88±0.469b

9.45±0.288b
2.25 ±0.124b

15.28 ±0.454a
4.15 ±0.526a

15.65±1.375a
4.45 ±0.400a

1.46
1.46

Means followed by different letters within each row are significantly different (p < 0.05) using LSD. Bt: -".
+#'!',#,, Ba: &0%(%#*.# #',, Bs: ,.-#%#,, Control: Water.

&# 
..-+<7.;<:)16;76;<-5,1)5-<-:7.+)=41
.47?-:84)6<)+<-:1);;=;8-6;176; A 
+-44; 54?1<0):)<-7. 54 3/;714?-:-),,-,<7
<0-87<;)<?--34@16<-:>)4;=6,-:/:--607=;-+76
,1<176<)
;76<:74')<-:
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&#
..-+<7.;<:)16;76+047:780@44+76<-6<7.
74,4-)>-;7.+)=41.47?-:84)6<)+<-:1);;=;8-6
;176; A +-44; 54?1<0):)<-7. 54 3/;714
?-:-),,-,<7<0-87<;)<?--34@16<-:>)4;=6,-:
/:--607=;-+76,1<176<)
;76<:74')<-:


&#
..-+<7.;<:)16;76.:-;0?-1/0<7.+)=41
.47?-:84)6<)+<-:1);;=;8-6;176; A 
+-44; 54?1<0):)<-7. 54 3/;714?-:-),,-,<7
<0-87<;)<?--34@16<-:>)4;=6,-:/:--607=;-+76
,1<176%)
;76<:74')<-:


&#
..-+<;<:)16;76,:@?-1/0<7.+)=41.47?-:84)6<)+<-:1);;=;8-6;176; A +-44; 54?1<0)
:)<-7. 54 3/;714?-:-),,-,<7<0-87<;)<?--34@16<-:>)4;=6,-:/:--607=;-+76,1<176%
);76<:74')<-:
$&$$! 

Tobacco whitefly (WF)&#,#-#(Gennadius) (Homoptera: Aleyrodiae) has been considered as a major pest on many host plants worldwide
[25]. Three #%%., spp.: ,.-#%#, (Bs)&0%(
%#*. #', (Ba) and  -".+#'!#',#,var. $.+,-$#
(Bt) were tested for their ability to enhance plant
growth when evaluating their efficacy against the tobacco whitefly stages [26].
The plant parameters used in this study were informative for promoting growth. However, root parameters could add more informative data. All the
results obtained for the different plant parameters
that were considered in this study showed significant
differences between the bacterial-treated plants and

the control. These findings could reflect the root system. Soil microorganisms are able to convert insoluble phosphorus (P) into soluble form and thus, the
photosynthesis activity of the plants increased [21]
through increasing P-absorbance by plants [22]. Increasing P-absorbance could increase N-uptake [23].
Moreover, N-content could be enhanced in inoculated plants due to the uptake increase by roots [24].
From these results, it is concluded that the three
tested Bacillus strains on the different plant growth
parameters used in this study were informative for
promoting growth. All the results obtained for the
different plant parameters that were considered in
this study showed significant differences between
the bacterial-treated plants and the control.
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The purpose of this study is to determine the
physico-chemical properties (temperature, pH, dissolved oxygen, electrical conductivity, suspended
solid, nitrite nitrogen, nitrate nitrogen, orthophosphate and sulphate) within the water quality of 8 different streams flowing into the South eastern Black
Sea coast. The water samples were collected
monthly from April 2016 to March 2017 at a specified point at which the Melet, Aksu, Değirmendere,
İyidere, Salarha, Büyükdere, Fırtına and Hopa
streams flow into the sea. The physical parameters
of the water samples were measured using a portable
multi water quality meter (HQ40D), and analysed
the chemical parameters using a spectrophotometer
(HACH-LANGE-DR3900).
The
Gravimetric
method was used to obtain suspended solids matter
(SPM). The analysis results were compared with national and international quality standards and regulations for drinking as well as non-drinkable water.
The annual means of parameters for all streams
featured in this study were 14.22±0.525 (4-26.1) °C
in terms of temperature, 7.62±0.059 (6.1-9.1) in
terms of pH, 158.63±8.837 (40-420) µS/cm in terms
of electrical conductivity, and 10.38±0.132 (7.2914.63) mg/L in terms of dissolved oxygen. On the
other hand, the amount of suspended solid matter
(SPM) was 68.36 ± 8.791 (0.3-604.1) mg/L, nitrite
nitrogen was 0.016±0.005 (0.001-0.53) mg NO2N/L, nitrate nitrogen was 0.340 ± 0.026 (0-1.5) mg
NO3-N/L, orthophosphate phosphorus levels were
0.388±0.064 (0.02-4.29) mg o-PO4-P/L, and the
level of sulphate concentration was 10.458±0.949
(0-48) mg SO4/L.
When the findings are evaluated according to
national and international standards, all of the
streams have a Class I water quality standard according to other parameters with the exception of orthophosphate phosphorus. For orthophosphate phosphorus levels, the Değirmendere and İyidere streams
were determined to be Class IV, whilst the remaining
streams were determined to be Class II in terms of
water quality.

#!$#

The primary water arteries feeding into the seas
are surface and groundwater sources. It is inevitable
that these sources are affected by atmospheric and
terrestrial surface cover, as well as anthropogenic activities stretching from high elevation to sea level.
Each water basin has its own characteristic geochemical features. On the other hand, each water basin has different land use, forest cover, rural and urban settlements, and industrial activities. Therefore,
the water quality of streams especially surface waters that change more rapidly than underground waters should be monitored periodically.
The quality of water that we can express as
physical, chemical, and biological properties of water shows the health of the water ecosystem and water suitability for human consumption (drinking, irrigation, and industrial use) [1]. In this context, water
pollution remains an important problem for human
health and the environment [2].
Natural processes such as climate change and
erosion, urbanization, chemical leaks, industrial and
agricultural waste, and the degradation of water
quality due to dam construction lead to the pollution
of underground and surface water resources, the destruction of ecosystem balance, and other forms of
pollution [3]. It is known that water quality is an important influence of human intervention [4]. Worldwide water quality deterioration is due to the many
anthropogenic activities that release pollutants into
the environment, thus negatively affecting ecosystems in the water [5].
Although streams are the most important freshwater source for humans, they are contaminated by
the multitude of human activities that affect their
physico-chemical characteristics and microbiological quality [6].
The Eastern Black Sea region in the north east
of Turkey has two water basins. These include the
water basin of Eastern Black Sea and Çoruh. The
Eastern Black Sea, with an annual average of 14.90
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km3 worth of surface water potential basin meets 8%
of Turkey's potential [7]. The Çoruh basin flows
from the country of Georgia into the Black Sea, and
has a water potential of 6.50 billion m3 [8].
The Black Sea is dominated by hydrological
precipitation and freshwater inflow, and its surface
waters are special in that their seawater is less dense
than the bottom waters, meaning that it is influenced
by both the saltier Mediterranean waters as well as
the surrounding water basins [9]. The saltier waters
of the Mediterranean enter the straits and affect the
deep waters of the Black Sea, while the continental
shelf and coastal mixing regions dominate the waters
of the stream basins [10].
The purpose of this study is to examine the water samples taken from 8 different streams flowing
into the south eastern Black Sea coasts for 12
months, to determine the physico-chemical properties of these streams, to investigate their monthly and
seasonal changes and to classify the water quality

status according to national and international water
quality criteria. Furthermore, we have examined the
appropriateness of these stream resources on water
quality both in being used as drinking water, as well
as for aquaculture purposes.


#!"#"

"<=,@:-)This study was carried out to determine the physico-chemical properties of water
samples collected from April 2016 to March 2017
from 8 different streams (Melet, Aksu, Değirmendere, İyidere, Salarha, Büyükdere, Fırtına, Hopa)
flowing to the south eastern Black Sea from sampling points where there no sea water enters into
stream/stream mouths (Figure 1). The coordinate information of the stations is given in Table 1.

$! 
&7:316/):-))6,;<)<1768716<;77/4-):<0
# 
7+)<17616.7:5)<1767.;-4-+<-,;<)<176;16<0-;<=,@
"<)<176=5*-:
Station 1
Station 2
Station 3
Station 4
Station 5
Station 6
Station 7
Station 8

"<)<176
)5-
Melet
Aksu
Değirmendere
İyidere
Salarha
Büyükdere
Fırtına
Hopa

"<)<1767+)<176
Ordu
Giresun
Trabzon
Rize-İyidere
Rize
Rize-Çayeli
Rize-Ardeşen
Artvin-Hopa
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"<)<176
7,-
MOM
AGM
DTM
IRI
SRM
BRC
FRA
HAH

)<1<=,-

76/1<=,-

40.982672
40.912851
41.001817
40.987386
41.044023
41.083591
41.188648
41.392478

37.932918
38.440208
39.756872
40.329482
40.573910
40.711025
40.962518
41.417136
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")584-744-+<176International standardized
methods have been used for sampling and analysis,
with the Communique on Methods of Sampling and
Analysis of Water Pollution Control Regulation being taken into consideration [11, 12]. For physicochemical analysis, 324 samples were collected into 1
L sunlight-proof polypropylene bottles for over 12
months from the stream aforementioned sampling
points 30 cm below the water surface. Physical parameters were analysed in situ, and chemical parameters were analysed at the Recep Tayyip Erdogan
University Faculty of Fisheries Water Chemistry Laboratory.

&)<-: 6)4@;1; All of the samples were
brought to the laboratory in a cooler vessel and analysed the same day. Physical parameters such as temperature (°C), pH, electrical conductivity (µS/cm)
and dissolved oxygen (mg/L) were analysed on site
using a Hach Lange (HQ40D) multi water quality
meter. Chemical parameters such as nitrite (mg/L),
nitrate (mg/L), phosphate (mg/L), sulphate (mg/L)
were measured using a Hach Reagents and Hach

Lange DR3900 spectrophotometer. The methods of
chemical parameters included diazotization as nitrite, cadmium reduction as nitrate, ascorbic acid as
phosphate, and barium sulphate turbidity as sulphate. The gravimetric method was used in order to
measure suspended solids matter.

"<)<1;<1+)4 6)4@;1; The KolmogorovSmirnov test was used in order to check the normality of all data. The non-parametric Kruskal-Wallis
H-test was used to determine differences between
stations. Statistical analysis of all of the results was
carried out using SPSS 21.0 software.
!"$#"
The physico-chemical findings of the water
samples collected from the stations are shown in Table 2. The results of the analysis were compared with
drinking and general usage water quality standards
and regulations (Table 3).
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Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum
Mean
Std. Error
Minimum
Maximum

#-58-:)<=:-
A
15.78
1.814
7.4
25.2
13.34
1.471
7.81
22.2
13.91
1.818
4
22.7
12.89
1.662
5.2
20.4
13.85
1.59
6.3
21.7
14.13
1.301
8
21.8
13.30
1.526
4.5
20.3
16.54
1.763
7.1
26.1
14.22
0.525
4
26.1

8
7.94
0.167
7.23
9.1
7.84
0.106
6.97
8.27
7.83
0.144
6.88
8.37
7.23
0.171
6.3
8.06
7.24
0.203
6.1
8.1
7.28
0.153
6.31
7.78
7.76
0.183
6.12
8.7
7.85
0.192
6.83
9.01
7.62
0.059
6.1
9.1


B"+5
242.38
19.288
173
420
293.67
26.453
150
409
235.33
19.791
122
317
99.13
6.828
58
124
112.58
8.813
73.1
195
87.66
4.368
66
117
59.68
4.5344
40
98
138.58
6.083
109.8
183
158.63
8.837
40
420


5/
10.70
0.527
7.58
14.63
10.09
0.257
8.64
11.36
10.40
0.443
8.35
12.78
10.95
0.408
9.01
12.88
10.13
0.444
8.08
12.51
10.22
0.266
9.02
11.64
10.53
0.358
9.12
12.3
10.00
0.49
7.29
12.93
10.38
0.132
7.29
14.63

3754

"
5/
29.30
10.213
3.17
136.5
130.74
50.744
17.46
604.1
159.61
37.989
14.89
433.79
42.57
5.025
0.56
63.8
68.68
21.882
10.4
255.38
57.93
17.192
9.4
210.32
39.90
8.072
4.76
100.75
18.13
4.626
0.93
44.44
68.36
8.791
0.56
604.1

 
5/
0.016
0.003
0.004
0.044
0.007
0.003
0.001
0.039
0.054
0.043
0.001
0.53
0.008
0.002
0.001
0.022
0.013
0.006
0.003
0.076
0.006
0.001
0.001
0.015
0.006
0.003
0.001
0.036
0.016
0.006
0.002
0.083
0.016
0.005
0.001
0.53

 
5/
0.492
0.126
0.1
1.5
0.375
0.107
0.1
1.5
0.225
0.043
0
0.5
0.375
0.103
0.1
1.3
0.333
0.054
0
0.6
0.283
0.061
0.1
0.7
0.3
0.056
0.1
0.8
0.333
0.047
0.1
0.6
0.34
0.026
0
1.5

" 
5/
17
4.068
4
48
17.83
2.964
6
37
11.25
1.652
3
25
9.5
3.489
2
43
7.917
2.877
2
39
8.833
2.081
4
29
4
1.665
0
21
7.333
1.978
2
28
10,458
0.949
0
48

7 
5/
0.153
0.061
0.02
0.8
0.546
0.272
0.04
3.33
0.717
0.267
0.05
3.12
0.671
0.366
0.04
4.29
0.199
0.058
0.03
0.51
0.279
0.134
0.02
1.66
0.262
0.048
0.05
0.57
0.274
0.084
0.05
1.1
0.388
0.064
0.02
4.29
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# 
758):1;767.;<)<176;?1<06)<176)4)6,16<-:6)<176)4,:16316/)6,/-6-:)4=;16/?)<-:)6,6)<176)4
?)<-:9=)41<@;<)6,):,;)6,:-/=4)<176;
"<)<176;
YSKY (2016)
TS266 (2013)

EPA (2012)
WHO (2017)
YSKY (2016)
TS266 (2013)

EPA (2012)
WHO (2017)
YSKY (2016)
TS266 (2013)
#
EPA (2012)
WHO (2017)
YSKY (2016)
TS266 (2013)
!
EPA (2012)
WHO (2017)
YSKY (2016)
TS266 (2013)
"!
EPA (2012)
WHO (2017)
YSKY (2016)
TS266 (2013)
!
EPA (2012)
WHO (2017)
YSKY (2016)
TS266 (2013)
!
EPA (2012)
WHO (2017)
YSKY (2016)
TS266 (2013)

EPA (2012)
WHO (2017)

#-58-:)<=:-
8
A
I
I
Acceptable
Acceptable
Acceptable
Acceptable
I
I
Acceptable
Acceptable
Acceptable
Acceptable
I
I
Acceptable
Acceptable
Acceptable
Acceptable
I
I
Acceptable
Acceptable
Acceptable
Acceptable
I
I
Acceptable
Acceptable
Acceptable
Acceptable
I
I
Acceptable
Acceptable
Acceptable
Acceptable
I
I
Acceptable
Acceptable
Acceptable
Acceptable
I
I
Acceptable
Acceptable
Acceptable
Acceptable


B"+5
I
Acceptable
Acceptable
I
Acceptable


5/
I

 
5/

 (
5/
I

Acceptable

Acceptable

I

I
Acceptable

Acceptable
I
Acceptable

I

I
Acceptable

Acceptable
I
Acceptable

I

I

I

I

Acceptable
I

Acceptable
Acceptable

Acceptable
I

Acceptable
Acceptable
I
Acceptable

Acceptable
I

Acceptable
Acceptable
I
Acceptable

Acceptable

I
Acceptable

Acceptable
I
Acceptable

Acceptable
I

Acceptable
Acceptable
I
Acceptable

Acceptable

Acceptable

" 
5/
I
Acceptable
Acceptable
Acceptable
I
Acceptable
Acceptable
Acceptable
I
Acceptable
Acceptable
Acceptable
I
Acceptable
Acceptable
Acceptable
I
Acceptable
Acceptable
Acceptable
I
Acceptable
Acceptable
Acceptable
I
Acceptable
Acceptable
Acceptable
I
Acceptable
Acceptable
Acceptable

7 
5/
II

II

IV

IV

II

II

II

II


the Büyükdere versus the Melet, Aksu, and
Değirmendere streams, between the İyidere versus
the Melet, Aksu, and Değirmendere streams, as well
as between the Salarha versus the Melet, Aksu, and
Değirmendere streams.
The minimum annual DO value was measured
at 7.29 mg/L during the summer (June, Hopa station), whilst a maximum DO value of 14.63 mg/L
was also recorded during the summer (June, Melet
station). The total annual average DO value of all of
streams was determined to be 10.38±0.132 mg/L
(Figure 2). No statistically significant value differences were found between streams.
SPM values throughout the year were measured
in the summer the lowest SPM value was recorded
at 0.56 mg/L during the winter (December, İyidere
station), whereas the highest SPM value was recorded at 604.10 mg/L during the summer (August,
Aksu station). The total annual mean SPM value of
all streams was to be 68.36±8.791 mg/L (Figure 2).
There were statistically significant differences found
between the Hopa, Aksu, and Değirmendere
streams, as well as between the Melet and Değirmendere streams.
The lowest annual NO2-N was recorded at
0.001 mg/L across all four seasons in the months of

The lowest measured annual winter temperature was recorded at 4 ºC during the winter (December, Değirmendere station), whilst the highest summer temperature was recorded at 26.1 ºC during the
summer (July, Hopa Station). The total average annual water temperature of all of the streams was determined to be 14.22±0.525 ºC (Figure 2). No statistically significant value differences were found between streams. The differences in temperature values of streams were not statistically significant.
The lowest annual pH value was recorded at
6.10 during the spring, (April, Salarha station),
whilst the maximum was recorded at 9.10 during the
summer (June, Melet station). The total annual average water pH value of all the streams was determined
to be 7.62±0.059 (Figure 2). No statistically significant value differences were found between streams.
The lowest annual EC value was measured at
40 μS/cm during the spring (April, Fırtına station)
with a minimum, whereas the highest value was recorded at 420 μS/cm during the autumn (September,
Melet station). The annual average EC value for all
of the streams was determined to be 158.63±8.837
μS/cm (Figure 2). There were statistically significant
differences found between the Fırtına versus Melet,
Aksu, Değirmendere, and Hopa streams, between
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the İyidere Stream and had determined values to be
7.50 for pH, 57.60 μS/cm for EC, 11.10 mg/L for
DO, and 17.40 mg/L for SPM. The annual average
values in our study for the same stream were found
to be 7.23 for pH, 99.13 µS/cm for EC, 10.95 mg/L
for DO, 42.57 mg/L for SPM. Fevzioglu et al. [15]
had investigated the water quality of the Salarha
stream--to which the results of our study are comparatively similar [15]. Özoktay [16] had investigated
of water quality of the Melet Stream, as well as
Turnasuyu and Akçaova Creeks. In that study, the
annual mean values of physicochemical variables
had ranged between 6.35 and 8.52 for pH, 7.63 11.84 mg/L for DO, 6.73 - 918 µS/cm for EC, and 4
- 35 mg/L for sulphate. Our study had found 7.94 for
pH, 10.70 mg/L for DO, 242.38 µS/cm for EC, and
17 mg/L for sulphate. Şengün [17] had examined of
water quality of the Aksu stream, and had determined the annual mean values to be 7.47 for pH, 290
mS/cm for EC, and 1.354 mg/L for NO3-N. In our
study, these results were found to be lower in the
Aksu stream (pH: 7.44, EC: 293.67 µS/cm, NO3-N:
0.375 mg/L). Uncumusaoğlu and Akkan [18] had
studied the water quality of Yağlıdere stream, and
had recorded the annual minimum and maximum
values as being 6.96 and 8.57 for pH, 175 and 428
mS/cm for EC, 7.04 and 15.52 mg/L for DO, 0.311
and 2.100 mg/L for NO3-N, 0.001 and 0.038 mg/L
for NO2-N, and 0.008 and 0.354 mg/L for O-PO4. In
our study, minimum and maximum values for all of
stream in question were recorded at 6.1 and 9.1 for
pH, 40 for 420 μS/cm for EC, 7.29 and 14.63 mg/L
for DO, 0.001 and 0.53 mg/L for NO2-N, 0 and 1.5
mg/L for NO3-N, and 0.01 and 4.29 mg/L for o-PO4P.
In considering past and current physiochemical
research on the Black Sea river basin, it can be said
that there are no significant differences between the
basic parameters, however agricultural and small
scale industrial activities as well as domestic
wastewaters have started to cause polluted water
conditions in recent years in terms of nutrients.
On the other hand, if we were make to a general
assessment of basin streams in terms of their physiochemical properties, based to our observations it
can be said that that the waters of the Eastern Black
Sea streams generally have are mild in temperature
(14.22 °C), mildly alkaline (7.62), rich in oxygen
(10.38 mg/L), lacking in dissolved solids (158.63
μS/cm), and have a moderate level of turbidity
(68.36 mg/L).

in January, May, July, August, and September at the
Fırtına, İyidere, Aksu, Büyükdere, and Değirmendere stations, whilst the highest value was recorded
at 0.53 mg/L during the winter (December,
Değirmendere station). The total annual NO2-N
value for all of the streams was calculated to be
0.016±0.005 (Figure 2). There were statistically significant value differences found between the Fırtına
and Melet streams.
The lowest annual NO3-N was recorded at 0
mg/L during the autumn and winter months (January
and October, Değirmendere and Salarha stations),
whist the highest value was recorded at 1.50 mg/L
during the summer and autumn (June and October,
Melet and Aksu stations). The total annual NO3-N
value for all of the streams determined to be
0.340±0.026 (Figure 2). No statistically significant
value differences were found between streams.
The lowest annual SO4 value was recorded at 0
mg/L during the winter (December, Fırtına station),
whereas the highest value was recorded at 48 mg/L
during summer (August, Melet station). The annual
average SO4 value for all of the streams was determined to be 10.458±0.949 mg/L (Figure 2). There
were statistically significant value differences found
between the Fırtına, Melet, Aksu, and Değirmendere
streams.
The lowest annual o-PO4-P values was recorded at 0.02 mg/L during the winter and spring
(February and March, Büyükdere and Melet stations), whereas the highest o-PO4-P value as recorded at 4.29 mg/L during the autumn (October,
İyidere station). The total annual mean o-PO4-P
value for all of the streams was determined to be
0.388±0.064 (Figure 2). No statistically significant
value differences were found between streams.
"$""

Upon the evaluation of the results of this study,
it was observed that the parameters had varied between 4 - 26.1 °C for T, 6.1 - 9.1 for pH, 40 - 420
μS/cm for EC, 0.3 - 604.1 mg/L for SPM and 7.29 14.63 mg/L for DO. Other parameters were measured between 0.001 - 0.53 mg/L for as NO2-N, 0 1.5 mg/L NO3-N, 0.01 - 4.29 mg/L for o-PO4-P, and
0 - 48 mg/L for SO4.
Numerous physicochemical studies on water
quality have been carried out in the study basin.
Gedik et al. [13] had investigated the physicochemical water quality of Fırtına Stream. They had found
pH values to be 7.16, EC values to be 54.77 μS/cm,
and DO values to be 10.71 mg/L. In our study, the
annual average values were determined to be 7.76
for pH, 59.68 µS/cm for EC, 10.53 mg/L for DO,
39.90 mg/L for SPM, 0.006 mg/L for nitrite nitrogen,
0.30 mg/L for nitrate nitrogen, 0.261 mg/L for orthophosphate phosphorus, and 4 mg/L for sulphate.
Verep et al. [14] had examined the water quality of
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This study was carried out to evaluate the energy balance and energy economics analysis in
wheat production. The data were collected randomly
from 156 farmers growing irrigated wheat in Erzurum province through a survey during the period of
September-November, 2017. According to the results of the study, total energy input and output in
wheat production were determined as 20105.9 MJ
ha-1 and 85703.5 MJ ha-1 respectively. Nitrogen
source, followed by seeds (17.6%) and diesel fuel
(15.7%), had the maximum share of energy input
(42.0%). The total energy value from wheat and
straw were 85703.5 MJ ha-1; 40.9% of which energy
obtained from wheat and 59.1% from straw. In this
study, the energy efficiency coefficient was found as
4.26, the specific energy coefficient as 8.43, the energy productivity coefficient as 0.12, and the total
energy input cost per hectare as 1752.3 Turkish Liras
for wheat production in irrigated conditions. The
highest costs per energy units were labor (3.82 TL
MJ-1), chemical (insecticide - 0.51 TL MJ-1) and machine (0.16 TL MJ-1) respectively. The average cost
of energy input was determined as 0.09 TL MJ-1, and
according to the sources, the lowest energy costs
were nitrogen (0.02 TL MJ-1), irrigation water (0.04
TL MJ-1) and diesel fuel (0.08 TL MJ-1). The energy
benefit-cost ratio was 2.71, gross income was 4755.6
TL per hectare and net income was 3002.7 TL.



has varied between 17.2-22.6 million tons in the last
decade. In the year 2016, total wheat production was
20.6 million tons. According to TUIK data for wheat
consumption of our country in 2014/15 season, 15
million 604 thousand tons of wheat was consumed
as food, 1 million 425 thousand tons were used as
seed, and 2 million 556 thousand tons as animal feed
[1].
Agriculture is an energy consumer as well as an
energy supplier in the form of bio-energy. Energy is
an important input for all agricultural production. It
directly uses as fuel for heating or cooling and lighting purposes, and indirectly farm-produced fertilizers and chemicals.
In Turkey agriculture, the mainly consumed energy sources are oil, electricity, natural gas, geothermal and others. In recent years, the oil and electricity
consumption per unit of cultivated field area has
been 0.185 TOE ha-1 (TOE: Tons of Oil Equivalent)
and 0.302 MWh ha-1, respectively in Turkey agriculture [2].
In most of the intensive agricultural production
systems, energy inputs have been increased to either
maximize yields or minimize intensive labor practices or both [3].
In recent years, the studies have aimed to raise
the efficiency of energy use in agriculture. In terms
of energy, agricultural activities that can be done
physically and economically effectively will be sustainable. The practices of sustainable agricultural
production depend on improving the efficiency policies with the energy balance analysis of the production activity. In different parts of the world, energy
studies have been conducted on different agricultural
products [3-15].
Although wheat is one of Turkey's most important agricultural products, the studies that investigated energy efficiency of wheat production are
limited. The aim of this study is to evaluate the energy balance and energy economic analysis in wheat
production.

&%!"
Energy economics, wheat, Erzurum, Turkey
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Wheat is a traditional and strategic product for
Turkey agriculture in terms of production and consumption. In Turkey, wheat is grown in 33% area of
the total cultivable agricultural area and in 67.5% of
cereal sowing area. Wheat can be produced in almost
all regions of Turkey, and more than 3 million farmers are sow wheat each year.
Wheat cultivation areas have ranged between
7.5-8.5 million hectares and the production amount
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3+7-=+6:/;'1+3984,/35:98'3*4:95:98/3<.+'9574*:)9/43
35:9
Human Labor
Machinery
Nitrogen (N)
Phosphorus (P2O5)
Herbicides
Seeds
Diesel-oil
Water for irrigation
:95:9
Wheat grain
Wheat straw

h
h
Kg
Kg
Kg
Kg
L
m3

3+7-=6:/;'1+39
:3/9 
1.96
62.7
66.14
12.44
238
15.7
56.31
0.63

[9, 14, 16]
[9, 10, 16]
[6, 9, 10, 16]
[8-10, 16]
[9, 10, 16]
[14]
[9, 10, 12, 16]
[9, 10, 16]

Kg
Kg

14.7
13.75

[14]
[17]
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+9.4*'3*'9'411+)9/43Wheat production technology in Erzurum represents the wheat
farming of Turkey. The average yield of wheat in the
region is close to the average of Turkey.
The data of the study were randomly collected
through a survey from 156 farmers growing irrigated
wheat in Erzurum province between September-November, 2017. Seed, fertilizers, chemicals, water,
human labor, machinery, and fossil fuels were recorded as inputs, and the main product and by-products were noted as outputs for the farms. In order to
determine the energy benefit-cost analysis, data related to costs of inputs and returns of the products
were also collected.
The physical units of agricultural inputs were
transformed to energy units. The energy equivalents
of agricultural inputs in wheat production are given
in Table 1.

"'  $# (
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3+7-=(+3+,/9)489'3'1=8/8Modern agriculture requires an energy input at all stages of agricultural production such as direct use of energy in farm
machinery, water management, irrigation, cultivation, and harvesting. In addition, there are many indirect or sequestered energy inputs used in agriculture in the form of mineral fertilizers and chemical
pesticides, insecticides and herbicides [23]. Energy
prices affect the cost of production of agricultural
crops. In this study, single crop budget analysis was
used to calculate operating costs [9]. Costs and returns of different energy input sources used in wheat
production were analyzed to understand the nature
of inputs in relation to their energy content. Also, energy benefit-cost ratio was analyzed to reveal the energy efficiency of wheat production. Energy benefitcost ratio was calculated with the following equation:

" % 
  ' (
&
' (
In the calculation of net returns, expenditure
items such as land lease and interest were not taken
into consideration. Gross returns were calculated by
multiplying the yield (kg) with the average price and

3+7-= ('1'3)+ The energy sources used in
wheat production were calculated as both direct and
indirect interventions. In agricultural sector, direct
and indirect energy types based on the available
sources are widely used. The direct energy sources
consist of manpower, animal power, fossil fuels,
electricity; while indirect energy sources comprise
seeds, chemicals, pesticide, fertilizer, farmyard manure, and machinery. They can be divided into three
subgroups as physical, chemical and biological
sources. The physical energy is a kind of energy that
is provided when operating machinery and equipment during agricultural activities. Chemical energy
is an energy that is provided by chemical fertilizers,
pesticides, herbicides, and fungicides. Biological energy involves the natural energy of seed and hormones. [9, 15, 18-20]. 
Energy balances estimations for wheat production were performed by using the following criteria
[12, 17, 21, 22]:
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by taking the main product and the by-product into
account. Net returns over variable costs are
calculated by subtracting total variable input costs:

respectively. Safa, Samarasinghe [13], carried out in
irrigated conditions of New Zealand, expressed that
the maximum energy input was 29693 MJ ha-1 and
minimum energy input was 20212 MJ ha-1 for wheat
production. In a study in Iran on wheat production,
Ghorbani, Mondani [24] indicated the total energy
input was 45367.63 MJ ha-1, the total output energy
was 65336.32 MJ ha-1. On the other hand, Ziaei,
Mazloumzadeh [25] determined the energy input as
32492.97 MJ ha-1 and energy output as 48517.24 MJ
ha-1.
In wheat production, 83.9% of the total energy
use is obtained from indirect energy sources, while
16.1% is obtained from direct energy sources. Under
irrigated conditions of Tokat province, the direct energy sources ratio was 23.11% and the indirect energy sources ratio was 76.89% [9]. The percentages
of this energy sources in New Zealand were determined as 43% and 57 % respectively [13].
Nitrogen source has the maximum share of energy input (42.0%), which is followed by seeds
(17.6%) and diesel fuel (15.7%), the other inputs that
have a major share. Cicek, Altintas [9], indicated that
the fertilizer, diesel-oil, and seed had a maximum
share among energy inputs, respectively, while
Ziaei, Mazloumzadeh [25] reported that the diesel
fuel, nitrogen, and seed had the highest share among
energy inputs, respectively. Ghorbani, Mondani
[24], found that the input energy was relatively
higher in nitrogen, diesel fuel, and irrigation water
than that of others.

  ' (
&   ' (
%   ' (
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Energy input and total energy outputs of wheat
production are presented in Table 2. In Erzurum region, soil preparation for wheat production begins
before the second half of August. In September, second-class tillage equipment is used for replenishment and planting. The first plowing is made with a
plow; the second one is with a cultivator, harrow or
combined harrow. Sowing in all of the surveyed enterprises is made by seeder. Harvest starts as of July.
Fertilizing is done by hand, spraying is done with a
sprayer. In irrigated conditions of Erzurum, 39 hours
of human labor and 17.9 hours of machine power are
used for wheat production per hectare. In the same
region and production conditions, 127.8 kg nitrogen,
65.3 kg phosphorus, 56.1 liters diesel fuel, 225.4 kg
seeds and 4039.4 m3 irrigation water is used per hectare.
The total energy input and output were 20105.9
MJ ha-1 and 85703.5 MJ ha-1 for wheat production,



# 
3+7-=/35:98'3*4:95:98/3<.+'9574*:)9/43
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1.Direct energy
Human labor
Diesel fuel
2.Indirect energy
a. Physical energy
Machinery
b. Chemical energy
Fertilizers
Nitrogen
Phosphorus
Chemicals
c. Biological energy
Seeds
Water for irrigation
Total energy input
3.Energy output
Wheat
Straw
Total energy output

MJ/ha
h
L
MJ/ha
H
H

17.9

Kg
Kg
Kg
L

127.8
65.3
1.7

39.0
56.1

kg
m3
MJ/ha

225,4
4 039.4

kg
kg
MJ/ha

2 386.4
3 681.7
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3 237.7
76.5
3 161.2
16 868.2
1 119.8
1 119.8
9 664.8
9 265.0
8 452.7
812.3
399.8
6 083.6
3 538.8
2 544.8
20 105.9

16.1
0.4
15.7
83.9
5.6
5.6
48.1
46.1
42.0
4.0
2.0
30.3
17.6
12.7
100.0

35 080.1
50 623.4
85 703.5

40.9
59.1
100.0
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Item
Total energy input (MJ ha-1)
Total energy output (MJ ha-1)
Energy efficiency
Specific energy (MJ kg-1)
Energy productivity (kg MJ-1)
Net energy (MJ ha-1)

Wheat production
20 105.9
85 703.5
4.26
8.43
0.12
65 597.6

In a study, Rahman and Hasan [26] investigated
the energy efficiency in wheat production in Bangladesh and found that the energy values of inputs
were 5731.7 MJ ha-1 for nitrogen, 244.8 MJ ha-1 for
phosphorus, 844.6 MJ ha-1 for machinery, and
2375.0 MJ ha-1 for seed. On the other hand, they
found the energy from wheat production was
34681.5 MJ ha-1. Singh, Singh [27] reported that
40% of total input energy in agricultural production
came from nitrogen. Indeed, in many agricultural
products nitrogen has the largest share of the total
energy input as it has an effective role on plant
growth and total plant yield. Due to non-renewable
sources used in the production of nitrogen, it is necessary to consider natural sources of nitrogen (e.g.
animal manure) as a substitute. For example, the energy value of 1-ton animal manure is 300 MJ [28]
and in terms of input energy, 5 kg nitrogen can equal
1-ton animal manure.
According to the results of this study, total
grain yield was 2386.4 kg ha-1 and 3681.7 kg ha-1
straw in wheat production. The total energy value
obtained from wheat and straw was 85703.5 MJ ha1
; 40.9% of this energy was obtained from wheat and
59.1% from straw. Total energy output in wheat production was found 50127.0 MJ by Cicek, Altintas
[9], 295286 MJ and 65336.32 MJ by Safa,
Samarasinghe [13] and 68872.43 MJ by Singh,
Singh [17].
The energy balance for wheat production in irrigated conditions in Erzurum is given in Table 3.
Energy balance is important for assessing whether
energy used in agricultural production is used effectively or not. The energy efficiency coefficient was
found to be 4.26 for wheat production in irrigated
conditions. This means 4.26 units of energy is produced for each energy input used in wheat production. Cicek, Altintas [9] determined the energy
efficiency coefficient as 3.8 in irrigated conditions of
Tokat region. Furthermore, in terms of wheat
production, Safa, Samarasinghe [13] determined this
value as 11.5; Ghorbani, Mondani [24] as 1.44; and
Ziaei, Mazloumzadeh [25] as 1.49. The results of
some studies showed that energy efficiency in agricultural production can vary for different agricultural products, and it can also show differences for
different regions and ecological conditions [3, 5, 6,
8, 10, 11, 16, 29-31].

