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Persulfate based oxidation processes have
gained increasingly attention in recent years. Persulfate would be activated by heat, UV or metal catalyst, producing highly oxidative sulfate radicals to
degrade pollutants. Degradation of paracetamol
(APAP) in water by two persulfate based oxidation
processes (UV/Persulfate and heat/Persulfate) was
studied to compare the difference between heat or
UV activated persulfate systems. For all the reaction
conditions tested in study, the APAP decomposition
exhibited a pseudo-first-order kinetics pattern (R2 ≥
0.95). The removal efficiency and the pseudo-firstorder degradation rate constant () were affected
by initial APAP concentration, oxidant dosage, pH,
co-existing chemical such as humic acid, chloride,
bicarbonate to different degrees. Considering the energy and chemical costs, the       
 (EE/O) was determined as the following order:
Heat/Persulfate (31.8 kWh/m3/order) > UV/Persulfate (23.8 kWh/m3/order). Results demonstrated that
heat and UV activated persulfate systems are potential alternatives to control pollution caused by
emerging contaminants such as paracetamol.



Principal radicals such as hydroxyl radicals
(HOG) would be formed in AOPs, which exhibit a
high standard reduction potential (1.8-2.7 V) and be
capable to destruct molecular structures of organic
pollutants [7]. Among the HOGbased AOPs, Fenton
reaction and ozone have been extensively studied.
However, in Fenton reaction, the rigorous acid pH
ranges and ineffective utilization of the rapidly generated HOG restrict its application [8, 9]. While for
the ozone, high costs for equipment such as ozone
generator, gas absorbing devices, and cooling devices are demanded [10-12].
Nowadays, sulfate radical (SO4G) based AOPs
have attracted more attention as an alternative for
HOG based AOPs in removal of emerging organic
pollutants [13-16]. SO4G would be generated when
persulfate (PS) or peroxymonosulfate (PMS) was activated by metals [17-21], heat [22-24] or UV [2529] according to Eqs. (1)-(5). Recently, we explored
the Fe2+/PS system [30] and magnetic Fe3O4 /PMS
system [31]. Conclusions specified that SO4G would
be produced in both systems. However, continuously
high removal of pollutant was observed in neither
Fe2+/PS system nor Fe3O4 /PMS system. In addition,
secondary pollution caused by iron salts was also a
main limitation for application of iron activated
PS/PMS systems. Oxidation processes with continuously high removal efficiency and minimization of
secondary pollution should be explored in SO4G
based AOPs.
S2O82- +  → 2 SO4-G
(1)
HSO5- +  → SO4-GHOG
(2)
(3)
S2O82- +  → 2 SO4-G
S2O82- + Men+ → SO4-GMe(n+1)+SO42(4)
HSO5- + Men+ → SO4-GMe(n+1)++ OH(5)
To best of our knowledge, literature on paracetamol (APAP, seen in Table.S1) removal by SO4G
induced oxidation in UV or heat activated PS system
is limited. The objective of current study was to estimate the difference between APAP degradation in
UV and heat activated PS systems. Kinetic tests were
conducted under the same influencing factors and
economic efficiency were compared for two systems
for the first time.

,+#&'
Advanced Oxidation, Degradation, Kinetics, Persulfate,
Pharmaceuticals

"(&#)(#"
More and more pharmaceuticals have been
manufactured and consumed by human beings,
while most of them would be discharged from body
unchanged or partially metabolized, entering into the
municipal waste stream [1]. Nevertheless, traditional
drinking water treatment and wastewater treatment
are unable to remove pharmaceuticals effectively [24]. As a result, many pharmaceuticals have been
gradually detected in raw water, drinking water and
treated water from ranges of ng/L to µg/L concentrations [5, 6], which would cause risks on human
health and aquatic species. To eliminate the pharmaceuticals from waters, advanced oxidation processes
(AOPs) are attracting increasingly attention.
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bath apparatus was kept at a stable temperature of 60
± 0.1 oC. The schematic diagram about two apparatus were shown in Figure. S1, more details about
apparatus could refer to our previous study [33, 34].
In briefly, the oxidant stock solution was prepared
30 min before use, pre-determined amount of salt
were added into reactor. Appropriate volumes of oxidant stock solution were added into reactors once
the reaction started. At each sampling time, 0.8 mL
sample was collected into a 2.0 mL sample bottle
pre-filled with 0.2 mL ethanol that quenched the oxidation caused by any residual oxidants.

63971/8/:/8E?7?Paracetamol was measured
using a high-performance liquid chromatograph
(HPLC) (Waters 2010, USA) equipped with a Symmetry C18 column (dimensions 250 mm×4.6 mm, 5
µm, Waters, USA) and a UV detector (Waters 2489)
set at 243 nm. The mobile phase was a mixture of
Milli-Q water and HPLC-grade methanol (v:v =
27:75) at a flow rate of 0.75 mL/min [35]. The detection limits of HPLC measurement of APAP is 2
μg/L. Solution pH was measured with a Mettler Toledo pH meter. All of the experiments were duplicated. Symbols and error bars in figures represent the
average values and standard deviations of the data
obtained. Statistical analysis was performed using
Origin 8.0.

!(& '"!(#'

63971/8?All chemicals were at least analytical grade, except as noted. All the solutions were
prepared using ultrapure water from a Milli-Q Academic water purification system. Acetonitrile
(HPLC grade, ≥99.9%), Paracetamol (≥99.5%), humic acid (≥99.5%) were purchased from Sigma-Aldrich., sodium persulfate (Na2S2O8, ≥99.5%), ethanol (EtOH, ≥99.7%), sodium phosphate (Na2HPO4,
≥99.0%), monobasic sodium phosphate (NaH2PO4,
≥99.0%), sodium chloride (NaCl, ≥99.9%), sodium
carbonate (Na2CO3, ≥99.8%), and sodium bicarbonate (NaHCO3, ≥99.5%) were purchased from Sinopharm Chemical Reagent Co., China. Solution pH
was maintained using phosphate buffer solution
(0.02 M NaH2PO4 and 0.02 M Na2HPO4) because
the impacts of phosphate species (e.g., H2PO4- or
HPO42-) on radical oxidation are negligible [32].

/@6 ;D72/@7;: 3D<3>793:@? UV-based tests
and heat-based tests were conducted in a bench scale
apparatus and water bath apparatus, respectively.
The UV lamp in reaction was 75 W, with a calculated irradiance on solution surface of 1.14 W/m2,
the temperature was kept at a stable temperature of
25 ± 0.1 oC by air conditioning system. The water

/0

1
)& 
35>/2/@7;:;4$$A:23>27443>3:@-$$. D<3>793:@/81;:27@7;:?
-$$.   F  9!-$'.   9!<0A443>32 @ 97:/)* $'03/@ $'
1;9</>7?;:;4A:23>@C;?E?@39?
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While in Heat/PS system, the  values were calculated to be 6.66×10-2 min-1, 2.14×10-2 min-1,
1.55×10-2 min-1 and 0.60×10-2 min-1, correspondingly. The removal efficiency and  values declined obviously as [APAP]0 increased in two systems. Additionally, the  values of the oxidation
processed followed the decreasing order: heat/PS >
UV/PS under four [APAP]0 values with a fixed oxidant dosage ([Oxidant]0 / [APAP]0 = 30:1). The 
decreased in two systems as [APAP]0 increase was
due to the fact that with the same dosage of oxidant,
radical concentrations would also be the same. Correspondently, to achieve the same removal efficiency, systems with a higher APAP concentration
would require more time, thus lowering APAP degradation efficiency. It could be concluded that more
reactive oxidative radicals would be generated in
Heat/PS system compared with UV/PS when the
dosage of PS was same. The  in systems exhibited
an exponential trend as a function of [APAP]0:
UV/PS:  = 0.081e(26.8[APAP]0) min-1, 2 = 0.97.
Heat/PS:  = 0.114e(21.8[APAP]0) min-1, 2 = 0.97.
Similar trends were also reported in Deng et al. [36]
research in carbamazepine degradation by UV/PS
system.

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

4431@;4$$1;:13:@>/@7;:Figure. 1 describes the APAP degradation performance under
different initial APAP concentrations. The removal
efficiency was about 78.8%, 66.0%, 35.9% and
28.8% in UV/PS system and 100%, 73.9%, 62.7%
and 33.4% in Heat/PS system when [APAP]0 was
0.033mM, 0.067 mM, 0.099 mM and 0.132 mM, respectively. The pseudo-first-order kinetic model
(Eq. (6)-(7)) was applied to calculate the observed
degradation rate () in UV/PS and Heat/PS systems as follows:
-d[APAP] / dt =  [APAP]0
(6)
[APAP] / [APAP]0= -  t
(7)
Where [APAP] and [APAP]0 are the concentrations of APAP (mM) at time t and time zero, respectively.  is the pseudo-first-order degradation rate
constant (min-1).
The  values were determined to be 2.89 ×
10-2 min-1, 1.53×10-2 min-1, 0.67×10-2 min-1 and
1.93×10-3 min-1, respectively as [APAP]0 increased
from 0.033 mM to 0.132 mM in UV/PS system.


/0
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)& 
35>/2/@7;:;4$$A:23>27443>3:@-$'. D<3>793:@/81;:27@7;:?
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4431@;4<3>?A84/@32;?/53The effects of oxidant dosage (1.0-4.0 mM) on the APAP degradation
during UV/PS and Heat/PS systems are shown in
Figure.2. The removal efficiency was about 27.1%,
66.0%, 87.5%, 94.7% in UV/PS system and 34.5%,
73.8%, 88.6%, 98.8% in Heat/PS system when [PS]0
was 1.0 mM, 2.0 mM, 3.0 mM and 4.0 mM, respectively. The calculated  values increased from
0.50×10-2 to 4.70×10-2 min-1 in UV/PS system and
from 0.68×10-2 to 6.13×10-2 min-1 in Heat/PS system, respectively. Higher dosage of oxidants could
lead to an increase in the steady-state concentration
of reactive species generated in systems according to
Eq. (1) and Eq. (3). It could be concluded that higher
removal efficiency and  values were obtained in
heat/PS system compared with UV/PS system under
four [PS]0 values.
SO4-GS2O82- →SO42- + S2O8-G(8)
SO4-GSO4-G →S2O82-(9)
In both systems, the APAP degradation rate
constants exhibited a linear relationship with the oxidant dosage. For UV/PS treatment, 
=0.0110[PS]0 - 0.0067, R2 = 0.96; For heat/PS treatment,  =0.0172[PS]0 - 0.011, R2 = 0.98. In our research, no obviously scavenging effect (Eq. (8)-(9))
of excessive oxidant dosage was observed, due to the
oxidant dosage ranges 1.0-4.0 mM, which was too
low to reach an scavenging effect reported of 30 mM
in Olmez’s research [37].