In this study, the specific energy coefficient
was determined to be 8.43. This coefficient explains
the amount of energy that needs to be consumed to
produce one kilogram of wheat. Considering the energy value for producing of a kilogram of wheat was
14.7, it can be accepted that an efficient production
was achieved in terms of energy use. Ziaei,
Mazloumzadeh [25] found the specific energy coefficient was 17.8.
The energy productivity coefficient explains
the amount of product that can be produced by a unit
energy input. The energy productivity coefficient
was found 0.12 in this study, and it means that 0.12
kilograms of wheat can be produced with one unit of
energy. According to the results of the same study,
carried out in the different regions of the world it was
stated that the energy productivity coefficient
changed between 0.056 and 0.17 [9, 24, 25]. The net
energy amount was determined as 65597.6 MJ ha-1
for wheat production in irrigated conditions.
In agricultural production, only the results of
the studies considering the amount of energy alone
are not sufficient for energy analyses because energy
costs should also be assessed. In this context, energy
costs in wheat production are presented in Table 4.
In irrigated conditions, the total energy input cost per
hectare in wheat production was 1752.3 Turkish Liras. The highest cost per energy unit was labor (3.82
TL MJ-1), chemical (insecticide - 0.51 TL MJ-1) and
machinery (0.16 TL MJ-1) respectively. The average
input energy cost was determined as 0.09 TL MJ-1,
and considering the sources, the lowest energy cost
was in nitrogen (0.02 TL MJ-1), irrigation water
(0.04 TL MJ-1) and diesel fuel (0.08 TL MJ-1).
Energy benefit-cost ratios are shown in Table
5. In this study, for wheat production in irrigated
conditions of Erzurum, the energy benefit-cost ratio
was 2.71, gross income was 4755.6 TL per hectare
and net income (gross margin) was 3002.7 TL. This
coefficient explains the gross income for per unit of
input energy. Ghorbani, Mondani [24] determined
the benefit-cost ratio (1.97) lower than that of our
study. The gross income obtained for per unit output
energy was 0.06 TL and the net income was 0.04 TL.
Gross income per unit input energy was 0.24 TL and
net income was 0.15 TL. In other words, in Erzurum
irrigated conditions, it requires 100 TL input energy
cost in order to get 15 TL net income.
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Source
Human labor
Diesel fuel
Machinery
Nitrogen
Phosphorus
Chemicals
Seeds
Water
Total

# 
48984,+3+7-=/35:984:7)+8/3<.+'9574*:)9/43

-1
Energy use (MJ ha )
Cost of input (TL ha-1)
Cost per energy use (TL MJ-1)
76.5
292.5
3.82
3 161.2
266.5
0.08
1 119.8
179.0
0.16
8 452.7
185.3
0.02
812.3
114.3
0.14
399.8
204.0
0.51
3 538.8
405.7
0.11
2 544.8
105.0
0.04
20 105.9
1 752.3
0.09

# 
3+7-=(+3+,/9)4897'9/4,479.+<.+'9574*:)9/43

Particulars
Wheat production
Gross returns of output (TL ha-1)
4 755.6
Net returns over variable inputs (TL ha-1)
3 002.7
Energy benefit-cost ratio
2.71
Return per unit of output energy (TL MJ-1)
0.06
Return per unit of input energy (TL MJ-1)
0.24
Net return per unit of output energy (TL MJ-1)
0.04
Net return per unit of input energy (TL MJ-1)
0.15


$"

In this study, energy balance and economic
analysis of wheat production in irrigated conditions
were investigated in Erzurum region. In wheat production, 85703.5 MJ energy output was obtained by
using 20105,9 MJ energy input. The highest energy
came from nitrogen, seed and diesel fuel. According
to the results of this study, the energy efficiency was
determined as 4.26 and the benefit-cost ratio as 2.71.
When evaluated in terms of variable inputs, wheat
production in irrigated conditions can be said to be
energy-efficient, and economically profitable. While
the level of energy efficiency can be an acceptable
level in wheat production, also the environmental
cost of the production must be assessed. In wheat
production, the non-renewable sources of energy
have the highest share, the sustainability of production depend on the cost of ever-rising imported products, like fertilizers and oil.
Effective use of energy is essential for sustainable agriculture. The use of energy in agriculture is
increasing day by day as a result of the limited of
agricultural land, even more and more decline, and
the demand for higher living standards of the societies. With the increasing population, the increase in
food demand leads to more intensive use of inputs
such as pesticides, insecticides, chemical fertilizers,
and machine power. Agricultural production, made
with intensive input threatens human and environmental health. In agriculture, effective use of energy
will help reduce the environmental problems, stop
the destruction of natural resources and the establish

a sustainable agricultural structure [16]. Priority
should be given to the practices that will increase energy efficiency or the specific energy coefficient. It
can be recommended that the nitrogen requirement
of the soil should be reduced, appropriate crop rotations should be managed, the use of animal manure
as an alternative to nitrogen source should be encouraged, and the optimum use of machinery to reduce
fuel consumption should be achieved.
As a result, although agriculture has a small
share in national energy consumption, high and unstable energy costs affects sustainability negatively.
Energy dependence should be minimized for a sustainable and environmentally friendly agricultural
structure.
!!"

[1] TMO (2016) Hububat Raporu. Toprak
Mahsulleri Ofisi: Ankara.
[2] Öztürk, H.H. (2013) Türkiye Tarımında Enerji
Tüketimi. 28. Ulusal Tarımsal Mekanizasyon
Kongresi. 177-182.
[3] Esengun, K., Gündüz, O. and Erdal, G. (2007)
Input–output energy analysis in dry apricot
production of Turkey. Energy Conversion and
Management. 48(2), 592-598.
[4] Baran, M.F. and Gokdogan, O. (2016)
Comparison of Energy Use Efficiency of
Different Tillage Methods on the Secondary
Crop Corn Silage Production. Fresen. Environ.
Bull. 25, 3808-3814.

3763

&%

# '  !









 !#!$ "#"


[18]Chamsing, A., Salokhe, V.M. and Singh, G.
(2006) Energy consumption analysis for
selected crops in different regions of Thailand.
Agricultural Engineering International: CIGR
Journal. VIII.
[19]Kuswardhani, N., Soni, P. and Shivakoti, G.P.
(2013) Comparative energy input–output and
financial analyses of greenhouse and open field
vegetables production in West Java, Indonesia.
Energy. 53, 83-92.
[20]Taewichit, C. (2012) Multiple criteria decision
making in integrated agricultural production
systems under Thai rain-fed condition. PhD
Dissertation. Asian Institute of Technology,
Thailand.
[21]Khan, M., Awan, I. and Zafar, J. (2009) Energy
requirement and economic analysis of rice
production in western part of Pakistan. Soil &
Environment. 28(1), 60-67.
[22]Ozkan, B., Fert, C. and Karadeniz, C.F. (2007)
Energy and cost analysis for greenhouse and
open-field grape production. Energy. 32(8),
1500-1504.
[23]FAO (2000) Environment and Natural
Resources Working Paper. No:4, Rome.
[24]Ghorbani, R., Mondani, F., Amirmoradi, S. and
Feizi, H. (2011) A case study of energy use and
economical analysis of irrigated and dryland
wheat production systems. Applied Energy.
88(1), 283-288.
[25]Ziaei, S., Mazloumzadeh, S. and Jabbary, M.
(2015) A comparison of energy use and
productivity of wheat and barley (case study).
Journal of the Saudi Society of Agricultural
Sciences. 14(1), 19-25.
[26]Rahman, S. and Hasan, M.K. (2014) Energy
productivity and efficiency of wheat farming in
Bangladesh. Energy. 66, 107-114.
[27]Singh, S., Singh, S., Mittal, J. and Pannu, C.
(1998) Frontier energy use for the cultivation of
wheat crop in Punjab. Energy Conversion and
Management. 39(5-6), 485-491.
[28]Ozkan, B., Akcaoz, H. and Fert, C. (2004)
Energy input–output analysis in Turkish
agriculture. Renewable energy. 29(1), 39-51.
[29]Baran, M.F., Lule, F. and Gokdogan, O. (2017)
Energy Input-Output Analysis of Organic Grape
Production: A Case Study from Adiyaman
Province. Erwerbs-Obstbau. 59(4), 275-279.
[30]Demircan, V., Ekinci, K., Keener, H.M.,
Akbolat, D. and Ekinci, C. (2006) Energy and
economic analysis of sweet cherry production in
Turkey: a case study from Isparta province.
Energy Conversion and Management. 47(1314), 1761-1769.
[31]Yilmaz, I., Akcaoz, H. and Ozkan, B. (2005) An
analysis of energy use and input costs for cotton
production in Turkey. Renewable Energy.
30(2), 145-155.

[5] Baran, M.F., Oguz, H.I. and Gokdogan, O.
(2017) Determination of Energy Input-Output
Analysis in Plum (Prunus domestica L.)
Production. Erwerbs-Obstbau. 59(4), 331-335.
[6] Baran, M.F., Oguz, H.I. and Gokdogan, O.
(2017) Determination of Energy Input-Output
Analysis in Organic Strawberry Production.
Fresen. Environ. Bull. 26, 2076-2081.
[7] Canakci, M. and Akinci, I. (2006) Energy use
pattern analyses of greenhouse vegetable
production. Energy. 31(8-9), 1243-1256.
[8] Canakci, M., Topakci, M., Akinci, I. and
Ozmerzi, A. (2005) Energy use pattern of some
field crops and vegetable production: Case
study for Antalya Region, Turkey. Energy
conversion and Management. 46(4), 655-666.
[9] Cicek, A., Altintas, G. and Erdal, G. (2011)
Energy consumption patterns and economic
analysis of irrigated wheat and rainfed wheat
production: case study for Tokat region, Turkey.
Bulgarian Journal of Agricultural Science.
17(3), 378-388.
[10]Esengun, K., Erdal, G., Gündüz, O. and Erdal,
H. (2007) An economic analysis and energy use
in stake-tomato production in Tokat province of
Turkey. Renewable Energy. 32(11), 1873-1881.
[11]Gokdogan, O., Oguz, H.I. and Baran, M.F.
(2017) Energy input-output analysis in organic
mulberry (Morus spp.) production in Turkey: a
case study Adiyaman-Tut Region. ErwerbsObstbau. 59(4), 325-330.
[12]Ozkan, B., Ceylan, R.F. and Kizilay, H. (2011)
Energy inputs and crop yield relationships in
greenhouse winter crop tomato production.
Renewable Energy. 36(11), 3217-3221.
[13]Safa, M., Samarasinghe, S. and Mohssen, M.
(2011) A field study of energy consumption in
wheat production in Canterbury, New Zealand.
Energy conversion and management. 52(7),
2526-2532.
[14]Singh, V.K. and Sharma, B.B. (2002) Economic
evaluation of rice (Oryza sativa)-based cropping
sequences in the foothills of Himalayas. Indian
Journal of Agronomy. 47(1), 12-19.
[15]Soni, P., Taewichit, C. and Salokhe, V.M.
(2013) Energy consumption and CO2 emissions
in rainfed agricultural production systems of
Northeast Thailand. Agricultural Systems. 116,
25-36.
[16]Erdal, G., Esengün, K., Erdal, H. and Gündüz,
O. (2007) Energy use and economical analysis
of sugar beet production in Tokat province of
Turkey. Energy. 32(1), 35-41.
[17]Singh, H., Singh, A.K., Kushwaha, H. and
Singh, A. (2007) Energy consumption pattern of
wheat production in India. Energy. 32(10),
1848-1854.

3764

&%

# '  !









 !#!$ "#"



!+)+/;+*
   
))+59+*
   


!!"$#!
0'3+2/7
Atatürk University
Faculty of Agriculture
Department of Agricultural Economics
25240 Erzurum – Turkey
e-mail: okandemir@atauni.edu.tr


3765

Volume 27 ± No. 5A/2018 pages 3766-3775

© by PSP

Fresenius Environmental Bulletin

EFFECTS OF VITAMIN D ON MATRIX
METALLOPROTEINASE 9 AND APOPTOSIS IN
EXPERIMENTAL DIABETIC RAT KIDNEY TISSUE
Nevzat Gozel1,*, Fatih Genc1, Fethi Ahmet Ozdemir2, Tuncay Kuloglu3, Nalan Kaya3,
Mehmet Hanifi Yalcin4, Sule Kavak-Genc5, Suleyman Serdar Koca6, Emir Donder1
2

1
Department of Internal Medicine, Faculty of Medicine, Firat Univeristy, 23000, Elazig, Turkey
Department of Molecular Biology and Genetics, Faculty of Science and Art, Bingol University, 12000, Bingol, Turkey
3
Department of Histology and Embryology, Faculty of Medicine, Firat University, 23000, Elazig, Turkey
4
Department of Histology and Embryology, Faculty of Veterinary Medicine, Firat University, 23000, Elazig, Turkey
5
School of Medicine, Firat University, 23000, Elazig, Turkey
6
Department of Rheumatology, Faculty of Medicine, Firat Univeristy, 23000, Elazig, Turkey

ABSTRACT

INTRODUCTION

Diabetic nephropathy is ranked first among diabetes related causes of death. Matrix metalloproteinases are enzymes that play a role in the breakdown and transformation of the extracellular matrix.
The objective of this study was to examine the effects of vitamin D on Metalloproteinase 9 and apoptosis in the kidney tissue of experimental diabetic
rats. Wistar albino male rats were used in the study.
The animals used in the study were classified into 5
groups with 7 rats in each. No process was applied
on the control group. Single dose phosphate citrate
buffer was administered to the buffer group intraperitoneally, 50 IU/day vitamin D was administered to
the vitamin D group, whereas single dose of 50
mg/kg streptozotosin was administered to the diabetes group and single dose of 50 mg/kg streptozotosin
was administered to the diabetes + vitamin D group
thus resulting in diabetes after which vitamin D was
administered as 50 IU/day. Immunohistochemical
staining was applied for determining the metalloproteinase 9 levels, whereas TUNEL labeling was applied for apoptosis. The biochemical total antioxidant status (TAS) and total oxidant status (TOS) levels of the samples were determined. Apoptosis, TAS,
TOS, and metalloproteinase 9 values were similar in
the control, buffer and vitamin D groups. There was
a decrease in the TAS values despite the increase observed when the TOS, apoptosis and metalloproteinase 9 values of the diabetes group were compared
with the control group. Whereas a decrease was observed when the TOS, apoptosis and Metalloproteinase 9 values of the Diabetes + vitamin D group were
compared with those of the diabetes group despite
the increase in TAS values. We have demonstrated
that treatment approaches related with vitamin D
may be tried for decreasing diabetes related complications.

Diabetes mellitus (DM) is a chronic, metabolic
disease that develops disorders especially in insulin
secretion, insulin effect or both and progresses with
carbohydrate, lipid and protein metabolism disorders
characterized with hyperglycemia along with microvascular and macrovascular complications with accelerated atherosclerosis [1]. Diabetic nephropathy
develops in 20-40 % of diabetes patients and is recently the most important cause of kidney diseases
[2]. Three histopathological changes are observed in
the glomerules in the pathogenesis of diabetic
nephropathy. These changes are known as basal
membrane thickening, mesangial expansion and glomerular sclerosis. In addition, noduler lesions also
develop in glomerular arterioles due to hyaline deposits. This different histological pattern has prognostic importance [3]. The increase in the generation
of reactive oxygen types in diabetes is related with
insufficiency of antioxidant defence mechanisms
and the resulting increased oxidative stress [4, 5].
However, studies are ongoing whether oxidative
stress is a diabetes complication or the result of other
long term complications of diabetes [4, 6]. Recent
studies have put forth that the increased free oxygen
radicals and lipid peroxidation play a role in the pathogenesis of many diseases [7]. It was observed in the
studies carried out on rats with experimentally induced diabetes as well as on diabetic patients that
free oxygen radicals and lipid peroxidation increased
at a statistically significant level and that oxidative
stress plays a role in the ethiology and advancement
of diabetes [8]. In addition, it was also determined
that extended oxidative stress and the changes in antioxidant capacity may be related with the emergence of the chronic complications of diabetes [9,
10].
One of the mechanisms that enable the establishment of a balance between the life and death of
cells is apoptosis which is known as programmed
cell death [11]. It is known that Angiotensin II (A II)
which is a member of the Renin-Angiotensin System

KEYWORDS:
Diabetes mellitus, Matrix metalloproteinase 9, apoptosis,
vitamin D
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Diabetes Induction. Streptozosine (STZ, Zanosar, Pharmacia, France) with a dose of 50 mg/kg
that was dissolved in 0.4 ml (0.1 M) sodium sitrate
buffer (pH: 4.5) was administered intraperitoneally
(i.p) as a single dose using a 26 gauge insulin injector
in order to develop diabetes in the 14 rats used in the
study. Blood was drawn from the tail vein of the rats
subject to the application 72 hours later after which
the rats with fasting blood glucose level exceeded
250 mg/ dl were accepted as diabetic. Blood sugar
measurement was carried out via Glucostix (Myles,
Ekhart, IN). Blood samples were drawn from the rats
during the morning hours following a fasting of 8-10
hours.

(RAS) that plays an important role in the regulation
of the kidney hemodynamics contributes to apoptosis and regulation of cellular proliferation [12]. It is
stated that AII mediates progressive nephron loss in
diabetes and stimulates apoptotic cell death [13].
Transformative enzyme inhibitos of angiotensin
(ACEI) and AII antagonists are frequently used in
the treatment of diabetic nephropathy, chronic liver
damage and hypertension [12].
Matrix metalloproteinases (MMP) are active in
neutral pH and are multigenic endopeptidase that decomposes the extracellular matrix. They are secreted
as proenzyme from various connective tissue cells
such as fibroblasts, osteoblasts, chondrocytes, endothelium cells, macrophages, neutrohpiles [14, 15].
MMP takes part in physiological processes such as
wound healing, angiogenesis, bone restructuring,
functions of uterus and breast tissue, ovulation, embryogenesis, embryo implantation, lactation whereas
they also play a role in pathological processes such
as arthritis, atherosclerosis, tissue ulcer, invasion of
the tumor cell and metastatis [14, 16, 17]. An increase in the urinary excertion of MMP-9 was observed in the early periods of Type 2 diabetic patients
[18]. It is thought that MMP-9 takes part in the advancement and pathology of Type 2 diabetic
nephropathy and that MMP-9 measurement along
with urinary Type IV collagen may be beneficial in
evaluating damage in renal diseases in early period
Type 2 diabetics [18].
D vitamins are comprised of a group of sterols
with hormone-like activities. Vitamin D is taken as
part of the diet and can be applied endogenously
[19]. Various epidemiologic and clinical studies
have put forth an increase in renal and cardiovascular
diseases due to vitamin D insufficiency [20, 21]. Recovery in insulin secretion, glucose tolerance and
HbA1c values have been observed as a result of vitamin D replenishment for diabetic patients with vitamin D insufficiency [22, 23].
The objective of this study was to examine the
effects of vitamin D on the metalloproteinase-9 and
apoptosis in the kidney tissue of experimental diabetic rats.

Formation of the Experiment Groups. A total of 35 Wistar albino male rats with weights varying between 200-220 gr were classified into 5 different groups with 7 animals in each group.
Group I (control group): No action was taken
for the rats in this group for a period of 8 weeks. Fasting glucose levels were measured and recorded at the
beginning and end of the experiment.
Group II (buffer group): A single dose of 0.1 M
sodium citrate buffer was administered as i.p. to the
rats in this group. Blood glucose levels were measured and recorded at the beginning and end of the
experiment.
Group III (Vitamin D group): Vitamin D was
administered as D 50 IU/day every day to the rats in
this group via dropper. Blood glucose levels were
regularly measured and recorded throughout the
study.
Group IV (Diabetic group): A single dose of
stretozotosine was administered to the rats in this
group as i.p after being dissolved in 0.1 M sodium
citrate buffer (pH: 4.5). Those with a blood glucose
level of over 250 mg/dl in the sample drawn from
their tail vein 72 hours after application were accepted as diabetic.
Group V (Diabetes+Vitamin D group): A single dose of stretozotosine was administered to the
rats in this group as i.p after being dissolved in 0.1
M sodium citrate buffer (pH: 4.5). Those with a
blood glucose level of over 250 mg/dl in the sample
drawn from their tail vein 72 hours after application
were accepted as diabetic. Vitamin D was administered as D 50 IU/day orally via dropper following the
diabetes pathogenesis. Blood glucose levels were
measured and recorded at the beginning and end of
the experiment.

MATERIALS AND METHODS
Ethical approval required for conducting the
study was obtained from local ethics committee of
animal experiments.

Taking the Samples. All rats used in the study
were decapitated under anesthesia with ketamine (75
mg/kg) + xylazine (10 mg/kg) administered as i.p.
The kidney tissues of the rats were removed rapidly
following decapitation. The serum and kidney tissues of all groups were stored at ± 80 ஈ C for biochemical studies. Whereas the samples to be used for his-

Experiment animals and their feeding. A total of 35 adult Wistar albino type rats aged 8-10
weeks were used in the study. The ambient temperature of the patients was kept constant between 22 ±
25 ஈ C and they were subject to 12 hours of light and
12 hours of dark. The same standard rat feed was
given to all animals and their water and feed intake
was ensured.
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retrieval. They were treated for 5 minutes with Ultra
V block (TA-125-UB, Lab vision corporation, USA)
solution for preventing surface staining after which
they were incubated for 60 minutes via primary antibody (Rabbit MMP-9 antibody, BS-039R, Biossantidodies, USA). The tissues were subject to incubation at room temperature in a humid environment
for 30 minutes with secondary antibody (BiotinylatedGoat Anti-Polyvalent (anti-mouse/rabbitIgG), TP125-BN, Labvision Corporation, USA) following
the primary antibody application. Following the secondary antibody application, they were taken in distilled water after being incubated for 30 minutes in a
humid environment for 30 minutes with Etreptavidin
Alkaline Phosphatase (TS-060-AP, Labvision Corporation, USA). Fast red substrate system (TA-125AF, LabVision Corporation, USA) solution was
dropped on the tissues after the image signal was received in the light microscobe and they were also
washed with distilled water simultaneously. The tissues that were counterstained with 0D\HU¶V KHPD
toxylin were passed through distilled water and were
locked using a proper locking solution (large volume
vision mount, TA-125-UG, Labvision corporation,
USA). Comparison with breast tissue was made for
positive control and PBS was used instead of primary antibody on the tissues prepared for negative
control after which the other steps were applied similarly. The preparates were evaluated and photographed under Novel N-800M microscobe. During
the evaluation of the immunohistochemical stain,
histoscore was generated taking the prevalence of
immunoreactivity (0.1: <%25, 0.4:%26-50,
0.6:%51-75, 0.9:%76-100) and its intensity (0: none,
+0.5: very little, +1: little, +2: moderate, +3: intense)
(Histoscore= prevalence x intensity).

tological studies were determined in a 10 % formaldehyde solution.
Biochemical Studies. Total antioxidant status (TAS) and total oxidant status (TOS) measurement. TAS and TOS measurements were carried
out in accordance with the total antioxidant activity
and total oxidant activity methods defined in literature [24, 25]. The unit of the measurement results
was μmol/l.
TUNEL Method. Cross-sections with a thickness of 5-6 μm obtained from paraffin blocks were
transferred to polylysine glass slides. ApopTag Plus
Peroxidase In Situ Apoptosis Detection Kit
(Chemicon, catno: S7101, USA) was used in accordance with the directions of the manufacturer company for determining the cells that went into apoptosis.
Tissues that were deparaffinized via xylene
were passed through graded alcohol series and
washed with phosphate buffered saline (PBS). The
tissues that were incubated for 10 minutes via 0.05
% proteinase K were then incubated for 5 minutes
via 3% hydrogenperoxide in order to prevent endogenous peroxidase activity. The tissues were incubated using equilibration buffer for 6 minutes after
being washed with PBS after which they were subject to incubation for 60 minutes at 37 ஈ C in a humid
working environment via working solution (70 % μl
reaction buffer + 30 % TdT Enzym). The tissues
were left to wait in stop/wash buffer for 10 minutes
after which they were handled for 30 minutes via
Anti-Digoxigenin-Peroxidase. Apoptotic cells were
imaged via Diaminobenzidine (DAB) substrate. The
cross-sections were counterstained via Harris hematoxylin after which they were locked using a proper
locking solution. The preparates were examined,
evaluated and photographed via Novel N-800M microscobe. The nuclei dyed blue via Harris hematoxylin for the evaluation of the TUNEL stain along
with the nuclei with normal brown nuclear staining
were evaluated apoptotically. A minimum of 500
cells were counted as normal and apoptotic in the
randomly selected areas on the 10 times magnified
cross-sections. Apoptotic index (AI) was calculated
and statistical analyses were made with the proportioning of the apoptotic cells to the total number of
cells.

Statistical Analysis. The average and standard
deviation values of the acquired data were calculated
and SPSS 22 version package software was used for
all statistical analyses. One-way ANOVA and
Posthoc Tukey test were applied for intergroup evaluation. Values of P < 0.05 were accepted as statistically significant.

RESULTS
The blood glucose values of the groups in the
study at the beginning and end have been shown in
Table 1. No statistically significant change occurred
in the start and end blood glucose levels of the rats
in the control and buffer applied groups (Table 1). It
was observed that the blood glucose level of the rats
in the Vitamin D applied group decreased at the end
of the study in comparison with the start of the study
(Table 1), whereas that the blood glucose levels increased at a statistically significant level in the group
with induced diabetes at the beginning of the study
in comparison with the end. It was also determined

Immunohistochemical Examination. AvidinBiotin- Peroxidase complex was applied in order to
determine the immunoreactivity of MMP-9 in the
kidney tissue. The 5-6 μm thick sections taken from
the paraffin blocks were treated with hydrogenperoxide in order to prevent the endogenous peroxidase
activity. The deparaffinized tissues were passed
through normal graded alcohol series after which
they were boiled for 12 minutes in the microwave
(750 W) oven in citrate buffer solution for antigen
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It was observed as a result of the observation
via light microscobe of the TUNEL staining made
for determining the apoptotic cells that kidney tubule
cells had TUNEL positivity (Figure 1 A, B, C, D, E).
It was determined that TUNEL positivity was similar
in the control, buffer and vitamin D groups (Figure 1
A, B, C).

that the blood glucose level of the rats in the induced
diabetes, vitamin D administered group increased at
a statistically significant level at the end of the study
in comparison with the beginning of the study, but it
was also observed that the vitamin D application resulted in a decrease in the blood glucose levels when
a comparison is made only with the group with induced diabetes (Table 1).

TABLE 1
Start and end blood glucose levels of experiment animals
Group
Control
Buffer
Vitamin D
Diabetes
Diabetes+Vitamin D

Initial blood glucose values (mg/dl)
111,66 ± 11,16
107,33 ± 10,87
111,83 ± 9,78
102,50 ± 9,13
113,83 ± 8,84

Final blood glucose values (mg/dl)
113,33 ± 15,73
102,16 ± 12,15
105,25 ± 19,67
406,75 ± 18,90a
398,25 ± 36,87a

Values are expressed as mean ± standard deviation in comparison with the control group.

A

B

C

D

E

FIGURE 1
TUNEL positivity (A: control group, B: buffer group, C: vitamin D group,
D: diabetes group, E: diabetes + vitamin D group), G: Glomerule.
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TABLE 2
Apoptotic index (%)
Apoptotik indeks
Group
(%)
Control
1,75 ± 0.95
Buffer
2,25 ± 1,25
Vitamin D
1,33 ± 0,51
Diabetes
11,60 ± 2,07a
Diabetes+Vitamin D
5,50 ± 1,30ab
The values have been given as average ± standard
deviation.
a
When compared in comparison with the Control
group, (P < 0.05).
b
When compared with the diabetes group, (P <
0.05).

It was recorded when the diabetes group was
compared with the control group that TUNEL positivity increased at a statistically significant level (P
< 0.05) (Table 2). Whereas it was determined when
the diabetes + vitamin D group was compared with
the diabetes group that TUNEL positivity decreased
significantly (Table 2).
MMP 9 immunoreactivity was observed in the
cytoplasms of the tubule cells in the kidney tissue as
a result of the examination via light microscobe of
the immunohistochemical staining applied for MMP
9 immunoreactivity (Figure 2: A, B, C, D, E). MMP
9 immunoreactivity in the kidney tissue showed similarities in the control, buffer and vitamin D groups
(Figure 2: A, B, C).











FIGURE 2
MMP-9 immunoreactivity (A: control group, B: buffer group, C: vitamin D group, D: diabetes
group, E: diabetes + vitamin D group), G: Glomerule
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TABLE 3
MMP 9 histoscore
Histoscore
0,36 ± 0,07
0,40 ± 0,08
0,33 ± 0,20
2,25 ± 0,52a
2,40 ± 0,51b

Group
Control
Buffer
Vitamin D
Diabetes
Diabetes+Vitamin D
The values have been given as average ± standard deviation.
a
When compared with the control group,
b
When compared with the diabetes group, (P < 0.05).
TABLE 4
TOS levels
Group
Control
Buffer
Vitamin D
Diabetes
Diabetes+Vitamin D

Serum TOS (μmol/L)
157,66 ± 21,77
154,33 ± 8,62
152,40 ± 19,41
268,33 ± 44,92a
188,40 ± 8,53b

Kidney tissue TOS (μmol/L)
174,66 ± 10,69
171,66 ± 2,51
153,00 ± 14,30
323,25 ± 31,15a
268,75 ± 32,06ab

The values have been given as average ± standard deviation.
a
When compared with the control group,
b
When compared with the diabetes group, (P < 0.05).
TABLE 5
TAS levels
Group
Control
Buffer
Vitamin D
Diabetes
Diabetes+Vitamin D

Serum TAS(μmol/L)
286,33 ± 12,22
294,33 ± 11,50
285,20 ± 19,22
255,20 ± 14,92a
273,00 ± 6,37b

Kidney tissue TAS(μmol/L)
305,66 ± 7,23
301,33 ± 3,78
304,50 ± 7,93
267,25 ± 3,59a
298,25 ± 10,71b

The values have been given as average ± standard deviation.
a
When compared with the control group,
b
When compared with the diabetes group, (P < 0.05).

It was observed as a result of the comparison of
the diabetes group with the control group that MMP
9 immunoreactivity increased at a statistically significant level (P < 0.05) (Table 3). No change was observed when the diabetes + vitamin D group was
compared with the diabetes group (Table 3).
It was observed as a result of the biochemical
study carried out for evaluating the TOS levels of serum and kidney tissues in all groups that the TOS
levels were similar in the control, buffer and vitamin
D groups (Table 4). A statistically significant increase was observed in the TOS level of the diabetes
group when the TOS levels of the diabetes group
were compared with the control group (P < 0.05)
(Table 4). A significant decrease was observed in the
TOS levels of the Diabetes + vitamin D group when
the TOS levels of the Diabetes + vitamin D group
were compared with the diabetes group (P < 0.05)
(Table 4).
It was determined as a result of a biochemical
study carried out for evaluating the serum and kidney
tissue TAS levels of all groups that the TAS levels
of the control, buffer and vitamin D groups were

similar (Table 5). The TAS level of the diabetes
group was observed to decrese at a statistically significant level when the TAS levels of the diabetes
group were compared with the control group (P <
0.05) (Table 5). A statistically significant increase
was recorded in the TAS levels of the Diabetes + vitamin D group as a result of the comparison of the
TAS levels of diabetes + vitamin D group with the
diabetes group (P < 0.05) (Table 5).

DISCUSSION
There has been a significant increase in the incidence and prevalence of diabetes with the decrease
of the physical activities of humans and the increase
in obesity [26]. Diabetes is a disease in which metabolic abnormalities are observed and which results
in morbidity and mortality in developing and industrialising countries [27]. The relatively most commonly observed microvascular complication of Type
1 and Type 2 diabetes is diabetic nephropathy. Dia-
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the cell activates the endonucleases thereby causing
DNA fractures. Calcium balances and mitochondrial
membrane potential changes due to oxidative stress.
This change results in damage in mitochondrias and
DNA thereby pushing the cell towards apoptosis [10,
36]. A statistically significant increase was observed
as a result of TUNEL staining in our study in the
apoptotic cells in the kidney tissues of the diabetes
induced rats in comparison with the control group. A
statistically significant decrease was observed in the
number of apoptotic cells when vitamin D administered group was compared with the diabetic group.
The reason for the decrease in the number of apoptotic cells in the Vitamin D administered group is
thought to be due to the changes caused by vitamin
D on TAS and TOS levels, meaning the antioxidant
effect. Indeed, it is known that vitamin D and metabolites decrease cell proliferation thereby controlling
apoptosis and preventing the reproduction and
growth of malign cells [37]. In addition, it also plays
an important role in the regulation of the immune
system due to a selective effect on the bone and calcium metabolism [37]. Therefore, the increase of the
number of apoptotic cells in the experimental diabetic kidney tissue acquired as a result of the study
supports the results of previous studies [38, 39, 40].
It was put forth in a study carried out that (41);
MMP-9 plays a role in the increase of glomerulosclerosis and albuminuria in the glomeruler damage
model by way of adriamisin in non-immune. This indicates that the development of specific MMP inhibitors may provide new means of treatment for glomerulosclerosis. When the MMP-9 values of the diabetic group in our study were compared with the
control group, a statistically significant increase was
determined in the MMP-9 values of the diabetic
group in comparison with the control group. No
change was observed in the MMP-9 values of the diabetes + vitamin D group when compared with the
diabetic group. The experimental and clinical studies
carried out have shown that the increase in MMP activity is correlated with glomerular damage [42]. The
statistically significant increase in the MMP-9 values
of the diabetic group in this study supports this literature finding.
It has been put forth that extracellular matrix
disorders may play an important role in the development of diabetic nephropathy. In addition, it is also
stated that diabetic nephropathy pathogenesis may
be related with MMP 9 [43]. Complex mechanisms
related with diabetic nephropathy pathogenesis are
still yet to be understood. However, it has been stated
that extracellular matrix accumulation and advanced
glycolisation products are related with nephropathy
pathogenesis [44].
Matrix metalloproteinase disorder and metalloproteinase tissue inhibitors are the key points of matrix disorders in diabetes [45]. It was put forth in a
study carried out that diabetic nephropathy pathogenesis may be related with MMP 9 dysfunction

betic nephropathy is the leading cause of diabetes related mortality and morbidity [28]. One third of all
patients who start renal replacement treatment in developed countries for the first time are diagnosed
with diabetic nephropathy. Similarly, the etiology of
about 50 % of these patients who receive dialysis
treatment due to kidney failure is diabetes [28].
Vitamin D is an important metabolite. Vitamin
D plays an important role in the regulation of the
insülin level in the blood and supports the sugar metabolism. Vitamin D has strong antiproliferative,
prodifferentiative and immunomodulator effects
[29]. In addition, it has also been shown during the
past decade that Vitamin D3 has antioxidative effects [30].
MMP is a large family comprised of zinc dependent matrix disintegrating enzymes that play an
important role in the disintegration and transformation of the extracellular matrix. They are classified into various sub-groups according to the substrates they contain. MMP 9 is included in the gelatinase sub-group. The class is substrates for gelatinases are; type IV, V, VII, X, XI collagens, elastine,
fibronectine, laminine and proteoglicans. The importance of these substrates is that they are all part of
the glomerular basal membrane [31].
The serum and kidney tissue TOS levels in this
study were similar for the control, buffer and vitamin
D groups and it was determined as a result of the
comparison of the TOS levels of the diabetes group
with the control group that there was a statistically
significant increase in the TOS levels of the diabetes
group. A statistically significant decrease was observed in the TOS levels of the Diabetes + vitamin D
group in comparison with the diabetes group. The results obtained from the study are in accordance with
those of the literature [10, 32, 33, 34] and the study
of TOS levels by forming diabetes and diabetes +
vitamin D group is also a first.
It was observed as a result of the study that the
TAS levels of the control, buffer and vitamin D
groups were similar and that the TAS levels of the
diabetes group decreased at a statistically significant
level when compared with the TAS levels of the control group. The studies carried out [33, 34] have
shown that oxidative stress plays an important role
in the pathogenesis of diabetes related complications. The decrease of the TAS levels of the rats in
the diabetes group in our study is in accordance with
the studies carried out.
It was stated in the studies carried out that the
vitamin D administered for treatment purposes decrease the MDA levels of vitamin D at a statistically
significant level and shows an antioxidant effect
[30,35]. The decrease of the TOS levels of the vitamin D administered rats in our study is in accordance
with the results of the previous studies.
Structure and fluidity of the cellular membrane
are disrupted as a result of lipid peroxidation, ions
like calcium enter the cell. The calcium that enters
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[4] Rossing, P., Persson, F., Frimodt-Møller, M.
(2018) Prognosis and treatment of diabetic
nephropathy: Recent advances and perspectives.
Ne´phrologie & The´ rapeutique. 14, 31±S37.
[5] Pfaffly, J.R. (2001) Diabetic complications,
hyperglicemi and free radicals. Diabetic Complications. 77, 1- 18.
[6] Van Dam, P.S. and Bravenboer, B. (1997)
Oxidative stres and antioxidant treatment in diabetic neuropathy. Neuroscience Research Communications. 21, 41-48.
[7] Doroty, J., Vander, J. and Jason, M.H. (2001)
Oxidative stress indices in IDDM subjects with
and without long-term diabetic complications.
Clinical Biocemistry. 34, 265-270.
[8] <DUGÕP-$ND\GÕQ S., Sepici, A., Özkan, Y.,
ùLPúHN%Dnd Sepici, V. (2006) Evaluation of
allontoin levels as a new marker of oxidative
VWUHVVLQ%HKoHW¶VGLVHDVH Scand J Rheumatol.
35, 61- 64.
[9] Pitkanen, O.M., Martin, J.M., Hallman, M.,
Akerblom, H.K., Sariola, H. and Andersson,
S.M. (1992) Free radical activity during
development of insulin dependent diabetes
mellitus in the rat. Life Science. 50, 335- 339.
[10] Van Dam, P.S., Van Asbeck, B.S., Erkelens,
D.W., Marx, J.J., Gispen, W.H. and Bravenboer,
B. (1995) The role of oxidative stress in
neuropathy and other diabetic complications.
Diabetes Metabolism Reviews. 11, 181- 192.
[11] Kerr, J.F., Wyllie, A.H. and Currie, A.R. (1972)
Apoptosis: a basic biological phenomenon with
wide-ranging implications in tissue kinetics. Br
J Cancer. 26, 239- 257.
[12] Tunçdemir, M.A and Öztürk, M. (2009) Deneysel diyDEHWLNQHIURSDWLGHLUEHVDUWDQ¶ÕQDSRptoz üzerine koruyucu etkileri. &HUUDKSDúD 7ÕS
Dergisi. 40, 15-22.
[13] Ding, G., Reddy, K. and Kapasi, A.A. (2002)
Angiotensin II induces apoptosis in rat glomerular epithelial cells. Am J Physiol Renal Physiol. 283, 173-180.
[14] Aksun, S.A g]PHQ ' DQG %D\ÕQGÕU 2
(2001) Metalloproteinazlar, inhibitörleri ve
LOLúNLOLILzyolojik ve patolojik durumlar. T Klin
J Med Sci. 21, 332- 342.
[15] Mandal, M., Mandal, A., Das, S., Chakraborti,
T. and Sajal, C. (2003) Clinical implications of
matrix metalloproteinases. Mol Cell Biochem.
252, 305- 329.
[16] Chakraborti, S., Mandal, M., Das, S., Mandal,
A. and Chakraborti, T. (2003) Regulation of
matrix metalloproteinases: An overview. Mol
Cell Biochem. 253, 269± 285.
[17] Visse, R. and Nagase, H. (2003) Matrix
metalloproteinases and tissue inhibitors of
metalloproteinases structure, function, and
biochemistry. Circ Res. 92, 827-839.

[46]. However, it has been set forth in another study
that the role played by MMP 9 in nephropathy pathogenesis is still not yet identified [47]. It has been
understood that diabetic nephropathy pathogenesis
may be prevented in case of the blockage of MMP 9
expression or activity since MMP 9 expression may
play a significant role in the pathogenesis of diabetic
nephropathy [48]. MMP 9 increase has been shown
in the serum and urine of diabetic patients in many
studies [49, 50, 51]. In addition, it is also stated that
there is a correlation between albuminuria and urinary MMP 9 [18]. Another interesting role discovered for matrix metalloproteinases is that it takes part
in both cell proliferation and the regulation of apoptosis [52, 53].
The increase of MMP 9 activity and the number
of apoptotic cells in the diabetic group is in accordance with the aforementioned literature findings. In
addition, it can be stated in the light of the aforementioned literature findings that the apoptosis generated
in the kidney tissue is due to not only oxidative stress
but also via to MMP 9. The similarity of the MMP 9
values of the Diabetes + vitamin D group with those
of the diabetic group may indicate that there is no
correlation between oxidative stress and MMP 9. Indeed, vitamin D has increased the TAS level in our
study while decreasing the TOS level.

CONCLUSIONS
It was concluded that experimental diabetes
TOS level increases MMP 9 activity and the number
of apoptotic cells, that vitamin D administered for
treatment purposes decreases the TOS level and the
number of apoptotic cells with no effect on the MMP
9 levels and that there is a need for further and more
comprehensive studies in order to fully shed light on
the relationship between oxidative stress and MMP
9 in the diabetic nephropathy pathogenesis and that
treatments related with Vitamin D may be tried for
preventing diabetic complications.
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ANALYSIS OF TARGETS TO BE REACHED WITH 
SUSTAINABLE PRODUCTION IN FOREST PRODUCTS AND
INDUSTRY ENTERPRISES:
THE CASE OF THE WESTERN BLACK SEA REGION

Tarik Gedik, Muhammet Cil*
Duzce University, Faculty of Forestry, Department of Forest Industry Engineering, Duzce, 81620, Turkey

production. Demirer, [2] defined sustainable producWLRQ IRU SURFHVVHV DV ³UHGXFLQJ WKH DPRXQW WR[LF
wastes and emission caused by the processes of production and service, raw material usage, energy usDJHDQGWR[LFPDWHULDOXVDJH´DQGIRUSURGXFWLRQV
DV³SUHYHQWLQJRUUeducing its negative environmental effects in the course of a lifecycle (from acquiring
UDZPDWHULDOWRODVWUHPRYDO ´
Sustainable production is a preventive strategy
to minimize the impact of production and products
on the environment. The main focus has always been
to create awareness for the prevention of pollution,
to find the source of wastes and emissions, and to
define a program to reduce emissions and increase
resource efficiency by implementing and documenting sustainable production options [3].
Sustainable production is often misunderstood
as being equivalent to Clean (er) or Environmentally
Sound Technology (EST). It is the approach of producing goods and providing services by efficient use
of material and energy resources with a minimum
impact to the environment, given the technological
and economic limits at the current time. It is not
merely limited to minimization of wastes; rather it
employs a broader context and uses the term "impacts" in the life cycle including the following options: housekeeping, energy efficient process optimization, raw material substitution, new technology
adoption, and transformation [4].
The National Center for Clean Technologies
promotes sustainable development in national companies, spreading the philosophy of eco-efficiency
and systematic tools for the sustainable production
program, to enhance competitiveness, innovation,
social responsibility, and environmental organizations. In this sense, the methodology for implementation of the sustainable production program follows
five distinct stages [5]. Namely: i) organizational
strategy and planning, ii) pre-assessment and diagnostic activities; iii) sustainable production program
evaluation process, iv) technical, economic, and environmental feasibility studies, and v) implementation and monitoring actions [5].
The implementation of the sustainable production program needs to be integrated within an organization, which has a continuous and open system and

ABSTRACT
In the study, the objectives of the forest products industry enterprises operating in the Western
Black Sea Region with sustainable production were
analyzed. The study was conducted in 50 forest
product industry enterprises that represented 174 industrial enterprises with 10 or more employees with
90% confidence level and 10% sampling error.
Within the scope of the study, the questions to consider are: What do participant companies know
about sustainable production? What are the costs of
production? What do they expect from sustainable
production? As a result, 38% of participating business representatives have never heard of clean production in terms of sustainable production and practicing eco-efficiency methods. According to participating business representatives, raw materials, energy, labor, chemical materials, research, and development costs are the most important production inputs that constitute the costs for sustainable production, respectively. Participating business representatives showed that they achieved higher profitability
with sustainable manufacturing and operations. As a
result of the study, it has been found that sustainable
production can work with higher efficiency and
more environmentally friendly production can be
made.

KEYWORDS:
Sustainable product, Forest products industry, Western
Black Sea Region



INTRODUCTION
Sustainable production was defined for the first
WLPHDV³DSSO\LQJDQLQWHJUDWHGDQGSURWHFWLYHHQYL
ronmental system to processes, productions, and services to increase total efficiency and to decrease the
risks to human health and the health of the environPHQW´E\8QLWHG1DWLRQV(QYLURQPHQW3URJUDP±Department of Technology, Industry and Economy in
1989 [1].
There are different definitions of sustainable
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The aim of this research is to determine what
the expectation is for sustainable production of forest
products industry enterprises operating in the Western Black Sea Region. In this framework;
x The basic characteristics of the respondent
companies,
x What respondent companies know about
sustainable production,
x What kind of output costs do the participating enterprises have?
x What expectations do they have with sustainable production?

is being managed by an effective leadership nucleus
within an organization, through a dynamic communication process between the employees and the customers [6].
According to the interdisciplinary sustainable
production approach, a range of options can be used,
including [3]:
x Good housekeeping with materials and energy,
x Training of employees, better logistics, improvement in data availability, and communication
between departments,
x Substitution of raw and auxiliary materials
with less harmful ones, or ones that can be used more
efficiently or can be recycled internally or externally,
x Modifications of products to eliminate production steps with large environmental impact,
x Process modifications to minimize waste
and emissions,
x Internal recycling,
x Introduction of waste into external recycling networks
In order to enhance sustainable production, environmental issues should be evaluated throughout
the product lifecycle, beginning with the design of
products and processes. Environmental issues must
be integrated into corporate culture and business
planning at all levels of design, manufacturing, distribution, and disposal. Finally, it can be stated that
environmental issues should be considered into all
decisions in the supply chain in order to be successful at sustainable production [7].

MATERIALS AND METHODS
The research was carried out in Bolu, Duzce,
%DUWÕQ=RQJXOGDN.DUDEXk, and Kastamonu, which
are towns located in the Western Black Sea Region,
of the forest products industry (Figure 1). The main
objective of the study is to determine the aims of the
Western Black Sea Region forest products industry
enterprises, to achieve sustainable production. For
this purpose, the numbers of the forest products industry enterprises in Bolu, 'X]FH %DUWÕQ =RQJXO
dak, Karabuk, and Kastamonu provinces have been
determined from the member registers of the Chamber of Commerce and Industry [8]. As a result of the
analysis of the chamber lists, the number of forest
products industrial enterprises with 10 or more employees was determined as 174, and this number
constituted the sum of this study.

FIGURE 1
Geographic distribution of the selected provinces with research across the country
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the viability to conduct a factor analysis [18, 19, 20].
The reliability of the scale was evaluated by the
Cronbach's alpha coefficient. The Cronbach's alpha
of the scale was 0.814. Acceptable alphas can range
from 0.60 to 1.00; thus, the scales in this study were
highly reliable [21].

The study was primarily planned according to
face-to-face surveys and on-site observations. The
minimum sampling size was calculated as 49, with a
confidence level of 90%, and a sampling error of
10%. Organizational informants including owners
and engineers were contacted personally. Face-toface interviews were conducted with owners and/or
engineers. Within the scope of the study, responses
from 50 different enterprises were provided.
A survey questionnaire was developed by the
researchers with regards to previously validated
studies which used the studies in literature on sustainable production [9, 10, 11, 12, 13, 14, 15]. The
questionnaire consisted of two main sections, including 10 questions and 28 judgments regarding the selected features of the companies and aims of sustainable production. Data on the study parameters were
coded and analyzed by using Statistical Package for
the Social Sciences (Version 13) [16].
It is assumed that the participating Western
Black Sea Region forest products industry owner
and/or engineers responded to the questionnaire survey based entirely on their own objective knowledge
and experience.

Characteristics of the respondent companies. The analysis results of some characteristics of
the respondent companies, like the field of activity,
operating period, working gender, work positions,
and places of activity are given in Table 1.
Table 1 shows that the percentage of respondents manufacture primary and secondary products.
Furniture was the highest ranked product, with 46%,
followed by lumber (30%), panel (12%), wood products (10%) and paper (2%). Most of the companies
have been in business for 31 years and more, followed by those who have been in business for 10
years or less. The results indicated that there was a
significant relationship (p<0.05) between operating
periods, and eliminating potential environmental impact of the product during the product design phase.
As the duration of activity increases, participation in
the item is also partially increasing. The firms stated
that there are no sufficient programs in Turkey for
collecting recyclable components. [7].
The results indicated that there was a significant relationship (p<0.05) between operating periods, and taking measures to reduce the number of
raw materials being used. As the duration of activity
increased, more precautions were taken.
The participating companies were operating at
many different locations, with 56% in organized industrial zones and 6% on small industrial sites, while
38% operated outside the boundaries of any industrial zones or sites (Table 1).

RESULTS AND DISCUSSION
Analyses of validity and reliability. Validity
analysis, or an equivalent to accuracy, can really
only measure the expected qualities to be measured
with a measurement tool. Factor analysis was used
to determine the construct validity of the scale used
in the study. Kaiser Meyer Olkin sampling adequacy
was calculated (KMO = 0.76), achieving good data
DGHTXDF\>@%DUWOHWW¶VWHVWRIVSKHULFLW\ZDVVLJ
nificant (Ȥ2 = 187.354; df = 55, p< .000), showing

TABLE 1
Characteristics of the respondent companies
Demographic Features
Furniture
Lumber
Panel
Field of activity
Wood product
Paper
Total
Less than 10 years
11 to 20 years
21 to 30 years
Operating period
More than 31 years
Total
Organized industrial zone
Small industrial area
Plant location
Other area
Total
Less than 49 employees
50 to 249 employees
Employment
More than 250 employees
Total
White-collar
Work position
Blue-collar
Total
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Frequency
23
15
6
5
1
50
15
7
7
21
50
28
3
19
50
22
26
2
50
435
3481
3916

Percent
46
30
12
10
2
100
30
14
14
42
100
56
6
38
100
44
52
4
100
11
89
100
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The main objective is reached with sustainable production of the respondent companies. Factor analysis is a statistical technique used for summarizing complex data sets and describing their
structures. Exploratory factor analysis (EFA) has
been used to explore the main objectives underlying
the sustainable production of the Western Black Sea
Region forest products industry enterprises. When
EFA was conducted, items with factor loadings below 0.50 were eliminated (Table 2), as items below
this score are considered to be non-representative
[22]. As a result, the refined version of the original
scale consisted of 11 items. As can be seen in Table
3, this version was again subjected to an EFA, obtaining a three-factor structure with 66.65% explained variance.
.DLVHU¶V FULWHULRQ >@ DQG &DWWHOO¶V VFUHH WHVW
[24] are the most widely used methods in deciding
the number of factors. Both criteria are based on the
variance accounted for by the factor solution [25]. In
.DLVHU¶V FULWHULRQ DOO IDFWRUV ZLWK HLJHQYDOXHs
greater than 1.0 are retained [26]. In this study, there
were three factors in this criterion. A maximum likelihood factor analysis was performed on the 17-item
matrix. The eigenvalue for the first three factors was
>1 (ranging from 3.957 to 1.379); hence, only three
factors were retained in the study.
The three distinct constructs generated from the
factor loadings of determining the aims of the Western Black Sea Region forest products industry enterprises to achieve sustainable production included:
sustainable profitability, sustainable productivity,
and sustainable environmentalism.
An iterative process resulted in a reduction
from 11 items, to three distinct clusters of underlying
factors with relatively high internal consistency
&URQEDFK¶V DOSKD  D) sustainable production and
profitability (4 items, 0.919); (b) sustainable production and productivity (4 items, 0.756); and (c) sustainable production and environmentalism (4 items,
0.667). The overall reliability coefficient (11 items,
0.816) indicated a high internal consistency as well.
The scale consists of a three-factor structure
and the first factor alone reveals 35.974% of the total
explained variance. The three resulting factors account for 66.650% of the explained variance. As a
result of the factor analysis, 6 items with a factor load
less than 0.50 or else with a distorted structure of the
model were excluded from the study. The factor
loadings of the items range from 0.557 to 0.904 (Table 2).
It is seen that items 14, 15, and 16 are collected
under the first factor. This factor dimension is called
related to "sustainable production and profitability".
The alpha value of the factor is 0.919, and the explained variance was calculated as 35.974%. The
best item of sustainable production and profitability
investments is in environmental innovation that are
recycled in time. Mickwitz et al.'s research [27] suggests that moving towards sustainability will require

The number of employees in the companies
surveyed ranged between 19 and 375. Half of the respondent companies were medium in size, with 50 to
249 employees per company and the majority of the
employees are blue-collar workers (Table 1). The results indicated that there was a significant relationship (p<0.05) between company size, and reducing
or eliminating the amount of waste generated during
production processes. Companies with more employees were more likely to reduce or eliminate the
amount of waste as opposed to companies with fewer
employees. There is a significant difference with environmental performance measures among the levels
of resource use for pollution prevention technologies
[7].
While 62% of enterprises have heard of concepts such as clean production, sustainable production, and eco-efficiency, 38% have never heard of
such concepts before. The results of the statistical
evaluations show that significant difference was detected between enterprises, whether or not they had
heard of concepts such as clean production, sustainable production, and eco-efficiency, and to work on
clean energy sources (such as steam energy, renewable energy, wind energy) that can be used in these
processes (p<0.05). According to the results, those
who have heard of concepts related to sustainable
production have been working on cleaner energy
sources at a higher rate than those who have not.
The largest part of output costs of the participating enterprises are raw material; followed by energy (such as electric, natural gas), labor, chemical
materials, research and development costs, waste
management costs, and water costs, respectively.
$FFRUGLQJWR<XNVHO¶V research, highly implemented cleaner production practices are considered
to increase the durability of products to use energy
efficient and energy saving technologies, to consider
possibilities of using energy efficient and clean technologies in capacity decisions, and considering environmental issues in materials handling [7].
TABLE 2
Judgments removed from analysis
Judgment
no
1
2
10
11
12
17

Fresenius Environmental Bulletin

Judgments
Raw materials and materials are replaced with
harmless or less harmful ones
Taking measures to reduce the number of raw
materials used
To work on clean energy sources (such as
steam energy, renewable energy, wind energy) that can be used in these processes
Efforts are being made to reduce the release
of carbon dioxide during production
The sizes of factory facilities are reduced and
thus the need for factory facilities is reduced.
Collaborate with our suppliers or our customers in order to improve our sensitivity to the
environment
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TABLE 3
Factor analysis of the main objectives underlying the sustainable production
Name of factor
Sustainable production
and profitability

Sustainable production
and productivity

Sustainable production
and environmentalism

Item
Investments in environmental innovation are recycled in time
The market share is increased by studies on environmental innovation
Sales have been increased by studies on environmental innovation
Use of materials converted from used products as input for production processes
Production of products that can be used for other purposes with the
same production technology
Work towards reuse of wastes generated during production processes
Work on designing production technologies to use less water and
energy
Preparation of various environmental scales/indicators in order to
improve and follow environmental sensitivity of product and production processes
In order to point out the advantages of using the product, to make
seminars and training programs especially in the context of environmental awareness
To reduce or eliminate the amount of waste generated during production processes
To eliminate the potential environmental impact of the product during product design phase

Factor
loading
0.904
0.900

Alpha

35.974

0.919

18.140

0.756

12.536

0.667

66.650

0.816
0.760187
.354
55
0.000

0.883
0.812
0.776
0.689
0.620
0.841

0.697

0.559
0.557
Total

Kaiser Mayer Olkin Measure of Sampling
%DUWOHWW¶V7HVWRf Sphericity
df
sig.

% of
variance

al.¶VUHVHDUFKILQGLQJV>@LQGLFDWHWKDWWKHPDQDJH
ment of forests by presidencies and bureaucracies is
too rigid to accommodate the ongoing social changes
and growing demand for forest recreational activities
in Riga City.

new environmentally friendlier forms of technology
WREHGHYHORSHGDQGZLGHO\DGRSWHG$EEDVHWDOO¶V
research [28] suggests that sustainability of the conventional cropping system is vulnerable, and that it
deteriorates energy resources. For this reason, resource-saving technologies need to be developed and
promoted for crop production. Moreover, it is believed that farmers' socioeconomic situations and
their perceptions of knowledge about the current status of energy use efficiency are of great importance
for sustainable agriculture and food production.
Items 3, 5, 6, and 7 were found to be collected
under the second factor, and this factor was determined as "sustainable production and productivity".
The alpha value of the second factor is 0.756, and the
explained variance was calculated as 18.140%. FilLSSLGLV DQG 3DSDWKHRGRURX¶V UHVHDUFK >@ VXJJHVW
that up-to-date forest management must ensure the
sustainability of forest resources and ecosystems,
providing support at the same time for the social and
economic structures that rely on them.
Items 4, 8, 9, and 13 were collected under the
third factor, which is called "sustainable production
and environmentalism". The alpha value of the third
factor is 0.667, and the explained variance was calculated as 12.536%. Husgafvel et al.¶VUHVHDUFKILQG
ings [30] indicate that industrial cooperation, related
efficient recycling, increased waste recovery, and
utilization activities deserve more focus as part of
overall sustainability management. Jankovska et

CONCLUSIONS
The three major constructs of the factors, based
on the purposes of sustainable product, were sustainable production and profitability, sustainable production and productivity, and sustainable production
and environmentalism.
In the study, participants noted that investments
in environmental innovation are recycled in time. So
it should not be forgotten that the time and budget
allocated for environmental innovation can be recovered for a long time.
At the end of the study, it was found that environmental innovation increased market share. So enterprises should research about environmental innovation. Most of the firms have one main problem that
they have to deal with, which is the lack of environmental consciousness within the company and
within society.
The forest products industry in Turkey should
plan to develop and implement sustainable product
strategies focusing on increased business productivity, profitability, and environmentalism.
This study was conducted in only one particular
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Mustafa Kemal University, Institute of Science
and Technology, Turkey.
[12] Buyukkeklik, A., Toksari, M. and Bulbul, H.
(2010) An investigation on environmental sensitivity and innovativeness. Suleyman Demirel
University the Journal of Faculty of Economics
and Administrative Sciences. 15(3), 373-393.
[13] Yazgan, H.I., Yildiz, M.S. and Yucel S. (2010)
The impact of cleaner production on firm performance: a research on industry firms in
Duzce. The Journal of International Social Research. 32(7), 722-733.
[14] Engin, S. and Altinisik, T. (2011) Clean production for a more effective environmental management in the industry: metal coating sector. National Productivity Center Publications Publication, Turkey, 722, 125.
[15] Kiyik, G. (2012) What is the view of enterprises
in turkey about the eco-efficiency. e-Journal of
New World Sciences Academy. Anadolu University, Eskisehir 7(2), 108-126.
[16] SPSS Institute Inc. (2003) SPSS Base 12.0
8VHU¶V*XLGHp.
[17] Kaiser, H.F. (1974) An index of factorial simplicity. Psychometrica, 39, 31-36.
[18] Norman, G. and Streiner, D. (1994) Biostatistics: The bare essentials. St Louis, Mo: Mosby.
[19] Sharma, S. (1996) Applied multivariate techniques. John Wiley & Sons Inc., New York,
685p.
[20] Buyukozturk, S. (2002) Data analysis handbook
for social sciences. Pegem A Publishing, Turkey.
[21] Ozdamar, K. (2002) Statistical Data Analysis
with Package Programs-Multivariate Analysis.
Etam, Kaan Bookstore Turkey, 661-676.
[22] Worthington, R.L. and Whittaker, T.A. (2006)
Scale development research: A content analysis
and recommendations for best practices. The
Counseling Psychologist. 34, 806-838.
[23] Kaiser, H.F. (1958) The varimax criterion for
analytic rotation in factor analysis. Psychometrika, 23, 187-200.
[24] Cattell, R.B. (1966) The screen test for the number of factors. Multivariate Behavioral Research
1(2), 245-276.
[25] Tinsley, H.E.A. and Tinsley, D.J. (1987) Uses
of factor analysis in counseling psychology research. Journal of Counseling Psychology. 34
414-424.
[26] Howard, E.A. and Tinsley, T.D. (1987) Uses of
factor analysis in counseling psychology research. Journal of counseling psychology. 34,
414-424.
[27] Mickwitz, P., Hyvattinen, H. and Kivimaa, P.
(2008) The role of policy instruments in the innovation and diffusion of environmentally
friendlier technologies: popular claims versus
case study experiences. Journal of Cleaner Production. 16(1), 162-170.

region, the Western Black Sea Region, and the forest
products sector of Turkey. Therefore, the general applicability of the results across the entire forest products industry or other industries in Turkey, should be
taken cautiously.
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Plant hormones regulate events such as cell division, differentiation and growth and gibberellins,
ethylene, cytokinins and brassinosteroids can also
regulate seed germination and development [7]. Abscisic acid (ABA) regulates plant response to stress
such as water stress and heavy metal stress, and it
also regulating responses to drought. ABA arrangements stomatal activity, dormancy and other plant
activity in abiotic and biotic stress conditions [8, 9].
Indole-3 acetic acid (IAA), also known as auxin,
plays an important role in events such as cell cycle,
growth and development, formation of vascular tissues and pollen [10-12]. It was determined that
amount of indole acetic acid (IAA) in the salinity
stress conditions were similar to ABA [13]. Gibberillic acids are a group of hormones that regulate seed
germination, leaf expansion, root elongation, growth
and development [14, 15].
NO has important role response to different biotic and abiotic stress types in some physilogical
process for plants, such as; stimulating seed development or reduction of seed dormancy [16, 17], plant
ripening and senescence regulation [18, 19], prevention of flowering [20], to provide the stoma movements as a mediator of ABA stimulation [21-23].
Cells or organisms have protective mechanisms
against harmful effects of free radicals. Some of
these mechanisms prevent the formation of free radicals, the others prevent the harmful effects of free
radicals formed. These mechanisms have some substances and these substances are called antioxidants.
Oxidative damage in plant tissues is suppressed by
enzymatic and nonenzymatic mechanisms and antioxidant enzymes such as β-carotene, α-tocopherol,
ascorbate, glutathione and superoxide dismutase
(SOD), peroxidase (POX), ascorbate peroxidase
(APX), catalase (CAT) and glutathione reductase
(GR) are included in this mechanism [24]. Mutlu et
al. [25] reported that SNP SNP has great application
potential for improving the growth of plants under
heavy metal stress.
The effect of hormones on the antioxidant system is significant. Also, nitric oxide and various
stress types have effect on antioxidant defense system of plants. Therefore, in this study we aimed that
activities of some antioxidant enzymes (SOD, CAT,
APX) in sunflower plant ( !" "" L. cv.
Tarsan-1018) leaves were investigated depending on

In this study, effects of salt stress, SNP and
plant hormones on change of antioxidant enzyme activities in sunflower ( !" "" L. cv. Tarsan-1018) leaf tissues were investigated. !" 
"" L. cv. TARSAN – 1018 seeds were obtained
through the Thrace Agricultural Research Institute,
in Turkey. The seeds were irrigated with culture solution during 5 weeks. At the end of the fifth weeks,
salt, SNP and hormone applications were performed
with foliar application for 72 hour. At the end of 72
hour samples were gathered. It has been understood
that SNP application has a positive effect on activities of Superoxide dismutase (SOD), Catalase (CAT)
and Ascorbate peroxidase (APX). In this study, it has
been observed that, NaCl treatment provided high
antioxidant enzyme activities. The present study
showed that the effects of plant hormones on antioxidant enzyme activities are different. These results
indicate that NO is a key molecule for antioxidant
system in plant and ABA and IAA have positively
affected on antioxidant enzyme activities. In addition, GA has a repressive effect on activities of SOD,
CAT and APX.


$" 
Antioxidant Enzyme, Nitric Oxide, Plant Hormone, Salt
Stress, Sunflower



 
In the case of stress, various changes occur in
the live organisms. Biological stress can be defined
as negative conditions that prevent normal functions
and occurrences of biological systems such as plants
[1, 2]. However, the flexibility of normal metabolism
can give regular cyclic responses against environmental changes. In arid and semi-arid areas, decrease
in precipitation, high degree of moisture formation
create salt stress condition and these situations cause
difficulties in reaching nutrients and water for plant
[3-5]. Continuation of NaCl stress has negative effects on important physiological steps such as protein synthesis, photosynthesis, energy and lipid metabolism [6].
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The ascorbate peroxidase activity assay was
performed according to Nakano and Asada [29]. 0.5
g of fresh leaf tissue was homogenized in 10 mL of
50 mM potassium phosphate buffer (pH 7.6) and
then the homogenate was centrifuged at 15,000 g for
25 min and the reaction mixture was prepared (550
μL of phosphate buffer (pH 7.6), 100 μL of 10 mM
EDTA and 12 mM H202 mixture, 250 μL extract and
100 μL 0.25 mM ascorbic acid). The enzyme activity
was determined as the change in absorbance obtained at 1 minute at 290 nm in a spectrophotometer
(Agilent Cary 60 Uv Vis G6860A).

6&6.56.(&/ &1&/;5.5 All experimental data
were obtained repeatedly three times under some
conditions. A comparative analysis of variance was
performed between the control group and the experimental group. Statistical analyses of the data were
performed by using SPSS 15.0 software program.
All measurements were subjected to analysis of variance (ANOVA) to discriminate significant differences (set as P≤0.05). The data were shown as mean
± SD. Each group was compared with its own control
group.

applications of salt (NaCl) stress, hormones [abscisic
acid (ABA), indol acetic acit (IAA), giberellic acid
(GA)] and sodium nitoprusside (SNP). The results
indicate that the activities of antioxidant enzymes
was increased by NaCl, SNP, ABA and IAA applications.


&6*4.&/5Sunflower plant ( !" "
L. cv. TARSAN - 1018) seeds were obtained through
the Thrace Agricultural Research Institute. The maximum concentration of NaCl was determined. As a
result, it was determined that the concentration of
300 mM NaCl was the maximum salinity concentration and it was used to create salt stress in the study.
The samples were frozen in liquid nitrogen and
stored in deep freeze at -40 ° C until analysis. Hoagland culture solution was used as the main culture
solution in the study. At the end of the fifth week,
salt and hormone applications were performed with
foliar application for 72 hour and samples were taken
at the 72nd hour.
Following surface sterilization, the seeds were
kept in the aquarium pump for 24 hours in water. After that, pot planting process was applied. The seeds
were grown at 25 ± 2 ° C in plant growth chamber
with 60-65% humidity. Seeds were irrigated with
culture solution for 5 weeks. At the end of the fifth
week, salt and hormone applications were performed
with foliar application for 72 hour and samples were
taken at the 72nd hour. Each group has three aerated
pots and 40 seeds germinated in each pot. Sodium
nitroprusside was prepared as 100 µM and the hormones were also applied as 100 µM that these applications were performed with foliar. Thus, 300 mM
NaCl, 100 μM SNP, 100 μM ABA, 100 μM IAA and
100 μM GA applications were generated [26]. Five
groups were formed based on application: Control,
300 mM NaCl, 100 μM SNP, 100 μM ABA, 100 μM
IAA and 100 μM GA.

 

 (6.8.6; Table 1 shows that SOD enzyme activity in 100 μM GA treatment reduced by
half when compared to the control group (92.85±0.5
µmol min-1 mg-1 protein). Other applications increased SOD enzyme activity. 100 μM SNP treatment provided the highest SOD activity (366.92±0.1
µmol min-1 mg-1 protein) at 72th hour and the SOD
activity reached nearly double when compared the
control group. Salt stress caused increased SOD activity compared to control group (p≤0.05). Results
show that SNP, ABA and IAA administration provided higher SOD activity than salt treatment (Table
1). ABA and IAA applications provided very close
SOD enzyme activity. ABA and IAA applications
increased SOD enzyme activity compared the control group (Table 1). While this increase was greater
than control group 78,32% in 100 μM ABA treatment and it was 70.34% in 100 μM IAA treatment
(p≤0.001). It was understood that the determined enzyme activities in the application groups were statistically significant compared to the control group.

16.2:.)&16 1<;0*5 1&/;5.5 Superoxide
dismutase activity was estimated according to modifying the method of Sairam et al. [27]. Briefly, 1 mL
substrate buffer and the catalyst were added to samples from extraction fluid. Reaction was started by
adding riboflavin and placing the tubes below two 15
W fluorescent lamps for 15 min. Reaction was
stopped by switching off the light. Absorbance was
recorded at 560 nm and enzyme activity is calculated
as unit mg / protein.
The determination of CAT activity was conducted by mixture of phosphate buffer (pH 7) and 30
mM H2O2. Briefly, 1 mL mixture of phosphate buffer
(pH 7) and 30 mM H2O2 was added on 2 mL supernatant, and decrease in absorbance was recorded at
240 nm for 90 seconds [28].

 (6.8.6; The results of present study
show that, salt stress, SNP, ABA and IAA treatments
provided high CAT enzyme activity than control
group and only GA application caused a decrease of
CAT activity when compared the control group (Table 2).




3784

$#

! %

 









!"  ! 


Nonetheless, in 100 µM IAA treatment, it was found
that APX activity increased 3.82 times compared to
the control group (5.42±0.01 µmol min-1 mg-1 protein). The results show that 100 μM GA treatment
reduced APX activity compared to control group
(p≤0.001). Also, 100 μM GA application caused the
lowest APX enzyme activity than the other application groups, which was lower than the control group.
It was determined that the APX enzyme activity values caused by treatments were statistically significant compared to the control group (p≤0.001).


73*42:.)*).5076&5**1<;0*&(6.8.6;&6
6--2745.1571+/29*4/*&+5
SOD enzyme activity (µmol min-1
mg-1 protein) at 72th hour
Control
189.99±0.2
300 mM NaCl
213.79±0.5*
100 µM SNP
366.92±0.1***
100 µM ABA
338.79±0.1***
100 µM IAA
323.63±0.2***
100 µM GA
92.85±0.5***
Significant differences between treatments at *** p≤0.001 and *
p≤0.05 level indicated by different.
Treatment Groups

 
&6&/&5**1<;0*&(6.8.6;&6
571+/29*4/*&+5

 
5(24'&6*3*42:.)&5*#*1<;0*&(6.8.6;&6
6--274.1571+/29*4/*&+5

6--2745.1

CAT enzyme activity (µmol min-1
mg-1 protein) at 72th hour
Control
19.06±0.2
300 mM NaCl
37.51±0.6***
100 µM SNP
63.89±0.2***
100 µM ABA
19.10±0.1
100 µM IAA
28.42±0.1***
100 µM GA
8.21±0.5***
Significant differences between treatments at *** p≤0.001 level
indicated by different.

Treatment Groups

Treatment Groups

Control
300 mM NaCl
100 µM SNP
100 µM ABA
100 µM IAA
100 µM GA

APX enzyme activity (µmol min-1
mg-1 protein) at 72th hour
1.42±0.01
8.42±0.06***
8.22±0.02***
11.01±0.01***
5.42±0.01***
0.61±0.05***

Significant differences between treatments at
*** p≤0.001 level indicated by different.



 

The results of the analysis show that (Table 2)
100 μM ABA administration provides very close
CAT enzyme activity (19.10±0.1 µmol min-1 mg-1
protein) to the control group (p>0.05). CAT enzyme
activity was increased by 100-µM SNP administration. This increase is greater by 3.35 times than the
control group (p≤0.001) and it is the highest CAT activity value in the study (63.89±0.2 µmol min-1 mg-1
protein). 300 mM NaCl treatment provided approximately 2-fold increase in CAT enzyme activity compared to control group (37.51±0.6 µmol min-1 mg-1
protein). CAT enzyme activity increased more than
100 µM ABA and 100 µM GA in the 100 µM IAA
application (Table 2). The lowest CAT enzyme activity was obtained in the 100 µM GA application
(8.21±0.5 µmol min-1 mg-1 protein). This decrease
was 43.07% at 72nd hour compared to the control
group. Statistically analysis shows that the CAT enzyme activity values caused by NaCl, SNP, IAA and
GA applications were statistically significant compared to the control group (p≤0.001).

# (6.8.6;Table 3 specifies that 100 µM
ABA provided approximately 8 fold increase in APX
enzyme activity when compared with control
(11.01±0.01 µmol min-1 mg-1 protein). Salt stress and
100 µM SNP applications increased APX enzyme
activity and they provided increase by the almost
same amount (respectively 8.42±0.06 µmol min-1
mg-1 protein and 8.22±0.02 µmol min-1 mg-1 protein).
NaCl and SNP applications also provided approximately 6-fold increase in the APX enzyme activity
compared the control (Table 3). According to results,
100 µM IAA treatment increased APX activity but
100 µM IAA was not effective as 300 mM salt stress,
100 µM SNP and 100 µM ABA treatments (Table3).

Masoumil et al. [30] reported that water deficiency stress caused a significant increase in the content of antioxidants such as superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase
(GPX) in soybean. According to the results, the
negative impact of GA is very obvious. Similarly,
Ahmad [31] reported that GA application decrased
CAT, POD, GR and SOD activity in  "
L. In addition, Chakrabarti and Mukharki [32]
observed that SOD and POD activities decreased in
 ! and Tuna et al. [33] also mentioned
that similar results obtained in maize plant
depending on GA application. On the other hand,
Jaleel et al. [2] revealed that 5 mM GA application
provided enhancement activities of SOD, CAT and
APX in !!"   "  L. GA causes a
decrease in the activities of some antioxidant
enzyme, such as superoxide dismutase in barley
aleurone cells [34]. It is understood that all the results
are compatible with the literature.
It is known that CAT, SOD and POD enzymes
play a key role in oxidative defense mechanism [35].
It has been reported that CAT activity increased in
salt condition on aubergine plants [36]. It has also
been reported that CAT activity increase under salt
stress in sunflower plant [35]. Similar results were
also found in peanuts [37]. The present study showed
that NaCl stress caused increase activity of CAT and
this result is in line with the information available.
Only ABA treatment almost never made any
changes. The reason for this can be 72 hour of application of ABA. Increased ABA concentration may
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adversely affect CAT activity [38]. However, according to the literature, ABA stimulates the CAT
activity in various plants [39]. GA treatment caused
decrease activity of CAT. Similarly, Ahmad [32]
reported that GA application decrased CAT, POD,
GR and SOD activity in  "L. On the
other hand, Jaleel et al. [2] revealed that 5 mM GA
application provided enhancement activity of CAT
in !!"   "  L. Apparently, GA causes
different antioxidant responses in different plants. In
addition, GA causes a decrease in the activities of
some antioxidant enzymes, such as catalase,
ascorbate peroxidase, and superoxide dismutase in
barley aleurone cells [34]. I obtained similar results
with this study. It has been reported that IAA-Asp
(an auxin derivative) modulates catalase activity in
Cd-treated pea plant [40].
APX enzyme activity increased under salt
stress in sesame plant [41]. It was found that, application of ABA stimulated APX activities under osmotic stress conditions in   ! [39].
5 mM GA application provided enhancement
activitiy of APX in !!"  " L. [2]. ABA
and IAA play important role in plant for adaptation
to stress [42]. ABA-induced stress tolerance is partly
related to the activation of antioxidant defense
systems including enzymatic and non-enzymatic
components that protect plant cells against oxidative
damage [43-45]. It was understood that only GA application has decreased APX activity. Other applications provided high APX activity than control plant
(Table 3). In addition, Yigit et al. [46] reported that
the SA and Se pre-treatment provided increase GST,
GR, POD, APX and SOD enzyme activities in #
!#L. but decrease CAT activity under Fenoxaprop-p-ethyl stress. I have determined that CAT activity was increased by hormone administration except for GA application. The method and plant material may be the reason for these differences.
In the literature, it has been suggested that phytohormones can regulate the synthesis of base antioxidant enzymes and that some isoforms of antioxidant enzymes are associated with the phytohormone
catabolism [47]. The present results are supported by
the mentioned phenomenon.

routine metabolic processes but also against environmental change. ABA and IAA played an increasing
role in the enzyme activities. Although GA regulates
the physiological events of the plant in many important stages, it has had a negative effect on enzyme
activities in this study. Therefore, I can indicate that
ABA and IAA are positive regulatory effect against
to stress responses. Results showed that ABA provided high SOD and APX activity than salt stress.
These results point out that ABA is a key combat
hormone for against reactive oxygen species. Depending on findings, I would suggest that both ABA
and IAA treatments on plants can be effective for developing resistance against salt stress and thus they
can play an important role in protecting plants in agricultural areas. In addition, future work should focus
on exploring the effects of different plant hormones
on antioxidant enzyme activities in different plants.
Thus, it will be easier to understand the antioxidant
defense mechanism in plants.
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The present study was carried out to assess the
impact of exogenous application of NO, ABA, IAA
and GA on antioxidant enzyme activities in sunflower leaf. Salinity is one of the most important
stress types. According to the results, the salt stress
enhanced the activities of antioxidant enzymes. The
present study revealed that NO increased SOD, CAT
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support that NO is important molecule in plant for
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EVALUATING SPECTRAL REFLECTANCE VEGETATION
INDEXES TO PREDICT CHLOROPHYLL CONTENT IN
SORGHUM (SORGHUM BICOLOR) PLANTS
Yasar Ozyigit*
Akdeniz University, Korkuteli Vocational High School, Antalya, Turkey

into stored chemical energy, and is an important factor that governs the photosynthetic potential of the
plant [4]. For this reason, it is very important to constantly control the conditions in plants. Conventional
methods used to measure vital activities of plants
usually require sampling from the beginning and
there is no possibility to make continuous measurements on the same leaf or branch [5]. Also, traditional chemical analysis performed in laboratories to
determine the biochemical content of plants are
time-consuming and expensive methods [6].
The chlorophyll content of the plants is positively correlated with both the productivity of the
plant cover and the depth and breadth of chlorophyll
absorption in the reflection spectrum [7]. This relationship between the plant chlorophyll content and
its reflection properties has opened the way for the
canopy chlorophyll content to be determined by remote sensing. Remote sensing systems, which provide information about objects with measurements
made at any distance without physical contact, are
widely used in agriculture and forestry areas in recent years [8]. The vegetation indexes generated by
the remote sensing systems are used to explain many
of the features of plants.
The vegetation index is a display calculated as
a result of the processing of remote sensing data obtained at different spectral intervals (channels) [9].
These indexes allow us to better understand vegetation information, and therefore vegetation, and facilitate explaining the hyperspectral relationship with
plant biochemical components [10]. Vegetation indexes can be used for different purposes [11].
The aim of this study is to investigate the predictability of chlorophyll concentrations using some
vegetation indexes in the sorghum which is an important forage crops for livestock. In addition, it is
aimed to determine new indexes in addition to existing indexes.