    

the APAP degradation patterns were approximately
the same for two systems in neutral and acid solutions (pH 1.7-7.0), where the degradation patterns
differs in basic media (pH 7.0-11.0). The degradation of APAP could be highly dependent on the dominant species in matrix, and the effect of pH could be
assessed from the distribution of various forms in
which APAP and radicals could exist under various
pH conditions [38]. The removal efficiency was
about 77.4%, 73.2%, 65.9%, 65.4%, 27.8% and
79.6% in UV/PS system and 90.6%, 86.0%, 82.4%,
77.8%, 78.5% and 69.7% in heat/PS system when
pH was 1.7, 3.0, 5.0, 7.0, 9.0, 11.0, respectively. The
 value of APAP was pa1=1.72 and pa2=9.86,
respectively, indicating that the distribution of undissociated APAP, monobasic APAP (APAP-), and dibasic APAP (APAP2-) varies with pH values [39]. It
could be calculated that the negative ion APAP- and
APAP2- (>99.5%) are the more dominant species at
pH > 4.0 (Seen in Figure. S2).
In acid and neutral pH matrix, the APAP exist
as molecular, and more SO4G would be generated
from acid-catalyzation, according to Eq. (10) and Eq.
(11), which can react with APAP to enhance the degradation efficiency of APAP. As a result, the  of
APAP degradation decreased from 2.37×10-2 to
0.46×10-2 min-1 and 3.50×10-2 to 2.31×10-2 min-1in
UV/PS and Heat/PS system respectively, when pH
increase from 3.0 to 9.0.
S2O82- + H+ → HS2O8(10)
HS2O8- → SO4-GSO42-+ H+
(11)
(12)
SO4-G+ OH- →SO42-+ HOG

4431@ ;47:7@7/8 <The effect of pH on the
degradation of APAP in the presence of UV/PS and
Heat/PS is depicted in Figure.3. It was observed that
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Cl- added in system. Obviously inhibition was
founded with addition of Cl-, and lowest APAP removal of 63.7% was observed when [Cl-]0 increased
to 100 mM. All the APAP degradation well fit a
pseudo-first-order kinetics pattern. The calculated
 of each test was shown in Table.1, and the
changes of  were in accordance with removal efficiency.
SO4-G+ Cl- → SO42-+ ClG
(13)
Cl- + ClG↔ Cl2-G(14)
(15)
2Cl2-G→ 2Cl- + Cl2
Cl2 + H2O → HOCl + H+ + Cl(16)
When the concentration of Cl- (1mM) was low
in UV/PS and Heat/PS systems, chloride radicals
(ClG) were produced according to Eq. (13), and active SO4Gwould be consumed. Although the ClGwas
active toward APAP, the redox potential of
ClG((Cl·/Cl-) = 2.4 V) was lower than SO4G, which
would lead to a inhibition of APAP degradation. As
[Cl-]0 increased, the Cl- effect on persulfate oxidation
in three respects: First, SO4Gself-decomposition of
Eq. (8) would be competed and inhibited by Eq. (9),
thus leading to an improvement of APAP degradation. Second, less reactive radicals of ClGwould be
transformed according to Eq. (13), and APAP removal would be improved. Third, less reactive oxidants of Cl2-G and HOCl would be generated according to Eq. (14)-(16) when the [Cl-]0 was higher than
10 mM. For two systems, as [Cl-]0 was higher than
10 mM, an decrease of removal efficiency was observed for the inhibition caused by second and third
reason was more obviously than the enhancement
caused by the first reason. Similar Trend was also reported by Zhang et al. [41], who found an obviously
inhibition effect as [Cl-]0 was higher than 20 mM.
Compared with Heat/PS system, the removal efficiency and  was higher in UV/PS system at the
same [Cl-]0, it could be explained that UV irradiation

When pH was higher than 7.0, the solution pH
affect persulfate oxidation in two aspects. First, evaluated pH activated S2O82- to produce more oxidative
HOGenhancing the oxidation capacity according to
Eq. (12) [40]. Second, pH increase can increase the
alkalinity level, thus enhancing the ROS scavenging
degree of CO32- and HCO3- and decreasing the oxidation efficiency [14]. Although the two factors
could simultaneously occur, the first factor appeared
to prevail in UV/PS system and the second factor appeared to prevail in Heat/PS system in the pH ranges
of 9-11. As a result, the  of APAP degradation was
0.46×10-2 and 2.62×10-2 min-1 respectively for pH
7.0 and 9.0 in UV/PS system, and the  was
2.31×10-2 and 1.90×10-2 min-1 respectively for pH
7.0 and 9.0 in Heat/PS system. To sum up, the degradation rate followed the following order:
Heat/PS > UV/PS (pH 1.7-9.0), and UV/PS >
Heat/PS (pH 11.0).
4431@;4/:7;:?Anions in groundwater are reported to influence the degradation efficiency in
UV/PS and Heat/PS systems for compete with SO4-G
in systems. Chloride (Cl-) and bicarbonate (HCO3-)
were chosen in tests considering the anion effect,
pseudo-first-order rate constants for APAP degradation in the presence of Cl- and HCO3- are shown in
Table.1.
68;>723As seen in Figure.4, the impact of Clon APAP degradation was different for UV/PS and
Heat/PS systems. For UV/PS system, a low level of
Cl- (1mM) inhibited the APAP degradation (removal
efficiency of 56.7), the maximum APAP removal of
70.2% was observed at [Cl-]0 = 10 mM, and then the
removal efficiency was gradually decreased from
70.2% to 62.4% as [Cl-]0 increased from 10 mM to
100 mM. While in Heat/PS system, the maximum
APAP of 73.9% degradation was observed with no
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SO4-G+ HCO3- → SO42-+ H+ + CO3-G
(17)
(18)
SO4-G+ CO32- → SO42-+ CO3-G
(19)
CO3-G+ CO3-G→ C2O62-
C2O62- + 2H+ → 2CO2+ H2O2
(20)
H2O2 +  → 2HOG
(21)
When HCO3- was added in systems, carbonate
radicals (CO3-G) would be produced according to Eq.
(17)-(18). The generated CO3-G ((CO3-G/ CO32-)=
1.78 V) was less oxidative than SO4-G, resulting a unfavorably effect on APAP removal. However, as
[HCO3-]0 added in UV/PS system and Heat/PS system was higher than 10 mM and 1 mM respectively,
a promotion effect was observed in two systems, this
could probably explained that great amount of
CO3-Gwould produce C2O62- according to Eq. (19),
with H2O2 and HOGproduced subsequently according to Eq. (19)-(20) [44]. It is well known that
HOGhas a higher redox potential ((HO·/OH-) = 2.7
V) than CO3-G or SO4-G. At different [HCO3-]0 dosages ranges, the  in two systems followed different orders: Heat/PS > UV/PS ([HCO3-]0 = 1.0 ~10
mM); UV/PS > Heat/PS ([Cl-]0 =50~100 mM).

would produce ClG and HOG when HOCl was in system [42], though the reaction rate could improve as
temperature rises according to Arrhenius type
model, while heat would accelerate HOCl decomposition when temperature was higher than 40 oC [43].
At different [Cl-]0 dosages ranges, the  in two systems followed different orders: Heat/PS > UV/PS
([Cl-]0 = 1.0 mM); UV/PS > Heat/PS ([Cl-]0 =10~100
mM).
71/>0;:/@3 Effect of carbonate on APAP
degradation is shown in Table.1 and Figure.5. Once
HCO3- is added in systems, HCO3--CO32- system
would also be formed in system due to the hydrolysis
of HCO3- with H2O. Similar trends were founded in
UV/PS and Heat/PS system as [HCO3-]0 increased
from 1mM to 100 mM: Inhibition on removal efficiency and  was obtained as [HCO3-]0 was low (1
and 10 mM for UV/PS system, 1 mM for Heat/PS
system), and enhancement on removal efficiency
and  was observed when [HCO3-]0 increased in
two systems. Similar trends of  vs [HCO3-]0 were
also founded in both systems.
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System
X
Original
Cl-

HCO3-

HA

[X]0, mM
0
1.0
10.0
50.0
100.0
1.0
10.0
50.0
100.0
2.5
5.0
7.5
10.0

×102,
min-1
1.53
1.30
1.84
1.56
1.50
1.35
1.30
4.11
5.29
1.77
1.40
1.24
0.80

UV/PS
Error×102,
min-1
0.01
0.06
0.09
0.14
0.07
0.07
0.08
0.26
0.36
0.07
0.08
0.07
0.08

5206

R

×10 , min

0.96
0.99
0.99
0.95
0.98
0.98
0.98
0.98
0.95
0.99
0.98
0.98
0.95

2.14
1.62
1.72
1.51
1.45
2.13
3.77
4.09
4.64
1.96
1.90
1.74
1.55

2

2

-1

Heat/PS
Error×102,
min-1
0.08
0.10
0.13
0.13
0.14
0.04
0.22
0.08
0.14
0.03
0.05
0.06
0.13

R2
0.99
0.98
0.97
0.95
0.95
0.99
0.98
0.99
0.99
0.99
0.99
0.99
0.99
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4431@;46A971/172The effect of humic acid
(quantified by dissolved organic carbon, DOC) on
APAP degradation is shown in Figure.6 and Table.1.
Different impacts of HA on APAP degradation was
obtained for UV/PS and Heat/PS systems. For
UV/PS, a slightly increase of degradation efficiency
about 67.7% was founded in low dosage of HA (2.5
mg/L). Nevertheless, the degradation efficiency
would decrease significantly as dosage of HA increased to 10.0 mg/L with a lowest degradation efficiency of 42.7%. However, in Heat/PS system, HA
inhibited the APAP degradation with four dosages,
and the lowest degradation efficiency of APAP was
found to be 65.2%.
Generally, humic substances might interact
with target compounds through sorption, catalytic
reactions, competition and photosensitization [33].
In this study, sorption, catalytic reactions and competition could probably occur in Heat/PS system, as
a result, an inhibition effect was obtained in all dosages of HA. While in UV/PS system, photosensitization effect should also be considered other than sorption, catalytic reactions and competition. As a result,
photoelectron produced in UV/PS system would be
weakened and quantity of SO4-G was also reduced,
which is responsible for a decrease in APAP removal
as HA dosage is high. Similar findings of enhancement on pollutant removal at low dosage of humic
acid and inhibition on removal at high dosage of humic acid were also reported by Roshani et. al. [45].
In all dosages of humic acid, the  in two systems
followed the order: Heat/PS > UV/PS (HA = 2.510.0 mg/L).

were measured in UV/PS and Heat/PS systems to
better understand the economic difference among
two systems. The EE/O is often used to compare the
efficiency of oxidation technologies that utilize electrical power for contaminant, and it could be calculated as follows:
EE/O = Pt / 60V
(22)
Where P is the total electrical power used for
the treatment (kW); t is the irradiation time (h); and
V is the volume of treated water (m3). The EE/O values for UV/PS and Heat/PS system were calculated
to be 23.8 kWh/m3/order and 31.8 kWh/m3/order, respectively. Details about EE/O values calculation
were shown in Table. S1. And the EE/O values for
Heat/PS system was 1.34 times over than UV/PS
system. The EE/O values followed the order: UV/PS
< Heat/PS, which means that to achieve the same removal efficiency, an extra costs of 34% would be expected for Heat/PS system.


#" )'#"'

This study investigated the degradation of paracetamol, a representative pharmaceutical in
groundwater, by UV/PS and Heat/PS system. Paracetamol degradation in both systems fits the pseudofirst-order kinetics well in all conditions tests. The
encouraging results demonstrate that UV activated
persulfate and heat activated persulfate can rapidly
and effectively degrade the target compound, and
provides a viable alternative option to address pharmaceuticals in water. Our results demonstrate that
common solutes may influence the paracetamol degradation in different degrees. Therefore, their impacts and cost should be carefully considered in
practical application.