ABSTRACT
This study was conducted to investigate the
predictability of chlorophyll concentrations using
some vegetation indices in sorghum plants. Nitrogen
and phosphorus fertilization were applied to the parcels at different doses in order to create variations in
the study. Chlorophyll values were determined by
chlorophyll meter and spectral reflectance values
were determined by spectroradiometer. The obtained
wavelength from reflectance values are used both in
the indexes provided in the literature and in the indexes determined in this study. Later, linear regression analysis was applied to the measured chlorophyll values and estimated chlorophyll values calculated with using indexes, regression coefficients
were determined and prediction models were established. As a result of the regression analysis, significant correlations were determined between estimated chlorophyll values and measured chlorophyll
values. It has also been found that the wave lengths
in the majority of the indexes, especially in the red
and infrared regions of the spectrum, are important
for chlorophyll estimates. The results of the study
show that chlorophyll levels can be predicted with
high accuracy using the vegetation indexes.

KEYWORDS:
Chlorophyll, vegetation index, remote sensing, sorghum

INTRODUCTION
Photosynthesis is one of the most important biological processes in the world. It ensures that consumable energy that organisms need and the balance
of the world atmospheric composition [1]. Photosynthesis occurs in different forms in different species,
but all have similar properties. For example, in all
photosynthesis events, the reaction starts with the
capture of the light. [2]. Light energy is captured by
pigments called light harvesting complexes in photosynthesis reactions [3].
Chlorophyll is the most important factor in absorbing light and transforming the absorbed light

MATERIALS AND METHODS
The experiment was carried out in 2016 in the
field of research and application of field crops department of Agriculture Faculty of Akdeniz University in Antalya. The soil of the experiment area has
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pH 8.7, loam, strong alkali and low organic matter.
The experiment was designed in randomized blocks
with 3 replications. Each parcel was made up of 5
rows with 2 m length and 70 cm row spacing. Nitrogen and phosphorus fertilizers were applied to the
parcels at 0, 5, 10, 15, 20 and 25 kg / da doses with
sowing to create variations and thus 36 parcels were
created. In the study, "Leoti" sorghum cultivar was
used as material. In experiment area, if necessary,
cultural practices such as hunting, weed fighting and
irrigation have been applied.

1 nm interval) and plant probe were used for reflectance measurements. Reflectance measurements
were made in the different places of the leaves in 5
replications as in chlorophyll measurements. Calibration measurements were performed using the reference panel [Spectralon (Labshere, Inc.; North Sutton, NH, USA)] after measurements completed each
of plants [15]. As a result of spectral reflectance
measurements, reflectance values were determined
for each parcel by taking the average of the repetitive
measurements.

Chlorophyll and Reflectance Measurements. Chlorophyll and spectral reflectance measurements were carried out during the period when
the plants were 6-7 leaves. To determine the content
of chlorophyll, a portable chlorophyll meter (Minolta SPAD-502, Osaka, Japan) which indirectly
measured the amount of chlorophyll and became
widespread in recent years [12,13, 14] was used. The
measurements made on 10 plants randomly selected
from each plot and on the topmost 3 leaves of each
selected plant were carried out with 5 replications in
different parts of the leaves. Then, by taking the average of the repeated measurement results, first the
leaf chlorophyll average, then the plant chlorophyll
average, and finally the parcel chlorophyll average
were determined. Spectral reflectance measurements
were performed simultaneously in leaves which
made chlorophyll measurements. A portable spectroradiometer (Analytical Spectral Devices, Inc.,
Boulder, CO) capable of measuring the spectrum between wavelengths of 325-1075 nm (750 bands with

Statistical Analysis. The logarithm and reflection curves of the reflectance values were created using ViewSpec Pro software (Analytical Spectral Devices, Inc., Boulder, CO). From the obtained values,
the index values were calculated by using wavelengths and bands which are located in indexes in table 1. The data obtained from the spectral reflectance
measurements were classified into 5 broad wavebands of blue (430-470 nm), green (530-570 nm),
red (630-681 nm), red-edge (720-740 nm) and near
infrared (NIR, 760-1075 nm) [16]. Later, linear regression analysis was applied to the chlorophyll values and the index values calculated for each parcel
in the MINITAB statistical program, and predictive
models were established, and regression coefficients
were determined. Finally, regression graphs were
constructed to show the relationship between actual
chlorophyll values measured using chlorophyll meter and chlorophyll values predicted by vegetation
indexes.

TABLE 1
Literature-based vegetation indexes and indexes determined in this study
Index
Red edge inflection point
Vogelman index a
Vogelman index b
Vogelman index c
Ratio index-half
Ratio index-2Db
Ratio index-3Db
Normalized NIR index
Normalized difference red edge
Normalized red edge index
Green normalized difference vegetation index
Gitelson and Merzlyak index-I
Red edge ratio vegetation index
Green chlorophyll index
Red edge chlorophyll index
Zarco and Miller
Green ratio vegetation index
Normalized difference705
Normalized green index
Modified double difference index
Normalized Difference Vegetation Index (1067, 711)
Simple ratio index-a
Four band indexes
Two band indexes-b
Simple ratio index-b
Two band indexes-a

Definitions
REIP=700+40*(REP - R700)/(R740 - R700)
VOGa=R740/R720
VOGb = (R734 - R747)/(R715 + R726
VOGc= (R734 - R747)/(R715 + R720)
RI-half = R747/R708
RI-2 Db=R738/R720
RI-3 dB= R741/R717
NNIR= NIR/(NIR+ RE+G)
NDRE=(NIR-RE)/(NIR + RE)
NREI= RE/(NIR + RE + G)
GNDVI = (R750 - R550)/(R750 + R550)
GMI-I=R750/R550
RERVI=NIR/RE
CIg =NIR/G-1
CIRE =NIR/RE-1
ZM = R750/R710
GRVI=NIR/G
ND705= (R750 - R705)/(R750 + R705)
NGI= G/(NIR + RE + G)
MDD= (NIR-RE)-(RE-G)
NDVI=[(R1067-711)/(1067+711)]
SRIa= (1067/711)
FBI=(711-430)/(724-464)
TBIb=(711+531)
SRIb=(708/522)
TBIa=(724-464)

References
Guyot et al. [17]
Vogelmann et al. [18]
Zarco-Tejada et al. [19]
Zarco-Tejada et al. [19]
Gupta et al. [20]
Gupta et al. [20]
Gupta et al. [20]
Sripada et al. [21]
Gitelson and Merzlyak [22]
Sripada et al. [21]
Gitelson et al. [23]
Gitelson and Merzlyak [24]
Jasper et al. [25]
Gitelson et al. [26]
Gitelson et al. [26]
Zarco-Tejada et al. [19]
Buschmann and Nagel [27]
Gitelson and Merzlyak [24]
Sripada et al. [21]
Le Maire et al. [28]
This study
This study
This study
This study
This study
This study

Note: Literature-based vegetation index were taken Cao et al. [16] and Hussain et al. [29].
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FIGURE 1
Relation between leaf measured chlorophyll and predicted chlorophyll with literature-based indexes
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FIGURE 2
Relation between leaf measured chlorophyll and predicted chlorophyll with indexes determined in this
study
high regression coefficients (91.5-84.4). The highest
regression coefficient was obtained as 91,5 from the
NDVI index, which was generated using 1067 and
711 nm wavelengths. This index followed by FBI index with 90.8 regression coefficient and SRIa index
with 90.6 regression coefficient. The regression coefficients of TBIb, SRIb and TBIa indexes were
89.0, 87.0 and 84.4, respectively.

RESULTS
The regression graphs showing the relationship
between the actual chlorophyll values measured using a chlorophyllometer and the chlorophyll values
estimated using the vegetation indexes obtained
from the literature are shown in Figure 1 [REIP (1),
VOGa (2), RI-2 Db (3), NNIR (4), NDRE (5), VOGb
(6), NREI (7), RI-3 dB (8), GNDVI (9), GMI-I (10),
VOGc (11), RERVI (12), CIRE (13), ZM (14), GRVI
(15), CIg (16), RI-half (17), ND705 (18), NGI (19),
MDD (20)]. When the graphs are examined, it is
seen that there are very important relations between
measured chlorophyll values and predicted chlorophyll values using the vegetation indexes. The regression coefficients of the equations ranged from
91.7 to 86.6 and the highest regression coefficient
was obtained at REIP index with 91.7. This index
was followed by VOGa with 90,3, RI-2Db with 90,2,
NNIR with 90,1 and NDRE with 90,0. In VOGb and
NREI indexes, the same regression coefficient was
determined as 89.9 and the regression coefficient of
RI-3 dB index was 89.7. While GNDVI and GMI-I
indexes have the same regression coefficient (89.5),
regression coefficient of VOGc index was determined as 89.4. The regression coefficient of RERVI,
CIRE and ZM indexes was 89.3 and the regression
coefficient of GRVI and CIg indexes was 89.1. The
regression coefficients of RI-half, ND705, NGI and
MDD indexes were determined as 88.8, 88.6, 88.3
and 86.6, respectively.
The graphs showing the relationship between
measured chlorophyll values and predicted chlorophyll values calculated by the indexes generated in
this study are shown in Figure 2 [NDVI (1), SRIa
(2), FBI (3), TBIb (4), SRIb (5), TBIa (6)]. When the
graphs are examined, it is seen that there is a very
important relationship between the estimated chlorophyll values and the actual chlorophyll values with

DISCUSSIONS
The most important point in remote sensing
studies is the determination of the response of plants
to the electromagnetic spectrum. Plants exhibit different absorption and reflection properties in different wavelength regions of the spectrum [30]. In
many previous study [31, 32, 33], the relationships
between various stress factors and plants have been
investigated using remote sensing methods. These
studies focused mainly on the relationship between
chlorophyll concentration and reflectance characteristics, depending on stress conditions in plants.
Leaf chlorophyll content, which is a good indicator of photosynthesis activity, mutations, stress
and nutritional status, has a special importance for
precision agriculture. Recent studies indicate that
chlorophyll content can be predicted from hyperspectral plant cover indexes caused by reflectance of
specific bands [34]. Chlorophyll pigment makes a
strong absorption in the red wavelength region in the
visible region of the spectrum. For this reason, wave
lengths belonging to this region are located in many
developed vegetation indexes [35]. Ayala-Silva and
Beyl [36], indicated that the leaf chlorophyll concentration decreases in nutrient stress conditions in
plants and accordingly, the reflectance in the visible
and infrared regions of the spectrum is increased.
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Thenkabail [37], reported that the 555 nm wavelength in the green region of the spectrum is sensitive
to total chlorophyll. Similarly, Schepers et al. [38]
indicated a strong correlation between the reflectance at a wavelength of 547 nm and total chlorophyll. Gitelson and Merzleyak, [39] and Sims and
Gamon, [5], declared that regions around 550 and
700 nm are sensitive to chlorophyll concentration
whereas regions between 400-480 nm and above 730
nm are not sensitive. Likewise, Wu et al. [35], reported that the empirical models used to predict chlorophyll content are based largely on reflections at
550 nm or 700 nm, which are absorbed strongly in
high chlorophyll, and that indexes formed with these
bands can be used to predict chlorophyll content.
Özyigit [40], carried out a study in narbon bean and
the results of the study showed that there was a linear
relationship between chlorophyll content and red
(r2=68) and NIR (r2=67) region reflectance of spectrum.
Findings obtained in our study are in accordance with the above mentioned information. Both in
the literatured indexes [REIP (R700, R740), VOGa
(R740, R720), RI-2 Db (R738, R708), NNIR (NIR, RE,
G), NDRE (NIR, RE)], and indixes calculated in this
study [NDVI (R1067, R711), SRIa (R1067, R711), FBI
(R711, R430), TBIb (R711, R531), SRIb (R708, R522),
TBIa (R724, R464)], it is observed that the wavelengths in the red and near infra-red regions of the
spectrum are usually found. Also, Zarco-Tejada et al.
[19], reported that chlorophyll pigments absorb
strongly in the blue wavelengths of the visible region
of the spectrum and wave lengths in this region are
located in the vegetation indexes. When the indexes
obtained in our study are examined, it is seen that
some of the wavelengths [FBI (R711, R430), TBIa
(R724, R464)] in the blue region of the spectrum are
included in these indexes.
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with the rapid development of aquaculture in recent
years, the high-density and intensive breeding has
become the most widely used aquaculture mode.
Due to high fry density and excessive bait and medicine supply, the aquaculture water quality is much
worse, water pollutants such as COD, ammonia
nitrogen, nitrate nitrogen, nitrite, hydrogen sulfide,
etc. sharply increased, this caused a growing
amount of disease and even death of aquatic animals. Thus, to find out an ecological purification
method for improving the aquaculture water quality
becomes a top priority, and is the core and key to
solve the problems of aquaculture water pollution.
Aiming at the environmental problems caused
by high-density aquaculture in China, it may be an
appropriate approach to use the environmentally
friendly method, such as applying the microorganisms and their metabolic products to purify the
polluted water. Bacillus was proved to be a feasible
kind of microorganism to control water pollution.
However, at present, the studies on the water purification effect of bacillus mainly used the whole
strain or the composite one. He [3] achieved the
preponderantstrain NQ1 (bacillus subtilis) after
separating and screening and used it for safety testing, results showed that the application of
1×107cfu/ml of bacillus subtilis into the aquaculture
water significantly reduced NO3--N and NH4+-N
concentration after 14 days, when compared to the
control group. Wang [4] used three Bacillus including Bacillus Subtilis (Bs), Bacillus Cereus (Bc) and
Bacillus Licheniformis (Bl) and another streptococcus faecalis to purify the aquaculture water, and
detected the differences of ammonia and nitrite
degradation between the single and the compound
strains.
Xie
[5]
obtained
the
bacillusamyloliquefaciens HN through isolating the
sediment, experimental results showed that the
strain HN could significantly reduce the content of
NO3--N and NO2--N in the water.
In this study, the effects of Bacillus amyloliquefaciens metabolites (poly-Ȗ-glutamic acid; PP)
and the mixture of B. Amyloliquefaciens and its
metabolites (MP) on aquaculture water purification
were studied by laboratory experiments, which
were expected to provide theoretical and experi-

ABSTRACT
The worsening of water environment has limited the sustainable development of aquaculture in
coastal area seriously. The microbiologic technology was proved to be a feasible approach in purifying aquaculture water. In this study, the purification
effects of Bacillus amyloliquefaciens metabolites
(poly-Ȗ-glutamic acid; PP) and the compound of
Bacillus amyloliquefaciens and its metabolites (MP)
on the aquaculture water were observed. The applied concentrations of PP and MP were 2 mL/L, 4
mL/L, 6 mL/L, 8 mL/L and 10 mL/L. Results
showed that both PP and MP could significantly
remove NH4+-N and COD and reduce turbidity of
aquaculture water. Both treatments could achieve
the purpose of water purification. The water purification effect of MP was more satisfactory compared to that of PP when under the same applied
concentration. The maximum decrease rates of
NH4+-N and COD concentrations and turbidity
under the treatments reached 89.4%, 95.3% and
90.4%, respectively. Although the different concentrations of PP and MP had different effects on the
reducing efficiency of NH4+-N, COD and turbidity,
the difference was not significant (p>0.05). Therefore, in comprehensive consideration ofthefactorssuch as cost-saving and purification effect, an
applied concentration of 2 mL/L of PP or MP was
recommended.
KEYWORDS:
Aquaculture, Bacillus amyloliquefaciens, turbidity, COD,
ammonianitrogen

INTRODUCTION
According to statistics, in 2014, the world's
edible aquatic products have reached 164 million
tons, of which the aquaculture accounted for 74
million tons [1]. In China, Jiangsu province possesses broad beaches, abundant water resources and
numerous aquaculture ponds, which is one of most
important aquaculture bases for China [2]. However,
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  3UHSDUDWLRQ RI 33 7KH SXUH Ȗ-PGA was
dissolved in deionized water to a concentration of
23.8 g/L, and the temperature of the solution was
NHSW DW & 7KH VROXWLRQ ZDV QDPHG SXUH Ȗ-PGA
solution, which was recorded as PP.
(2) Preparation of MP: The fermented compound (the bacillus amyloliquefaciens and its metabolites) was added with 2.6 g/L of Ca(OH)2 and
5.1g/L of CaCO3, after fully blending. The compound was oscillated for 10 minutes at 15 °C with
150 RPM speed, then was kept at 4°C. The compound was recorded as MP.

mental basis for the healthy development of aquaculture industry in coastal regions. As a biological
purifying method, our results might effectively
improve the ecological environment of aquaculture
water in similar areas, and meanwhile strengthen
the concept of green aquatic breeding, which was of
great significance to guarantee the sustainable development of the aquaculture industry.

MATERIALS AND METHODS
Experimental site.The water samplesfor laboratory experiment were collected from a coastal
shrimp pond in Dongtai city, Jiangsu province,
China.The experimental buckets were stainless steel
cylinders, which were the basic devices used in this
experiment. The inner diameter of each bucket was
15.9cm, the outer diameter was 16.9cm and the
heightwas 40cm. The NH4+-N concentration in the
water sample was 1.02 mg/L, the COD was 25.5
mg/L and the turbidity (NTU) was 56.1, which
measured before the experiments.

Experimental design.The experiment contained 11 treatments. PP solutions with 5 different
concentrations of 2 mL/L, 4 mL/L, 6 mL/L, 8 mL/L
and 10 mL/L were respectively added into the water
samples, recorded as PP2, PP4,PP6, PP8 and PP10.
Similarly, MP solutions with 5 different concentrations of 2 mL/L, 4 mL/L, 6 mL/L, 8 mL/L and 10
mL/L were added into the water samples, recorded
as MP2, MP4, MP6, MP8 andMP10.A control
treatment without any additive was recorded as C0
and used for comparison. For each treatment, 5 L
sample was located into the PMMA tube. Each
treatment was replicated 3 times. The experimental
duration was 24 hours. The sampling time points
were 0.5, 1, 3, 6, 12 and 24h after the experiments
were conducted. The concentrations of NH4+-N,
COD and NTU were measuredand then take the
average,in order to find out the optimal concentration of applied microbial agents.

Microbial agent preparation.The bacillusamyloliquefaciens FDQ SURGXFH Ȗ- polyglutamic
acid, which was provided by the Institute of Agricultural Environment of Hohai University. Calcium
carbonate was bought fromQuzhouCalcium Carbonate Co., LTD. The calcium hydroxide used for
the dormancy of bacillusamyloliquefaciens was
provided by Shanghai Binhu Environmental Protection Technology Co., LTD.Calcium chloride was
bought
fromLianyungangHuayangCalciumCo.,
LTD.
7KH Ȗ-PGA culture medium was prepared by
35.3 g glutamate, 16.7 g citrate, 92.6 g glycerin, 1.2
g yeast extract, 1 g KH2PO4,0.5 g MgSO4 and 0.05
g MnSO4. The medium was added with 1000 ml
distilled water, with pH ranging from 6.0-6.3. Then,
the prepared mediums were located into high pressure sterilization device for 20 minutes at 121 °C
temperature. After fermentation, we determined the
FRQFHQWUDWLRQRIȖ-PGA as 23.8 g/L (Fig 1).

Measurement.The NH4+-N concentration was
measured by Nessler's reagent spectrophotometry
method. The COD was measured by the acidic
potassium permanganate method. The NTU was
measured using the turbidimeter [6, 2].
Statistical analysis.Data were submitted to
SPSS 18.0 software to compare the difference [7,
8].

RESULTS AND DISCUSSION
Effects of different treatments on the NH 4+N concentration.Fig 2 and Fig 3 showed the effect
of PP and MP on the concentration of NH4+-N during 24 hours. The NH4+-N concentrations under C0
at 0.5, 1, 3, 6, 12 and 24 h were 1.02, 1.09, 1.24,
1.44, 1.89 and 1.93 mg/L(have not presented in the
Figure). Obviously, the concentration of NH4+-N
under C0 presented an increasing trend. While,
compared to C0, the treatments decreased NH4+-N
concentration dramatically. At the same time point,
NH4+-N concentration under the treatments were
ordered
as
PP10<PP8<PP6<PP4<PP2
and
MP10<MP8<MP6<MP4<MP2. It was clear to see
that when at 0.5 h and 1 h, 10 mL/L application

FIGURE 1
7KHȖ-PGA culture medium
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creased [9-10]. For MP treatments, the reason
might be that increase of MP applied amount resulted in an increase in the concentration of starch
bacillus and its metabolites, thus in aerobic conditions, the nitrosation and nitrification effects of
bacillus in water were enhanced, leading to a better
NH4+-N removing rate [11-12]. When the application amount was the same, MP had more satisfactory NH4+-N removing rate than PP.
Although the PP and MP treatments decreased
the NH4+-N sharply compared to C0, the effect of
higher applied concentration of PP or MP was not
significant in terms of the NH4+-N removal, overall.

amount of PP had a better removing effect in comparison to 2 mL/L. However, after 3 hours, the
differences of NH4+-N concentration under different
application amounts of PP were not significant. At
24 h, the PP treatments decreased the NH 4+-N concentration by 83.0-86.3%, and the MP treatments
decreased it by 86.2-88.8%. The removing rate
increased as the application amount of PP/MP was
increased. For PP treatments, the removing mechanism of NH4+-Nwas that whenthe concentration of
PP was increased, the extracellular peptide content
of the bacillusamyloliquefaciens was increased, and
the adsorption quantity ofNH4+-N was also in-
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FIGURE 2
The effect of PP on the concentration of NH 4+-N during 24 hours (PP2, PP4, PP6, PP8 and PP10 represent
the applied amounts of PP were 2, 4, 6, 8 and 10 mL/L, respectively. Means followed by the same letter
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The increasing amount of bacillus and its metabolites would lead to the higher absorption and immobilization amount of the organic matter in the water
thus decreased the COD concentration [13-15]. It
was clear that the concentration of COD increased
with the experimental duration, interestingly, at 24
h, there were significant differences between PP2
and PP6/PP8/PP10, while no significant differences
were detected among MP treatments. At the end of
the experiment, the COD removing rates were in an
order as PP2 (MP2)<PP4 (MP4)<PP6 (MP6)<PP8
(MP8)<PP10 (MP10). While overall, a higher applied amount of PP or MP would not increase the
purification effect of CODsignificantly. Therefore,
according to the principle of cost-saving, combined
with theremoval of COD, an applied concentration
of 2 mL/L of PP and MP was recommended.

Effects of different treatments on the COD
concentration.Fig. 4 and Fig. 5 displayed the effect
of PP and MP on the concentration of COD during
24 hours. The COD concentrations under C0 at 0.5,
1, 3, 6, 12 and 24 h were 25.4, 31.5, 42.4, 61.8, 98.2
and 122.4 mg/L(have not presented in the Figure).
COD concentration under C0 increased obviously,
which reached a high value of 122.4 mg/Lat 24 h.
Compared to C0, the final COD removing rates
under PP2, PP4, PP6, PP8 and PP10 were 87.9%,
89.3%, 90.0%, 90.6% and 91.3%, respectively, and
which under MP2, MP4, MP6, MP8 and MP10
were 94.1%, 94.3%, 94.7%, 95.0% and 95.3%,
respectively. With the increase of PP/MP concentration, the COD concentration in the water decreased, this was because that PP and MP could
absorb and immobilize the hydrolyzed feed particles, and the particles would move into the bottom.
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FIGURE 4
The effect of PP on the concentration of COD during 24 hours (PP2, PP4, PP6, PP8 and PP10 represent
the applied amounts of PP were 2, 4, 6, 8 and 10 mL/L, respectively. Means followed by the same letter
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suspended solids in the water [16], sinking them
into the bottom, therefore the NTU of the water
decreased [17-19]. At the same time point, the NTU
in aquaculture water was loweredunder the increasing concentration of PP (MP), namely the NTU
decreasing rate was ordered as PP2 (MP2)<PP4
(MP4)<PP6 (MP6)<PP8 (MP8)<PP10 (MP10). At
24 h, except for the significant difference of NTU
between PP2 and PP10, no obvious differences
were found among PP treatments, as well as MP
treatments. Thus, in comprehensive consideration
of the cost and the purification effects, the optimal
applied amount of PP or MP was 2 mL/L.
During the 24-hour experiment, both PP and
MP showed the similar properties as chemical flocculants such as polyacrylamide, Al compounds, and
Fe compounds [20-21]. Besides, no records reported that PP and MP are biotoxic. In addition, we
found that PP and MP would not cause secondary
pollution.

Effects of different treatments on NTU.Fig
6 and Fig 7 displayed the effect of PP and MP on
the NTU during 24 hours. The NTU under C0 at
0.5, 1, 3, 6, 12 and 24 h were 56.1, 57.1, 58.3, 59.0,
62.4 and 67.9(have not presented in the Figure).
NTU under C0 have not changed obviously. Overall, the PP and MP treatments showed agradual
decline trend compared to C0. After 24 h, the decrease rates were 86.1%, 86.8%, 87.4%, 88.1% and
88.7% under PP2, PP4, PP6, PP8 and PP10, respectively. Except for the significant difference between
PP2 and PP10, the differences of NTU among the
PP treatments were not obvious. The NTU decrease
rates at 24 h under MP2, MP4, MP6, MP8 and
MP10 were 88.2%, 88.8%, 89.4%, 89.9% and
90.4% respectively, there were no significant differences of NTU among the MP treatments. During
the whole experimental process, with the addition
of PP (MP), the NTU in the aquaculture water
gradually reduced, this might becausethat PP (MP)
would adsorb and decomposed impurities such as
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[7] Hou, M. and Shao, X. (2016) Optimization of
irrigation-drainage scheme for tomato crop based on multi-index analysis and projection pursuit model. Zemdirbyste-Agriculture. 103(2),
221-228.
[8] Hou, M., Jin, Q., Wu, X., Yao, Y. and Zhang,
Z. (2017) Impact of top-pruning time on the
fertilizer N use efficiency of flue-cured tobacco
as assessed by N-15 tracing technique. Archives of Agronomy and Soil Science. 63(9),
1324-1335.
[9] Huang, Q., Lin, S., Yang, L. (2014)Advances
on Aquaculture Water Purification Method.
Modern Agricultural Sciences and Technology.3, 234-235.
[10] Chen, J., Miao, Y., Qiu, J., Ren, H., Wang, J.,
Zhang, Y. (2016)Development of Marine Aquaculture Water Treatment Technology. Journal of Salt and Chemical Industry. 45(5), 1-5.
[11] Thanigaivel, S., Chandrasekaran, S., Mukherjee, A.,Thomas, J.(2016) Seaweeds as an alternative therapeutic source for aquatic disease
management. Aquaculture. 464, 529-536.
[12] Thanigaivel, S., Vijayakumar, S., Mukherjee,
A., Chandrasekaran, N., Thomas, J. (2014) Antioxidant and antibacterial activity of Chaetomorphaantennina against shrimp pathogenVibrioparahaemolyticus. Aquaculture.433, 467475.
[13] Yang, H., Cao, Z.., Zhong, Z. (2015) Advances
in application of microecological preparations
in aquaculture. Shangdong Journal of Animal
Science and Veterinary Medicine.4, 61-63.
[14] Ping Q., Cao, P., Qing, L., Na, L. (2014) Research progressonwater purification. Guangdong Agricultural Sciences.1, 149-154.
[15] Lertsutthiwong, P., Sutti, S., Powtongsook,
S.(2009) Optimization of chitosan flocculation
for phytoplankton removal in shrimp culture
ponds. AquaculturalEngineering.3(41), 188193.
[16] Christianson, L.E., Lepine, C., Sharrer, K.L.,
Summerfelt, S.T. (2016) Denitrifying bioreactor clogging potential during water treatment.
Water Research. 105, 147-156.
[17] Ping, S., Xiangdong, C. (2007) Experiment of
Microbiology. Higher Education Press. 4, 124127
[18] Zheng, D. (2006)The Course of Microbiology.
Higher Education Press. 5, 87-89
[19] Salehizadeh, H., Yan, N.(2014) Recent advances in extracellular biopolymer flocculants.
Biotechnology Advances. 8(32), 1506-1522.
[20] Cao, P., Yong, Z. (2015)The competitive evaluation of aquaculture of 10 coastal provinces in
China based on the positive analysis method.
Chinese Fisheries Economics. 33(3), 74-81.

CONCLUSION
It was concluded from the above analysis that
both PP and MP could significantly remove NH4+N and COD and reduce turbidity of aquaculture
water. Both treatments could achieve the purpose of
water purification. The water purification effect of
MP was more satisfactory compared to that of PP
when under the same applied concentration. The
maximum decrease rate of NH4+-N, COD and turbidity in the aquaculture water reached 89.4%,
95.3% and 90.4% respectively. Although different
concentrations of PP or MP had different effects on
the reducing efficiency of NH4+-N, COD and turbidity, the difference was not significant (p>0.05).
Therefore, in comprehensive consideration of the
factors such as cost-saving and purification effect,
an applied concentration of 2 mL/L of PP or MP
was recommended.
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way still contains significant amounts of color compounds and recalcitrant organic compounds and does
not meet the discharge standards prescribed by the
Chinese government. Therefore, antibiotic production wastewater treatment has become a source of
concern because of the antibiotic resistance genes
(ARGs) of ARB, which may pose a great potential
health risk to humans. Therefore, new technologies
and advanced treatments for pharmaceutical
wastewater treatment must be developed to meet the
strict discharge standards and promote wastewater
reuse [5-10].
In order to protect the ecological environment
from being destroyed, in this study, antibiotic production wastewater was treated by supercritical water oxidation [11-15]. The experimental results of antibiotic production wastewater were treated by nanoFe2O3 and supercritical water oxidation was reported. The feasibility of the technology as a pretreatment to reduce toxic organic compounds was
examined. The effects of the amount of catalyst, the
initial concentration of antibiotic wastewater, the
amount of hydrogen peroxide, pH, and temperature
on the COD removal were investigated.


$ 

&6*4.&/5&1)4*&,*165Antibiotic production
wastewater used in this study was obtained from an
antibiotic industry producing amoxicillin. The characteristics of antibiotic production wastewater are
summarized in Table 1.

The presence of high concentration antibiotics
in wastewater can disturb the stability of biological
wastewater treatment systems and promote generation of antibiotic resistance genes (ARGs) during the
treatment. To solve this problem, treating antibiotic
production wastewater via Advanced oxidation process (AOP) is applied. In this paper, nano-Fe2O3 catalyst is prepared to treat antibiotic production
wastewater. Catalyst dose, the initial concentration
of antibiotic production wastewater, hydrogen peroxide dose, pH, temperature and other factors that
affect the performance degradation of antibiotic production wastewater is studied.


%#
Antibiotic production wastewater, AOP, nano-Fe2O3,
Chemical oxygen demand (COD)



 ! 
The amount of pharmaceutical wastewater discharged globally is large, and it is difficult to treat
such wastewater because of the high concentration
and recalcitrant of pollutants. The gross industrial
production of the pharmaceutical industry in China
accounts for 1.7% of all domestic industrial output,
whereas the amount of wastewater discharged contributed to as much as 2%; gross industrial production rapidly increased by 175.97% from 425.45 billion RMB in 2005 to 1174.13 billion RMB in 2010
(1 US$ = 6.12 RMB at the current exchange).
Though the wastewater discharged from the pharmaceutical industry in China only increased by 31.33%,
from 400.5 million ton in 2005 to 526.0 million ton
in 2010 because of the promotion of cleaner production and pollution control, wastewater treatment in
the pharmaceutical industry is listed as one of the 12
major industries because of the environmental planning and more stringent discharge standards issued
in China [1-4].
Currently, most pharmaceutical wastewaters
are treated with conventional biological treatment
processes; however, the effluent treated in such a

4*3&4&6.21 2+ 1&12*   1&123&46.(/*5
1.5g of FeCl3•6H2O was dissolved in 7.5 mL of water and configured 10 mol/L NaOH solution, 10 mL
FeCl3 was added dropwise to a magnetically stirred
solution of NaOH, and stirring was continued for 5
min. The mixed solution was injected into the 35 mL
autoclave, and placed in an oven at a reaction temperature 170°C for 20 h, cooled to room temperature
until removed. The reaction product was collected by
centrifugation and then the autoclave were washed
with deionized water and washed several times with
ethanol and then placed in a vacuum oven dried at
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70°C for 24 h. Black product gained is nano-Fe2O3
nanoparticle.

the gas decreases as the temperature increases, which
affects the dissolved oxygen in the water; thereby the
oxidation activity is reduced.

++*(62+  )25*214*028&/The effect of concentration on antibiotic production
wastewater degradation within the range of hydrogen peroxide 100 mg/L-400 mg/L is investigated.
The result is presented in Fig. 2. As can be seen in
Fig. 2, adding H2O2 can increase COD removal.
H2O2 displayed high oxidation activity in the antibiotic production wastewater treatment. 94.8% of
COD was removed when H2O2 dose was 400 mg/L.

! !

++*(6 2+ 6*03*4&674* 21  4*028&/ In
the process of organic compounds treatment, the
temperature is an important parameter affecting the
removal of pollutants. Generally, the higher operating temperature is, the higher pollutant removal and
the reaction rate are obtained. Fig. 1 showed COD
removal within a series of reaction temperatures
(520, 530, 540 and 550°C). When the temperature
increased from 530 to 540°C, COD removal significantly increased from 68.6 to 95.98% with adding
H2O2 and nano-Fe2O3.

++*(62+3214*028&/Fig. 3 showed
COD removal in the antibiotic production
wastewater degradation at temperature of 550°C and
pH within the range of 8-11. Approximately COD
removal is 95.7% (Fig. 3), adding H2O2 and nanoFe2O3 after 35 min reaction.


16.'.26.(342)7(6.219&56*9&6*4(-&4&(6*4.56.(5
&4&0*6*4
Amoxicillin (mg/L)
Chemical oxygen demand
(COD) (mg/L)
Biochemical oxygen demand
(BOD) (mg/L)
pH
Total phosphorus (TP) (mg/L)
Cl− (mg/L)
Turbidity (NTU)
NO3−–N (mg/L)

"&/7*
157

++*(6 2+ (&6&/:56 21 4*028&/ The results are presented in Fig. 4. As it is expected, rising
catalyst dose can increase COD removal. COD removal reached 95.7% after 35 min at 550°C. Therefore, catalyst had a significant impact on the oxidation of antibiotic production wastewater.

853
87
6.7
8
9
54
6

!

Hydrogen peroxide (35% w/w) was purchased from
Shiyan, Hubei, China.

Effect of temperature on the degradation of the
antibiotic wastewater is mainly discussed for two
points. Firstly, temperature rising will reduce the activation energy of the reaction, so that the reaction
can not occur previously occurred in the reaction.
Temperature is raised or the original reaction can occur now more efficient. Secondly, the solubility of

This work studied the feasibility of treating antibiotic production wastewater treatment by SCWO,
knowledge of the impact of the operating conditions
such as temperature, the amount of catalyst, H2O2
dosage, pH is required. Experimental results indicated that in the nano-Fe2O3 and H2O2 process,
95.7% COD was removed after 35 min at temperature of 550°C. Adding a catalyst significantly improved the COD removal.

!
++*(62+6*03*4&674*214*028&/

! 
++*(62+  )25*214*028&/
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University of Suleyman Demirel, Agricultural Faculty, Agricultural Structures and Irrigation Department, Cunur, Isparta, Turkey
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Low tunnels installed in high tunnels are preferred by producers in winter conditions for earliness, yield increase and increase of root quality. The
objective of this study was to determine yield and
quality parameters, temperature changes inside high
and low tunnels as well as root zone temperature
changes, solar radiation changes inside the tunnel.
The experimental site was located at the University
of Suleyman Demirel in Isparta, Turkey. It was conducted from 28 October to 28 January, 2015-2016.
Three different polyethylene cover materials and
control parcel have been tested. The lettuce   
   Duna) crop was transplanted before tunnel
installed. The yield, quality and leaf nutrient contents of the harvested plants were examined. The
light transmittance of the newly tested bubble cover
material is lower in comparison with the traditional
cover material. High tunnel temperatures were measured lower in comparison with outdoor temperature
values at night, however; temperature values inside
the low tunnels were measured higher than outdoor
temperatures at night time. High tunnel soil temperature was measured to be about 5 oC higher than the
outdoor environment especially in January, while the
low tunnel root zone temperature values were measured to be about 7.5 oC higher. About 3 times greater
yield increase was attained in low tunnel cultivation
in comparison with high tunnel cultivation. It was
determined as a result of the examination of tunnel
and root zone temperature values that the newly
tested applications (Big bubble, Small bubble) generally yielded successful results in the study.



Greenhouses are structures for agricultural production where plant growth is carried out all year
long by taking the environmental factors under control. High cost and advanced technology applications
are used for carrying out greenhouse activities in improper environmental conditions. The most important factor that restricts greenhouse production
during winter months is heating costs. Whereas there
are no automation systems in high tunnel cultivation
like those for greenhouses and production is stopped
by discharging high tunnels in winter months when
the climate is not suited. In addition, mulching and
low tunnel installations are preferred as passive heating methods that can be used in high tunnels for increasing the ambient temperature [1]. Plant growth
is carried out successfully in high tunnels during
early spring and late fall [2, 3]. Low tunnels create a
microclimate that is suited for plant growth and
thereby are used for earliness and yield increase [4,
5]. Low tunnels installed in high tunnels are preferred by producers in winter conditions for earliness, yield increase and increase of root quality [6].
Inappropriate root zone temperatures have adverse
impacts on cultivation [7]. Root zone temperature is
more effective than ambient temperature in cultivation [8, 9]. Temperature has a significant impact on
plant root metabolism, morphology, nutrient intake,
photosynthesis and water consumption [10-14].
Another factor that limits greenhouse cultivation in winter months is solar radiation amount. Both
[15] has been reported that a decrease of 1% in solar
radiation results in a 1% decrease in yield. Many factors such as the type of cover material, its cleanliness, color, duration of use, angle of sun light etc.
affect the passage of light from the cover material
[16, 17]. The amount of solar radiation reaching the
greenhouse is lower than the amount of solar radiation reaching the open area due to the absorptive reflection of the cover material. The property of the
cover material is important since it affects the photosynthesis process while also affecting the sensible
heat and latent heat values in the greenhouse energy
balance [16]. The light that reaches the interior of the
greenhouse plays an important role on the lycopene

%$ 
Temperature, low tunnel, lettuce, solar radiation, high-tunnel
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10 mm were piled 20 cm deep into the soil for tunnel
installation. Tunnels that are 90 cm wide and 90 cm
high were formed by placing PE pipes of 2 cm diameter and 2 m length on the irons after which the tunnel frames were tied to each other using ropes. 

!*03*5&785*&1)62/&55&).&7.21Temperature recording sensors (DS1925 The iButton®
Maxim Integrated) were programmed to take measurements with intervals of 1 hour for determining the
tunnel temperature as well as the soil temperatures.
Tunnel and control parcel temperature recorders
were placed in the central section of the tunnel 30 cm
above the soil surface by taking into consideration
the plant height. Soil temperature sensors were
placed 10 cm below the soil surface which recorded
the temperature values throughout the production
period. Outdoor air temperature was constantly monitored HOBO data logger (U12-0006 Onset HOBO)
(30 cm height above the floor). The global solar radiation (W m−2) was measured using the wavelength
range of 280–2800 nm pyranometers (PYR-P Apogee) inside each treatment and control parcel 30 cm
height the floor without replication. Outdoor solar
radiation data were obtained from the meteorology
station inside the research center. 

content of plants [18], ascorbic acid [19] as well as
other plant components.
Lettuce is among the plants cultivated in greenhouses which have the lowest light sensitivity [20].
Turkey is ranked second in Europe after Spain and
fifth in the world with regard to greenhouse area
[21]. According to 2016 data, 43.6 % (1377.9 ha) of
the greenhouse area where lettuce is grown and 35.6
% (29532 tons) of the total lettuce growth is carried
out in high tunnels [22].
The objective of this study was to determine (i)
yield and quality parameters, (ii) temperature
changes inside high and low tunnels as well as root
zone temperature changes, (iii) solar radiation
changes inside the tunnel. In this study, the effects of
traditional cover material along with impacts of bubble cover which has been tested recently with successful results were tried to be determined.


! ! 

78)< .7*The experimental site was located
at the University of Suleyman Demirel, Agricultural
Research Center in Isparta, Turkey. It was conducted
for three months from 28 October to 28 January,
2015-2016. The study was carried out under installed high tunnel condition in low tunnels. The research area is located between the coordinates 37o
50' N and 30o 32' E. The altitude is 1007 m. The
greenhouse was 6 m wide, 20 m long with a base area
of 120 m²; built with bow roof, steel construction.
The gutter height was 2.2 m and the ridge height was
3.4 m. The greenhouse was covered by a 0.4 mmthick film (Vatan Pls. Ltd). The research area, where
greenhouse was located, consists of medium and medium-fine textured, deep, salt-free soil with weak
profile development. Measured soil textile was 46%
clay, 35% silt and 19% sand. Measured soil pH was
7.72. The average organic matter content was 1.76%. 

;3*5.0*17&/*6.,1The low tunnel experiment was performed 0.9×4 m arranged in a randomized complete block design with three replications.
Three different polyethylene (PE) cover materials
and control parcel have been tested. One of them was
0.4 mm thickness uncolored (PE) cover material
which used at greenhouse cover. It was applied commonly used by farmers. The other used was uncolored big bubble PE (BBPE) material with a diameter
of 30 mm and height of 12.5 mm. Last one was uncolored small bubble PE (SBPE) material with a diameter 5 mm and height of 4 mm which is used in
the market as bubble wrap for packing. Cover material was not used in the control parcel and only tunnel
cultivation was carried out. Following the tillage inside the greenhouse and the preparation of the parcels, 1 m long construction irons with a diameter of

523 0&1&,*0*17 &1) 1875.*17 &1&/<6.6
Fertilizer was applied at rates typical for lettuce 110
kg ha−1 N, 100 kg ha−1 P2O5 and 50 kg ha−1 K2O
through drip irrigation. Irrigation was monitored
weekly by tensiometer in order to ensure that lettuces
were not submitted to water stress in any treatments.
The lettuce      Duna) crop was transplanted spaced 30 cm on rows 20 cm apart (12 plant
m-2) before tunnel installed on 28 September 2015.
Lettuces were harvested on 28 January 2016. Four
plants per parcel were harvested, excluding the border ones and roots were removed. The fresh weight,
plant height of each plant were determined according
to standard methods in harvested plants, and then lettuces were washed off with tap water and botted dry
on absorbing paper.
The leaves were dried at 65 ° C for 48 hours
and then ground for nutrient analysis. Total nitrogen
was analysed according to the Kjeldahl method; P
concentration was measured by the vanado molibdo
phosphoric acid yellow color procedure; total K, Cu,
Mn, Fe, and Zn extractable elements were determined as described by Kacar and Inal [23]. Soil texture was determined using a hydrometer [24], and
soil organic matter was determined based on
Walkley and Black [25]. Soil pH was measured using pH meter in suspension of soil and water at the
rates of 1/2.5.
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7&7.67.(&/&1&/<6.6Data obtained for the lettuce yield and nutrients during the study were analyzed using one-way variance analysis (One-way
ANOVA) method. Tukey test was used for determining the differences between the averages of the
applications. 

formation is affected from the amounts of light and
solar radiation. In addition, it has also been indicated
that it is quite difficult to determine whether the effect is due to temperature or light. Holcman et al.
[16] reported that the solar radiation amount inside
the greenhouse decreased by 5-40%. It was determined in our study that the light transmittance of the
newly tested bubble cover material is lower in comparison with the traditional cover material.

!811*/ 7*03*5&785*6 Separate graphs were
prepared for each month during the 3-month period
when the study was conducted after which temperature values were interpreted (Fig. 2). It was observed
from the graph that the temperature values inside the
high tunnel during the month of November (Tin)
were lower than the ambient temperature values
(Tout) at night and especially in the mornings. Temperatures inside the low tunnels were measured as
higher than ambient temperature values at night.
Ambient temperature increased dramatically only in
the morning after sunrise thus reaching values above
those inside the tunnel until 09:00. 
The difference between the applications was
very low and similar values were measured. Temperature values as monthly averages were measured
highest with small bubble PE (TSB) as 12.5 oC followed by big bubble PE (TBB), normal PE (TPE), control (Tcont) and ambient with respective values of

 "!  " 

2/&5 5&).&7.21 Light is the most important
climatic factor for the plants to make photosynthesis
and grow. Solar radiation that decreases during the
winter months has significant impact on plant development. Outdoor solar radiation along with high tunnel and low tunnel solar radiation amounts were
measured for this purposes during the 3-month production period (Fig. 1). Whereas the highest hourly
average outdoor radiation (SRout) values in November and December were measured as 481-465 W
m-2, high tunnel solar radiation (SRin) amount was
measured as 448-422 W m-2. The solar radiation
amounts measured during the applications decreased
further to a maximum value of 300 W m-2. The solar
radiation amount that reaches the outdoor environment in January decreased significantly down to 350
W m-2. While the high tunnel solar radiation amounts
and those measured during the applications decreased to below 200 W m-2. Sinclair and Mushow
[26], Salomez and Hofman, [13] put forth that head
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12.4 oC, 12.4 oC, 10 oC, and 9.2 oC. Temperature values inside the high tunnel in December were measured lower in comparison with the ambient temperature values in comparison with the values obtained
in November. Temperature values inside the high
tunnel after 10:00 were 7-15 oC higher in comparison
with the ambient temperature values. It was observed
upon an examination of the monthly average temperature values that the highest temperature value was
obtained in the TPE application as 8 oC followed by
TBB (7.8 oC), TSB (7.7 oC) and Tcont (5 oC) applications. According to the temperature values for the
month of January, there was a difference of 4 oC between the high tunnel temperature and low tunnel
temperature values measured on 14:00 following a
sudden decrease in the ambient temperatures and the
difference between the ambient temperature and tunnel temperature values increased up to 15 oC.
Decoteau [27] reported that an average temperature
of 23 oC in the day time and 7.2 oC at night is suited
for optimum temperature values for the Crisphead
lettuce variety. Both et al. [28] interior temperature
values were determined to be 0.9 oC higher than the
outdoor temperature for high tunnel cultivation in
April and May, whereas high tunnel temperatures
were measured lower in comparison with outdoor
temperature values at night during all 3 months in
winter cultivation. Moreover, temperature values inside the low tunnels were measured higher than outdoor temperatures at night time. Thus, low tunnels

installed in high tunnels will enable the ambient temperature to reach values that are higher than the outdoor temperature values especially during the night.
227 =21* 7*03*5&785*6 Soil and root zone
temperatures are effective in the energy balance of
the plant cover inside the greenhouse. Therefore, soil
temperature values were recorded during the applications by way of sensors placed at a depth of 10 cm.
The monthly average hourly root zone temperature
values measured during the production period have
been shown in Figure 3. Ambient soil temperature
average in November was measured about 5 oC
lower in comparison with low tunnels applications.
It was observed upon an examination of the monthly
average temperature values that the highest temperature value was attained during the TPE application
with 14 oC. This was followed by TBB (13.7 oC), TSB
(13.4 oC) and Tcont (10.5 oC) applications. Low tunnel
root zone temperature values that are about 6 oC
higher than outdoor root zone temperature values
were recorded according to the December values.
Highest temperature according to hourly average
temperature values was obtained as 9.8 oC in TPE application. This was followed by TBB (9.7 oC), TSB (9.3
o
C) and Tcont (6.7 oC) applications. Highest temperature value according to the January average temperature values was measured as 8.8 oC in TPE application. This was followed by TBB (8.4 oC), TSB (8.1 oC)

" 
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++*(72+<.*/)&1)48&/.7<9&/8*6+25/*778(*.175*&70*176
Head weight
Head length
Head diameter
Leaf number
Treatment
(g plant-1)
(cm)
(cm)
BB
463±25a
31.3±0.94a
32±0.55a
31±0.59a
SB
464±23a
28.3±0.81ab
28.7±0.47a
28.7±0.41a
PE
312±18b
23.3±0.56bc
28.7±0.41a
20.3±0.32b
Cont
147±14c
17.7±0.41c
15.7±0.23b
12.3±0.18c
Values in a column marked with the same letter do not differ significantly at p < 0.05
%.*/) &1) 48&/.7< The differences between
the averages of the applications were determined to
be statistically significant () (Tab.1) as a result of the variance analysis applied on the data with
regard to lettuce yield values. When the head weight
yield values were examined, the highest value was
obtained in applications using big and small bubble
cover material during which the yield values were
about 3 times greater than those of the control application. The highest amount with regard to the number of leaves, head height and head diameter was obtained with the big bubble cover material which was
followed respectively by small bubble cover and traditional cover material. The lowest value was determined in the control application. Gonzalez-Fuentes
et al. [30] carried out a study in which it was reported
that the root zone temperature limits growth in the
strawberry plant as well as leaf area and the intake of

and Tcont (6.6 oC) applications. Temperature values
that are about 2-3 oC higher in comparison with the
control application were obtained during the other
applications. The highest difference between the outdoor temperature and low tunnel root zone temperature was recorded as 7-8 oC in 18:00. Tan et al. [29]
reported that the root zone temperature is 20 oC
lower than the ambient temperature which affects the
root morphology and nutrient intake of lettuce. Both
et al. [28] measured the greenhouse soil temperature
during spring high tunnel lettuce cultivation to be
about 6.7 oC higher on average than outdoor soil
temperature. In our study, high tunnel soil temperature was measured to be about 5 oC higher than the
outdoor environment especially in January, while the
low tunnel root zone temperature values were measured to be about 7.5 oC higher.
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*778(*/*&+1875.*17(21(*175&7.216.175*&70*176
Treatment
BB
SB
PE
Cont

Cu
(ppm)
12.12±0.18a
10.70±0.14ab
10.80±0.62ab
10.05±0.50b

Mn
(ppm)
61.55±6.11ab
65.75±1.20a
70.33±3.95a
48.30±2.36b

Fe
(ppm)
118.67±3.93NS
136.90±10.8
131.32±9.50
119.52±1.84

Zn
(ppm)
41.94±2.63a
42.39±2.23a
43.47±2.81a
27.23±0.81b

K
(%)
4.22±0.10bc
3.48±0.27c
4.38±0.22b
5.90±0.19a

N
(%)
2.53±0.14 NS
2.58±0.02
2.35±0.04
2.49±0.03

P
(%)
0.42±0.03 NS
0.44±0.02
0.44±0.02
0.37±0.02

NS – non significant. Values in a column marked with the same letter do not differ significantly at p < 0.05


" 
various nutrients but with an insignificant impact on
total yield and quality. Zhao and Carey [2] carried
out a study in which high tunnel cultivation was sugThe most important limiting factor in high tungested while it was also indicated that the yield innel plant growth is postponing production during pecrease potential is limited. In our study, a significant
riods of unsuitable climate resulting in the terminaincrease was observed in low tunnels installed in
tion of plant growth. Ambient and soil temperatures
high tunnel production compared to high tunnel promay be increased by way of low tunnels installed in
duction.
high tunnels in order to continue cultivation espeNo statistically significant difference was decially during the winter months. While temperature
termined between the application averages for nitroinside the tunnel during the day is sufficient for culgen, phosphor and iron concentrations in the lettuce
tivation, temperatures decrease at night to values beplant according to the variance analysis applied on
low the outdoor temperature. It is therefore imthe data acquired during the study (Tab. 2). The difportant for researchers to work on developing new
ferences between the averages of the applications
passive heating systems for preventing plant stress
with regard to copper, manganese, zinc and potasdue to decreasing temperature at night time. In addisium were determined to be statistically significant
tion, vegetables with lower light sensitivities should
(). Highest copper content was determined in
be preferred during the winter when the sunlight inBBPE application followed respectively by SBPE,
tensity decreases. It was determined in our study that
PE and control applications. Highest manganese
the lettuce plant is not affected from limited light
content was determined in SBPE and PE applicaconditions and no decrease was determined in yield.
tions followed by BBPE and control applications.
About 3 times greater yield increase was attained in
Whereas high zinc content was determined for all aplow tunnel cultivation in comparison with high tunplications placed under the tunnel cover, a lower
nel cultivation. It was determined as a result of the
value was obtained in the control application. Highexamination of tunnel and root zone temperature valest potassium content was determined in the control
ues that the newly tested applications (Big bubble,
application. In contrast to the other nutrients in the
Small bubble) generally yielded successful results in
control application, the calcium content was deterthe study. Moreover, it was also concluded that they
mined to have more content than the other treatare more stable with regard to temperature conservaments. Sung et al. [12] carried out a study in which
tion in comparison with the traditional PE tunnel
it was reported that high temperatures resulted in
cover.
macro nutrient accumulation, while lower tempera
tures resulted in less N and K intake. It was also in
dicated that macro-element concentrations in lettuce
 
shoots vary according to temperature. While N

amount was constant in our study, K amount was de[1] Arın, L. and Ankara, S. (2011) Effect of lowtermined higher at a statistically significant level in
tunnel, mulch and pruning on the yield and earthe control application with a lower temperature.
liness of tomato in unheated glasshouse. Journal
Phosphorus intake was associated with a significant
of Applied Horticulture. 3(1), 23-27.
increase in temperature stress, but no significant in[2] Zhao, X. and Carey, E.E. (2009)Summer procrease was detected in this study. According to Wurr
duction of lettuce, and microclimate in high tunet al. [31], root zone temperature values have a posnel and open field plots in Kansas. Hort Techitive impact on growth for early cultivation of lettuce
nology. 19(1), 113-119.
plant. It has been indicated that lower soil tempera[3] Gent, M.P.N. (2002) Growth and composition
tures are effective in decreasing vegetative growth
of salad greens as affected by organic compared
and root development as well as in limiting nutrient
to nitrate fertilizer and by environment in high
intake.
tunnels. Journal of Plant Nutrition. 25. 981–998.
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In this study, the effects of electromagnetic
field applications on sycamore maple seed were investigated. The seeds were exposed to different treatment period 20, 60 and 120 min. and varied magnetic
field intensities 200 and 400 mT, respectively. This
study has been investigated total soluble proteins of
seed, alpha amylase, glucose, fructose and starch
amounts. In the result, applying of magnetic field
(MF) in different intensity and duration on cold stratified and non-stratified sycamore maple seeds at
+4°C and 45 days, has affected the protein, enzymes,
glucose and starch content of the seeds. MF affected
the amount of protein in stratified seeds negatively
in 20 minute 400 mT; but had a positive effect on
control group of non-stratified seeds. One month after applying MT value of protein in stratified seed in
60 min. 200 mT, was increased in control groups
( ). However with applying MF in process of
120 min. 200 mT alpha amylase activity of stratified
seeds decreases, in stratified seeds in 60 min. 400 mT
and 120 min. 200 mT process alpha amylase activity
has increased. Although alpha amylase activity
shows an increase one month after applying MF in
stratified seeds control group in contrast to other processes, but in non-stratified seeds a decrease has
been determined. The percentage of starch in seeds
according to the control in stratified groups there was
a decrease in 200 mT 60 minutes and 120 minutes.

in different soil and climatic conditions. West and
East Black Sea forests are the regions where maples
are represented widespread. But, the maples in Turkey don not have pure forests in wide fields. Furthermore, kinds of maples are used with different purposes in different ecological conditions for forestation. Sycamore Maple (% $&(#$ '"(& L.) is
the most significant one in these kinds [2].
On suitable sites Sycamore maple is able to
grow fast and produce valuable timber. It is, therefore, a species with growing economic interest [3].
In addition, sycamore maple tolerates wind, urban
pollution and salt spray, which makes it popular for
planting in cities and along roads and coastal areas
[4]. Sycamore maples is the most preferred kind in
massive young plant growth in Turkey from past to
present. Sycamore maple (%$&(#$ '"(& L.)
in Turkey, in Thrace's Black Sea coast forest around
1000 meters, while in Central Europe spreads up to
1800 meters. It is worldwide used in landscape gardening through many cultural forms. The reason for
it to be the most significant tree in landscape design
and urban planting is its corolla form, husks, leaves
and fruit featuresir [5]. The variants of maples seeds
are accepted in the category of seeds that have dormancy by many researchers [6]. Beside morphological and physiological dormancy feature differences
among the types of maples, pericarp, seed husk and
embryo dormancy are also seen [7]. In massive plant
growth studies, the boundaries of the seeds that have
germination retardation, the retardation of germination is reduced by stratification methods (cold or hot
pre-treatment) or with collecting the seeds as long as
possible. Cold stratification method is widely used in
order to reduce the retardation of germination in this
subject. According to cold stratification method, it is
required to rest such seeds between +4 and +8°C in
moist sand for a long time. Cold wet pre-treatment
lasts 2-3 months in maples [7, 8]. Another method to
break down the dormancy in seed germination studies and to increase the percentage rate of germination
is magnetic field application. Numerous researchers
apply magnetic field applications in seed germination tests and for determination of plant growth and

&% !
Magnetic field, germination, germination physiology,
%$&(#$ '"(& L., seed, forestry.
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Turkey is very rich in the variety of different
forest kinds because of its different growth conditions. One of the contributions to this variety is maples. Maples are represented with 12 types and 23
taxons [1]. Maples, in almost all regions of Turkey,
to the timber line from the sea level, it can be grown
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development occurrences in recent years. Accordingly, many researcher have been explained that MF
applications affected on germination percentage and
rate of plants; earliness; receipt and transport of mineral substances from the soil; seedling growth rate;
α-amylase activity; amount of chlorophyll and total
soluble protein content and enzyme activities such as
ascorbate peroxidase, catalase, guaiacol peroxidase
and superoxide dismutase; increase the level of lipid
peroxidation; and increase the dimensions of parenchymatic cells, transmission bundles and stoma cells
in young plants respectively [9-21]. In addition to
that; there exist some studies which declare the positive effects of the MF applications in different times
and steams on seed germination percentage and energy and incentive the germination [22-25]. With
MF applications on the high rate germination boundary such as oriental beech ((&#%"' & Lipsky)
seeds, significant developments have seen in the
chemical contents and enzyme activities [17].
Seed quality has vital significance for the success of plantation forestry. The most important quality criteria for the plants are high vitality and seed
strength in addition to physical and genetic purity
[26]. Seed viability and seed power depend on the
chemical content of the seed in addition to genetic
factors. The chemical content of the seed mainly
comprises carbohydrates, fats and proteins. Further,
there are small amounts of compounds such as hormones, alkaloids, lectins, proteinase inhibitors,
phytin and raffinose in the seeds [27]. The ratio of
these compounds in the seed varies according to the
plant species, age and nutritional status of the plant,
treatments applied during and after the harvest period, mechanical damage during the harvest, postharvest storage conditions and treatments used for germinating [28]. The inadequacy resulting from any of
the mentioned factors may cause quality degradation
by affecting the chemical composition of the seed
and may also cause a reduction of approximately
75% in seed germination ability [29]. As such, studies on the effects of MF applications on the chemical
content of seed storage materials of forest trees, deterioration of cellular integrity (lipid peroxidation),
ascorbate peroxidase, guaiacol peroxidase, catalase
and superoxide dismutase enzyme activities as well
as α-amylase enzyme activity are of great significance. The chemical content of the seed depends on
the storage materials cumulated in the seed and on
their rates. The research of MF applications effects
on the chemical content of seed storage materials is
limited on that sense. In this research, the effects of
different MF applications on %$&(#$ '"(& L.
Seeds which are mostly used maples in Turkey planting.

!++* '9+7/'2 '4*  '662/)'9/54 Sycamore maples seeds (% $&(#$ '"(& L.) from
Kastamonu provenance are used in this research. In
cold stratification seeds and non-stratification seeds;
after the MF application and obtained seed samples
after one month, a research had been studied in order
to determinate the α-amilaz enzyme activity, total
amount of soluble carbohydrates (glucose, fructose,
sucrose, starch) and protein. 
Seeds are soaked for 24 hours before stratification and arranged in 15x10x5 cm plastic cups with
one fold of moist growing pelite, one fold of seed
and incubated 4±1ºC in cold storage room for 45
days. The sycamore maples seeds used in the study
are put in the petri plates in 24°C room heat in the
setting formed in Kastamonu University, Forestry
Faculty laboratory by exposing MF with different
steams (control, 200 and 400 mT) and (20, 60 and
120 minutes).
.+3/)'2 4'2<8/8 +9.5*8The amount of
protein was calculated according to Bradford [30]
method, where BSA is used as standard, as the
amount of starch hydrolyzed per mg protein. The αamylase activity in the seeds was calculated as the
amount of starch hydrolyzed per mg protein by the
method used as standard for BSA [31].
Determination of the total carbohydrate amount
was made according to the method utilized by using
Anthron separator. The samples incubated in 80%
ethanol for 24 hours at +4°C were filtered and the
obtained filtrate was used for glucose determination
[32, 63]. The remaining pulp was incubated in pure
water for 24 hours at +4°C and filtered again and
used for fructose assay. The final pulp was incubated
with 52% perchloric acid for 24 hours at +4°C and
filtered. This sample was utilized to determine the
sucrose amount. The amount of starch was determined by the equation obtained from glucose standard curve. Glucose obtained from glucose standards
was determined from fructose standard curve and sucrose amount was determined from sucrose standard
curve (mg/g). Soluble carbohydrate amounts of sycamore maple seeds with unfolded MF applied at different times and intensities were determined by Halhoul et al. [32] Absorption values of 630 nm for
starch and glucose, 630 nm for fructose and 630 nm
for sucrose were determined by spectrometry.

!9'9/89/)'2 4'2<8/8 The experiments were
done in three replicates. Statistical analyzes of the
obtained data were performed through employment
of the statistical program named SPSS for Windows
22.0 Evaluation Version. Differences between control and treatment groups were analyzed through utilization of One-Way Analysis of Variance
(ANOVA). After the variance analysis, Duncan
Range Test was employed with an eye to determine
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application groups are examined, α-amylase enzyme
amount in all groups compared to the control.

differences in significance value of  .

,,+)98 5,  '662/)'9/54 54 )'7(5.<*7'9+
!#"!
'35:49 The carbohydrate contents calculated ac
cording to the carbohydrate equation are given in Ta,,+)98 5,  54 959'2 852:(2+ 6759+/4 )54
ble 3. When the data in Table 3 are examined, the
9+49 In the unfolded and folded sycamore maple
amount of glucose in the seeds of unfolded and unseeds of the MF application at different times and inblocked application groups differed in all groups
tensities; the data on the effect on the total soluble
compared to the control. When the result of the analprotein amount are given in Table 1. It was deterysis of variance is examined, MF severity and duramined that total protein contents were differently intion were found to give statistically significant diffluenced by the duration and severity of MF adminference (F =   *) at 5% confidence level on total
istration compared with control.
glucose content of crustacean seeds.

The Duncan test also showed a statistically sig,,+)98 5, '*3/4/897'9/5454 ?'3<2'8+
nificant difference at 5% confidence level, and the
+4=<3+ ')9/;/9< Enzyme homogenates prepared
amount of glucose in unfolded crustacean seeds subfrom seeds in folded and unfolded groups applied
jected to MF application was higher than that of gluMF in different durations and severities; the change
cose at 60 min 400 mT at other intensity and durain enzyme activity varied depending on the severity
tion.
and duration of MF administration relative to control
A significant statistical difference was deter(Table 2).
mined
with the 5% significance level of the glucose
The α-amylase enzyme content in the seeds was
content
of unscreened seeds (F = 5904.95*) dependassessed in two ways, following MF application and
ing on the application of MF. The Duncan test was
1 month after MF application. When the changes in
applied to determine the differences (Table 3).
enzyme activities of seeds belonging to non-folding
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was determined that α-amylase activity increased for
60 min at 200 mT and 60 min at 400 mT. When compared with the research applications made 1 month
after MF application; the lowest value in unfolded
seeds was observed in the control group and the
highest value was observed in 60 min 400 mT.
In the study carried out after MF application in
folded seeds; showed a positive result of 60 min and
200 mT according to the control whereas it was
found that the control group had the highest value
after 1 month after MF application. This may be due
to the fact that the folded seeds use the storage nutrients in preparation for germination. As a matter of
fact, enzyme activity varies temporally depending on
the chemical content of the seed. Similar to this result another research found that changes in alpha amylase, beta amylase and glutation S-transferase enzymes play an important role in the germination of
wheat seeds exposed to the magnetic field and during
the germination of plants [38]. In another study, it
was observed that the seeds were positively affected
by the α-amylase content of leguminous seeds exposed to low (0.1 mT) MF severity. Similar results
have been found on enzyme activities during germination of seeds exposed to MF at different intensities
[39, 40].
In the analyzes made for the effects of MF on
carbohydrate content of seeds; the glucose value of
seedless seeds was found to be highest at 120 min
400 mT and lowest at 60 min 200 mT. Glucose is a
compound involved in starch synthesis and in the initial activities of cellular respiration [41, 42]. The effect of glycoside on germination is directly proportional to the amount of ABA [43, 44]. In this study,
when the amount of glucose in unfolded crustacean
was compared to control, the maximum amount of
glucose was determined at 60 min at 400 mT and the
lowest amount of glucose at 20 min at 200 mT. In
determining the germination status of Arabidopsis

!#!!

When the effect of MF application on sycamore
maple protein content is examined; After MF application, the amount of protein in unfolded seeds was
the highest in the control process. In contrast to the
control, while positive seeds showed a positive effect
of 120 min 400 mT, it caused a negative effect of 20
min at 400 mT. After 1 month from MF, the protein
content of unfolded seeds was found to be higher in
the control group.
These results are thought to be due to the suppression of the activation of enzymes responsible for
MF hydrolysis of proteins. Chen et al. [33] in their
study; Parameters of sprouts, biomass, nutrients (soluble sugar, protein, vitamin C) were examined in
fresh bean plant exposed to MF [33]. The elongation
was 25.9% fresh weight and dry weight by 5.4%, soluble protein content by 12%, soluble sugar content
by 5.1% and vitamin C concentration by 13.8% by
MF application. As a result; it was found that MF
showed a positive effect on fresh bean plant at the
intensity of 600 mT. In this regard; in a survey conducted in eastern beech, it was determined that magnetic field applications increased protein content
[34]. One of the most important causes of the increase in the amount of protein in the face of magnetic field applications is the introduction of strase
into the plant in the presence of an abiotic factor. In
this case, protein synthesis in the plant is increased.
This increase likewise occurs in magnetic field application and increases the amount of protein in the
seed due to the increase in protein synthesis [35, 36,
37]. Studies have examined the effects of α-amylase
enzyme activity on MF maple seeds immediately after MF application; it was determined that the α-amylase activity in the unfolded group was the highest
at 60 min of 400 mT and 120 min of 200 mT according to the control group. In the collapsed group, it
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month after MF application) in all application groups
compared to control. In contrast, the MF treatment
increased the α-amylase enzyme activity in unfolded
seeds in all treatment groups relative to control in
both the first and second measures.
In order to determine precisely what electromagnetic fields will be useful in which plant species,
dose, and duration, more detailed and advanced researches are needed, as well as the effects of MF resources present in different growing environments
and stalks in natural forests. However, it is planned
to carry out these experiments on seeds collected in
different populations and at different harvesting
times and in a wider range of applications in order to
be able to examine in detail the effects of MF severity and duration over the seeds of sycamore maple
which is also an important species in terms of park
and landscape studies. On the other hand; it is
thought that MF seeds may also have effects on
shelf-life. For this purpose, the duration of storage of
sycamore maple seeds subjected to the MF effect at
different times of violence must also be examined in
detail.

thaliana seeds; it was observed that the amount of
glucose applied at high (300 mM) concentrations increased ABA accumulation in the seeds, which had
an adverse effect on germination activities. It was
determined that the glucose applications determined
at low (27.8 mM) concentrations did not activate
ABA synthase and accordingly did not have a negative effect on germination. In other studies; ABA has
been found to inhibit the accumulation and metabolism of seed storage resources (lipid, sugar protein,
etc.) [45-48].
Another compound involved in starch synthesis
is fructose [49-54], the monosaccharide fructose that
plays a role in photosynthesis in the chloroplasts or
cytosol [55, 56] content is examined; reduced MF
fructose content in seedless seeds. According to the
control, the unfolded crustacean seed applied with
MF had a negative effect on fructose content of 20
min and 60 min at 200 mT, which had a positive effect on other application groups.
Sucrose is the compound which is synthesized
by the dehydration of sucrose, glucose and fructose
molecules, and which is responsible for the regulation of photosynthesis, respiration, germination
events and intracellular osmotic pressure [20, 5760]. Considering sucrose content in sycamore maple
seed applied MF; unfolded seeds decreased by 60
min compared to the control group by 400 mT, but
increased by other application groups. When the sucrose amount of unfolded crustacean was evaluated
according to the control, a positive effect was observed at 200 mT for 20 min and a negative effect at
120 mT at 400 mT [61, 62].
The values in the applications differ; glucose,
fructose and sucrose content. Also in this study;
when the starch values (%) were compared with the
control, the amount of starch in unfolded + unscreened seeds was found to be maximum 120 min
400 mT and minimum starch 60 min 200 mT. When
the effect of MF application on starch content in unfolded + crustacean seed is compared to control, 20
min at 200 mT, but increased in the other treatment
groups. It has been found that seeds are germinated
faster with high intensity MF application in elderly
or hard-seedable seeds. As a result of this application, it was determined that the amount of starch and
sugar increased and the amount of albumin decreased in the seeds.
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health of both the manufacturer and consumers. Insects developing resistance to these insecticides and
their reception in the public sphere encouraged the
search for insecticides that are more selective and
avoid beneficial insects and non-target organisms
and are safer alternatives. One of these recently developed insecticides was insect growth regulators
(IGRs) [1, 2].
As insecticides demonstrating selective activation and environmental compliance, IGRs are a biologically balanced class that hinders the life cycle of
insects and shows morphogenic effects on insects.
These insecticides are grouped in three categories
based on their primary action mechanisms:(i) juvenile hormones and their analogs, (ii) ecdysone agonists, and (iii) chitin synthesis inhibitors (CSIs) [2,
3].
Benzoylurea compounds containing CSIs
(acylureas, benzoylphenylureas) are used on numerous larvae, and especially on Lepidoptera larvae.
CSIs are more likely to affect larvae than adults [4].
These compounds stand out from the rest with their
relatively low toxic effect on mammals, birds, and
fish [2, 5, 6].
Triflumuron [2-chloro-N-[[[4- (trifluoromethoxy) phenyl] amino carbonyl] benzamide] is one of
the benzoyl phenylurea derivatives that emerged after the identification of DFB (diflubenzuron).The
procuticle forms the majority of insect integument
and contains 20%±50% chitin [7], making it a target
for selective insecticidal chemicals [8]. Triflumuron,
by inhibiting chitin accumulation in arthropod cuticle, exhibits the typical effect of benzoylphenylureas
[1, 9].
Under field and laboratory conditions, triflumuron was demonstrated to have a larvicidal effect on various species that have medical and agricultural importance and belong to the Lepidoptera,
Coleoptera, Diptera, Orthoptera, and Siphonaptera
orders [6, 10, 11].
Although finding studies regarding the effects
of triflumuron on bumblebees (Bombus terresteris
L.) [1] and benzoylphenylurea on honeybees (Apis
mellifera L.) [12], no studies were found regarding
the effect of CSI on honeybee pest G. mellonella larvae.

ABSTRACT
The chitin synthesis inhibitory (CSI) effect of
triflumuron on integuments of sixth-instar Galleria
mellonella (L.) larvae was investigated. The LC 50
(lethal concentration, 50%) value of triflumuron for
oral administration was determined to be 400 ppm
with probit analysis. Concentrations of 400 ppm and
its decreasing levels of 200, 100, 50, 25, and 12.5
ppm were used in the study. For three concentrations
of triflumuron (100, 200, and 400 ppm), morphological deformities were observed, albeit not at the same
rate, and larvae failed to molt. For three other concentrations (12.5, 25, and 50 ppm), in spite of continuing to develop and molting to next instar, abnormalities were observed on wings of adults kept in
12.5 and 25 concentrations; larvae kept in 50 ppm
failed to develop and died. Histologically, at the 50,
100, 200, and 400 ppm concentrations of triflumuron, along with deformation of lamella structure in endocuticle, intracellular granular formations,
condensation of cytoplasm and cytoplasmic losses
were observed in epidermal cells. In addition to these
formations, vacuolar formations were observed for
the 200 and 400 ppm concentrations. In the experimental groups, cuticle secretion of epidermal cells
was blocked at higher rates with increasing concentrations depending on the dose/time relationship.
Compared with the control group, due to decrease in
cuticle secretion of larvae fed with diets containing
50-100 ppm, cuticle thickness decreased by 20%,
whereas it decreased by 37%-38% for the 200-400
ppm concentrations, respectively.

KEYWORDS:
Triflumuron, Galleria mellonella, integument, chitin synthesis inhibitor (CSI), cuticle.

INTRODUCTION
Different types of neurotoxic insecticides for
pest control have been developed since the mid1950s. However, in spite of their economic success
and broad spectrum potential, they are harmful to
non-target organisms, the environment, and to the

3823

© by PSP

Volume 27 ± No. 5A/2018 pages 3823-3831

Fresenius Environmental Bulletin

blocks, samples were subjected to washing, dehydration, clearing, and soft paraffin and hard paraffin
treatments, respectively. The blocks were sectioned
to a thickness of 6 μm and the sections were stained
with Azan, Azocarmine G-Anyline Blue combination, Azocarmine G-Solvent Blue combination, and
&URVVPDQ¶V WULSOH PRGLILFDWLRQ &XWLFOH WKLFNQHVV
was measured with an Olympus (BX51/BX2-FBL3000) light microscope at 400x magnification and
photographed with a Leica (DM 1000) light microscope at 400x and 1000x magnifications.