1;:;971 1/81A8/@7;: The      
   (EE/O), which is defined as the electrical
energy in kilowatt hours (kWh) required bring about
the degradation of contaminant by one order of magnitude in 1 m3 of contaminated water or air [46],
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Chemical
formula
C8H9NO2

( ' 
'3831@32<6E?71;163971/8<>;<3>@73?;4$$
Chemical
Molecular
Water solubility
structure
weight (gmol-1)
(g/mL-1, 20oC)
151.17

14000

Log


pKa

0.46

9.38

( ' 
 #B/8A3?1/81A8/@7;:7:@6>33?E?@39?/81A8/@7;:0/?32;:>3/1@7;:1;:27@7;:?-$$.   9!
-$'.  9!
EE/O,
t,
P,
Pt-e,
Pt-c,
Pt,
kWh/m3/orSystem
, min-1
h
Kw
kWh
kWh
kWh
der
UV/PS
0.0214
1.793
0.0426
0.0764
0.000505
0.0764
31.82
Heat/PS
0.0153
2.508
0.0228
0.0572
0.000505
0.0572
23.82
Pt-e: energy calculated for electricity;
Pt-c: energy calculated for chemical cost;
Pt: energy calculated for total system.
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ABSTRACT

INTRODUCTION

The assessment and control of nitrogen and
phosphorus runoff losses from paddy fields are important to protect water quality in the Taihu Lake
Region of China. A three-year field study was conducted to investigate the effect of different water
and nitrogen management practices on nitrogen and
phosphorus runoff losses from paddy fields. Results
showed that compared with drainage water from
traditional irrigation paddy fields, drainage water
from controlled irrigation (CI) paddy fields had a
higher drainage volume when continuous rain occurred and lower drainage times and volume when
rainfall was low and momentary. The drainage water from the first drainage event had the maximum
nitrogen and phosphorus concentrations, which
were caused by the basal application of fertilizer
and low uptake activity of rice. CI and optimized
nitrogen fertilizer management both reduced total
nitrogen (TN) and ammonia nitrogen concentrations
in drainage water from paddy fields. Compared
with the traditional water and nitrogen management
practices, the joint CI and Site-specific nitrogen
management, controlled release nitrogen fertilizer
management can further reduced TN concentration
in drainage water by 30.70%±72.31% and
53.02%±78.75%, respectively. Moreover, the joint
regulation of water-saving irrigation and optimized
nitrogen fertilizer management effectively reduced
the runoff loss of nitrogen by 49.32%±78.27%.
Water and nitrogen management practices had little
influence on the runoff loss of total phosphorus
from paddy fields.

Fertilizer runoff loss from paddy fields is
caused by field management, such as drainage for
field drying during the late tillering stage, or drainage after heavy rainfalls [1]. Nitrogen runoff loss
from paddy fields is approximately 29 kghm-2 in
the Taihu Lake Region of China and contributes
8.4% of nitrogen input in this region. Total nitrogen
(TN) runoff loss exceeds 70,000 tons in Jiangsu
Province, which has approximately 2.45 million ha
of rice planting area [2]. The intensity of phosphorus runoff loss from paddy fields is approximately
0.59 to 3.02 kghm-2 in China and was approximately 35.54±58.75 thousand tons in 2011. Therefore, runoff loss is a crucial pathway for nitrogen
and phosphorus losses from paddy fields and is the
main reason for the eutrophication of water bodies
[3±5].
Water and nitrogen fertilizer management
practices are important factors that affect nitrogen
and phosphorus runoff losses from paddy fields.
Water-saving irrigation significantly reduces nitrogen and phosphorus runoff losses from paddy fields
[6±7]. Compared with flooding irrigation, intermittent and moistening irrigation decrease nitrogen and
phosphorus runoff losses from paddy fields by
52.01% and 38.24%, respectively [8]. Implementing alternate wetting and drying decreases TN and
phosphorus losses via surface runoff by
23.3%±30.4 % and by 26.9%±31.7 %, respectively
[9]. Under water-saving irrigation, non-flooding or
shallow water depth is maintained in paddy fields
can store rainfall and reduce drainage volume, thus
reducing nitrogen and phosphorus runoff losses
from paddy fields. Existing studies on the effects of
water-saving irrigation on nitrogen and phosphorus
runoff losses from paddy fields have mainly focused on intermittent and moistening irrigation. In
China, controlled irrigation is a major water-saving
irrigation practice that was initially proposed by Li
and Peng [10] and further developed by Peng [11].
During the rice growing season in paddy fields under controlled irrigation, the soil remains dry
60%±80% of the time; moreover, no standing water
is found after the re-greening of rice seedlings [12].
This practice is similar to the water management of

KEYWORDS:
Water-saving irrigation, controlled release nitrogen fertilizer, site-specific nitrogen management, paddy field,
runoff loss of nitrogen, phosphorus
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MATERIALS AND METHODS

System of Rice Intensification during the vegetative
growth stage [13±15], but they also has differences
as the upper and lower threshold for irrigation.
Controlled irrigation effectively saves water without reducing yield [16] and has been widely applied
in several provinces in China, such as Jiangsu,
Ningxia, and Heilongjiang. The difference in water
management practice between controlled irrigation
and other water-saving irrigation strategies influence the drainage process and pollutant concentration. Therefore, the effects of controlled irrigation
on nitrogen and phosphorus runoff loss from paddy
fields require intensive study.
Nitrogen and phosphorus runoff losses from
paddy fields are influenced by the nitrogen fertilizer
rate, fertilizer type, fertilizer application frequency,
and fertilizer application patterns; thus, fertilizer
management is an important factor in regulating
nutrient runoff losses [17±18]. Several fertilizer
management practices have been implemented to
reduce nitrogen and phosphorus runoff losses from
paddy fields [19±22]. Controlled release nitrogen
fertilizer (CRN) and site-specific nitrogen management (SSNM) are two such management practices. SSNM decreases nitrogen runoff loss by approximately 33% compared with farmers¶ nitrogen
management practice [23]. Additionally, CRN
treatments effectively reduce ammonium and nitrate
nitrogen concentrations in floodwater and nitrogen
runoff [24].
Water-saving irrigation, SSNM, and CRN
managements can all reduce nitrogen and phosphorus runoff losses from paddy fields. Existing reports
have mainly focused on the effects of water or nitrogen management practices on nitrogen and
phosphorus runoff losses from paddy fields. Few
studies have focused on the combined influence of
water and nitrogen management on nitrogen and
phosphorus runoff losses from paddy fields. Studies
on nitrogen and phosphorus runoff losses from
paddy fields under different water and nitrogen
management practices are important, not only for
controlling and improving the water quality in the
Taihu Lake Region, but also for reducing nitrogen
and irrigation water input.
The present study aimed to analyze the nitrogen and phosphorus concentrations of drainage water from paddy fields under different water and nitrogen management practices. Moreover, the nitrogen and phosphorus runoff losses from paddy fields
with different water and nitrogen management
practices were quantified. Furthermore, the contributions of various nitrogen forms to runoff nitrogen
loss were quantified.

Experimental site. The study was conducted
in 2008±2010 on a paddy field at the Kunshan irrigation and drainage experiment station (31°15ƍ15ƍƍ1
120°57ƍ43ƍƍ(  LQ the Taihu Lake Region of China.
The study area has a subtropical monsoon climate
with an average annual air temperature of 15.5 °C, a
mean annual precipitation of 1.10×103 mm, and a
frost-free period of 234 days year-1. The top soil
layer is hydragric anthrosol. The saturation soil
moisture for the 0±20, 0±30, and 0±40 cm soil layers are 54.4%, 49.7%, and 47.8%, respectively.
Other soil physicochemical properties in the 0±60
cm soil layer are shown in Table 1.
TABLE 1
Soil properties (g kg-1)
Organic
matter
21.9

Total
nitrogen
1.03

Total
phosphorus
1.35

Total
potassium
20.9

Experimental design and irrigation management. The experiment had two irrigation treatments: flooding irrigation (FI) and controlled irrigation (CI). There were three nitrogen fertilizer treatments per irrigation treatment: farmers¶ fertilization
practice management (FFP), site-specific nitrogen
management (SSNM), and controlled release nitrogen fertilizer management (CRN). There were six
treatments that combined two water managements
and three nitrogen managements: FF (FI and FFP),
FS (FI and SSNM), FC (FI and CRN), CF (CI and
FFP), CS (CI and SSNM), and CC (CI and CRN). A
randomized complete block design with all six
treatments and three replicates were established in
18 plots of approximately 35 m2 (7 m × 5 m). The
ridges, which were 30 cm wide at the base and 20
cm high, were covered with a plastic membrane that
was inserted into the plough layer to a depth of 30
cm to isolate the water within different plots and
avoid hydrologic exchanges between adjacent plots.
Under FI, a standing water depth of 3±5 cm
was maintained after transplanting except during
the late tillering and yellow maturity stages. The
maximum allowable surface water depth after rainfall were 50, 70, 90, 120, 100, and 60 mm for the
re-greening, initial and middle tillering, late tillering,
jointing and booting, heading and flowering, and
milk stages, respectively. Stored rain was maintained for less than five days. Under CI, the ponded
water depth was maintained at 5±25 mm in the
re-greening stage; irrigation was only applied to
keep the soil moist. Moreover, standing water was
avoided in other stages except during periods of
pesticide and fertilizer applications. Table 2 presents the root zone soil water content criteria in
different crop growth stages for CI.
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TABLE 2
Controlled thresholds in different stages for controlled irrigation
Ga)

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

25 mmb)
5 mmb)
²

Initial
100%șs1
70%șs1
0-20

T
Middle
100%șs1
65%șs1
0-20

Late
100%șs1
60%șs1
0-20

J/B

H/F

M

R

100%șs2
75%șs2
0-30

100%șs3
80%șs3
0-40

100%șs3
70%șs3
0-40

Naturally
drying

a

G, IT, MT, LT, J/B, H/F, M, and R represent regreening stage, initial tillering stage, middle tillering stage, late
tillering stage, jointing and booting stage, heading and flowering stage, milk stage, and ripening stage, respectively.
b
Data show the water depth during the regreening stage. șs1, șs2, and șs3 represent average volumetric soil moisture
for the 0-20, 0-30, and 0-40 cm layers, respectively.
c
In the case of pesticide, fertilizer applications and rainfall, standing irrigation water at a depth of up to 5 cm
is maintained for less than five days.

TABLE 3
Date and rate of nitrogen fertilization during the rice-growing season (kg N ha-1)
Year

2008

2009

2010

a)
b)

Activity
Base fertilizer (25 Juna))
Seedling fertilizer (11 Jul)
Tillering fertilizer (23 Jul)
Panicle fertilizer (10 Aug)
Total nitrogen
Base fertilizer (22 Jun))
Regreening fertilizer (28 Jun)
Tillering fertilizer (7 Jul)
Panicle fertilizer (12 Aug)
Total nitrogen
Base fertilizer (26 Jun)
Regreening fertilizer (1 Jul)
Tillering fertilizer (17 Jul)
Panicle fertilizer (13 Aug)
Total nitrogen

FFP
107.55(56.25CF b)+51.3AB)
121.80(U)
104.40(U)
69.60(U)
403.35
56.25(CF)
76.95(AB)
121.80(U)
69.60(U)
324.6
48.00(CF)
64.13(AB)
121.28(U)
69.30(U)
302.7

SSNM
63.00(56.25CF+6.75U)
36.00˄U˅
63.00(U)
162.00
56.25(CF)
20.75(AB)
52.20(U)
55.68(U)
184.88
32.96(CF)
44.04(AB)
44.00(U)
77.00(U)
198

CRN
180.00(CRU)
180.00
220.00(CRU)

220.00
240.00(CRU)

240.00

Date in the bracket is the time for the fertilizer applied.
CF is compound fertilizer (N, P2O5 and K2O contents are 15%, 15% and 15% in 2008 and 2009, and 16%,
12% and 17% in 2010). AB is ammonium bicarbonate (N content is 17.1%). U is urea (N content is 46.2%).