This study aimed to determine the LC50 of triflumuron for sixth-instar G. mellonella larvae and to
investigate the histopathological and histometric effects of its lHWKDODQGVXEOHWKDOFRQFHQWUDWLRQV¶&6,
role on the integument.
MATERIALS AND METHODS
Chemical. Technical triflumuron (Pestanal)
(99.9%) was obtained from Sigma-Aldrich (Germany).

Measurement for Cuticle Thickness. Providing at least ten measurements for each sample, thickness measurements were performed on cuticles of
the tergum of the integuments on histological sections that were prepared from the samples obtained
at previously specified hours; the same process was
repeated four times. Arithmetic means and standard
errors of resulting values were calculated.
Variance analysis was used to compare the cuticle thickness averages obtained from measurements for larvae from both the triflumuron-administered groups and the control group. The Duncan test
was applied to determine the groups that had significant (P0.05) difference between averages.

Larvae. G. mellonella used in the experiments
were obtained from the stock culture. Larvae were
placed in glass jars (150x250 mm) and kept in constant darkness and in an incubator at 78% relative
humidity and 28±2°C; they were reared on a semisynthetic diet (600 g honey+492 g glycerol+20 g
honey comb+1200 g bran) [13].
Insecticidal Procedure. For the application,
technical triflumuron was dissolved in acetone. The
LC50 value of triflumuron for sixth-instar G.
mellonella larvae was established using probit analysis [14]: LC50 of triflumuron for oral administration
was determined to be 400 ppm for sixth-instar G.
mellonella larvae. Triflumuron concentrations at
LC50 and its corresponding sublethal concentrations
200, 100, 50, 25, and 12.5 were used in the experiment.
G. mellonella larvae that had newly molted
from the fifth instar and in the initial hours of the
sixth instar were used in the experiment. Prior to triflumuron administration, larvae were starved for
four hours to ensure feeding at the same levels [15].
Dissolved triflumuron at its LC50 (400 ppm) and its
decreasing concentrations (200, 100, 50, 25, 12.5
ppm) was added into 100 g of semi-synthetic diet of
larvae in the experimental groups.
The diet of the control group was mixed only
with acetone and placed in glass jars. Fifty larvae
were placed in each glass jar that contained either the
control diet or triflumuron. The process was repeated
three times. All jars containing the control group or
the experimental groups were kept in complete darkness and at 78% relative humidity and 28 ±2°C.
After the administration, samples from larvae
in the experimental group, especially from those affected by triflumuron (darkened in color), and larvae
in the control group were taken at the 12th, 24th, 48th,
60th, 72nd, 84th, 96th, 108th, 120th, 132nd, 144th, 156th,
and 180th hour. To avoid possible histopathological
changes due to death, dead larvae were not sampled.

RESULTS
Integument Structure of the Control Group.
In the histological sections, the integument of sixthinstar G. mellonella larvae consisted of epidermis
that comprise single line cells and cuticle formed
with the secretion from these cells (Figure 1A). In
the sections, and especially in newly formed cuticle,
somewhat pointed, but mostly dome-shaped, epicuticular tubercles were found (Figure 1B). These tubercles were observed to spread in parallel with larval growth. Full formation of epicuticle and formation of exocuticle occurred via secretion through
the pore canals on apical surfaces of epidermal cells
(Figure 1C), whereas formation of endocuticle proceeded via attachment of horizontal endocuticular lamella from epidermal cells (Figure 1D). Clear exocuticle-endocuticle layers in procuticle occurred at
the 60th hour (Figure 1E).
Average cuticle thickness of larvae from the
control group and the groups that received different
concentrations of triflumuron are given in Table 1.
According to the measurements, cuticle thickness of
the control group increased consistently after the 12th
hour and reached the maximum size at the 84th hour
(Fig. 2). Interzone cuticle was formed at the 84th hour
(Figure 1F). Apolysis occurred at the 96th hour (Figure 1G). Larvae molted to next instar at the 108 th
hour.

Histology. Larvae samples from the triflumuron administered groups and the control group
were anesthetized with ether, dissected from the
heads and abdomens, and fixed in a 10% neutral formaldehyde solution for 48 hours. To prepare the

3824

© by PSP

Volume 27 ± No. 5A/2018 pages 3823-3831

Fresenius Environmental Bulletin

FIGURE 1
Changes in larval integument of the control group: A; Epidermal cells underwent mitosis, exo-endocuticle differentiation became completely clear, and endocuticular lamellae were clear at 72 h. Azokarmin
G- 6ROYHQW%OXHFRPELQDWLRQ6FDOHEDUȝP%3RUHFKDQQHOVDQGWXEercles of newly formed cuticle at
K$]DQVWDLQ6FDOHEDUȝP&6HFUHWLRQRIHSLFXWLFOHDQGSURFXWLFOHE\HSLGHUPDOFHOOVDQGHSLGHU
mal cell-pore channel relationship at 12 h. Azokarmin G- $QLOLQ%OXH6FDOHEDUȝP',QFUHDVHLQ
procuticular thickness with the addition of lamellae by epidermal cells at 48 h. Azan stain. Scale bar: 20
μm. E; Exo-endocuticle layers became clear at 60 h. Azan stain. Scale bar: 50 μm. F; Old-newcuticle and
interzone cuticle of larva prepared for molting sixth stage skin before apolysis at 84 h. Azokarmin G-AniOLQ%OXH6FDOHEDUȝP*6HSDUDWLRQRIROGFXWLFOHGXHWRDSRO\VLVDQGFRPPHQFHPHQWRIVHFUHWLRQRI
new seventh stage cuticle at 96 h. Azokarmin G-$QLOLQ%OXH6FDOHEDUȝPDDSRO\VLVDWDGLSRVHWissue, e: epicuticle, ec: epidermal cell, ecs: epidermal cell secretion, el: endocuticular lamella, en: endocuticle, epc: epidermal cell-pore channel connection, et: epicuticular tubercle, ex: exocuticle, h: hemocyte, ic:
interzone cuticle, nc: new cuticle, net: new epicuticular tubercle, nsc: newly synthesized cuticle, oc: old
cuticle, p: procuticle, pc: pore chanel, pl: procuticular lamellae.

body fluid loss and bleeding of the integument were
observed during the following hours; in addition, at
the 200 and 400 ppm concentrations, bloating of the
abdomen was observed. Larvae that were fed the
100, 200, and 400 ppm concentrations during the development period did not reach the pupal stage and
died during the sixth-instar. Although forming pupa
during their development, abnormalities on wings of
adults fed with the 12.5 and 25 ppm concentrations

Macroscopic and Histological Effects of Triflumuron on Integument. Changes in morphology
and darkening were observed after the 12th hour for
larvae from the experimental group that had received
triflumuron at concentrations of 50, 100, 200, and
400 ppm; although there were changes in morphology, no darkening was observed for the larvae that
received triflumuron at concentrations of 12.5 and 25
ppm. At concentrations of 100, 200, and 400 ppm,
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FIGURE 2
Increase in cuticle thickness of sixth-instar G. mellonella larvae from the control group and triflumuron
administered groups and dose/response relationship.

FIGURE 3
In the larvae administered triflumuron, deformations that occur in the epidermal cells of integument.
A: Vacuole formation in epidermal cells after the 120 th hour in the larvae administered with 200 ppm triflumuron (Azan stain, Scale bar ȝP). B: Vacuole formation in epidermal cells after the 108 th hour in
WKHODUYDHDGPLQLVWHUHGZLWKSSPWULIOXPXURQ &URVVPDQ¶VWULSOHPRGLILFDWLRQ6FDOHEDUȝP ec:
epidermal cell, nsc: newly synthesized cuticle, vc: vacuole.
instar at the 108th hour. For the 12.5 and 25 ppm concentrations, this period reached the 96 th±120th hours
and molting was observed at the 132nd hour; for the
50 ppm concentration, it reached the 96th±
132ndhours, and molting was observed at the 144 th
hour. Time periods at which new and old skin were
concurrent were the 96th±156th hours, 96th±132nd
hours and 96th±120th hours for 100, 200, and 400
ppm, respectively; for the 100, 200, and 400 ppm
concentrations, larvae failed to molt and died after
the said hours.
Although the molting cycle of insects normally
occurs during a short time span and therefore is not
usually observable in histological preparations, prolongation of molting period due to triflumuron ad-

were observed. In spite of molting to a succeeding
form, larvae that received the 50 ppm concentration
failed to develop further and died.
For all six concentrations, albeit not at the same
rate for all concentrations, inhibition of development
and impairment of movement were observed in the
larvae. For selecting samples from the histological
sections, larvae that had impaired movement and
darkened integument were preferred.
Another effect of triflumuron on larvae was in
regard to molting time: Comparing molting time of
larvae in the control group and molting time of larvae that received triflumuron, triflumuron was determined to affect molting and prolong the molting
time. In the control group, new and old cuticles were
concurrent at the 96th hour and larvae molted to next
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statistically significant (P0.05) for the 25 ppm concentration, cuticle thickness at the end of the 84th
hour (16.80 μm) was not statistically significant
(P>0.05) compared with the control group (17.05
μm). For the 50 ppm dose, values obtained at seven
different time frames (12, 24, 36, 48, 60, 72, and 84
hours) showed that triflumuron affected cuticle
thickness and thickness difference between this
group (13.63 μm) and the control group (17.05 μm)
at the end of the 84th hour was statistically significant
(P0.05). For the 100, 200, and 400 ppm concentrations, cuticle thickness measurements for each time
frame (seven time frames starting at the 12th hour) as
well as at the end of the 84th hour (13.42, 10.72, and
10.52 μm) were statistically significant (P0.05) in
comparison with those in the control group (17.05
μm).
In six different concentrations of triflumuron
administrations, cuticle thickness of larvae was affected after the 24th hour for the 12.5, 25, and 50 ppm
concentrations, whereas their cuticle thickness was
affected after the first 12 hours for the 100, 200 and
400 ppm concentrations (Table 1). In line with our
findings, another result regarding cuticle thickness
was that triflumuron had no effect at the 12.5 and 25
ppm concentrations; however, it reduced cuticle
thickness by inhibiting cuticular secretion at its other
four concentrations (50, 100, 200, and 400 ppm).
Moreover, it is noteworthy that, for cuticle thickness
measurements after the 84th hour, similar results
were obtained from the 50 ppm (13.63 μm) and 100
ppm (13.42 μm) concentrations, and from the 200
ppm (10.72 um) and 400 ppm (10.52 μm) concentrations; the difference between thicknesses for each
pair was not statistically significant (P>0.05).
Accordingly, for the 12.5 and 25 ppm concentrations, the effect of triflumuron on cuticle thickness
was not statistically significant (P>0.05), whereas,
for the 50 - 100 ppm concentrations, it was deterPLQHGWREHVLJQLILFDQW 3 DQGWRUHGXFHWKLFN
ness by 20%; for the 200 and 400 ppm concentraWLRQV LW ZDV GHWHUPLQHG WR EH VLJQLILFDQW 3 
and to reduce thickness by 37%±38% (Table 1).

ministration rendered different stages of molting observable in the sections fed with different concentrations.
In the cuticle development stage of larvae from
the experimental groups that received triflumuron at
concentrations of 50, 100, 200 and 400 ppm, lamellar structure in the endocuticle was disrupted and endocuticular lamella was not observed, whereas endocuticular lamellar attachment to the procuticle was
clearly observed for the 12.5 and 25 ppm concentrations.
As for epidermal cells, over-condensation of
cytoplasm and increase in cytoplasmic granules
along with cytoplasmic loss were observed for the 50
and 100 ppm concentrations; in addition to these deformations, cellular vacuoles were observed after the
120th hour for the 200 ppm concentration (Figure
3A) and after the 108th hour for the 400 ppm concentration (Figure 3B).These formations were not observed for the 12.5, 25, 50, and 100 ppm concentrations of triflumuron.
Effect of Triflumuron on Cuticle Thickness.
Cuticle thickness measurements for the histological
sections of the control group and triflumuron administered groups (12.5, 25, 50, 100, 200, and 400 ppm)
are shown in Table 1. In view of larvae in the control
group that finalized the development of their sixthinstar cuticle at the 84th hour, cuticle thickness measurements were performed in the first 84 hours. The
12.5 and 25 ppm concentrations of triflumuron had
no effect on cuticle thickness (P>0.05), whereas the
50, 100, 200, and 400 ppm concentrations caused a
decrease in thickness at varying rates (P0.05). According to this, we found the following results.
For the 12.5 ppm concentration of triflumuron,
albeit statistically significant decrease in cuticle
thickness at the 24th, 60th, and 72nd hours compared
with the control group (P0.05), 16.97 μm of cuticle
thickness at the end of the 84th hour was not statistically significant (P>0.05) compared with the thickness of the control group (17.05 μm). Although the
effect of triflumuron on the change in cuticle thickness at the 24th, 36th, 48th, 60th, and 72nd hours was

TABLE 1
Average cuticle thickness of sixth-instar G. mellonella larvae from the control group and the groups
administered with different triflumuron concentrations (μm) given row and period for different concentrations were significant compared with the control group (3). (Average ± SE (standard error), four
repetitions of ten measurements).
Control

7.90 ± 0.05 a
9.29 ± 0.05 a
11.69 ± 0.21 a
12.50 ± 0.27 a
14.35 ± 0.26 a
14.46 ± 0.26 a
17.05 ± 0.15 a

Time/
Concentration
(hour/
ppm)
12
24
36
48
60
72
84

12.5
(ppm)

25
(ppm)

50
(ppm)

100
(ppm)

200
(ppm)

400
(ppm)

7.86 ± 0.08 a
8.80± 0.06 b
11.08 ± 0.35 a
12.31 ± 0.21 a
13.42 ± 0.20 b
13.69 ± 0.14 b
16.97 ± 0.13 a

7.76 ± 0.16 a
8.50± 0.11 b
9.26 ± 0.13 b
10.61 ± 0.11 b
13.59 ± 0.15 b
13.95 ± 0.21 b
16.79 ± 0.17 a

7.23 ± 0.99 b
8.01± 0.20 c
9.02 ± 0.13 b
10.46 ± 0.24 b
11.54 ± 0.29 c
11.59 ± 0.09 c
13.63 ± 0.35 b

6.34 ± 0.85 c
7.44 ± 0.11 d
8.82 ± 0.08 b
10.18 ± 0.17 b
11.54 ± 0.25 c
11.58 ± 0.06 c
13.42 ± 0.08 b

6.33 ± 0.23 c
7.42 ± 0.15 d
7.61 ± 0.21 c
8.01 ± 0.07 c
9.05 ± 0.19 d
9.20 ± 0.14 d
10.72 ± 0.15 c

6.27 ± 0.29 c
7.14 ± 0.21 d
7.82 ± 0.21 c
8.06 ± 0.13 c
8.96 ± 0.14 d
9.04 ± 0.12 d
10.52 ± 0.11 c

3827

© by PSP

Volume 27 ± No. 5A/2018 pages 3823-3831

Fresenius Environmental Bulletin

50 ppm concentrations as opposed to prolonged larval period followed by larval death resulting from increased concentrations was the indicator of dose/response relationship of triflumuron.
Similar results were obtained by Olviatsu et al.
[18] for S. litura larvae, Rehimi & Soltani [19] for C.
Pipiens pipiens larvae, and Mello et al. [20] for R.
prolixus nymphs. The researchers related these observations to the biosynthesis-inhibiting effects of
triflumuron occurring in a dose/response relationship.
As explained by Hegazy et al. [13], the cuticle
structure of G. mellonella larvae is composed of epicuticle and procuticle. Procuticle consists of pore
canals and parallel lamellae containing chitin fibrils
in numbers varying from 10 to 30 [24]. Chitin is usually the main component of exocuticle and endocuticle. The epicuticle does not contain chitin [25]. In
procuticle, the majority of non-chitin materials are
proteins [13]. According to Lee et al. [15], the endocuticular lamellae join the procuticle during the intermolt period in Lepidoptera larvae. In the same
vein, for G. mellonella larvae in the control group,
an increase in thickness was observed as a result of
lamellar attachment to the procuticle.
Chitin, as one of the most prevalent polysaccharides in nature, is the main component of cuticles
of arthropods and cell walls of yeast, and nematodes,
and is considered the most important substance that
hardens the insect cuticle [26]. Benzoylphenylureas
act as development regulators in most insects. As a
benzoylphenylurea compound, triflumuron inhibits
chitin biosynthesis and thus affects the molting process during post-embryonic development stages
[20].
In the present study, according to the histological findings, a toxic effect or its indicators was not
observed, either for epidermal cells or procuticle for
lower concentrations of triflumuron, whereas for
concentrations at medium levels, there was a decrease in the amount of cytoplasm and an increase in
cytoplasmic granules; for medium, high, and lethal
doses, along with disruption of the lamellar structure
in the procuticle, vacuole formations in epidermal
cells after the 120th hour at the 200 ppm concentration and after the 108th hour at the 400 ppm concentration were observed. These findings indicated that
the drug intervened with normal cuticle formation
and inhibited procuticle formation.
Histological findings from the present study are
in accordance with findings from studies regarding
either triflumuron or similar insecticides in the benzoylphenyurea group: In their studies on triflumuron
administration, epidermal cell degenerations and
cellular vacuoles were observed by Dean et al. [27]
for Chlamydophilosis felis (Buciche) larvae and ElShazly & Refaie [28] for fourth-instar C.pipiens
pipiens larvae; in their study on Chlorfluazuron administered sixth-instar Choristoneura fumiferana

DISCUSSION
In larvae that were fed the diet containing lower
concentrations of triflumuron (12.5 and 25 ppm), the
morphological effect of the drug occurred after the
24th hour, whereas it occurred after the 12 th hour in
larvae that received medium (50 and 100 ppm), high,
and lethal (200 and 400 ppm) concentrations of triflumuron. Morphologically, although no abnormality was observed during the larval development period at lower concentrations, adults developed in
subsequent stages had incomplete wing development, evidencing the long-term effect of triflumuron
on the life cycle of insects. In the larvae, following
the triflumuron administration at medium, high, and
lethal doses, retardation of movement, cessation of
development, darkening in color, body fluid and hemolymph loss, prolonged larval period, failure at
molting, and subsequent larval death occurred: This
relationship was in a dose/response manner.
Retnakaran et al. [16] stated that triflumuron was especially effective on Lepidoptera and Coleoptera,
whereas Smith & Grigarik [11] stated that it had a
larvicidal effect.
Analogously, in the experiments carried out
with Dysdercus koenigii (Fabricius) [17], Spodoptera litura [18] and Culex pipiens pipiens [19] larvae
and Rhodnius prolixus nymphs [20] that were fed diets containing triflumuron, similar morphological
deformations during the larval period (cessation of
development, darkening in color, hemolymph loss,
prolonged larval period, failed molting) and subsequent larval death were observed at the medium,
high, and lethal concentrations, and these researchers
also inferred that these effects occurred in a dose/response manner .
Through disrupting the molting period, CSIs
cause metamorphic losses [17]. Insects that are affected by the drug fail to carry out cuticle synthesis
and shed their old skin [21]. It has been suggested
that the reason for their death may be failure at shedding the old skin [18] or fluid loss during the effort
[22]. Ker [23] attributed this to severe weakening of
cuticle resulting from the lack of chitin.
Cuticles of sixth-instar G. mellonella larvae
from the control group reached their maximum size
at the 84th hour, and the larvae molted to next instar
at the 108th hour. In groups that received triflumuron
at different concentrations, larval period varied with
varying concentrations: for the 12.5 and 25 ppm concentrations, the larval period reached the 120 th hour,
and for the 50 ppm concentration, it reached the144th
hour; at these concentrations, larvae molted to next
instar after these hours. In response to increasing
concentrations, the larval period reached the 156 th
hour, 132nd hour and 120th hour for the 100, 200, and
400 ppm concentrations, respectively; at the 100,
200 and 400 ppm concentrations, larval death occurred after these hours. Prolonged larval period followed by molting to next instar for the 12.5, 25 and
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(Clemens) larvae, vacuoles with amorphous materials were observed by Cunningham et al. [29]; in their
study on diflubenzuron-administered fifth-instar G.
mellonella larvae, vacuolar formations were observed by Unsal et al. [30]; in their study on lufenuron-administered Cat flea larvae, decrease in the
amount of cytoplasm and lytic changes in cytoplasmic organelles were observed by Dean et al. [25].
In biochemical, physiological, and ultrastructural studies regarding the same subject, CSIs in the
benzoylphenyl urea group were observed to move
toward chitin synthesis zones in epidermal cells of
the integument [31] and to damage epidermal cells
that carry out chitin synthesis and also caused a decrease in cytoplasmic organelles [16, 25, 27]. Post et
al. [32] revealed that benzoylphenylureas, such as
triflumuron, competed with chitin polymerase and
suppressed chitin polymerization.
Although the effect of different doses of triflumuron on cuticle thickness occurred in a dose/response manner, it is noteworthy that there was no
statistically significant difference (P>0.05) between
the proximal concentrations (12.5±25, 50±100, and
200±400 ppm) of these geometric concentrations.
This indicates that there should be a threshold range
for the increase in the effects of certain concentrations: this threshold dose/response range was between the 25 and 50 ppm concentrations, and between the 100 and 200 ppm concentrations.
Triflumuron had no effect on procuticle thickness at its lower concentrations (P> 0.05), whereas It
affected the formation of procuticle and endocuticuODUODPHOODH 3 DWLWVPHGLXPKLJKDQGOHWKDO
concentrations and thus, compared with the control
group, decreased the cuticular thickness by 20% at
its medium concentrations and by 37%±38% at its
high and lethal concentrations. This can be explained
with inhibited chitin synthesis resulting from
blocked cuticle secretion in epidermal cells affected
by triflumuron.
These results are in agreement with studies regarding the effect of triflumuron on other insect species: In their study on Manduca sexta larvae administered with triflumuron, Bellinato et al. [33] revealed that fundamental cuticle matrix accumulation
was carried out normally but that formation of chitin
microfibrils was completely inhibited; El-Shazly &
Refaie [28] revealed that, as a result of triflumuron
administration to fourth-instar Culex pipiens larvae,
cuticle formation of the larvae differed from normal
cuticle formation, and these cuticles lacked endocuticular lamellae; Cohen & Casida [34] found that triflumuron inhibited chitin synthesis and altered glycoprotein structure during chitin polymerization; Rehimi & Soltani [19] and Mello et al. [20] found that
whereas there was no decrease in protein levels, chitin levels decreased.
In compliance with the studies of Degheele
[26], our histological findings showed that this com-
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pound hindered endocuticular lamellae accumulation in procuticle after molting. The decrease in the
amount of cuticle resulting from suppressed endocuticular lamellae synthesis, which was evident in our
study, was determined as 10%±40% in Tenebrio
mollitor pupae by Soltani et al. [35]; as 37%±41% in
procuticle of C. pipiens pipiens larvae by Rehimi &
Soltani [19]; and as 22.6%±46.3% in Musca domestica larvae by Tong & Hui [36].
In their study regarding diflubenzuron (another
type of benzoylphenyl urea) administered to fifth-instar G. mellonella larvae, Unsal et al. [30] determined the decrease as 50%.
Albeit the short time span of molting during
normal larval cycle, insufficient or completely
ceased formation of endocuticular lamellae depending on the effect of administered triflumuron concentrations, compared with the control group, the larval
period was prolonged for 36, 48, 24, and 12 hours at
50, 100, 200, and 400 ppm concentrations, respectively, and subsequent death was observed.
Pasqualini [37] stated that even if synthesis of
new cuticle is reduced or completely inhibited in triflumuron administrations, old cuticle continued to
function as exoskeleton but hardness and elasticity
of new cuticle were severely impaired, depending on
the effect of concentration. Reynold [21] explained
that, due to severely impaired hardness and elasticity
of new cuticle, larvae cannot resist the internal pressure and sufficiently support their muscles and hence
fail to molt, whereas Reynolds & Blakey [38] stated
that larval deaths occur as a result of restrained feeding and growth after all the physiological occurrences.
In conclusion, in sixth-instar G. mellonella larvae, depending on concentration, triflumuron was
determined to affect cuticle secretion by inhibiting
chitin biosynthesis, which confirms the thesis that
the first action mode of benzoylphenylurea is inhibiting chitin synthesis [35].

CONCLUSION
Depending on results of the present study, it can
be concluded that Triflumuron exhibited various degrees of toxicity against larval developmental stage
of G. mellonella, as well as it displayed some disruptive effects on development and morphogenesis.
Therefore, Triflumuron may be considered as a
promising control agent against this economic pest
as a potential alternative to the conventional pesticide.
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237/&6.215 Two seed stand populations
were sampled at latitude 37°51’00’’ N, longitude
31°19’10’’ E, and average elevation 1595 m (P1),
37°52’ 46’’ N, 31°17’57’’ E, 1630 m (P2) of Taurus
cedar in Isparta region at southern part of Turkey.

Interaction among reproductive (cone and seed
numbers) and growth (tree height, diameter at
breast height,crown diameter andtree age) characteristics was studied in two natural seed stand populations (P1&P2) of Taurus cedar (#&$  A.
Rich.) in the present study for two consecutive
years.
Large differences were found among populations and within population for reproductive and
growth characteristics. Averages of cone numbers
were 27 in P1 and 30 in P2, while averages of filled
seed were 85/cone and 2184/tree in P1, and 137 and
1915 in P2, respectively.
The relations among the characteristics
changed for the years and populations. However, it
could be said that diameter at breast height,crown
diameter were more effective than the other growth
characteristics.

&6&(2//*(6.21&1)&1&/:5*5Number of mature cones (CN), numbers of filled seed per cone
(CSN) and per tree (TSN) as reproductive data was
collected for two consecutive years (2016 and
2017), while tree height (H), diameter at breast
height (D1.30), crown diameter (CD) and tree age
(A) as growth data was collected for 2016.
Relationships among the reproductive and
growth characteristics were also calculated by Pearson’s correlation using SPSS statistical package
program.
Phenotypic correlation (#!) among characters
were estimated as [6]:

%$ !
Breeding, cone, correlation, population, seed.

 =

  (  ,  )

σ 2  ( ) σ 2  ( )

Where   (  ) is the phenotypic covariance
between traits x and y, σ 2  (  ) and σ 2  (  ) are the
phenotypic variances for traits x and y.
The following linear analysis of variance
(ANOVA) model was used for comparison of cone
production in the populations:

" #"
Taurus cedar or also called Lebanon cedar
(#&$  A. Rich.) has the largest natural
distribution mainly on the Taurus Mountains in
southern Turkey by 482391 ha of which 49 % to be
unproductive [1], and small populations are remained in Syria and Lebanon in whole the world
[2]. It is also classified as one of the economically
important species for Turkish forestry and the “National Tree Breeding and Seed Production Programme” [3] because of its valuable wood product.
Estimation of interaction reproductive and growth
characteristics is one of the most important tools in
management of present and future forest. However,
limited studies were studies on interaction of the
species [4, 5].
The main objective of this study is to estimate
interaction reproductive and growth characteristics
to contribute to forestry practices of the species.

   = μ +  +   +  (  )  (  ) + 

Where,  is the observation from theth tree
of  population in th year; * is overall mean, P is
the random effect of the th population, S is effect
of the th year, P(S) is the population and year
interaction, ij is random error.
th

!#"!!#!!

4296-(-&4&(6*4.56.(5There were large differences within population and among populations
for the growth characteristics (Table 1). Similar
averages and differences were also reported for the
characteristics of the species [5].
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8*4&,*5&1)4&1,*52+,4296-(-&4&(6*4.56.(5.16-*3237/&6.215
-&4&(6*4.56.(5

(m)
  (cm)
(cm)
(year)





8*4&,*
20.6
62.3
8.1
124

&1,*
13.5-26.5
35.0-100
4.4-13.0
64-190

8*4&,*
22.3
75.9
10.2
137

&1,*
14.0-28.0
39.0-145.0
5.8-18.3
49-204

" 
8*4&,*&1)4&1,*52+170'*42+0&674*(21*5170'*452++.//*)5**)
3*4(21*!&1)3*464**"!
-&4&(6*4.56.(5

237/&6.21:*&45




!
"!




8*4&,*
27.3
84.3
2235.8

&1,*
6-105
19-131
280-8146


8*4&,*
25.9
86.2
2131.1



&1,*
8-65
5-173
45-6536

8*4&,*
29.8
76.7
2254.5

&1,*
6-95
28-115
330-6720


8*4&,*
30.5
59.6
1574.7

&1,*
9-105
4-143
59-12083


" 
244*/&6.215&021,6-*,4296-&1)4*342)7(6.8*(-&4&(6*4.56.(5

237/&6.215












*342)7(6.8*
(-&4&(6*4.56.(5:*&4

 

 
!
! 
!
! 
"!
"! 
"!
"! 


-.204!
.190!
.143!
.039!
.189!
.442
-.303!
-.027!
-.150!
.424
.072!
.094!

4296-(-&4&(6*4.56.(5
 

.224!
.165!
.536
.431
.131!
.035!
.444
.311!
.149!
.365
-.450
-.231!
-.076!
-.060!
-.104!
.005!
!
.291
.264!
-.076!
.072!
.107!
.031!
.514
.447


.128!
.172!
.181!
.189!
.199!
-.034!
-.328!
-.340!
.234!
.063!
.042!
-.120!

!; correlation was not significant (! ).

As seen from Table 1, population P2 was older
and higher growth characteristics than that of P1.
Large differences were also found for age and other
growth characteristics within population. For instance, age was between 64 and 190 in P1, while it
was ranged from 49 to 204 in P2. It was known that
the species started to cone production at age 40 [7].

*342)7(6.8* (-&4&(6*4.56.(5 Average and
ranges of number of mature cones, numbers of
filled seed per cone and per tree were given for
population and years in Table 2.
Individual trees within population showed
large differences for reproductive characters, and
between years (Table 2 and Figure 1). The differences were also supported by results of analysis of
variance (!  ). The results were well accordance with results of early studies found large differences among trees and among populations in different forest tree species [e.g., 5, 8-15]. Cone numbers
were between 6 and 105 in first year of P1, while it
was between 8 and 65 in second year. Averages of
filled seed were 85/cone and 2184/tree in P1, and
137 and 1915 in P2, respectively (Table 2). The

average of mature cone number was 19, while averages of filled seed were 71/cone and 1385/tree in
Taurus cedar [13]. Average of cone numbers per
tree was 19, 39 and 63 in the populations of the
species. Beside, large differences among populations (!) ) and among trees within population
for cone number were reported in natural populations of the species [5]. The averages of cone number were reported 21 [16] and 47 [14] in the species. The results were well accordance with results
of the present study.
The results emphasized importance of individual selection and seed collection year. Beside, while
cone numbers was the highest in first year of P1
(27.3) and second year of P2 (30.5), filled seed
numbers was the lowest for the year of populations
(Table 2). It showed number of filled seed could be
better indicator than number of cones for decision
of good seed year in the species.

244*/&6.215 Relations among growth and
reproductive characteristics changed for the years,
populations and characteristics (Table 3).
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1).8.)7&/4*342)7(6.8*(-&4&(6*4.56.(5+243237/&6.21&1):*&45
cant (!) ) effective on cone production in Taurus cedar [5]. Age, diameter at breast height and
crown diameter have positive and significant
(!) ) effect on cone production in Aleppo Pine
(&$ !$$ Mill.) [18], and in Taurus fir
($  Carr.) [9]. The relations among reproductive and growth characteristics changed for
the years and populations of Carob tree (#% 
$"& L.) [10]. The positive correlations among
growth and reproductive characteristics were reported in different forest tree species [i.e., 19, 20,
21], while negative correlations were reported in
&$ $('$%#$ [22]. The results emphasized importance of selection of growth characteristics to
produce higher cone and seed crops for forestry
practices.

The growth characteristics measured in 2016
showed statistically significant (!  ) and positive effective (#  ) only between filled seed
per cone (CSN) and crown diameter CD (#  )
of P1 in first year, while it was numerous and higher
in second year such as between CN and D1.30
(#   for P1, 
for P2), and between H and
CSN (#  ), and between H and TSN (#   ) in
P1 (Table 3, Figure 2). It was reported that trees
used their energy for growth or reproductive characters in some periods [17]. It could be said that CD
and D1.30 were more effective than the other growth
characteristics (Table 3, Figure 2).
Similar results were also reported in different
forest tree species. For instance, three height and
diameter at breast height have positive and signifi-
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as growth promoters, for example in agriculture, aquaculture, bee-keeping, and livestock [2]. Polymyxin B is an antibiotic of the polymyxin group. It
is a mixture of peptides with chain-ring structure,
produced by     bacteria during their
growth [3]. Due to its amphiphilic structure, polymyxins are capable of easy penetration into bacterial
cells and integrate with phospholipids in their cellular membrane, thus disturbing their structure. Thus,
polymyxin B acts like a surfactant (detergents)
which causes increased permeability of the bacterial
cellular membrane and thereby causes cell damage
[4]. Penicillin G is a β-lactam antibiotic of the penicillin group, produced by      
fungi [5]. Due to the structural affinity to alanine,
which is a component of murein, penicillin G blocks
the activity of transpeptidases participating in the
formation of bonds between pentapeptides of the
mucopolysaccharide of the bacterial cellular membrane. In the subsequent stage, due to the activation
of cellular hydrolases, the bacterial cell is subjected
to lysis [6].
In the last several years, the concern regarding
the increasing levels of environmental pollution
caused due to various drugs, in particular antibiotics,
is alarming. The presence of antibiotics has been determined at different amounts in the soil, surface waters, ground waters, bottom sediments, and in potable water [7]. The presence of antibiotics in the
aforementioned environments is caused by both the
activity of the producers of these compounds inhabiting them, as well as the result of specific human
activities [8].
Numerous studies have demonstrated that the
majority of the antibiotics in sewage waters are not
completely eliminated during aerobic and anaerobic
biodegradation processes in the sewage treatment
plants [8-11]. Subsequently, these non degraded or
non eliminated antibiotics penetrate into the surface
waters and are distributed in the environment [12].
Moreover, antibiotics enter the soil via usage in
cattle, pigs, and poultry farming. They are excreted

The increased use of antibiotics has raised concern regarding the environmental impacts of antibiotic residues in soil. In this study, we performed a
laboratory experiment to compare the effect of two
antibiotics: polymyxin B and penicillin G on the activity of alkaline phosphatase, acid phosphatase, dehydrogenases, and urease, in sandy loam and loamy
sand. Antibiotics were applied to soil samples at the
dosages: 2, 20, and 200 mg/kg DM. Soil without antibiotics was used as a control sample. The results
showed that the contamination of soil with antibiotics affects the soil enzymes. Polymyxin B caused
greater changes in enzyme activities than that of penicillin G. Moreover, greater changes in soil enzyme
activities were observed in loamy sand than in sandy
loam. Phosphatases were the most sensitive to the
soil contamination with antibiotics. Principal component analysis showed that dehydrogenases were
the most negatively correlated with PC1.
)'!#$
Soil, antibiotics, phosphatases, dehydrogenases, urease,
resistance index


 %#!&%! 
Pharmaceuticals are chemical compounds with
variable chemical structure, exhibiting an equivocal
biological effect on living organisms. In Europe,
about 4,000 active chemical compounds are used in
pharmaceuticals administered to humans and animals. Among these drugs, the dominant position in
quantitative terms is taken by nonsteroidal anti-inflammatory drugs, antibiotics, hormonal agents, lipid metabolism regulators, antiepileptic drugs, and
beta-blockers [1].
Antibiotics have been extensively and effectively been used in human and veterinary medicines
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/=/;738+=398 90 <936 /8CB7/< Activity of
dehydrogenases – DHA [EC 1.1.1], alkaline phosphatase – ALP [EC 3.1.3.1], acid phosphatase – ACP
[EC 3.1.3.2], and urease – URE [EC 3.5.1.5] was determined in soil samples on day 1, 14, 28, and 56 of
incubation.
ALP and ACP activities were determined as described by Tabatabai and Bremner [17] with disodium -nitrophenyl phosphate hexahydrate as a substrate. The -nitrophenol released by phosphatase
activities was extracted, and the color developed after reaction with sodium hydroxide was determined
spectrophotometrically at 400 nm. DHA was determined by the method described by Thalmann [18]
with 2,3,5-triphenyltetrazolium chloride (TTC) as
the hydrogen receptor. The triphenylformazan (TPF)
produced was extracted with acetone and measured
spectrophotometrically at 546 nm. URE was determined by the method developed by Kandeler and
Gerber [19], with urea as a substrate. The released
ammonium ions were extracted with potassium chloride solution, and determined at 660 nm after reaction with sodium salicylate in the presence of sodium
dichloroisocyanurate which forms a green-colored
complex under alkaline pH conditions.
Shimadzu
UV-1800
spectrophotometer
(Kyoto, Japan) was used in the measurements. Enzyme activities were calculated using a calibration
curve.

by animals and are frequently distributed on the
fields as fertilizer (manure, liquid manure) [13],
thereby polluting the soil. Depending on the category and composition of the antibiotic and the microflora of soil and its conditions, these substances
may be subjected to biodegradation in the environment. However, their quantities are not subject to
sorption on soil particles, which vastly inhibits and
slows down the processes of biodegradation [9].
Soil pollution with antibiotics may lead to
changes in the composition of microflora, thus, the
biological balance gets disturbed [8]. This leads to
disturbances in the circulation of numerous chemical
elements (including those biogenic) in the environment [7]. Soil enzymes participate directly in the biogeochemical changes of numerous elements, including carbon, nitrogen, and phosphorus [14].
Thus, they are considered to be among the best soil
quality indicators [15, 16].
In this paper, we characterized the impact of
two antibiotics, namely, penicillin G and polymyxin
B on the activity of different enzymes involved in
carbon (dehydrogenases), phosphorus (phosphatases), and nitrogen (urease) cycles in two different
soils: loamy sand and sandy loam.
%#$ %!$

A:/;37/8=+6 </= >: The experiments were
performed in triplicate under laboratory conditions.
Soil samples were collected from the surface layer of
arable land at a depth of 0–20 cm at the Agricultural
Experimental Station in Lipnik (53°24′N, 14°28′E)
and Teaching and Research Center for Renewable
Energy in Ostoja (53°41′N, 14°48′E), situated in the
West Pomeranian District, Poland. We used loamy
sand and sandy loam in the experiments. Table 1 presents the physicochemical properties of the soils.
The experiment was set up in glass containers
with 1 kg loamy sand and sandy loam. Polymyxin B
and penicillin G were then applied to the soils in the
following dosages (mg/kg DM): 2, 20, and 200. Control soil had no antibiotics added. Each treatment
was replicated three times at each sampling stage.
Samples were adjusted to 60% maximum water
holding capacity. All treatments were incubated in
the dark at 20°C for 56 days. Samples from each
treatment were collected after 1, 14, 28, and 56 days
for assays of enzyme activities.