The study area was planted with Japonica Rice
Nanjing 46. The rice was transplanted with 13.0 cm
× 25.0 cm hill spacing in late June and was harvested in late October. Table 3 shows the fertilization conducted in this experiment. Phosphorus
(P2O5) and potassium fertilizers (K2O) were applied
as a compound fertilizer. The 2008, 2009, and 2010
application rates for phosphorus fertilizer were 56.3,
56.3, and 36.0 kg ha-1, respectively, and were 56.3,
56.3, and 51.0 kg ha-1 for potassium fertilizer, respectively. Only the basal fertilizers were incorporated into the ploughed layer. The other fertilizers
were applied on the surface layer.

and alkaline potassium persulfate digestion±UV
spectrophotometric method [25].
Nitrogen loss through surface drainage was
determined based on the drainage volume and nitrogen concentration of the outfall water.
Statistical analysis was conducted in accordance with the standard procedures for a randomized
plot design (SPSS 13.0). Significance was calculated based on F-tests. Least significant differences
(LSD) were calculated at the 0.05 probability level.

Field measurement and sampling. Drainage
volume was calculated based on water depth variation during each drainage event. Water samples
were taken at the outlet of each plot. Rainfall was
recorded by an automatic weather station (ICT,
Australia). Soil moisture values under CI were
measured by a TDR system. Ponding water depths
were measured with vertical rulers. Irrigation water
was recorded using water meters that were installed
on the pipes of each plot. Rice yield was measured
after harvest.
Ammonia nitrogen (NH4+-N), nitrate nitrogen
(NO3--N), and TN in the water samples were determined by Nessler's reagent colorimetric method,
spectrophotometric method with phenol disulfonic,

Drainage volume of paddy fields with different irrigation managements. The paddy fields
were drained when the water depth exceeded the
maximum allowable surface water depth. The
drainage time and volume of every paddy field under different irrigation management practices in
2008±2010 are shown in Table 4. Drainage occurred most frequently in 2009, seven times for CI
paddy fields and five times for FI paddy fields. In
2008, the CI and FI paddy fields were drained three
and four times, respectively. In 2010, the CI and FI
paddy fields were drained twice and once, respectively. The frequent occurrence of drainage in 2009
resulted from heavy and concentrated rainfall.
Rainfall was 767 mm during the 2009 rice planting

RESULTS AND DISCUSSIONS
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2008
6-28 7-30 8-5
1
33
39
23.00 0.00 5.00
37.00 15.00 31.00
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TABLE 4
Time and volume of drainage
2009
9-23
7-1 7-24 7-27 7-30 8-2
88
8
31
34
37
40
14.00
33.80 17.90 7.30 65.00 76.00
33.00
47.00 16.40 23.80 65.00 76.00

8-11 9-24
49
93
34.50 33.50
0.00 0.00

2010
7-5 9-12
9
78
44.20 15.00
44.20 0.00

the fields were drained shortly after the application
of regreening fertilizer. Moreover, the applied
amount re-greening fertilizer was high. In 2008, the
nitrogen input of basal fertilizer was the highest in
the three years. Basal fertilizer was divided into two
applications at separate times (basal and re-greening
fertilizers) in 2009 and 2010. Adjusting the fertilizer
application mode reduced TN concentration in
drainage water from paddy fields in the re-greening
stage. The average TN concentration in the drainage
water from the first drainage event in 2008 increased by 47.50% and 74.51% compared with
those in 2009 and 2010, respectively.

season and increased by 45.08% and 19.97% compared with those in 2008 and 2010, respectively. In
2009, torrential rain (>50 mm) occurred six times
within 24 h, whereas torrential rain only occurred
twice in 2008 and 2010.
Table 4 shows that different irrigation management practices had different total drainage volumes throughout all growth stages of rice. The
maximum allowable surface water depth of CI
paddy fields was lower than that of the FI paddy
fields after the re-greening stage. Continuous rain
resulted in the high drainage volume of CI paddy
fields, such as the drainage events on August 11 and
September 24 of 2009. The total drainage volume
was 268 and 59.2 mm from CI paddy fields in 2009
and 2010, respectively, which increased by 14.85%
and 25.34% compared with that from FI paddy
fields in 2009 and 2010, respectively. Compared
with FI, the non-flooding CI management decreased
drainage times and volume from paddy fields during low and momentary rainfall. In 2008, the total
drainage volume from CI paddy fields was 42 mm,
which decreased by 63.79% compared with that
from FI paddy fields.
TN concentration in drainage water from
paddy fields. Figure 1 shows the TN concentration
in drainage water from paddy fields. The first
drainage event for all three years occurred during
the re-greening stage. Moreover, the TN concentration in drainage water from the first drainage event
was higher than in drainage water from other
drainage events. The TN concentrations of drainage
water from other drainage events were relatively
low.
In 2008, the first drainage event occurred on
the third day (June 28th) after the application of
basal fertilizer. The average TN concentration was
28.49 mgL-1 in the drainage water from the first
drainage event of paddy fields under different water
and nitrogen managements and was the highest TN
concentration observed over the three years of the
experiment. In 2009 and 2010, the first drainage
event occurred on the third and fourth day after
applying re-greening fertilizer. In 2009 and 2010,
the average TN concentrations were 14.96 and 6.43
mgL-1, respectively, in drainage water from the
first drainage event of paddy fields under different
water and nitrogen managements. The highest TN
concentration observed during all three years of the
experiment appeared in the drainage water from the
first drainage event during the re-greening because

FIGURE 1
TN concentration in drainage water of paddy
fields
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with FI paddy fields, the average TN concentration
in CI paddy fields under different nitrogen managements decreased by 2.70%±58.19%.
TN concentrations in drainage water from
SSNM and CRN paddy fields were both lower than
those in drainage water from FFP paddy fields. The
slow release characteristics of CRN fertilizer greatly reduced TN concentration in drainage water from
paddy fields during the early growth stage, and
slightly increased TN concentration in drainage
water from paddy fields during the late growth
stage. In 2008±2010, the TN concentration in
drainage water from SSNM and CRN paddy fields
under FI decreased by 19.56%±65.50% and
48.05%±73.46% compared with that from FFP
paddy fields. In 2008 to 2010, the TN concentration
in drainage water from SSNM and CRN paddy
fields under CI decreased by 28.77%±57.02% and
51.71%±69.39% compared with that from FFP
paddy fields.
The combined application of optimized fertilization and water-saving irrigation management
further decreased TN concentration in drainage water from paddy fields. The average TN concentration in drainage water from CS paddy fields was
8.70, 2.27, and 3.08 mgL-1 in 2008, 2009, and 2010,
which decreased by 30.70%, 70.15%, and 72.31%,
respectively, compared with that from FF paddy
fields. Moreover, the average TN concentration in
drainage water from CC paddy fields was 5.90, 1.61,
and 2.70 mgL-1 in 2008, 2009, and 2010, which
decreased by 65.92%, 78.75%, and 75.73%, respectively, compared with that from FF paddy fields.
The combined application of SSNM, CRN, and CI
management further reduced the TN concentration
in drainage water from paddy fields by
30.70%±72.31% and 53.02%±78.75% compared
with that from traditional water and nitrogen management.
The reduced nitrogen input for SSNM and the
slow nitrogen release characteristics of CRN decreased TN concentration in surface and drainage
water from paddy fields. Under CI, ponded water
depth was maintained in the re-greening stage and
non-flooding management was maintained in other
growth stages. Irrigation was only applied to keep
the soil moist; moreover, standing water was
avoided in other stages, except during periods of
pesticide and fertilizer applications. Mass fertilizer
transferred to the subsoil following the infiltration
of irrigation water after fertilization. The
non-flooding management of CI paddy fields reduced nitrogen concentration in surface and drainage water from paddy fields.

FIGURE 2
NH4+-N concentration in drainage water of paddy fields
TN concentration in drainage water from paddy fields under different water and nitrogen managements also showed that water-saving irrigation
significantly decreased TN concentration in drainage water compared with the traditional water
management. Under the fertilization practice management of farmers, the average TN concentration
in drainage water from CI paddy fields was 12.22,
5.28, and 5.13 mgL-1 in 2008, 2009, and 2010,
which decreased by 2.70%, 30.56%, and 53.91%,
respectively, compared with under FI. Under SSNM,
the average TN concentration in drainage water
from CI paddy fields was 8.70, 2.27, and 3.08
mgL-1 in 2008, 2009, and 2010, which decreased
by 1.40, 0.35, and 4.29 mgL-1, respectively, compared with that from FI paddy fields. Under CRN,
the average TN concentration in drainage water
from CI paddy fields was 5.90, 1.61, and 2.70
mgL-1 in 2008, 2009, and 2010, which decreased
by 6.17%, 19.91%, and 53.29%, respectively, compared with that from FI paddy fields. Compared

NH4+-N and NO3--N concentration in
drainage water from paddy fields. The variation
in NH4+-N concentration of drainage water from
paddy fields was consistent with that in TN concentration (Figure 2). The highest NH4+-N concentra-
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The joint regulation of water and nitrogen
management practices significantly reduced
NH4+-N concentration in drainage water from paddy fields. The average NH4+-N concentration in
drainage water from CS paddy fields was 4.65, 0.84,
and 1.77 mgL-1 in 2008, 2009, and 2010 and decreased by 32.83%, 77.10%, and 68.84%, respectively, compared with that from FF paddy fields.
The average NH4+-N concentration in drainage water from CC paddy fields was 2.55, 0.58, and 3.92
mgL-1 in 2008, 2009, and 2010 and decreased by
63.01%, 84.15%, and 70.23%, respectively, compared with that from FF paddy fields.
Except drainage water from the first drainage
event, the NO3--N concentration in other drainage
water from other drainage events during the late
growth stage remained at a low level (Figure 3).
The main reason for the variation in NO3--N concentration in drainage water was the application of
the rice-wheat rotation system in the Taihu Lake
Region of China. Wheat was previously cultivated
in this region. Compared with paddy fields, the dry
wheat farmland caused high soil oxygen content,
strong soil oxidation, enhanced the activity of nitrifying bacteria, and facilitated the transformation of
NH4+-N to NO3--N. These changes in the soil environment increased soil NO3--N content during the
early rice growth stage [22]. The high NO3--N concentration in the first drainage from paddy fields
also contributed to NO3--N from the dry farmland
management of wheat. The non-flooding management of CI paddy fields was similar to the dry
farmland management of wheat and increased soil
NO3--N content. The average NO3--N concentration
in drainage water from CI paddy fields under different nitrogen managements were 0.47, 0.92, and
0.83 mgL-1 in 2008, 2009, and 2010, which increased by 6.29%, 0.10%, and 3.76%, respectively,
compared with that from FI paddy fields.

tion over three years appeared in the drainage water
from the first drainage event during the re-greening
stage. Moreover, the NH4+-N concentration in other
drainage events at the late growth stages remained
at a relatively low level. Compared with FI, CI reduced the NH4+-N concentration in drainage water
from paddy fields. The average NH4+-N concentration in drainage water of CI paddy fields under FFP,
SSNM, and CRN managements were 4.17, 2.42,
and 1.61 mgL-1 in 2008, 2009, and 2010, which
decreased by 23.24%, 18.10%, and 26.10%, respectively, compared with that of FI paddy fields.

TP concentration in drainage water of
paddy fields. The maximum TP concentration in
drainage water from paddy fields also occurred
during the first drainage event of the rice growing
season. CI reduced TP concentration in drainage
water from paddy fields. Moreover, nitrogen management had little effect on TP concentration in
drainage water from paddy fields. Compared with
FI paddy fields, the average TP concentration in
drainage water from CI paddy fields under FFP,
SSNM, and CRN were 1.37, 1.28, and 1.17 mgL-1
in 2008, 2009, and 2010, which decreased by 7.96%,
4.55%, and 2.12%, respectively. One-time phosphorus input was performed prior to transplanting,
and there was no phosphorus input during the late
rice growth stage. The phosphorus fertilizer management mode and low phosphorus fertilizer input
caused the relatively low TP concentration in
drainage water from paddy fields during the late
growth stage.