$=+=3<=3-+6 +8+6B<3< Analysis of variance
(ANOVA) was performed by using Statistica 13.1
software (StatSoft Inc.) and by determining the homogeneous groups with a Tukey test, at a confidence
level of  = 0.05. Moreover, indices of resistance
(RS) of each enzyme to soil with antibiotics were
calculated [20]. The RS of enzyme activities was analyzed by using principal component analysis
(PCA). The percentage variability of all analyzed
variables was determined by calculating the η2 coefficient in ANOVA.
#$&%$ $&$$! 
Introduction of both antibiotics to loamy sand
mainly resulted in the decrease in the activity of the
study enzymes relative to the control; this effect further increased with an increase in the dosage of the
antibiotics. Furthermore, after the application of 2
mg/kg DM antibiotics, the observed effect was
found to be statistically insignificant in numerous


% 
$97/:2B<3-9-2/73-+6:;9:/;=3/<90<936<></.38=2//A:/;37/8=
Type of soil
LS
SL

Granulometric composition (mm)
3-0.05
0.05-0.002
<0.002
75
23
2
47
48
5

pHKCl

HAC (mmol(+)/kg)

6.36
6.81

13.02
11.81

Ntot
(g/kg)
0.72
0.93

Corg
(g/kg)
8.81
10.91

LS loamy sand, SL sandy loam, HAC hydrolytic acidity, Ntot total nitrogen content, Corg organic carbon content
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Kind of antibiotic
Control
Polymyxin B
Penicillin G

Control
Polymyxin B

Penicillin G

Control
Polymyxin B
Penicillin G

Polymyxin B

Penicillin G

Time of incubation (days)
Dosage of antibiotics
(mg/kg DM)
1
14
28
Alkaline phosphatase – ALP (mg -NP/kg DM/h)
54.44±1.44a
55.49±2.16a
55.63±2.90a
44.19±1.75b
46.84±1.82b
2
48.22±0.60bc
c
cd
20
45.68±0.99
37.26±2.95
39.03±1.48c
200
37.96±1.42d
32.40±1.50d
34.36±1.25d
b
a
2
50.32±1.87
52.93±2.13
53.11±1.94a
20
34.29±1.55d
42.14±1.25b
40.81±1.26c
e
bc
200
26.78±1.87
38.60±1.94
30.94±1.38e
Acid phosphatase – ACP (mg -NP/kg DM/h)
65.04±4.71a
64.97±2.55a
66.01±0.96a
63.39±2.27a
62.59±2.13a
2
63.62±1.47a
20
41.97±2.84b
40.91±3.28c
32.20±2.71d
c
d
200
28.40±1.90
22.46±1.14
26.21±1.76e
64.33±1.56a
57.03±2.55b
2
64.13±4.03a
b
b
20
43.33±2.72
47.75±2.42
42.24±3.81c
200
39.17±2.34b
40.47±2.01c
38.84±1.42c
Dehydrogenases – DHA (mg TPF/kg DM/h)
1.75±0.03a
1.76±0.01a
1.72±0.02a
b
b
1.64±0.02
1.63±0.04b
2
1.63±0.02
20
1.42±0.02d
1.37±0.03d
1.35±0.02c
200
0.84±0.02f
0.75±0.03f
0.80±0.02e
2
1.66±0.03b
1.65±0.02b
1.62±0.03b
20
1.55±0.01c
1.43±0.01c
1.39±0.04c
e
e
200
1.05±0.04
1.23±0.02
1.29±0.03d
+
Urease – URE (mg N-NH4 /kg DM/h)
Control
71.71±2.38a
71.96±1.89a
71.79±2.27a
71.49±2.01a
70.70±2.39a
2
72.16±1.22a
c
c
20
56.92±2.32
53.71±4.07
52.33±3.61c
200
51.47±3.60c
47.10±2.09d
32.54±1.79e
2
72.20±1.84a
72.69±3.63a
71.53±2.27a
b
b
20
63.30±3.21
67.24±2.14
60.42±1.69b
200
43.81±3.96d
34.71±2.30e
45.76±3.53d

56
55.50±2.19a
50.92±1.35b
43.10±1.34c
39.46±0.75d
55.56±0.70a
46.36±1.91c
43.41±2.12c
63.70±0.93a
60.34±2.28ab
45.59±1.17c
43.21±2.49c
56.02±0.65b
47.06±1.46c
44.32±1.85c
1.76±0.02a
1.62±0.01b
1.41±0.01d
0.94±0.02e
1.69±0.03ab
1.52±0.03c
1.36±0.02d
72.22±2.14a
71.29±2.06a
48.96±1.39d
32.95±1.76e
71.47±2.45a
68.10±1.87b
57.81±1.99c

Data are expressed as a mean ± SD of three replicates for each treatment; the same letter means a homogenous
group for an enzyme and day of incubation ( = 0.05)

(on day 14), 28.82% (on day 1), and 26.22% (on day
28) respectively for ALP, ACP, DHA, and URE.
Lower impact of antibiotics on the enzymatic
activity in sandy loam than that of loamy sand may
be caused by the sorption of these compounds on soil
particles [21]. Grenni et al. [22] suggest that a direct
relationship exists between the content of organic
matter and antibiotic sorption in soil. In addition, the
antibiotic concentration has a significant influence:
at low concentrations higher antibiotic sorption takes
place in soil, and increasing concentration significantly reduced the process [23]. Moreover, the antibiotic sorption mechanisms in soil are considerably
more complex than in case of other xenobiotics, and
apart from hydrophobic and hydrogen bonds, they
incorporate van der Waals forces; electrostatic interactions; as well as cation exchange, competition, and
bridging [24]. Furthermore, antibiotic sorption in
soil may take place through microorganisms, which
results in their degradation or possible irreversible

cases (Table 2). The highest inhibition of ALP, ACP,
DHA, and URE was observed in case of soil containing antibiotics at a dosage of 200 mg/kg DM in comparison to control. Polymyxin B resulted in an inhibition of 41.61%, 65.43%, 57.38% respectively (on
day 14) and 54.67% (on day 28) respectively for
ALP, ACP, DHA, and URE. Penicillin G resulted in
an inhibition of 50.80% (on day 1), 41.16% (on day
28), 40.01% (on day 1), and 51.14% (on day 14) respectively for ALP, ACP, DHA, and URE.
Application of antibiotics to the sandy loam
caused similar changes in enzyme activities as well
as in the loamy sand (Table 3). However, the observed effect was lower. The highest inhibition of
ALP, ACP, DHA, and URE activity was found for
antibiotics at a dosage of 200 mg/kg DM in comparison to control. Polymyxin B showed the highest inhibition of 32.38% (on day 1), 44.85% (on day 14),
48.66% (on day 28), and 37.66% (on day 28) respectively for ALP, ACP, DHA, and URE. Penicillin G
showed an inhibition of 33.09% (on day 1), 25.92%
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to the presence of antibiotics in soil, in which case,
the lowest RS values were found when dosage of 200
mg/kg DM of antibiotics was added into the soil.
Polymyxin B, in case of both loamy sand and sandy
loam, showed an increase in RS values to 0.31 and
0.50, respectively (Figure 1), and penicillin G
showed an increase in RS values to 0.46 and 0.56,
respectively (Figure 2). Numerous researchers have
determined inhibition of enzymatic activity inhibition under the influence of various antibiotics. For
example, chlortetracycline, tetracycline, tylosin, sulfamethoxazole, sulfamethazine, and trimethoprim
had inhibited the activity of phosphatases [29]; penicillin G, pharmasin, and nystatin inhibited the activity of dehydrogenases and invertase [4]; and oxytetracycline inhibited the activity of phosphatases, dehydrogenases, catalase, urease, and arylsulphatase
[30]. Moreover, Akimenko et al. [4] showed that oxidoreductases were more resistant to antibiotics than
hydrolases, which was also confirmed in this study.

bonding with the organic matter of soil, which sometimes is increased with the time of soil exposure to
antibiotics [25, 26].
The calculated resistance indices (RS) confirm
stronger antibiotic effect on the enzymatic activity in
the loamy sand than in the sandy loam. An analysis
of the RS mean values after the application of polymyxin B and penicillin G showed an increasing negative impact of these antibiotics on the activity of all
studied enzymes. As it was mentioned earlier, the effect was stronger in the loamy sand than in the sandy
loam. The highest RS mean value after the antibiotic
application to loamy sand and sandy loam was determined for the dosage of 200 mg/kg DM. Griffiths
and Philippot [27] suggest that the RS values demonstrate the sensitivity of the ecosystem to the specific
pollution very well. Moreover, they provide information on the quality of soil contaminated with organic substances [28]. Based on the results obtained,
it can be said that ACP is the most sensitive enzyme
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Kind of antibiotic
Control
Polymyxin B
Penicillin G

Control
Polymyxin B
Penicillin G

Control
Polymyxin B
Penicillin G

Control
Polymyxin B

Penicillin G

Time of incubation (days)
Dosage of antibiotics
(mg/kg DM)
1
14
28
Alkaline phosphatase – ALP (mg -NP/kg DM/h)
186.24±6.71a
186.06±2.55a
186.54±0.96a
b
b
163.01±2.27
177.93±2.13ab
2
169.67±1.47
20
146.63±2.84c
145.03±3.28c
165.34±3.71b
d
d
200
125.94±2.94
126.86±2.14
133.78±2.76c
2
170.07±4.03b
180.09±1.56a
174.78±2.55ab
20
130.49±2.72c
151.74±2.42bc
163.91±3.81b
200
124.78±2.39d
130.71±2.01d
142.74±1.42c
Acid phosphatase – ACP (mg -NP/kg DM/h)
92.57±0.67a
93.29±3.08a
93.57±3.39a
92.05±1.38a
92.68±1.64a
2
92.11±0.83a
20
80.31±0.75b
79.29±1.96b
73.23±2.12b
c
c
51.45±0.68
55.34±0.81d
200
68.03±1.41
2
92.45±2.67a
92.16±0.94a
92.78±1.91a
b
b
20
87.12±1.63
74.92±2.32
78.91±4.23b
200
70.20±1.15c
59.78±1.62c
62.30±0.99c
Dehydrogenases – DHA (mg TPF/kg DM/h)
2.29±0,03a
2.25±0.11a
2.24±0.09a
b
ab
2.11±0.06
2.12±0.09a
2
2.07±0.06
cd
c
20
1.75±0.04
1.66±0.03
1.83±0.11c
200
1.55±0.02e
1.45±0.08d
1.15±0.07d
2
2.15±0.05ab
2.21±0.12a
2.08±0.06ab
c
b
20
1.86±0.06
1.92±0.06
1.97±0.03b
200
1.63±0.04de
1.68±0.02c
1.82±0.12c
+
Urease – URE (mg N-NH4 /kg DM/h)
86.61±4.61a
87.33±1.56a
86.25±2.74a
ab
a
86.04±1.54
84.58±6.01a
2
83.14±3.51
b
b
20
81.87±2.29
76.92±2.53
74.06±2.68b
200
72.86±1.54c
63.23±3.75c
53.77±2.61c
2
85.74±4.21a
86.19±1.73a
85.65±3.01a
20
80.96±3.09b
81.15±1.85a
77.39±1.85b
200
71.27±1.89c
64.43±3.22c
71.15±3.92b

56
186.29±0.93a
182.58±2.28a
180.98±1.71a
142.82±2.49d
183.70±0.64a
170.07±1.46b
153.67±1.89c
91.90±1.84a
90.85±5.17a
79.31±2.96bc
70.83±0.36c
90.73±3.97a
83.05±2.53ab
73.32±4.11bc
2.24±0.07a
2.12±0.18a
1.96±0.06ab
1.60±0.03c
2.18±0.13a
2.02±0.12ab
1.88±0.09b
86.59±4.55a
82.59±3.64a
80.43±1.95a
49.63±2.20b
85.78±4.15a
83.16±1.44a
75.61±6.12a

Data are expressed as a mean ± SD of three replicates for each treatment; the same letter means a homogenous
group for an enzyme and day of incubation (p = 0.05)
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Variable factors
ALP
ACP
DHA
Type of soil
98.01
82.55
72.26
Kind of antibiotic
0.11
0.58
3.69
Dosage of antibiotic
1.71
16.57
23.72
Soil incubation time
0.17
0.29
0.33
ALP alkaline phosphatase, ACP acid phosphatase, DHA dehydrogenases, URE urease
The η2 ANOVA analysis showed that the activities of soil enzymes were affected to the greatest extent by the soil type. Zhang et al. [5] demonstrated
that the impact of tetracycline on soil microorganisms did not depend on the soil type. In this study,
we found that the dosage of antibiotic was also significant for ACP, DHA, and URE (Table 4). Hammesfahr et al. [31] suggest that the effect of antibiotics on soil microorganisms largely depends on the
concentration of antibiotic and the incubation time.
The effect of the degree of soil contamination
with antibiotics on the activity of soil enzymes was
interpreted by using principal component analysis
(PCA) as there were four internally connected factors and the relations between them could arise from
the existence of one or more common factors. PCA

URE
67.19
3.38
28.98
0.45

allowed precise determination of the scale of enzymatic changes in response to the addition of antibiotics to the soil. It was performed depending on the
type of soil and the antibiotic.
Eigenvalues from PCA indicated that the first
two principal components accounted for 92.58% of
the variance of the data (PC1: 84.95% and PC2:
7.63%) for loamy sand, and 94.93% of the variance
of data (PC1: 87.31% and PC2: 7.62%) for sandy
loam (Figure 3). The activity of soil enzymes correlated negatively with the PC1. Regardless of the soil
type, DHA showed greatest extent of negative correlation with PC1 (Table 5).
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6.94% and 15.29%, respectively. The activity of soil
enzymes correlated negatively with PC1, regardless
of the kind of antibiotic. However, ACP correlated
negatively with PC2 in both soil types (Table 6).

Figure 4 shows the effect of antibiotics on ALP,
ACP, DHA, and URE. The distribution of vectors
around the axis that represents PC1 in soil contaminated with polymyxin B and penicillin G by 93.85%
and 92.18% of the total variance of data, respectively, whereas for PC2 it was found to be around
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Loamy sand
Sandy loam
PC1
PC2
PC1
ALP
-0.875
-0.496
-0.933
ACP
-0.931
0.073
-0.947
DHA
-0.944
0.204
-0.963
URE
-0.934
0.170
-0.923
ALP alkaline phosphatase, ACP acid phosphatase, DHA dehydrogenases, URE urease
Enzyme

 











  

   



PC2
0.358
-0.121
0.128
-0.383
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Polymyxin B
Penicillin G
PC1
PC2
PC1
ALP
-0.900
0.413
-0.690
ACP
-0.953
-0.059
-0.906
DHA
-0.954
-0.021
-0.948
URE
-0.921
-0.321
-0.935
ALP alkaline phosphatase, ACP acid phosphatase, DHA dehydrogenases, URE urease
Enzyme

The results of this study indicate negative impact of polymyxin B and penicillin G on the activity
of soil enzymes, which may disturb the homeostasis
of a soil ecosystem. Antibiotics act as an ecological
factor in the environment that could potentially affect microbial communities [32]. The effects include
phylogenetic structure alteration, resistance expansion, and ecological function disturbance in the micro-ecosystem [33-36]. Numerous studies have detected changes of microbial community structure
upon addition of antibiotics in soil environment [4,
5, 24-26, 37-39]. However, the causal relationship
between antibiotic input and resistance expansion is
still under debate, with evidence either supporting or
declining the contribution of antibiotics on alteration

PC2
-0.701
0.212
0.112
0.208

of antibiotic resistance [32]. Effects of antibiotics on
ecological functions have also been discovered, including methanogenesis [40] and sulfate reduction
[41].
! &$! $

An increase in the level of soil contamination
with two antibiotics, namely, polymyxin B and penicillin G affects the soil enzymes. Application of polymyxin B resulted in greater changes in enzyme activity than that of penicillin G. Moreover, greater
changes in soil enzyme activities were observed in
loamy sand than in sandy loam. Phosphatases were
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2013 data, approximately 1.6 million tons of chickpeas were exported [2]. Although chickpea sowing
area and production amount tend to increase, yield is
very low. Late plantations, deficiencies in planting
density, anthracnose epidemics, and the inability to
take care an effective combat against weeds result in
significant reductions in grain yield [3]. In addition
to the yield losses due to the competition between
weeds and chickpea plant, weeds also make machine
harvest difficult and reduce product quality. Chickpea is very weak in competition against weeds since
it is a plant grow slowly in the early period has a limited leaf area formation. The yield losses due to weed
competition vary depending on weed density and
weed species. Different studies focusing on this issue
have reported yield losses ranged between 13% and
98% due to weed competition to [4-9] and it has been
reported to be 35.61% in Turkey [10]. It was stated
that the most intense weed competition in chickpea
occurs in the 4th -9th weeks following the emergence
of the plant and an effective weed control in this period can increase grain yield by about 17-107% [1114, 3]. Herbicides may also be preferred because of
their fast effects, low costs, and ease of treatment as
well as crop rotation, cultural or mechanical combat
for weed control in chickpea farming. It was stated
that the use of herbicide in chickpea can control
about 80-83% of weeds and the grain yield can be
increased at least 50% [15]. However, extreme care
should be given when using weed pesticides in cultivated plants that are sensitive to herbicides such as
chickpea. Care should be given to comply with the
herbicide-target plant relationship, weed density and
damage threshold, costs, and technical instructions.
It should also be considered that the efficacy of herbicides is highly dependent on soil type, humidity,
temperature, and weed flora.
Especially in developing countries, due to the
misuse of herbicides, beneficial physiological activities are hindered in addition to micro-fauna and flora
destruction in agricultural soils and soil fertility is
decreased due to the adverse effects on microbial
community. In addition, herbicides inhibit protein
synthesis and metabolic enzymes and can also affect
structural proteins and membrane composition in the
cell. They can also cause gene toxicity [16-20, 10].
For herbicide control in herbal production, the use of

This study was conducted to determine the effects of 50% reduced and 50% increased doses of
some herbicides used in chickpea cultivation on seed
yield and mineral content of the seed. Field experiments were established in Isparta province of Turkey
during 2016-2017 plant growing season. Experiments were conducted to the completely randomized
block design with 3 repetitions. Fourteen different
weed control treatments were tested (control (T1),
hoeing (T2) suggested doses and 50% reduced / increased doses of herbicides that contain active substances of linuron (T3-T5), aclonifen (T6-T8),
pendimethalin (T9-T11) isoxaflutale + cyprosulfamide (T12-T14)), respectively. As plant material,
drought and lodging tolerant ILC 195 chickpea cultivar seeds were used.
Results showed that chlorophyll a, chlorophyll
b content of green part of plants, phosphorus, potassium, calcium, iron, zinc, protein content of seeds,
100 seed weight and seed yield were significantly affected by the herbicides treatments. The highest positive effects on both the seed yield and the chemical
composition of the seed were obtained at the dose of
125 ml/ha and 250 ml/ha of isoxaflutale + cyprosulfamide (240 g/l) and at 1500 ml/ha and 3000 ml/ha
of pendimethalin herbicide treatments in chick pea
cultivation.


#"
Chickpea, herbicides doses, yield, chemical content

 ! 
Chickpea (   L.) is one of the important crop used in human nutrition and animal
feeding. Depending on the environmental conditions
and variety characteristics, chickpea contain 16.431.2% protein, 1.5-6.8% fat, 38.1-73.3% carbohydrates and 1.6-9.0% cellulose [1]. Chickpea ranks
second after beans with 12.7 million hectares of sowing area worldwide and ranks third after beans and
peas in terms of its production volume of approximately 12 million tons. In addition, according to the
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the first year. In the second year,   
 (18.4), A    (14.2),  
    L. (10.8),     L. (7.6),
   L. (5.8),   
(3.0),     L. (2.8),  
 (1.9), others (0.97) and total of these was
counted as 65.47.
Herbicides containing aclonifen (600g/L), linuron (450 g/L), pendimethalin (450 g/L), and
isoxaflutale (240 g/L + cyprosulfamide (240 g/L) active substances were used as the chemical materials
for weed control in chickpea.

herbicides, especially in underdeveloped and developing countries, requires approaches that include the
treatment of the most effective and economical
methods while taking plant and environmental health
into account.
The aim of this study was to determine the effects of some herbicides that can be used in the combat against weeds in the cultivation of chickpea and
some quality parameters with the treatment of reduced or increased doses of the herbicides.
  

(5+1'The research was set up in the completely randomized block design with three replications. Planting was carried out manually at 10 cm intra row spacing on 24 m2 plots with a length of 8 m
and a width of 3 m (30 cm intra row spacing x 10
rows) in the first week of April in both years. With
planting, DAP (di-ammonium Phosphate; 42 %P2O5
and 18 % N) fertilizer was applied to each plot by
manually at the rate of 140 kg per hectare. Total fourteen treatments were tested (Table 1). No maintenance (treatment) has been performed on the control
plots. For the pre-emergence period, the herbicides
were applied to the soil surface immediately 1 day
after the sowing, and the herbicide applied after
emergence was applied with a back pulverized in the
period in which the chickpea plants were 10-15 cm
tall, 2-3 branched and had 2-4 leaves. Herbicide
treatments, 50% increased and 50 % decreased doses
of the recommended doses in the instructions of the
herbicides were applied. Manual weed control was
done by manually hoeing on the 36th day after the
emergence of the chickpea plants. The treatments
used in the trial and the effective ingredients, treatment rates, treatment time, and commercial names of
the herbicides were given in Table 1.
Backpack sprayer used in the experiment was a
fan-type nozzle sprayer with an airflow of 600 m3/h
and air outlet speed of 100 m/s. During the treatment,
the flow adjusting tap was set to 1.06 L / min and

$5(3,$.The study was conducted in the experimental field of Süleyman Demirel University
Faculty of Agriculture in 2012-2013 plant growing
season. Field trials were conducted in Isparta (Turkey) Province, located at the west of the Mediterranean Region (37o45 'N and 30o33' E), at an altitude
of 1050 meters. The winters were relatively cool and
rainy and the summers were hot and dry during the
experiment. The soil structure of the trial area was
loamy with alkaline (pH value 8.1) characteristics
and has a cation exchange capacity of 36% and a total salt content of 0.025%. Its lime content was high
(255 g/kg), despite its low phosphorus (199 mg/kg
P2O5) and nitrogen contents (% 0.14 N). It was rich
in potassium (754 kg/ha K20) and organic substances
(13.4 g/kg). In the study, the ILC 195 chickpea seeds,
which are resistant to drought and lodging, moderately resistant to anthracnose disease and recommended for Central Anatolia and the Transition Regions, were used as the plant material.
According to observations made in control
plots; weed species and number per square meter of
these respectively     (24.3), 
     (16.8),      L.
(11.0),    L. (7.8),    
 L (6.0),    (4.1),  
  (3.5),   (2.8), others
(1.08) and total of these was determined as 77.38 in




+(53($5/(05464(',05+(53,$.$0'5+(())(&5,7(,0*3(',(05453($5/(053$5(453($5/(055,/($0'
&1//(3&,$.0$/(41)5+(+(3%,&,'(4
Treatment
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14

Active Substance
(Control)
Manual hoeing
Linuron (450 g/L)
Linuron (450 g/L)
Linuron (450 g/L)
Aclonifen (600g/L)
Aclonifen (600g/L)
Aclonifen (600g/L)
Isoxaflutale+Cyprosulfamide (240 g/L)
Isoxaflutale+Cyprosulfamide (240 g/L)
Isoxaflutale+Cyprosulfamide (240 g/L)
Pendimethalin (450 g/L)
Pendimethalin (450 g/L)
Pendimethalin (450 g/L)

Treatment Dose

Treatment Time

Commercial Name

100 mL/da
200 mL/da
300 mL/da
37.5 mL/da
75 mL/da
112.5 mL/da
12.5 mL/da
25 mL/da
37.5 mL/da
150 mL/da
300 mL/da
450 mL/da

Pre-emergence
Pre-emergence
Pre-emergence
Post-emergence
Post-emergence
Post-emergence
Pre-emergence
Pre-emergence
Pre-emergence
Pre-emergence
Pre-emergence
Pre-emergence

Afalon SC
Afalon SC
Afalon SC
Challange SC
Challange SC
Challange SC
Merlin Flexx SC
Merlin Flexx SC
Merlin Flexx SC
Status 330 E SC
Status 330 E SC
Status 330 E SC
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isolation was made using a nylon with a 1.5 m height
to prevent contamination among the plots. Spraying
was carried out according to the calculations made
for 300 L water per hectare.In order to determine
chlorophyll concentrations of the leaves, 0.5 g fresh
leaf samples were taken from the leaves and homogenized with 80% acetone and filtered in 50 mL
flasks. The obtained color of the filter was immediately read on the spectrometer at 645 and 663 wavelengths and the chlorophyll values were calculated
using the following equations [21]:
Clf a (mg/g) m = 12.7 x (D663-2.69) x (D645)
x V/ 1000 x W
Clf b (mg/g) = 22.91 x (D645-4.68) x (D663) x
V / 1000xW
V = Extract volume (mL); W = plant weight extracted (g); D = reading value obtained at the specified wavelength
From the starting point of each plots 50 cm distances were removed as the edge impact and the
plants remaining in each plots were harvested and the
weights were determined with scales of 0.1 g sensitivity. These plants were then threshed with the
threshing machine and the obtained grains were
weighed and the plot yield was calculated and converted to grain yield per hectare. Of the grains obtained from each plot, 4 x 100 were counted and
weighed on a precision scale to determine 100-seed
weights. After the dry seeds were grinded, following
the methods and principles stated in [22]; K, Ca, Fe
and Zn were determined using Atomic Absorption
Spectrophotometer (Perkin-Elmer), P vanado molybdate was determined following the yellow color
method [23], and N macro values were determined
following the Kjeldahl method and the result was
multiplied by 6.25 to calculate the protein ratio.
Statistical analysis of variance was performed
using the SAS statistical package program and the
differences between the averages were determined
using the TUKEY test (P<0.05) [24].

This study was carried out to determine the effects of reduced and increased doses of herbicides on
grain yield and some seed characteristics. Analysis
of variance showed that year×treatment interaction
was significant ( ≤ 0.01) in terms of chlorophyll a
and chlorophyll b contents. Years and treatments
were also significant ( ≤ 0.05) in terms of phosphorus, calcium, iron, zinc content in seed, 100 seed
weight and grain yield. Years and treatments were
statistically significant ( ≤ 0.01) in terms of seed
potassium content, while the differences between
treatments  ≤ 0.01) were statistically significant in
terms of protein ratio.
As the 50% increased doses of all herbicides
was used for weed control, both chlorophyll a and
chlorophyll b contents of chickpea green part significantly decreased. This adverse effect was more pronounced both at the recommended doses and 50%
increased doses of aclonifen and linuron active substances herbicides and the lowest chlorophyll contents were determined in the T5, T7, and T8 treatments. On the other hand, the reduced and recommended doses of isoxaflutale+cyprosulfamide and
pendimethalin active substances herbicides increased the chlorophyll a and chlorophyll b contents
and generally the highest chlorophyll contents were
obtained in the T12, T13, T9, and T10 treatments.
These treatments were followed by the T2 treatment.
Years effect was also significant in terms of chlorophyll contents. Comparing to first-year and secondyear conditions, the chlorophyll a and chlorophyll b
contents were higher in all treatments under the firstyear conditions. This differences might be a received
higher amount of rainfall (213.3 mm in the first year
and 176.2 mm in the second year) and relatively
lower air temperature (17.2 °C in the first year and
17.7 °C in the second year) at the vegetation period
(Table 2).



 
($07$.6(41)&+.1312+9..$0'&+.1312+9..&105(054$48(..$4*3$,02+142+1364215$44,6/$0'
&$.&,6/&105(054,0&+,&-2($)13',))(3(05+(3%,&,'(53($5/(054
Treat.
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
Mean
P*

I. year
1.79
2.18
1.94
2.00
1.63
1.84
1.74
1.60
2.19
2.10
1.90
2.26
2.21
1.90
1.95

Clfa (mg/g)
II. year
1.74
2.15
1.80
1.76
1.58
1.87
1.68
1.32
2.16
2.10
1.79
2.23
2.16
1.77
1.87
0.130

Mean
1.77
2.17
1.87
1.88
1.61
1.86
1.71
1.46
2.18
2.10
1.85
2.25
2.19
1.84

I. year
0.50
0.66
0.53
0.66
0.51
0.61
0.58
0.52
0.79
0.77
0.64
0.76
0.81
0.64
0.64

Clfb (mg/g)
II. year
0.60
0.67
0.51
0.66
0.43
0.50
0.40
0.27
0.78
0.75
0.52
0.72
0.70
0.48
0.57
0.078

Mean
0.55
0.67
0.52
0.66
0.47
0.56
0.49
0.40
0.79
0.76
0.58
0.74
0.76
0.56

I. year
0.303
0.392
0.375
0.377
0.341
0.379
0.368
0.312
0.377
0.385
0.355
0.399
0.407
0.373
0.367

P (%)
II. year
0.295
0.385
0.362
0.351
0.289
0.367
0.356
0.267
0.342
0.364
0.325
0.385
0.363
0.302
0.340
0.020

*: <0.05
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Mean
0.299
0.389
0.369
0.364
0.315
0.373
0.362
0.290
0.360
0.375
0.340
0.392
0.385
0.338

I. year
1.38
1.70
1.59
1.66
1.50
1.49
1.56
1.40
1.65
1.67
1.52
1.61
1.64
1.49
1.56

K (%)
II. year
1.31
1.68
1.61
1.63
1.49
1.48
1.54
1.38
1.59
1.67
1.48
1.65
1.65
1.45
1.54
0.063

Mean
1.35
1.69
1.60
1.65
1.50
1.49
1.55
1.39
1.62
1.67
1.50
1.63
1.65
1.47

I. year
1.55
1.94
1.81
1.85
1.71
1.69
1.77
1.59
1.86
1.91
1.70
1.83
1.87
1.69
1.77

Ca (%)
II. year
1.49
1.92
1.84
1.86
1.56
1.66
1.73
1.43
1.80
1.91
1.68
1.86
1.89
1.51
1.72
0.080

Mean
1.52
1.93
1.83
1.86
1.64
1.68
1.75
1.51
1.83
1.91
1.69
1.85
1.88
1.60
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Treat.
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
Mean
P*

I. year
0.021
0.024
0.024
0.023
0.020
0.024
0.023
0.020
0.024
0.024
0.023
0.023
0.024
0.022
0.023

Fe (%)
II. year
0.020
0.024
0.024
0.023
0.020
0.024
0.023
0.019
0.024
0.024
0.023
0.023
0.023
0.019
0.022
0.00081

Mean I. year
0.021 36.6
0.024 38.7
0.024 38.5
0.023 39.1
0.020 35.4
0.024 37.5
0.023 38.6
0.020 33.4
0.024 38.5
0.024 38.1
0.023 33.6
0.023 37.4
0.024 38.5
0.021 35.2
37.1

Zn (ppm)
II. year
35.1
38.3
37.2
38.4
33.6
38.3
38.5
30.4
37.4
37.4
32.3
37.6
37.5
36.1
36.3
1.208

Protein (%)
Mean I. year II. year
35.9
17.4
17.8
38.5
19.6
19.8
37.9
19.0
19.1
38.8
19.2
19.3
34.5
17.2
17.4
37.9
18.9
19.0
38.6
19.2
19.3
31.9
16.5
17.1
38.0
19.9
20.0
37.8
20.6
20.1
33.0
18.0
18.0
37.5
19.9
20.0
38.0
19.8
19.9
35.7
17.9
17.9
18.8
18.9
0.616

100-Seed Weight (g)
Seed Yield (kg/ha)
Mean I. year II. year Mean I. year II. year Mean
17.6
33.7
32.9
33.3
1314
1266
1290
19.7
39.2
38.1
38.7
1864
1795
1830
19.1
39.3
38.6
39.0
1798
1620
1709
19.3
40.1
35.5
37.8
1855
1783
1819
17.3
37.2
34.9
36.1
1590
1466
1528
19.0
38.4
37.8
38.1
1486
1416
1451
19.3
38.4
38.1
38.3
1497
1482
1490
16.8
35.7
33.8
34.8
1243
1191
1217
20.0
39.5
39.3
39.4
1892
1858
1875
20.4
39.7
38.9
39.3 1919
1878
1899
18.0
37.1
36.9
37.0 1624
1406
1515
20.0
39.6
38.9
39.3 1874
1795
1835
19.9
40.0
39.3
39.7 1886
1814
1850
17.9
36.6
35.8
36.2 1552
1374
1463
38.2
37.1
1671
1582
1.099
125.224