FIGURE 3
NO3--N concentration in drainage water of paddy fields
SSNM and CRN decreased NH4+-N concentration in drainage water. Under CI, the average
NH4+-N concentration in drainage water from
SSNM and CRN paddy fields were 2.96 and 2.18
mgL-1 in 2008±2010, which decreased by 45.54%
and 59.86% compared with that from FFP. Under FI,
the average NH4+-N concentration in drainage water
from SSNM and CRN paddy fields were 2.42 and
1.61 mgL-1 in in 2008±2010, which decreased by
41.90% and 61.36%, compared with that from FFP
management.
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TABLE 5
Runoff loss of nitrogen from paddy fields
Treatment
FF
FS
FC
CF
CS
CC

TN runoff loss
NJKP-2)
17.52
14.6
9.10
7.55
5.66
3.81

2008
Percentage of N
applied (%)
4.34
9.01
5.05
1.87
3.50
2.12

TN runoff loss
NJKP-2)
16.86
5.60
4.21
12.2
5.29
3.80

2009
Percentage of N
applied (%)
5.19
3.03
1.91
3.76
2.86
1.73

TN runoff loss
NJKP-2)
4.92
3.26
2.56
4.21
2.49
2.21

2010
Percentage of N
applied (%)
1.63
1.65
1.06
1.39
1.26
0.92

TABLE 6
Runoff loss of NH4+-N from paddy fields and its proportion to TN loss through runoff
Treatment
FF
FS
FC
CF
CS
CC

2008
NH4+-N runoff loss
NJKP-2)
9.50
5.90
3.59
4.68
3.03
1.63

Percentage
of TN (%)
54.23
40.44
39.4
61.95
53.44
42.80

2009
NH4+-N runoff loss
NJKP-2)
8.24
2.37
1.26
5.44
1.96
1.36

Percentage
of TN (%)
48.87
42.28
29.87
44.61
37.17
35.88

2010
NH4+-N runoff loss
NJKP-2)
2.52
1.63
1.53
2.28
1.52
1.46

Percentage
of TN (%)
51.16
50.08
59.82
54.21
61.08
66.17

which accounted for 93.00% and 96.82% of the
total nitrogen runoff losses during the rice seasons
of FS and CS paddy fields in 2008. The substantial
nitrogen runoff loss caused the high proportion of
nitrogen runoff loss to nitrogen input in paddy
fields under SSNM in 2008.

Runoff loss of nitrogen from paddy fields.
The nitrogen runoff loss from paddy fields is shown
in Table 5. An interannual difference existed in nitrogen runoff loss from paddy fields. Nitrogen runoff loss from paddy fields under different water and
nitrogen managements in 2010 was 39.2%±77.67%
of those in 2008±2009. The considerable reduction
in the volume of drainage water mainly caused this
interannual difference.
Compared with FI, CI reduced nitrogen runoff
loss from paddy fields under different nitrogen
management practices by 5.64%±61.19%. The frequent alternation of wetting and drying in CI paddy
fields transferred more nitrogen into the subsoil,
thus decreasing nitrogen concentration in drainage
water from paddy fields and decreasing nitrogen
runoff loss. The reduced nitrogen concentration of
the drainage water from SSNM and CRN paddy
fields decreased nitrogen runoff loss. Over
2008±2010, nitrogen runoff losses from SSNM and
CRN paddy fields under different water managements decreased by 16.70%±66.78% and
47.52%±75.02% compared with those from FFP
paddy fields. Compared with SSNM, CRN decreased nitrogen inputs by 10.00%, 15.96%, and
17.50%. The nitrogen concentration in drainage
water from CRN paddy fields decreased because of
the slow release characteristics of controlled-release
nitrogen fertilizer. Although SSNM reduced nitrogen runoff loss, the proportion of nitrogen runoff
loss to nitrogen input was higher than that of the
FFP in 2008 (Table 5). This result likely occurred
because the first drainage event, which was caused
by heavy rain, occurred at the third day after basal
fertilization. The TN concentrations in drainage
water from FS and CS paddy fields reached 36.69
and 30.84 mg·L-1, which were not significantly different from that from FFP paddy fields. This drainage event caused substantial nitrogen runoff loss,

FIGURE 4
TP concentration in drainage water of paddy
fields
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TABLE 7
Runoff loss of NO3--N from paddy fields and its proportion to TN loss through runoff
Treatment
FF
FS
FC
CF
CS
CC

2008
NO3--N runoff loss
NJKP-2)
0.59
0.47
0.50
0.28
0.26
0.29

Percentage
of TN (%)
3.35
3.22
5.53
3.73
4.60
7.63

2009
NO3--N runoff loss
NJKP-2)
3.11
1.46
1.35
2.54
1.70
1.35

Percentage
of TN (%)
18.41
26.15
31.98
20.82
32.14
35.64

2010
NO3--N runoff loss
NJKP-2)
0.44
0.37
0.25
0.48
0.41
0.27

Percentage
of TN (%)
8.90
11.48
9.70
11.34
16.39
12.20

TABLE 8
Runoff loss of TP from paddy fields
Treatment
FF
FS
FC
CF
CS
CC

TP runoff loss
NJKP-2)
2.90
2.52
2.56
1.65
1.43
1.53

2008
Percentage of P
applied (%)
9.14
7.95
8.09
5.20
4.51
4.82

TP runoff loss
NJhm-2)
0.81
1.02
0.83
0.82
1.08
0.87

The joint regulation of optimized nitrogen managements and water-saving irrigation can further reduce nitrogen runoff loss from paddy fields. Nitrogen
runoff losses from CS and CC paddy fields decreased
reduced by 55.14%±78.27% and 49.32%±68.65%
compared with those from FF paddy fields. Therefore,
the application of water-saving irrigation and optimized nitrogen fertilizer management is a preferable
measure for alleviating non-point pollution from
paddy fields and the eutrophication of water body of
in the Taihu Lake Region of China.
NH4+-N dominated nitrogen runoff loss from
paddy fields. The proportion of NO3--N in nitrogen
runoff loss from paddy fields was low (Tables 6 and
7).
NH4+-N
and
NO3--N
accounted
for
29.87%±66.17% and 3.22%±35.64% in nitrogen runoff loss from paddy fields over the three years of the
experiment. The variations in NH4+-N runoff loss
from paddy fields was similar to that in TN. Moreover, the water and nitrogen management practices
were the main impact factors for NH4+-N runoff loss.
CI can significantly reduce NH4+-N runoff loss. The
average NH4+-N runoff loss from of CF, CS, and CC
paddy fields in 2008, 2009, and 2010 were 4.13, 2.17,
and 1.48 kghm-2, which decreased by 38.80%,
34.22%, and 30.13%, respectively, compared with FF,
FS and FC paddy fields. NH4+-N runoff loss from
paddy fields increased with nitrogen input increased.
SSNM and CRN reduced NH4+-N runoff loss from
paddy fields. The average NH4+-N runoff losses from
SSNM and CRN paddy fields under FI decreased by
48.10% and 62.09%, respectively, compared with
those from FFP paddy fields. The average NH4+-N
runoff losses from SSNM and CRN paddy fields under CI decreased by 44.13% and 58.69%, respectively,
compared with those from FFP paddy fields.
The joint regulation of water and nitrogen management considerably reduced NH4+-N runoff loss
from paddy fields. The NH4+-N runoff losses from
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2009
Percentage of P
applied (%)
2.55
3.21
2.63
2.58
3.40
2.74

TP runoff loss
NJKP-2)
0.64
0.55
0.40
0.80
0.65
0.65

2010
Percentage of P
applied (%)
3.17
2.74
1.96
3.96
3.21
3.22

CC paddy fields were 1.63, 1.36, and 1.46 kghm-2 in
2008, 2009, and 2010, respectively, compared with
those from FF paddy fields. Furthermore, the NH4+-N
runoff losses from CS paddy fields were 3.03, 1.96,
and 1.52 kghm-2 in 2008, 2009, and 2010, respectively, compared with those from FF paddy fields.
The differences among NO3--N runoff losses
from paddy fields with different water and nitrogen
managements were not significant. Moreover, the
NO3--N runoff losses from paddy fields were maintained at low levels because of the low NO3--N contents of paddy soil and drainage water. The reduced
status of paddy soil caused low NO3--N soil content.
The paddy soil was maintained in a reduced state
because of long-term flooding and the high groundwater table of paddy fields in the Taihu Lake Region,
which is generally less than 60 cm below ground, the
paddy soil was maintained in reducing state. Wet±dry
cycles of CI paddy fields obviously increased the
redox potential of soil, but the soil environment
maintained in reducing condition compared to dry
farmland. The amount and activity of nitrifying bacteria in paddy soil were restricted by oxygen scarcity
in reduced soil. Moreover, there was little nitrogen
fertilizer input to transform to NO3--N in this paddy
soil.
Phosphorus runoff loss from paddy fields.
Phosphorus runoff loss is the main pathway for
phosphorus loss from paddy fields [26-28] and is the
main cause of eutrophication in a diked area in
Southern China [3]. TP runoff losses from paddy
fields were 0.40±2.90 kghm-2, which accounted for
1.96%±9.14% of the phosphorus input of paddy fields
in this study (Table 8). Overall, water and nitrogen
managements had little influence on TP runoff loss
from paddy fields. Large interannual differences in
TP runoff loss appeared, The average TP runoff losses under different water and nitrogen managements
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were 0.90 and 0.62 kghm-2 in 2009 and 2010, which
accounted for 2.85% and 3.04% of the phosphorus
input of paddy fields, respectively. TP runoff losses
under different water and nitrogen managements increased to 2.10 kghm-2 in 2008, which accounted for
6.62% of the phosphorus input of paddy fields. This
significant interannual difference was caused by the
first drainage event that occurred at the third day after
basal fertilizer application (28, Jun) in 2008, which
caused TP loss through runoff. The TP concentration
in the drainage water from this drainage event was
reached 5.29±5.76 mgL-1. While the first drainage
event occurred on the ninth day after the basal fertilizer application in 2009 and 2010, the corresponding
TP concentrations decreased to 0.49±0.99 mgL-1 and
0.90±1.45 mgL-1. TP runoff loss caused by the first
drainage
event
in
2008
accounted
for
69.77%±86.83% of the TP runoff loss from paddy
fields. In Southeast China, phosphorus input in paddy
fields is applied once as basal fertilizer. At the
re-greening stage, rice has not yet turned green, fertilizer uptake ability is low, and phosphorus fertilizer is
drained when heavy rain occurs. Hence, effective
measures should be taken to avoid phosphorus runoff
loss from paddy fields during the first week after basal fertilizer application. Building a high ridge can
delay drainage and reduce fertilizer loss through runoff. Deep water, however, can easily cause rice lodging. The split application of phosphorus fertilizer may
be a good control measure for phosphorus runoff loss
from paddy fields.

joint regulation of water-saving irrigation and optimized nitrogen fertilizer management practices effectively
reduced
nitrogen
runoff
loss
by
49.32%±78.27%.
NH4+-N dominated nitrogen runoff loss from
paddy fields. Moreover, the proportion of NO3--N in
nitrogen runoff loss from paddy fields was remarkably low. NH4+-N and NO3--N accounted for
29.87%±66.17% and 3.22%±35.64% of nitrogen runoff loss from paddy fields in 2008±2010. TP runoff
losses from paddy fields were 0.40±2.90 kghm-2,
which accounted for 1.96%±9.14% of the phosphorus
input for the paddy fields in this study. Overall, water
and nitrogen managements had little influence on TP
runoff loss from paddy fields. However, large interannual differences in TP runoff loss were observed.
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In this study, three selected yeasts; 
 ! NCAIM Y00591, 
ATCC 10231 and   ATCC
22019 were the standard bioremediators. Indigenous
bacterias (  and 
 pp.) were isolated by classical methods
from the Baiji Thermal Power Station. We were isolated these microorganisms to investigate their feasibility for biodegradation of oily waste water from
Baiji Thermal Power Station. The medium was inoculated with microorganisms and adding 1 g of petroleum oil and incubated at 30 ºC with shaking speed
of 150 rpm/min for two weeks. Gas chromatography
(GC-MS) analysis used for determine the quantity of
hydrocarbon content. The GC-MS results showed
that 80.95 % of hydrocarbon compounds degraded
by mixed indigenous bacteria, 66.6 % by!
, 47.6 % by  and 38.1 % by 
 The results indicated that the removal of
wastewater pollutants for Baiji power plant is possible by creating favorable conditions for the indigenous bacteria to carry out the biodegradation.



wastewaters contaminated with petroleum hydrocarbons, many new techniques have continued to
emerge for remediation of contaminated sites. One
of the mainly used techniques is bioremediation. Bioremediation is a technology that uses microorganisms to treat the contaminated areas [1] where microorganism hydrolyzed hydrocarbons from toxic
and complicated organic into nontoxic and simple
inorganic compounds. Simultaneously used hydrocarbons as food and energy sources for growth and
reproduction [4]. In the biodegradation process, the
hydrocarbons are completely mineralized to carbon
dioxide and water, with some biomass production.
But this does not always occur because of the difference of effective factors of biodegradation. Biodegradation efficiency depends on the microorganism’s
ability to produce the degrading specific enzymes for
the target compound, in presence of various factors
such as temperature, pH and nutrient status. Oxygen
is the rate-limiting factor in the aerobic degradation
of hydrocarbons in groundwater [5]. Microorganisms which used in bioremediation may be either
natural microbes (indigenous) or cultivated in the laboratory. These microorganisms are consisting of
bacteria, yeasts, molds, fungi, algae, and to a lesser
extent plants [6]. Many bacterial species have been
identified as having the ability for oil degradation
[1]. The aim of this study is to evaluate the effectiveness of indigenous bacteria isolated from the
wastewater for Baiji thermal power station, comparative with a three selected degrading yeasts (
  !,   and 
) for cleaning up the contaminated
wastewater on this site.

*(!$%
Biodegradation, , Wastewater,
!

 &$!'&! 

Oily wastewater is known as one of the mostly
concerned pollution sources. Oil contaminated
wastewater is the product of a wide variety of
sources such as: crude oil production, petrochemical
industry, metal processing and power plants. These
sources are considered one of the most problematic
environmental pollutants, especially in water and
soil [1]. Oil contaminated wastewater considered a
hazard for an environment and marine ecosystems
[2]. Petroleum Oils contain ingredients that are toxic
to plants, animals and human health [3]. Because of
the increasingly harmful effects of industrial

&$% &!%

(+;</?+</: %+695/ 855/-<387 In this research, wastewater sample contaminated with petroleum hydrocarbons (fuel oil and lubricating oil) was
collected from oil separator system of Baiji Thermal
Power Station. The samples were taken in sterilized
bottles transferred to the laboratory and stored in the
refrigerator at temperature 4ºC.
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7+5A;3;802A.:8-+:,87-87</7<250 mL of
contaminated wastewater was extracted by 100 mL
dichloromethane in a separating funnel. Extracted oil
was taken and dried from residual water by anhydrous sodium sulfate (Na2SO4) and the organic solvent (dichloromethane) was evaporated using a rotary evaporator. This method was done according to
the oil extraction scheme described by [7]. Extracted
oil was analyzed by GC-MS to determine the quantity and composition of the total hydrocarbon. Analysis performed with an HP 6890 series GC coupled
to a 5975 inert mass selective detector using HP5MS capillary column. The temperature of the gas
chromatograph was held at 40 ºC for 5 minutes then
increased at a rate of 20 ºC /min to 280 ºC and held
for 15 minutes. The carrier gas was helium with the
flow rate of 35 mL/min. The sample size used for
injection was 2.0 µL. The compounds have been
identified by NIST MS spectral library database.

;85+<387 +7. ./7<303-+<387 80 7.31/78=;
(+;</?+</: +-</:3+ 100µL filtered oily wastewater was cultured on Blood Agar Base and MullerHinton Agar plates. Isolated colonies were sub-cultured by using a sterile loop and streaked onto BAB
plates to check the purity. Two colony types were
obtained and were plated onto MHA plates for
maintenance and identification. The isolated bacteria
were identified by their morphological characteristic, Microscopic examination and bacterial strain
identification was carried out by using BD Phoenix
Automated Microbiology System.

The prepared medium was incubated in a shaking
flask (150 rpm/min) at 30°C for two weeks by an incubator shaker.
/1:+.+<387 ,A %/5/-</. A/+;<; Three selected yeast strains were used in this studying to examination their degrading ability comparative with
indigenous isolated bacteria degradation. Yeast
growth medium was prepared by 1 g of extracted petroleum oil, 1 g of sodium nitrate (NaNO3) and 0,5 g
potassium hydrogen phosphate (K2HPO4) adding
into clean flasks (250 mL). Then 100 mL of filtered
and autoclaved at 121ºC for 20 minutes wastewater
were added and the pH was adjusted to 7.4. And inoculated by 5mL (4 McF density) of activated yeast
cell ( !   respectively. Each yeast culture medium in shaking
flask (150 rpm/min) at 30°C for two weeks by an incubator shaker.

:8?<2 873<8:371 Bacterial and yeast
growth was monitored daily by (PCA) plate count
method. Each growth medium was daily taken and
cultured in SDA, MHA plate. The number of live
bacteria (or Colony Forming Units [CFU]) per mL
of original culture was determined by using the following formula:
CFU/ML= number of colonies per mL plate
Total dilution factor
$%'&% %'%%! 

7+5A;3;802A.:8-+:,87-87</7<The results
of GC-MS analysis were adopted in assessing the
level of biodegradation, it was found that the
wastewater for Baiji power plant was contaminated
with 21 of hydrocarbon compounds consist of aliphatic hydrocarbons that contained -alkane C11C28 and aromatic hydrocarbons such as naphthalene
as shown in (Table 1), (Figure 1).

/1:+.+<387 ,A 3;85+</. 7.31/78=; +-</
:3+ 1 g of extracted petroleum oil, 1 g of Sodium
nitrate (NaNO3) and 0.5 g Dipotassium phosphate
K2HPO4) were transferred to sterilized flask (250
mL) then 100 mL of filtered and autoclaved
wastewater was added and the pH was adjusted to
8.0. Inoculated by two isolated indigenous bacteria.


& 
A.:8-+:,87-8698=7.;37-:=./835
8
1

$&
637
8.917

:/+

0,7

A.:8-+:,87
8698=7.
Undecane

2/63-+5
8:6=5+
C11H24

8.
12

$&
637
12.046

:/+

6 ,53

A.:8-+:,87
8698=7.
Pentadecane
3-(2-methyl-propenyl)-1
H-indene
Hexadecane

2/63-+5
8:6=5+
C15H32

2

9.553

1,06

2- methylundecane

C12H26

13

12.420

7.43

3

9.880

2,14

Dodecane
3,6
dimethylundecane
Nonadecane
2,6,10 –trimethyldodecane
Tridecane
Bicyclo(4.4.1) undeca-1,3,5,7,9pentaene
2,6,10 trimethyltetradecane

C12H26

14

12.709

5,20

C13H28

15

12.768

3.02

C19H40

16

13.249

1,91

2-methyl-1-Hexadecanol

C15H32

17

17.501

2.87

Eicosane

C20H42

C13H28

18

19.946

1,88

Octacosane

C28H58

C11H10

19

23.048

2.56

Heptadecane

C17H36

C17H36

20

25.877

0,87

Octadecane

C18H38

2.05

3-ethyl-5-[(2-ethyl) butyl] octadecane

C26H54

4

9.997

0,77

5

10.404

2.05

6

10.473

3.3

7

10.682

4 ,390

8

10.912

1 ,39

9

11.142

6.34

10

11.393

5,27

Tetradecane

C14H30

11

11.575

0,78

2,6 - dimethylnaphtalene

C12H12

21

5224

26.755

-Hexadecanethiol

C13H14
C16H34
C16H34S
C17H36O

$#

! %     





!"  ! 




'$ 
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8587A2+:+-</:3;<3-;80<2/3;85+</.;<:+37   +7.  
8587A
 
 

 8587A-2+:+-</:3;<3Large, circular, cream colour
Small, circular, cream colour

;85+<387 +7. ./7<303-+<387 80 7.31/78=;
(+;</?+</:+-</:3+According to colonies morphology, gram strain and ID/AST combo tests, two
isolates indigenous bacteria were identified as
  and  
 bacteria, the characteristics of colonies were
detected and are listed in (Table2)

/1:+.+<387 ,A 3;85+</. 7.31/78=; +-</
:3+After two weeks of incubation of biotic samples,
all microorganisms showed their ability to use the
petroleum hydrocarbons, where GC-chromatogram
of remaining crude oil clearly showed disappearance
in the abundance of some hydrocarbon peaks by all
tested microorganisms.
At the same time, some other organic compounds which were not originally present in the petroleum sample appeared. These compounds are
considered to be a product of petroleum hydrocarbons degradation. The mixed indigenous bacteria 
and showed an ability to degrade the petroleum hydrocarbons. Where

 /55;2+9/
Straight rod
Small rod

 :+6;<+37
Negative
Negative

 /55-858=:
 +0</:;<+37
Pink
Pink

17 from 21 of hydrocarbon compounds totally disappeared, 6 new hydrocarbon compounds appeared as
a product of biodegradation after two weeks of incubation. This shows the possibility of the indigenous
bacteria to degrade 80.95 % of the oil components(Figure2). In a similar research conducted by
[8],   proved their ability to use
diesel fuel as a carbon source in an experiment lasted
for three weeks. In another research [9] reported that
(> 95%) polycyclic aromatic hydrocarbons degrade
by  at 30g/L of sodium chloride concentration in 4 days.
/1:+.+<387,A%/5/-</.A/+;<;The yeast 
! also showed the ability to use the petroleum hydrocarbons. Where 14 from 21 of hydrocarbon compounds disappeared totally, 4 new hydrocarbon compounds appeared as a product of biodegradation after two weeks of incubation. This shows the
possibility of the !yeast to degrade 66.6
% of the oil components (Figure 3).

5225

$#

! %     





!"  ! 



'$ 
+;-2:86+<81:+92A<:+-37180<2/2A.:8-+:,87-8698=7.;./1:+.371,A37.31/78=;,+-</:3+
)+@3;:/9:/;/7<;<2/:/</7<387<36/637+7.*+@3;:/9:/;/7<;<2/2A.:8-+:,87+,=7.+7-/

'$ 
+;2:86+<81:+92A<:+-37180<2/2A.:8-+:,87-8698=7.;./1:+.371,A   )+@3;
:/9:/;/7<;<2/:/</7<387<36/637+7.*+@3;:/9:/;/7<;<2/2A.:8-+:,87+,=7.+7-/

5226

$#

! %     





!"  ! 