*: <0.05
Control treatment (T1) and 50% increased
doses of the herbicides adversely affected the
phosphorus (P), potassium (K) and calcium (Ca)
contents of the chickpea seeds. Generally, the lowest
values among herbicides were obtained from the
aclonifen active substance applied plots. Using the
50% reduced or recommended doses of isoxaflutale
+ cyprosulfamide and pendimethalin active substance herbicides and hoeing treatment increased P,
K and Ca contents of the seeds. The highest mean
values were determined for the T12, T13, T2, and
T10 treatments in terms of seed P contents. The highest Ca and K contents were obtained in the T2 treatment. These treatments were followed by the T10,
T13 and T4 treatments of the isoxaflutale + cyprosulfamide, pendimethalin, and linuron active substance herbicides in a decreasing order (Table 2).
Manual weed control positively affected the
iron (Fe) content in chickpea and the highest mean
values were determined in the T2 treatment in both
years. The highest Fe contents were found in all
herbicide treatments at the 50% reduced doses. Generally, increased herbicide doses caused a decrease
Fe content in chickpea. The adverse effect of the T10
treatment was relatively lower for decreasing the
seed Fe content (Table 3). The lowest Fe content was
determined in 50% increased treatments of the herbicides and T1 treatment.
In the first-year conditions in which higher total
rainfall values were obtained, the seed zinc (Zn) content of grain was high in the T4, T7, T13 treatments
(linuron, aclonifen and pendimethalin active substances of the herbicides) and the T2 treatment. Both
reduced and increased doses of other herbicides, except for the T3 treatment, adversely affected the seed
Zn content. Similar to the first year, in the secondyear conditions with a relatively lower amount of
rainfall recieved, the lowest seed Zn contents were
found in the T1 (control) treatment and the 50% in-

creased doses of the herbicides. The highest Zn contents were found in the T6 and T2 treatments (38.3
ppm) along with the T7 and T4 treatments herbicides
(38.5 ppm and 38.4 ppm, respectively) (Table 3).
Kaya et al. [37] were found between 18.71-77.24
ppm Zn content of chickpea cultivars. Obtained data
is varied between this averages. The 50% reduced
and recommended doses of the isoxaflutale + cyprosulfamide and pendimethalin active substances herbicides positively affected the seed protein ratio in
chickpea and the highest mean values were obtained
in the T10, T9, T12, and T13 treatments, respectively. The protein ratio significantly decreased in all
doses of the linuron and aclonifen active substances
herbicides and the increased doses of isoxaflutale +
cyprosulfamide and pendimethalin active substances
herbicides.
In both two years, the lowest 100-seed weight
values were measured in the control plots (T1) in
which any weed control treatment was not performed. In both years, 50% increased doses of the
herbicides and T1 treatment adversely affected the
plant development and reduced 100-seed weight.
Under the high rainfall conditions (1st year), the
highest 100-seed weight value (40.1 g) was determined in the T4 treatment. This treatment was followed by the T9, T12, T10, and T13 treatment.
Moreover, T3 treatment and T2 treatment were considered 100-seed weight values of T2 was lower,
they were statistically in the same group with the
highest mean values (Table 3). In the second year,
the T9, T10, T12, and T13 treatments stand out in
terms of the higher 100 seed weight values. The T3
and T4 treatment of the linuron active substances
herbicide were statistically in the same top group, but
had lower mean 100 seed weight values.
The 50% reduced and recommended doses of
the used herbicides for weed control in chickpea increased the grain yield positively in two years compared to the control treatment. The highest positive
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methabenzthiazuron + propyzamide, linuron +
propyzamide, terbutryne + fluazifop-p-butly), it was
determined that terbutryne + fluazifop-P-butly, imazethapyr and linuron + propyzamide treatments were
effective in both years and methabenzthiazuron was
sufficient in rainy 1997 but it had a weak effect in
dry 1996 [27].
In our study, generally 50% reduced and recommended doses of the isoxaflutale + cyprosulfamide and pendimethalin active substances herbicides
had more positive effects on the investigated traits. It
was especially striking that the averages obtained at
the recommended doses and reduced doses in terms
of grain yield were in the same group. These two
treatments were followed by the 50% reduced and
recommended doses of the linuron active substance
herbicide. Among the herbicides used in the experiment, the phytotoxic effects of the aclonifen active
substance herbicide applied after emergence on
chickpea was higher and it had more negative effects
than other herbicides. In fact, in their study carried
out in two different locations, [28] reported that, in
the pre-planting, pre-emergence and post-emergence
herbicide and hoeing treatments for chickpea, hoeing
under appropriate soil and rainfall conditions as well
as chemicals applied during pre-planting and preemergence increased the yield, the effectiveness of
the herbicides decreased in dry years, and the herbicides applied after emergence caused phytotoxicity
in chickpea at a level of 80-85%. [14] reported that
the yield in chickpea varied depending on herbicides
and locations and the most adverse effects were obtained from the trifluralin treatment. It was determined that the terbutryne, cyanosine, and linuron
herbicides were suitable for obtaining a high grain
yield, respectively. In another study conducted in
Isparta related to chickpea, it was determined that trifluralin treatment before planting had a significant
phytotoxic effect on chickpea and the linuron treatment caused a slight phytotoxic effect after emergence but chickpea could tolerate it over time. Current study trifluralin + linuron treatments, 100-seed
weight and seed yield relatively decreased compared
to the control and 100-seed weight (15%) and seed
yield increased by about 98% with the linuron treatment. The grain protein ratio achieved higher values
than the control in all herbicide treatments [15]. In a
study on lentil, the reduced and suitable doses of
quizalofap ethyl and imazethapyr herbicides were
tested for weed control. The results of the study
proved similar to the results of the present study and
revealed that the chlorophyll content of the plant significantly decreased at all doses of imazethapyr and
at higher doses of the quizalofap ethyl. Higher herbicide doses reduced plant growth and 100-seed
weight. Compared to the control, the grain yield increased and the highest grain yields were obtained at
the reduced and suitable doses of the herbicides [29].
In an herbicide study conducted under the conditions
of Iran, it was determined that the treatment time and

effect was observed in the T10 and T9 treatments.
Considering the mean values of the two years, with
the T9 treatment, the 1290 kg/ha seed yield of the
control (T1) treatment increased by 45.4% and
reached 1875 kg/ha seed yield, whereas with the T10
treatment, it increased by approximately 47.2% and
reached 1899 kg/ha seed yield. Although the seed
yields determined in the T13, T12, and T2 treatments
in the first year were lower than those of T10 and T9
treatments, they were statistically in the same group.
Generally, the increased doses of all herbicides examined in the study relatively decreased the seed
yield. The least effective treatment in terms of seed
yield was the aclonifen active substance herbicide
treatment after emergence. Particularly, the seed
yields obtained from the 50% increased dose herbicides were even lower than the seed yields of the T1
treatment in two years (Table 3).
The insufficient control of weeds in the chickpea cultivation caused significant seed yield losses in
both crop yield and seed quality characteristics. If
weeds do not control effectively in legume farming,
nitrification, the N, P, and K intake of the plants, and
the work of by symbiotic and a-symbiotic bacteria
fixation affect negatively [10, 25]. It has been reported that weeds can be substantially controlled by
chemical methods, especially using the appropriate
herbicides for chickpea at adequate doses and the
seed yield and crop quality can be increased by more
than 50% [15]. However, the effectiveness of herbicides varies depending on the correct use of herbicides and doses, time of use, climate, soil characteristics, and the phonological periods of the target
plants [25]. According to our results, the lowest values in the examined traits were obtained in the control treatments without any weed control. In the manual hoeing (T2) method and herbicide treatment, significant increases were observed in the chlorophyll a
and chlorophyll b contents, seed chemical properties,
protein ratio, seed weight, and seed yield when compared to the control treatment (T1). However, there
were significant differences depending on the herbicides and doses used in the experiment. Moreover,
the effects of the herbicides were found different
from each other in terms of years. The study performed in clay and sandy soils in Italy, 2-4 liters of
imazethapyr + pendimethalin, 3-4 liters of imazafos
+ pendimethalin and 5 liters of pendimethalin were
applied to achieve pre-emergence weed control for
the Sultano chickpea variety. Phytotoxic effects were
not observed in the plants in clay soils with the treatment of the herbicides prior to emergence, and the
yield increased but phytotoxic effects were observed
in sandy soils, which decreased plant development
and yield [26]. In a study in which the effects of manual hoeing on the seed and total crop yield of chickpea (cv. Aziziye-94) under the dry conditions of Erzurum were investigated using nine herbicides (linuron, methabenzthiazuron, terbutryne, imazethapyr,
fluazifop-p-butly, terbutryne + propyzamide,
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NADP [19], isoxaflutole, bentazone and glyphosate
block the electron transport system and isoxaflutole
herbicide inhibits P-hydroxyphenyl purvate dioxygenase enzyme and atrazine shows an inhibitory effect on photosystem II (PII) [20]. In their study on
chickpea, [36] reported that alachor and pendimethalin treatments increased 100-seed weight, the N,
P, and K contents in the seed, and seed yields compared to the control and the alachor herbicide can
yield better results.
The weed coverage rate was 44.7% in the first
year and 38.5% in the second year. According to the
two-year average, weed control; by hoeing was effective 86%, 50% reduced doses of herbicides 7184%, recommended doses of herbicides 81-92%,
50% increased doses of herbicides were over 97%.
In both years the activity of herbicides on  
  L and    was low.
The results of the study and the relevant scientific literature reveals that, under similar ecological
conditions, 125 ml/ha and 250 ml/ha doses of the
isoxaflutale + cyprosulfamide (240 g/l) herbicide
and 1500 ml/ha and 3000 ml/ha doses of the pendimethalin herbicide can be applied to achieve both
high quality and high seed yield in chickpea cultivation and the sustainability of the environment and human health.

herbicides had different effects in the weed control
for chickpea. The highest seed yield was obtained
from the lentagran herbicide applied on the 30th day
after emergence [30].
In our current study all the herbicides examined, 50% increased doses had negative effects on
the chemical composition of the plant and its seed,
100-seed weight, and seed yield. In weed control using chemical methods, it should be considered that
the contact of culture plants with any herbicides will
result in either high or low levels of various side effects. Herbicides can be transported within the cells
and tissues and through the conducting tissues in cultivated plants. Thus, they have implications for various anatomical and physiological structures of the
plant, such as carbohydrate metabolism, enzyme
mechanism, germination of seeds, chlorophyll formation in leaves, the shape of the leaves, rolling of
the stem, and elongation of the roots. They also
changed the mineral content of the plants [3, 31].
They can indirectly reacted with actinomycetes, bacteria, fungi, and other small living creatures in the
soil [31]. In a study conducted on Mung bean, high
doses of the profenofos herbicide were determined to
have phytotoxic and inhibitory effects on germination, root and stem growth and the increased doses of
the herbicides at both root and stalk decreased the
amount of DNA but increased the RNA and protein
content [32]. In another study, the effects of manual
hoeing and different herbicides on some characteristics of Mung bean were investigated. The control
plots had the lowest root length and root weight,
plant height, leaf area index, plant growth rate, protein ratio, net photosynthesis rate, chlorophyll, and
seed index and seed mineral content values. In terms
of the properties examined, significant differences
were obtained with respect to the herbicides used in
the experiment. Some herbicides were in the same
group as the control plots. The highest positive effects in terms of seed yield and other properties were
obtained by the pendimethalin treatments [33]. It
was determined that the high doses of the glyphosate
and quizalofop-P-ethyl herbicides decreased the synthesis of indole acetic acid (IAA) in Mung bean and
reduced the formation of siderophores and P solubility, the number and weight of nodules in the plant,
and the chlorophyll content of the plant [34]. In corn
cultivation, the chlorophyll content and total carotenoid content increased with the treatments of low
doses of propaquizafop and there were no residues in
the soil. However, propaquizafop treatment at higher
doses reduced the total amount of carotenoids and
the amount of chlorophyll A and B in the plant by
inhibiting the phenylpropanoids metabolism and acetyl coenzyme A carboxylase enzyme [35]. Various
studies have reported that metabolic enzyme functions, protein synthesis, and P intake may be inhibited by applying high doses of the herbicides used in
weed control. The nitrogenase activity of
pyriproxyfen inhibits Rubisco-3PGA Kinase and
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and creating new opportunities for rural people. Organically farmed products have many benefits for
human health other than those stated [2, 3]. In addition, European Union (EU) consumers have become
more concerned regarding their nutrition, health, and
the quality of food that they eat. Therefore, organic
products have become very popular. In recent years,
there has been a rising trend in the consumption of
organic products for several reasons. A portion of
consumers buy these products because they wish to
purchase environmentally friendly products [4].
The market for organic products in Turkey, although small, is growing and has great potential. Organic production in Turkey started in the period from
1980 to 1985 in the Aegean region due to the demand
for organic goods in Europe. Since that era, organic
production and consumption in Turkey have increased each year. The variety of the products also
increased in less than 15 years from 37 to 212 in
2009. The first organic products produced in Turkey
were Sultana grapes. Today, there are more than 200
types of agricultural products produced organically
in Turkey. Dried fruits, edible nuts, spices and herbs,
fresh/processed fruits and vegetables, pulses, cereals, industrial crops, oil seeds, and other raw/processed products make up the majority of the organic
production in Turkey [5, 6, 32]. Turkey is one of the
five most important grape growing countries in the
world (Spain, France, China, Italy and Turkey), and
it is one of the four most important vegetable growing countries in the world (China, India, Nigeria and
Turkey) [7]. Organic agriculture in Turkey certainly
needs further development. Turkey has important
advantages in organic agriculture in terms of unpolluted soils, favorable climate that facilitates the
growth of a large variety of crops, and great agricultural production capacity [1, 8]. However, organic
products are not widespread in the Turkish market,
RQO\DWLQ\IUDFWLRQRI7XUNH\¶VRUJDQLFSURGXFWLRQ
is consumed domestically, and the demand for organic products is rather unsteady. Thus, despite its
benefits, organic product sales cannot reach their potential in the Turkish market [2].
One of the primary obstacles to organic food
expansion in Turkey is the existing gap between organic and conventional food prices. Approximately
RI7XUNH\¶VRUJDQLFSURGXFWLRQLVH[SRUWHGWR
foreign countries where organic food prices are

ABSTRACT
Interest in organic products that cause no harm
WRWKHHQYLURQPHQWPDQNLQGDQGWKHZRUOG¶VQDWXUDO
ecosystem increases daily. Organic products have
become a desirable type of product, especially in the
case of healthy eating, primarily because of the harm
caused by conventional agricultural products. The
rate of preference for organic products by the user is
of the most importance to ensure sustainable consumption habits. In this context, this study discusses
the perspectives on organic products of people living
in the four largest cities in Turkey (Istanbul, Ankara,
Izmir, and Bursa) and their organic product preferences. In the scope of the study, a total of 1378 questionnaires based on face-to-face interviews were
compiled with randomly selected people. It was determined that the preferences for organic products
are different among the cities. It was also determined
that female participants (56.00%) and university
graduates (34.10%) with middle- and upper-middleincome levels measurably prefer organic products.
In this preference for organic products, environmental sensitivity, nutritional value and quality are important factors; however, it has been determined that
high prices negatively affect user preferences.

KEYWORDS:
Organic product, Organic consumption, Consumer behavior, Turkey

INTRODUCTION
Organic agriculture is characterized by the nonuse of artificial fertilizers and synthetic pesticides in
crop and fodder production and hormones and antibiotics in livestock and poultry production, while genetically modified organisms represent a sustainable
type of agricultural production [1]. The aim of organic farming is to provide the maximum level of
protection for the environment, plants, animals and
human health without polluting the soil and water resources or the quality of air. Organic farming seeks
to provide the consumer with fresh, tasty and authentic food while respecting nature and animal welfare
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rainy, while summers have relatively less drought
and evaporation and higher humidity. Istanbul is
Turkey's most crowded city and had a population of
14.804.116 people in 2016 [9, 10, 11].
Ankara is the capital of Turkey. This city is located in the central part of the country, known as
Central Anatolia. Ankara, with an area of 26.897
km2, is located at approximately 39°57'N and
32°53'E and is approximately 890 m above sea level.
A continental climate prevails in the city, which is
surrounded by high mountains; the winters are cold,
and the summers are arid. Ankara is a political and
business center of the country, with a high number
of official and trade company workers living in the
city. The population of Ankara in 2016 was
5.346.518 [11, 12, 13].
Izmir is one of the largest cities in western Turkey and is located in the Aegean Region on the
shores of the Aegean Sea, surrounded by numerous
islands and notably green landscapes. Izmir is located between 37°45'-39°15'N and 26°15'-28°20'E
with a surface area of 12.012 km2. Izmir is in the
Mediterranean climate zone, and the summers are
hot and dry, the winters warm and rainy. According
to the 2016 census, the population of Izmir was
4.223.545 [11, 14, 15].

higher than in domestic markets. However, to increase consumption, the existing gap between conventional and organic food prices should be reduced.
On this account, producers receive a premium when
selling in foreign markets, and they expect and want
to earn the same premium in the domestic market,
but the Turkish organic market remains not fully developed, and organic products are not available in all
retail outlets [6].
The purpose of this study is to determine orJDQLF SURGXFW FRQVXPHUV¶ SXUFKDVLQJ EHKDYLRU LQ
terms of how they buy, where they buy, and their
sources of information.

MATERIALS AND METHODS
Research material and study area. Turkey's
four largest cities (Istanbul, Ankara, Izmir and
Bursa) constitute the research material.
The metropolitan city of Istanbul, located in the
Marmara region of Turkey, constitutes the transition
between Anatolia and the Balkans. Geographically,
Istanbul is located between 41°33'-¶1 DQG
28°01'-29°55'E and constitutes 0.7% of Turkey's territory with an area of 5712 km2. Winters are cold and

FIGURE 1
Locations of the research areas
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RESULTS AND DISCUSSION

Bursa is located in the Susurluk basin in the
southern Marmara Region between 39°35'- 40°40'N
and 28°10'-30°00'E. Although the plains of Bursa
exhibit the general characteristics of a Mediterranean type climate, the region has a low mean temperature and a high annual precipitation whose distribution by months is also partly regular compared
with the Mediterranean Region. According to the De
Mortanne drought index equation, the summer
months are dry while the autumn and spring months
are less humid. The population of Bursa in 2016 was
2.901.396 [11, 16]. The locations of the research areas are shown in Figure 1.

Socio-economic structure of organic product
consumers. When the socio-economic structure of
the organic product consumer is evaluated, 56.00%
of the participants were female and 44.00% were
male. In terms of age, it was determined that the 3140 year age group constitutes 26.70% of the participants, the largest group, while the age group 61 years
and over constitutes 1.80% of the participants, the
smallest group. In terms of educational status, a high
percentage of the subjects, 36.50% and 34.10%,
were high school and university graduates, respectively, while the smallest group was the master/doctoral level at 2.90%.
In terms of occupational groups, the largest was
self-employed at 22.31% followed by civil servants
at 18.00%. The smallest group was comprised of retired people at 7.80%. While 3.6% of the consumers
who participated in the survey did not answer questions regarding their income level, it was determined
that they have incomes between 1000 and 3000 TL
with a maximum of 28.60% and 20.80%. In terms of
the number of family members, families with 5 people comprised the largest group (36.50%) followed
by families with 4 people (23.70%) (Table 1). These
results are in line with other studies. In fact, Sarikaya
[19], Eti [23] and Bigen [24] stated that primarily female consumers and high-income level university
graduates constitute the demographic structure.

Method. The survey method was applied in
this research. To calculate sample size, the proportional sampling method was used, and the number of
questionnaires was calculated according to the following formula [17].
n = N*p*q / (N-1) * D + (p*q)
N = Main mass (total population of 4 provinces =
27.275.575 according to 2016 data) [11].
p=0,5
q=0,5
D=(e/z)2 (0, 02640/1,96)2
D = Error rate (0.000181424)
z = statistical value (1.96, 95% confidence interval)
According to the formula, n = 1378 is the calculated number of questionnaires. The questionnaires were distributed proportionally according to
the population of the 4 provinces and determined, on
a provincial basis: Istanbul (748), Ankara (270), Izmir (214) and Bursa (146). The questionnaires were
administered randomly through face-to-face interviews at different times throughout the year. The
questionnaires consisted of three sections that incorporated open and closed-ended questions. The first
part included questions about the socio-economic
structure of organic product consumers, the second
part asked questions regarding the general opinions
and thoughts about organic products, and the last
part included questions about whether or not organic
products are preferred. A triple Likert scale was used
for the questions about the preferences of organic
products, and the evaluation was based on grades of
1 (very important), 2 (moderately important) and 3
(insignificant) [17, 18, 19, 20, 21, 31].
The data obtained from the questionnaires were
evaluated with the SPSS 23 program. Frequency
analysis was used in evaluating the socio-economic
structure and general opinions about organic products. Reliability analysis was conducted in the evaluation of questions regarding the preference of organic products. The reliability of the factor groups
ZDVGHWHUPLQHGXVLQJ&URQEDFK¶VDOSKDDQGFRUUH
lation analysis was used to reveal the relationship of
the factors with the socio-economic structure [22].

General consumer opinions about organic
products. In the questionnaire survey, it was determined that 73.00% of urban people were confident
regarding organic products, while 27.00% were not
trusting when asked about the meaning of the concept of organic products and their reliability. A large
majority (30%) of the respondents observed organic
products as natural and hormone-free products, 21%
considered them to be healthy products, 12% observed them as expensive products, and 4% of the
participants did not know the concept of organic
products (Figure 2).
These results are in line with other studies. In
fact, Sarikaya [19] stated that the most important reason for preferring organic products is that they do not
include drugs, hormones and additives, while Oroian
et al. [25] noted that the perception of healthfulness,
sustainable consumption and sensory attractiveness
are among the main reasons for organic food consumption. Similarly, Krishnakumare [26] emphasized that organic products are healthy and lack of
reliability is 29%.
It has been determined that urbanites buy organic products in different places and have different
brand preferences depending on the city. The residents of Izmir, Istanbul and Bursa preferred organic
markets at rates of 56.5%, 39.5% and 45.2%, respectively, while 41.1% of Ankara residents preferred organic product stores. The smallest group of Bursa
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residents (0.7%) stated that they purchased organic
products from organic markets and stores, while
0.5% of those living in Izmir stated they bought organic products via the Internet (Table 2). The reVSRQGHQWV HPSKDVL]HG WKDW WKH\ PRVWO\ XVH 6DNOÕ

Cennet, City Farm, Organicum Shampoo and Hipp
Organic Baby Products in terms of their organic
product brand preferences.

TABLE 1
Frequencies of socio-economic structure of the respondents
Socio-economic structure
Female
Male
18-21
22-25
26-30
31-40
41-50
51-60
61 and above
Unresponsive
Illiterate
Secondary school
High school
College graduate
Graduate and above
Unresponsive
Worker
Officer
Retired
Self-employed
Housewife
Student
Unemployed
Between 0-500
Between 501-1000
Between 1001-2000
Between 2001-3000
More than 3000
Unresponsive
single;
2 people
3 people
4 people
5 people

Sex

Age

Education

Occupational Status

Monthly Household Income (TL)

Number of members
in the household

Frequencies (%)
56.00
44.00
13.90
20.00
21.20
26.70
12.40
3.60
1.80
0.40
4.80
21.00
36.50
34.10
2.90
0.70
15.50
18.00
7.80
22.30
15.20
9.80
11.40
19.30
17.40
28.60
20.80
10.30
3.6
7.80
13.70
18.70
23.70
36.10

Natural and hormone-free







Healthy product



Quality product
Expensive
Delicious and beautiful



GDO-free product
Clean and environmentalist
I do not know

FIGURE 2
Consumer evaluation of organic products
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TABLE 2
Point of purchase for organic food products (%)
Product point
Bazaar
Supermarkets
Organic Food Stores
Internet
I do not purchase
Bazaar + Supermarkets

Istanbul
39.8
18.6
14.3
4.5
18.7
4.1

0,7
2,3
0
4,8

TasteFlavor/Appearance

Izmir
56.5
10.7
5.2
0.5
22.9
4.2

Bursa
45.2
16.4
11.0
1.4
25.3
0.7

Bursa

ø]PLU

Ankara

øVWDQEXO

7,5

1,5

Label Information

Ankara
21.1
15.9
41.1
15.6
3.0
3.3

9,3
9,8
18,5

I can not
distinguish

29,9

5,5
16,7
25,3

5,1

Certificate-Logo

35,6
14,7
14,4
21,5
20,7
21,9

Appearance

33,6

Taste-Flavor

39,7

28,9
32,1

0

10

20

30

40

Percentage (%)

FIGURE 3
Distinguishing features of organic products
Thus, the consumers in the four major provinces subject to our study generally stated that they
can distinguish organic products according to their
different characteristics. However, Surrett [5] suggests that consumers cannot distinguish organic
products from traditional products. When the information sources used by organic product consumers
are questioned, the residents of Istanbul, with the
highest rate of 40.9%, acquire information about organic products via the Internet, while residents of
Ankara, with rates of 38.9% and 38.5%, stated that
they get information about organic products through
the Internet and the advice of friends, respectively
(Figure 4). It has been determined that the least
amount of information was obtained from magazines
for all the provinces studied. Similarly, Sarikaya [19]
and Suharjo et al. [29] reported in their studies that
people often learn about organic products via the Internet and television.

These results are found to be related with other
studies. For example, Ergin et al. [27] found that the
best places to buy organic products in Ankara and
Istanbul are organic markets and stores for consumers. Further, Stukas et al. [28] noted that in the case
of France, people buy organic products from supermarkets (75%), farmers' markets (37%), private
stores (30%) and organic farms (23%).
Conversely, when questioned regarding how
the respondents distinguished organic from non-organic products, the study observed differences
DPRQJWKHFLWLHV7KHUHVLGHQWVRIø]PLUZLWKDPD[
imum of 39.7%, and those living in Istanbul, at
32.1%, stated that they distinguish organic products
by their taste and odor properties, while 35.6% of
those living in Ankara recognize organic products by
looking at the certificate or logo. At least 0.7% of
Bursa residents stated that they can distinguish organic products by both taste-smell and their appearance (Figure 3).
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øVWDQEXO
50

40,9 38,9
38,7

40

Percentage (%)

Ankara

ø]PLU

Bursa

38,5
31

30,1

28,6 29,5

24,7

30

20,2

18,4
13,3

20

14,3
7,9 9,3
8,2

10
0
Internet

Television

Magazine

Friend
recommendation

FIGURE 4
Information sources for organic products consumers
TABLE 3
Preference factors and reliability analysis of organic products
Preferring factors
Environmental sensitivity factor
Nutrition and quality
factor

Being environmentally friendly
Being important for nature conservation
Non-use of hormones
High taste and aroma
High nutritional value

Non-preferring factors
Regard it as temporary enthusiasm
Not healthy
High Prices
Unable to find the products

Perception factor
Marketing factor

Mean
1.48

Variance
0.463

1.49

0.487

2.90
2.93
2.86
Mean
2.14
2.08
1.49
1.49

1.096
1.297
1.437
Variance
0.707
0.678
0.523
0.491

Cronbach's alpha
0.707

0.649
Cronbach's alpha
0.702
0.614

TABLE 4
Relationship between preference factors and socio-economic structure
Preferring factors
Environmental
sensitivity factor
Nutrition and quality
factor
Nonpreferring
factors
Perception factor
Marketing factor

S S

Gender

Age

Educational
background

Occupation

Income level

0.000***

-0.000***

0.009*

0.040*

0.627

0.000***

-0.000***

0.009*

0.994

0.000***

Gender

Age

Occupation

Income level

0.037*
0.000***

0.425
0.000***

-0.001***
-0.023*

0.019**
0.001***

Educational
background
0.001***
0.000***

S

Cronbach's alpha of 0.649, also highly reliable. Participants stated that organic products were preferred
due to the absence of hormones and their high taste
and aroma value (Table 3). In regard to the non-preferring factors of organic products, the first is called
the Perception factor, the Cronbach's alpha of which
is highly reliable at 0.702. A strong majority in this
factor group indicated that they regard organic products as temporary enthusiasm and do not prefer
them. The second factor group evaluated was the
Marketing factor whose Cronbach's alpha is 0.614, a
highly reliable value. Participants said that they did
not prefer these products because they were unable

Preference factors of organic products and
their relationship with the socio-economic structure. In the study, the preference and non-preference
factors of organic products were considered in two
groups. The first factor of preference is the Environmental Sensitivity factor, whose Cronbach's alpha is
0.707. Values between 0.60 and 0.80 are considered
WREHKLJKO\UHOLDEOHZLWK&URQEDFK¶VDOSKD3DUWLFL
pants of the survey emphasized that organic products
are environmentally friendly and important for nature conservation. The second factor falls under the
heading of Nutrition and Quality and has a

3859

© by PSP

Volume 27 ± No. 5A/2018 pages 3854-3862

Fresenius Environmental Bulletin

that the most important reason for not preferring organic products in a study among senior executives
working in different institutions and organizations in
Istanbul is the high prices.

locate the product and because of the high prices
(Table 3).
The relationship between the preferring/nonpreferring factors of the organic products with the
socio-economic structure was determined by correlation analysis, and the results of the analysis are
shown in Table 4.
According to Table 4, the Environmental Sensitivity preference factor was found to be unrelated
to income level but related to gender, age, educational background and occupation. Female participants, university graduates, civil servants and selfemployed people stated that environmental sensitivity is an important factor in their preference for organic products. The Nutrition and Quality factor was
found to be related to gender, age, educational background and income level, while no meaningful relationship was found with occupation. Female participants and high school and university graduates with
income levels between 1000-3000 TL said that this
factor is an important one in their preference for organic products. However, the ("r") value of the correlation coefficient was determined to be negative
(-) for age range in both factors, and it was determined that there is a correlation in the opposite direction. According to this finding, people in the 30to 40-year-old age group state that the Environmental Sensitivity and Nutrition and Quality factors are
important in their preference for organic products; as
the age interval increases, the importance of these
factors decreases.
When the non-preferring factors are evaluated,
the Marketing factor is found to be related to the socio-economic structure. This factor is the leading
reason for non-preference among male participants
and primary school graduates with low-income levels between 18-20 and 30-40 years of age. The Perception factor is related to gender, education, occupation and income level, but it is not related to age
range. Female participants, high school graduates
and participants with an income level of 1000-3000
TL stated that the Perception factor is important in
their non-preference for organic products. Additionally, the ("r") value of the correlation coefficient was
determined to be negative (-) for occupation in both
factors, and it was determined that there is a correlation in the opposite direction. According to this, selfemployed people emphasize that the Marketing and
Perception factors are important in their non-preference for organic products, while unemployed, retired
and student participants said that these factors are
less important.
The results achieved are determined to be related to other studies. In fact, Atalay [30] stated that
people with income levels of 4,000 TL and above are
more environmentally conscious in their study conducted on public attitudes about organic food consumption in the Yenimahalle and Çankaya districts
of Ankara province. Likewise, Eti [23] determined

CONCLUSIONS
After the green revolution, farming with intensive input initially provided satisfaction to producers
and consumers. However, over time, harmful effects
to the ecosystem and human health have begun to
emerge. People are presented with the concept of organic products in their search for a healthier environment and healthy nutrition. Organic products that are
hormone-free, healthy, and high in nutrition initially
became a focus of interest for those with small children and health problems; more recently, they have
attracted the attention of the public as a whole with
an increase in the number of organic markets and
stores.
This study investigating the awareness and
preferences of people living in large cities of Turkey
toward organic products has shown that Turkish people are not indifferent to organic products. It found
that women and middle-aged people with middleand high-income levels and higher educational backgrounds show more preference toward organic products. Elderly people who ate natural products during
their youth and are not accustomed to the concept of
unhealthy products were found to have little interest
in organic products. Nevertheless, it is important that
all the participants stated that organic products are
environmentally conscious, healthy, nutritious and
of high quality, while people with relatively low income levels, in particular, perceive organic products
as a passing fancy due to the high prices because they
have limited purchasing power.
As a result, it is important to ensure a sustainable system in the production chain in order for all
humans to benefit from organic products in the context of healthy consumption. The promotion of organic products and their accessibility must be increased which, in turn, will promote nurturing
healthier individuals for future generations, specifically by providing organic products to consumers at
reasonable prices.
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SUBJECT INDEX
A
AAS
Acer pseudoplatanus L.
Achillea millefolium
Adana
Adsorption
Air pollution
air pollution index
Ajwain
algae removal
Aluminum
AMF
ammonianitrogen
Anaerobic digestion
annotation
Anti-biofilm
Antibiotic production wastewater

3444
3815
3713
3359
3342, 3386
3597
3597
3592
3382
3318
3462
3796
3425
3290
3713
3803

antibiotics
Antimicrobial activity
Antioxidant
antioxidant activity
Antioxidant Enzyme
antioxidant enzymes
Antioxidants
AOP
apoptosis
aquaculture
Arid Condition
As
atmospheric pollution
ATPase activity
average wind
AWI

3837
3713
3587
3351
3783
3554
3592
3803
3766
3796
3577
3399
3444
3318
3245
3419

B
B. amyloliquefaciens (Ba)
B. thuringiensis var. kurstaki (Bt)
Bacillus amyloliquefaciens
Bacillus subtilis (Bs)
Bacillus thuringiensis var. kurstaki(Bt)
Bacillusamyloliquefaciens (Ba)
bacterial calcium carbonate precipitation
bacterial speck disease
beginning growth
binding phases
Biochar

3706
3706
3796
3706, 3746
3746
3746
3654
3571
3678
3259
3678

bioindicators
Biopore
biotic stress reduction
bisoxadiazole
Blind numbers
Bornova
boron (B)
Box-Wilson
Brachionus calyciflorus
Breeding
buried depth

3444
3452
3300
3351
3549
3530
3554
3276
3645
3832
3495

C
Cabbage
Cadmium
calcite
Canned meat
Carbon emissions
carbon isotope information
Carcinogenic risk
Catalytic wet oxidation
Cauliflower
characterization
chemical content
Chemical oxygen demand (COD)
Chickpea
chitin synthesis inhibitor (CSI)
Chlorophyll
Citrus mealybug
Climate change
coal chemical industry
Coal mining area
COD

3482
3419
3654
3419
3306
3654
3399
3687
3746
3469
3846
3803
3728, 3846
3823
3554, 3789
3231
3666
3399
3692
3796

COD removal
common carp
Competition
cone
Cone index
Congo Red
Connectivity
Conservation agriculture
Consumer behavior
Copper
corn cob
Corn stalk
correlation
Crop rotation
Cucumis sativus
Cu-LDHs layered hydroxide
&XPDOÕNÕ]ÕN
Cumhuriyet University campus
cuticle
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3687
3318
3542
3832
3452
3342
3512
3332
3854
3284
3678
3701
3728, 3832
3332
3375
3284
3433
3476
3823
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D
Dam
dehydrogenases
desulfurization
DGGE
Diabetes mellitus
diffusive gradients in thin films (DGT)
E
Ecological indices
Economic analysis
Economic scale
ecosystem service
Effective microorganism
Electrochemical method
Electroplating wastewater
Elevated ambient CO2
Energy economics
F
fatty acids
Fe(III)/H2O2/Solar-UV process
feature classification
Fermentation
fertilizer value
Ferula communis
Fissure water
G
Galleria mellonella
gamma-linolenic acid
Gasification
Genotype
Geothermal water
germination
germination physiology
Ginger
GIS

3409
3837
3633
3482
3766
3259

digestate
digestate utilization
DPPH
DPPHT
Drying methods
dyes

3425
3425
3587
3592
3506
3386

3266
3332
3306
3561
3721
3587, 3592
3284
3252
3759

enrichment ability
environment
Erosion
Erzurum
Essential oil
evolutionary entity
Exothermic Process
extract

3439
3721
3359
3759
3231, 3713
3645
3342
3375

3617
3276
3597
3482
3425
3375
3639
3823
3617
3701
3577
3617
3375, 3815
3815
3367
3359

Flu Virus
fluid catalytic cracking
Foliar application
Forest products industry
forestry
fumigant toxicity
fungal diseases

3245
3633
3300
3776
3815
3231
3300

Glucose
goaf water
Grapevine
green infrastructure
greenhouse gas
Groundwater
growth
Gulf of Aqaba
GYSVd-1

3733
3692
3326
3530
3606
3495
3617
3740
3326

H
H2 production
haematological parameter
harvest times
heavy metal bioavailability
Herbicide tolerant soybean
herbicides doses
heritability

3701
3318
3462
3259
3266
3846
3728

high-tunnel
HL-RF algorithm
Hordeum vulgare
host plant
HPLC-FLD
Hypoderma spp

3807
3409
3375
3462
3367
3290

I
Immunoaffinity column
in situ soil moisture
inhibition
insects
Integrated Wood Industry
integument

3367
3236
3351
3300
3276
3823

intracellular phytase
Invasive plants
Iodide
ions regulation
irregular shape

3469
3542
3284
3318
3654

K
karst cave
kidney function

3654
3733

Kriging model

3409
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L
lala clam shell
land use
Landsat 8
landscape
Landscape metrics
Landscape pattern
Landslide
Larvae
Latin hypercube test
Lead
leaf area

3386
3561
3236
3561
3512
3512
3639
3290
3409
3419
3554

lettuce
lichen
LIDAR
life history characteristics
lipid
Liquorice
liver function
low pH
low tunnel
lysimeter

M
Magnetic field
maize straw
Mann-Kandall
Matrix metalloproteinase 9
Mg/Ca
Mg-Mn spinels
Microbial biomass
Microcystis aeruginosa

3815
3678
3666
3766
3654
3633
3252
3382

microorganisms
middle reaches of the Yangtze River
Molecular Hybridization
Monitoring scheme
Monte Carlo
moss
mycorrhizal sporulation

3259
3597
3326
3639
3399
3444
3462

N
nano-Fe2O3
nano-zinc oxide
Nanping
natural flocculant
natural wind
needles
Nematode community structure analysis
NH4+-N

3803
3687
3561
3382
3245
3444
3266
3506

Nitric Oxide
NO3--N
Nocardia sp.
Noise from traffic
Noise map
Noise pollution
Nutmeg
nutrients-chlorophyll content

3783
3506
3654
3476
3476
3476
3367
3624

O
Ochratoxin A
Ochrobactrum anthropi
Oil Content
Oily wastewater
olive leaves extract

3367
3469
3577
3687
3733

one-way ANOVA
oral exposure risk
Organic consumption
Organic product

3433
3549
3854
3854

P
Paddy soil
palladium
Paraoxonase
path analysis
Peak levels
peat
permafrost
PGPR
pH
phosphatases
phreatic evaporation
Phytoextraction

3452
3444
3351
3728
3306
3606
3606
3571
3654
3837
3495
3252

phytoremediation
Planococcus citri
Plant Hormone
Platinum
pollution assessment
pomegranate peel
population
Prokaryotic microbial communities
Pseudo-first-order model
Pseudomonas spp.
public perception
pyrolysis

3439
3231
3783
3444
3692
3382
3832
3482
3342
3571
3521
3678
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R
Radical Trapping
Real-time PCR
Regulating ecosystem services
remediate mercury-contaminated soils
remote sensing
Removal
resistance index
Rhizobacteria
regression tree
Remediation
reproductive
S
Safflower
Sagittaria angustifolia
Sagittaria graminea
Salt Stress
Saudi Arabia
Sea Cucumber
Sediments
seed
seedling growth
silicon
Simultaneous equation model
Soil
Soil nematode
Solar oxidation
solar radiation
solid phase extraction
solid-liquid organic fertilizer
sorghum

3587, 3592
3326
3530
3439
3561, 3789
3284
3837
3571
3107
2913
3162

3577
3542
3542
3783
3419
3740
3506
3815, 3832
3375
3300
3306
3399, 3721, 3837
3266
3276
3807
3444
3624
3789

risk rate
road infrastructure
roadside green spaces
root colonization
Root distribution index
RT-PCR
rural tourism
RUSLE
risk rate
road infrastructure
roadside green spaces

South Eastern Black Sea
Sowing Time
spectral reflectance
Spirulina platensis
Square wave
Staphylococcus aureus
strain
Straw incorporation
Stream
streptozotocin
structural effect
sulfonamide
sulfur transfer catalyst
Sunflower
Supercritical water
sustainability
Sustainable product
Syzgium cumini

3409
3521
3521
3462
3452
3326
3433
3359
3409
3521
3521

3752
3577
3624
3617
3587, 3592
3713
3645
3452
3752
3733
3306
3351
3633
3554, 3783
3701
3433
3776
3342

T
T2DM
technical effect
Temperature
temperature-vegetation-dryness-index
WKH*UHDW+LQJ¶DQ0RXQWDLQV
Thymusfloral water
TN
Tobacco whitefly
TOC degradation
tolerance to mercury
tomato
Tourism

3733
3306
3645, 3807
3236
3606
3587
3506
3746
3276
3439
3571, 3721
3433

tourist satisfaction
Trace Metals
transcription
transportation
Trend analysis
Trichoderma inoculum
Triflumuron
turbidity
Turbulence Model

U
uncertainty
Upper Indus basin

3399, 3549
3666

urban landscapes
urease

3521
3837

Visual quality assessment
vitamin D

3521
3766

V
variability
vegetation index
Viroid

3728
3789
3326

3871

Turkey

Turmeric
Tween20

3433
3740
3290
3245
3666
3252
3823
3796
3245
3332, 3759, 3854
3367
3706
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W
Water Pollution
Water quality
water quality evaluation
water treatment
Water-induced Landslides

3752
3752
3692
3386
3639

Western Black Sea Region
wetland
wheat
Whitefly stages

3776
3606
3759
3706

Y
yield
Yumurtalik

3846
3359

Yungang Grottoes

3692

Z
Zn availability

3252
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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!
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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
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is not considered to be an abstract.

DOCTORAL THESIS:
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UNPUBLISHED WORK:
Papers that are unpublished but have been
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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.

Corresponding author: The name of the
corresponding author with complete postal address

Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Precondition for publishing:
A minimum number of 25 reprints must be ordered
and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 1.50 EURO/page x number of
reprints +postage/ handling.
The prices are based upon the number of pages in
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Postage/ Handling: The current freight rate is
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