The result of this experiment was similar to
study conducted by [10] where demonstrated the potential of the ! NCIM 3589 yeast to consume an aliphatic fraction of crude oil and also pure
alkanes (20-60% within 48 h). The  yeast
showed its ability to use the petroleum hydrocarbons
through the disappearance of 8 of the 21 hydrocarbon components, and the emergence of 6 new hydrocarbon compounds as a product of biodegradation
after two weeks of incubation. This shows the possibility of the  yeast to degrade 38.1 % of
the oil components. (Figure 4). [11-12] demonstrated the potential of the yeast  to use
the crude oil, diesel and aircraft fuel as a sole source
of carbon and energy.
 yeast also showed the ability to
use the petroleum hydrocarbons, where 10 from 21
of the hydrocarbon compounds disappeared totally,
and 7 new hydrocarbon compounds appeared as a
product of biodegradation after two weeks of incubation. This shows the possibility of the  
 to degrade 47.6 % of the oil components.
(Figure 5) [13] observed the ability of a high number

of species of the genus including C
 to degrade alkanes and alkenes efficiently.
The yeast! showed a better ability
to degrade hydrocarbon compounds than the yeast 
 and . In a similar study conducted by [14] ,! was found to be the best
among  ,  ,  
  and  to degrade
the aliphatic fraction of Bombay High crude oil.
:8?<2873<8:371According to the results
of viable cell count, there wasn’t any significant difference in bacterial growth through the first week of
incubation, but a decrease in growth was obtained on
the twelfth day of the incubation period. Also, the
yeasts ,  showed no significant change in growth during the two weeks experiment period. !growths fluctuated during
the experiment, the experiment showed a decrease in
growth during the first week of incubation but
showed an increase in growth in the second week
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vetz [13] demonstrated that impurities of hydrocarbon substrates could cause growth limitation of genus Candida. That means that the purity of hydrocarbon substrates plays a role in the biodegradation process. Toxicity of contaminants is one of the major
reasons for biodegradation. According to the results,
the reduction in hydrocarbons components concentration shows that all microorganisms used in this
study have the ability to decrease the toxicity of
these components.  strain VUN10,003
has been identified as their ability for the detoxification of PAH-contaminated wastes [16].


The bacterial growth is an indicator of hydrocarbon biodegradation in the incubation period, incubation usually causes increase of bacterial growth
while, in some experiments, the number of microorganisms was reduced at the end of the of the incubation period, and in some other cases decrease in bacterial population occurs at the first step of the biodegradation. This shows that the composition and
concentration of hydrocarbons cause shock and
stress on the bacteria and then the bacteria adapt
gradually and incite some of the mechanisms that
help re-growth and survival [15]. Klug and Marko
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[10]Zinjarde, S.S. and Pant, A.A. (2002) Hydrocarbon degraders from tropical marine environments. Marine Pollution Bulletin. 44, 118–121.
[11]Itah, A.Y., Brooks, A.A., Ogar, B.O., Okure,
A.B. (2009) Biodegradation of international jet
A-1 aviation fuel by microorganisms isolated
from air craft tank and joint hydrant storage systems. Bulletin of Environmental Contamination
and Toxicology83, 318-327.
[12]Ilori, M.O., Adebusoye, S.A., Ojo, A.C. (2008)
Isolation and characterization of hydrocarbondegrading and biosurfactant-producing yeast
strains obtained from polluted lagoon water
World Journal of Microbiology and Biotechnology24, 2539-2545.
[13]Klug, M.J., Markovetz, A.J. (1967) Degradation
of Hydrocarbons by Members of the Genus
Candida I. Hydrocarbon Assimilation. AppliedMicrobiology.15, 690-693.
[14]Zinjarde, S.S., Pant, A., Deshpande, M.V.
(1998) Dimorphic transition in  !
isolated from oil-polluted sea water. Mycol.
Res. 102, 553-558.
[15]Ebrahimi, M., Sarikhani M.R., Fallah R. (2012)
Assessment on biodegradation efficiency of
some isolated bacteria from oil contaminated
sites in solid and liquid media containing oilcompound. International Research Journal of
Applied and Basic Sciences. 3(1), 138-147.
[16]Juhasz, A.L. Stanley, G.A., Britz, M.L. (2000)
Microbial Degradation and Detoxification of
High Molecular Weight Polycyclic Aromatic
Hydrocarbons by Stenotrophomonas Maltophilia Strain VUN 10,003. Letters in Applied
Microbiology. 30, 396-401.

In conclusion, this study showed that the indigenous bacteria and 
have a better and greater ability to degrade hydrocarbon components than the three yeasts species. Also,
 ! was the best one between the yeasts
(Figure 6). Therefore, the removal of wastewater
pollutants for Baiji power plant is possible by creating favorable conditions for the bacteria to carry out
the biodegradation, like adjusting the pH value, temperature, supplying the required nutrients and
providing appropriate agitation.
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physiological traits have been well reported in the
literature [3-11]. Many traits including yield, yield
components, morphological, phenological and physiological characters have been suggested as indirect
selection criterion to screen heat tolerant cotton genotypes. Previous researchers suggested that canopy
temperature and chlorophyll content can successfully be used as a selection criterion in breeding program [12]. Canopy temperature depression shows
high genetic correlation with yield and high values
of proportion of direct response to selection, indicating heritability and therefore amenability of this trait
to early generation selection [13]. Canopy temperature and infrared thermometer can be a powerful tool
to monitor and quantify drought stress and heat stress
conditions [14]. Infrared thermometers are preferred
sensors for measuring plant temperature in individual fields or sub-areas of fields because of their lower
cost and greater portability than thermal scanners.
Infrared thermometers are used as hand-held sensors
or mounted on different platforms to provide continuous measurement of temperature [15]. Canopy temperature (CT) measurement relative to ambient air
temperature is often used to assess plant stress arising from moisture deficit or high temperature [16,
17, 18] and has been used in identifying genotypes
that maintain lower CT as compared to other genotypes under the same moisture deficit or heat stress
conditions [19, 20, 21]. Canopy temperature (CT)
and canopy temperature depression (CTD) has attracted the attention of breeders in recently years, because it is easy to calculate and can be used to screen
large amounts of material in a single day [22, 23, 24].
Some researchers revealed that additive, dominance
and epistatic component were involved in the inheritance of canopy temperature and predominantly
controlled by additive genes, and they proposed selection for canopy temperature in F3 population [25].
Under heat stress conditions stomatal conductance,
leaf chlorophyll content, and canopy temperature
were well correlated with yield [26, 27]. It was indicated that genotypes with high yield in well-watered
condition had also high chlorophyll content and low
canopy temperature and considered that genotypes

ABSTRACT
The study aimed to determine relationships
among canopy temperature, chlorophyll content,
seed cotton yield and fiber quality properties and using these relationships to screen large material in cotton breeding program under field conditions for heat
tolerance. In this study 140 lines and 5 control varieties (Stoneville 468, DP 499, SJ-U 86, AGC 85 and
AGC 208) were used as plant material. Field experiment was conducted as augmented design with four
blocks. Canopy temperature (CT) measured three
times during cotton growing, pre-flowering peak
flowering and post flowering, on the other hand
chlorophyll content was measured in peak flowering
stage. The results of this study indicated that seed
cotton yield significantly correlated with canopy
temperature and was not affected by crop stage development.

KEYWORDS:
Cotton, canopy temperature, chlorophyll content, yield, fiber quality

INTRODUCTION
High temperature and drought stress are the
most important environmental stress factors which
are influence cotton productivity. Generally cotton is
known as heat tolerant, but extremely high temperature stress leads to a decrease in yield and fiber quality. In Turkey cotton is mostly grown in Southeastern Anatolia Region and approximately 60% cotton
production of country is provided from this region.
High temperature (>35°C) usually occurs in midJuly to mid-August in this region. It is known that
optimum temperature for cotton during growth and
boll formation period is between 27 and 32°C, but
above 38°C yields are reduced. Earlier studies revealed that maximum number of bolls and squares
retain occur at 30/22°C day/night temperatures [1,
2]. Effect of high temperature stress on cotton yield,
crop development, fiber quality properties and some
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consisted of 140 advanced cotton lines, which are
developed by line x tester mating design for heat tolerance, came from 2010 cotton breeding program.
Besides of these 140 lines 5 cotton cultivars namely
Stoneville 468, DP 499, SJ-U 86, AGC 85 and AGC
208 were used as control. Plots were laid out in an
augmented design with four blocks and formed from
a total of 160 parcels (each block consisted of 35
lines and 5 controls, totally 40 genotypes). Each plot
consisted of 1 row with 12 m long and distance between and within rows were 70 cm and 15 cm, respectively. Sowing was made with machine on 5
May 2014; all plots received 140 kg ha-1 N and 60 kg
ha-1 P2O5. Half of the nitrogen and all phosphorus
were applied at sowing time and the remaining N
was given as ammonium nitrate (33%) at the squaring stage before the first irrigation. Recommended
cultural practices such as insect and weed control
methods were employed from sowing to harvesting
of the cotton crop and furrow irrigation was applied
at six times. During cotton growing period daily temperature and humidity data were recorded by data
logger (Figure 1). The plots were harvested twice by
hand for yield determination on 24 October 2014 and
second on 13 November 2014 and the seed cotton
yield was calculated based on the hand-harvest date.
After ginning lint yields were calculated by multiplying seed cotton yield by lint percentage. In the
study canopy temperature were taken with hand held
infrared thermometer (IRT, model: DT-8811H) from
each parcel. The data was recorded 1 m distance
from the edge and approximately 30 cm above the
canopy at an angle of 30Ûto the horizontal according

with a low canopy temperature can maintain high
transpiration and photosynthetic rate as well as produce a high yield under moisture-stressed conditions
[28]. Significant positive correlation between canopy temperature and chlorophyll content with yield
was reported by the same researchers [28]. The observation taken between flowering to maturity period
showed that occurrence economic reductions in fiber
length and fiber fineness (micronaire) when average
canopy temperature exceeds to DQGஈ&UHVSHF
tively [29]. In addition to canopy temperature, chlorophyll content is the other important physiological
trait, which can be either rapidly phenotypes and/or
informative about how adaptation to drought or heat
can arise [13]. Some researchers suggested that
SPAD readings (chlorophyll content) can be used as
a screening method to select breeding material for
heat tolerance due to its fastness and reliability [30].
The primary objective of this study was to determine how canopy temperature and chlorophyll
content can be used to identify heat tolerant advanced cotton lines and to determine the most appropriate measuring time for canopy temperature and
chlorophyll content on different cotton growing
stage for screening heat tolerance cotton lines in
breeding material.

MATERIALS AND METHODS
The investigation was carried out at the GAP
International Agricultural Research and Training
Center¶VH[SHULPHQWDODUHDGXULQJ2014 cotton growing season. The genetic material used in this study

FIGURE 1
Daily average, maximum and minimum temperature (°C) during experiment
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advanced lines and ranged from 35.15 to 35.65 in
control varieties. These findings indicated that
greater variability exists among advanced lines. Average canopy temperature (CT) value of advanced
lines (35.76) was similar with average values of control varieties (35.40) in pre-flowering stage.
Canopy temperature values in peak flowering
stage of advanced lines and control varieties were
higher than pre-flowering stage. This indicates that
at this stage air temperature increased when compared to pre-flowering stage (Figure 1). Canopy temperature in peak flowering stage was significant at
(p<0.01) probability level and values ranged from
31.17 to 48.87 in advanced lines and ranged from
40.00 to 41.07 in control varieties. These finding
show that the lines having lower or higher values
when compared to control varieties and probably it
can be improved varieties with lower or higher canopy temperature. The mean canopy temperature
value of advanced lines was 40.57 and mean value
of control varieties was 40.45 in terms of peak flowering stage.
Differences of genotypes in terms of canopy
temperature in post flowering stage was found significant at p<0.01 probability level (Table 1). Canopy temperature values changed from 24.93 to 48.05
for advanced lines and changed from 36.95 to 38.87
for control cultivars. Mean values of advanced lines
was determined as 37.66, while mean of control cultivars was 37.75.
Significant differences were found among genotypes in terms of chlorophyll content. Chlorophyll
content (SPAD values) of advances lines ranged
from 37.72 to 56.20 (Table 2). While SPAD values
of control varieties ranged from 46.37 to 50.07. In
terms of chlorophyll content there was more variability for advanced lines. Mean values of advanced
lines was determined as 46.88, while mean of control
varieties was 47.94. Previous researchers suggested
that usage of chlorophyll content for choosing the
best single parents for stress breeding and they reported a decreased chlorophyll ratio in crop plants
under drastic factor conditions shows increased resistance to heat and vice versa [33].

to CIMMYT physiological quide [31] during different cotton growing stage (pre-flowering, peak-flowering and post-flowering/boll formation period) and
leaf chlorophyll contents were measured by a Minolta SPAD-502 chlorophyll content meter in peakflowering stage. Measurements were taken in the
middle of the day (11:00 to 14:00 hours) when there
is no cloud and wind. Chlorophyll contents were determined in ten plants which selected randomly from
each parcel on the fifth fully expanded leaf below the
terminal with one reading per leaf of the plant [32].
Fiber technological properties were analyzed with
HVI spectrum in the Nazilli Cotton Research InstiWXWH¶V ODERUDWRU\ $OO of parameters were analyzed
with the JMP Statistical Software program and differences were considered for significance using LSD
(0.05) test.

RESULTS AND DISCUSSION
Analysis of variance (sum of squares) are given
in Table 1, revealed that significant differences
among cotton genotypes for canopy temperature
(pre-flowering stage, peak-flowering stage and postflowering stage), chlorophyll content (peak flowering stage), ginning percentage, fiber strength and
spinning consistency index, but non- significant differences were observed for seed cotton yield, fiber
fineness, fiber length and fiber uniformity.
Minimum, maximum and mean values of all
the investigated characters in advanced lines and
control varieties are presented in Table 2.
It was shown that in the Table 2, seed cotton
yield ranged from 1275.00 to 6286.90 kg ha-1 in advanced lines and ranged from 3647.32 to 4866.07 kg
ha-1 in control varieties. This findings indicating that
a large variation between advanced lines for seed
cotton yields. The average seed cotton yield of advanced lines (3829.10 kg ha-1) was slightly lower
than that of control varieties (4015.40 kg ha-1).
Canopy temperature in pre-flowering stage was
significant at (p<0.01) probability level. At this stage
canopy temperature ranged from 27.66 to 42.96 in

TABLE 1
Analysis of variance for genotypes
Source

DF

Block
Gentyp
Model
Error
Total
CV (%)

3
144
147
12
159

SCY
(kg/ha)
34133
640518
689470
44362
733832
14.64

CT
Pre-FS
495**
507**
2434
7
2441
2.12

CT
Peak-FS
2698,99
1605**
15501
24
15526
3.50

CT
Post-FS
2028,28
1715**
12742
14
12757
2.92

CC
(SV)
51,78*
1328*
1774
35
1809
3.65

GP
(%)
6.41
383*
386
12
399
2.38

FF
Mic
0,1
20,6
21,3
2,7
24,0
9.87

FL
mm
4
215
217
17
234
3.99

FS
(g/tex)
14
1265*
1302
41
1343
5.59

FU
(%)
0,5
210,5
216,9
8,7
225,7
1.00

SCI
30
33502**
33977
794
34771
5.70

DQG 6LJQLILFDQWO\GLIIHUHQWIURP]HURDW3DQG3UHVSHFWLYHO\
SCY: Seed Cotton Yield; CT: Canopy Temperature; FS: Flowering Stage; CC: Chlorophyll Content; SV: SPAD
Value; GP: Ginning Percentage; FF: Fiber Fineness; FL: Fiber Length; FS: Fiber Strength; FU: Fiber Uniformity;
SCI:Spinning Consistency Index
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TABLE 2
Minimum, maximum and mean values of the investigated traits in advanced lines and control varieties
Characters
Advanced Lines
Minimum
Maximum
Mean
Control Var.
Minimum
Maximum
Mean
General Mean

SCY
kg/ha

CT
Pre-FS

CT
Peak-FS

CT
Post-FS

CC
SV

GP
%

FF
Mic

FL
mm

FS
g/tex

FU
%

SCI

1275.00
6286.90
3829.10

27.66
42.96
35.76

31.17
48.87
40.57

24.93
48.05
37.66

37.72
56.20
46.88

37.36
46.95
42.38

3.47
5.79
4.79

27.14
34.44
29.78

26.75
45.79
33.01

81.19
87.53
84.18

109.00
202.20
141.99

3647.32
4866.07
4015.40
3697.00

35.15
35.65
35.40
35.78

40.00
41.07
40.45
40.57

36.95
38.87
37.75
37.93

46.37
50.07
47.94
46.92

41.17
44.46
42.14
42.37

4.32
4.97
4.60
4.78

27.91
31.30
29.65
29.77

32.22
34.15
33.59
33.03

83.82
84.97
84.27
84.19

138.50
154.00
145.80
142.12

FIGURE 2
Canopy temperature (CT) at three different cotton growing stages and chlorophyll
content (CC) of genotypes.
Genotypic differences were detected for ginning percentage, minimum and maximum values in
terms of ginning percentage changed between 37.36
and 46.95 for advanced lines, and ranged from 41.17
to 44.46 for control varieties. Mean of advanced
lines were the similar as control varieties (Table 2).
Comparing the response to high temperature of
all the cultivars (advanced lines and control cultivars) used in this study revealed that significant variation existed for fiber strength and spinning conVLVWHQF\LQGH[DW S SUREDELOLW\OHYHOKRZHYHU
non-significant differences were observed for fiber
fineness, fiber length and fiber uniformity.
For fiber strength and spinning consistency index, the maximum values of advanced lines were
higher than control cultivars, and also mean of values of advanced lines was nearly similar to control
cultivars.

Correlation analysis was performed to determine canopy temperatures measured at different development stages, and chlorophyll content and other
traits association with final yield and fiber quality
properties. As a result, a significant and positive correlation was observed between seed cotton yield and
canopy temperature in all cotton growing stage (pre
flowering, peak flowering and post-flowering/boll
formation period). However, correlations coefficient
were strongest when canopy temperature were measured in peak flowering stage of cotton development
period.
Similar results have been observed by plenty of
researchers [34, 35, 36 and 29]. The results of study
indicated that genotypes with warmer CT, implying
more-closed stomata, produced the highest yields
[37]. However, some researchers detected negative
correlation between yield and canopy temperature
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[38, 39, 40]. These differences may be due to the use
of different crops which used in the study and may
be come from the differences of irrigation. Some of
the studies were carried out under water stress conditions and others in well watered conditions. It was
reported that wheat lines with low CT in grain filling
produced more grain yield [19]. The negative correlation between CT and grain yield under DW condition clearly indicated that increase in CT was accompanied with yield reduction because plants could not
keep adequate transpiration rate. CT affected by environmental factors like water status of soil, wind,
evapotranspiration, cloudiness, sowing time, plant
metabolism, air temperature, relative humidity and
continuous radiation number of genotypes and time,
number of CT measurements [12, 41, 42]. Some discrepancies for association of CT and yield (from
negative to no or positive association) have been reported [43, 27]. Similar results of correlation between canopy temperature (CT), canopy temperature
depression (CTD) and grain yield suggest that the
use of CT and CTD in screening for highly tolerant
varieties to drought or heat is similar [44]. However,
some researchers announced pearl millet (Pennisetum glaucum L.) genotypes showed significantly
higher yield with warmer canopy temperature (CT)
under irrigated conditions than with cooler CT under
non-irrigated conditions [45]. It was revealed that
correlation of CTD with yield was not affected by
the irrigation status of the crop under well-watered
conditions [46].
Significant and positive correlation was observed between seed cotton yield and three fiber
quality parameters such as fiber fineness, fiber
strength and fiber uniformity, but negative and significant correlation was found between seed cotton
yield and fiber length. On the other hand canopy
temperature in pre flowering stage was highly signif-

icant and positively correlated with canopy temperature in peak flowering and post flowering stage and
also negatively correlated with fiber length. Previous
researchers observed negative linear relationships
between canopy temperature and fiber length, and
they also reported fiber length reduced by 0.05 mm
IRUHDFKÛ&LQFUease in average daily canopy temperature [29].
Canopy temperature in peak flowering stage
was also positively correlated with fiber uniformity
and canopy temperature in post flowering stage was
significantly and positively correlated with spinning
consistency index (SCI) and fiber strength. These
positive relationships between canopy temperature
and fiber strength have been observed in numerous
studies [47, 48, 29].
Chlorophyll content was significantly and negatively correlated with fiber length. Ginning percentage were negatively correlated with spinning consistency index, fiber length and fiber strength. On the
other hand spinning consistency index (SCI) were
positively correlated with fiber length, fiber strength
and fiber uniformity, but negatively correlated with
fiber fineness. Fiber fineness was negatively correlated with fiber length and fiber length was positively correlated with fiber strength and fiber uniformity.

CONCLUSION
The objective of this study was to assess the relationships between canopy temperatures, chlorophyll content, seed cotton yield and fiber quality parameters and also discriminate the best advanced
cotton lines for heat tolerance by using canopy temperature and chlorophyll content. For this aiming
140 advanced lines and 5 control varieties totally 160

TABLE 3
Correlation between Canopy Temperature, Chlorophyll Content, Yield and Fiber Quality Properties
CT-PREF
CT-PEAKF
CT-POSTF
CHLC
GP
SCI
FF
FL
FS
FU

SCY
0,34**
0,32**
0,32**
0,06
-0,03
0,11
0,22**
-0,18*
0,24**
0,16*

CT-PREF

CT-PEAKF

CT-POSTF

CHLC

GP

SCI

FF

FL

FS

0,66**
0,63**
0,02
0,10
0,05
-0,01
-0,17*
0,02
0,17*

0,81**
-0,09
0,14
0,10
0,01
-0,11
0,13
0,16*

-0,05
-0,00
0,15*
-0,05
-0,11
0,24**
0,11

-0,12
-0,11
-0,07
-0,17*
-0,08
-0,15

-0,20*
0,04
-0,26**
-0,23**
0,03

-0,33**
0,67**
0,86**
0,74**

-0,28**
-0,10
0,02

0,47**
0,42**

0,47**

**Correlation coefficient is significant at 0.01;
*Correlation coefficient is significant at 0.05.

SCY= Seed Cotton Yield (kg ha-1), CT-PREF= Canopy Temperature- Pre- Flowering Stage, CT-PEAKF= Canopy Temperature-Peak Flowering Stage, CT-POSTF= Canopy Temperature Post-Flowering Stage, CHLC=
Chlorophyll Content (SPAD Value), GP= Ginning Percentage (%), SCI= Spinning Consistency Index, FF= Fiber
Fineness (Micronaire), FL= Fiber Length (mm), FS= Fiber Strength (g tex -1), FU= Fiber Uniformity (%)
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[3] Liu, Z, Yuan, Y.L., Liu, S.Q., Yu, X.N., Rao,
L.Q. (2006) Screening for high-temperature tolerant cotton cultivars by testing in vitro pollen
germination, pollen tube growth and boll retention. Integrat Plant Biol. 48, í
[4] Bibi, A.C., Oosterhuis, D.M., Gonias, E.D.,
(2008) Photosynthesis, quantum yield of photosystem II and membrane leakage as affected by
high temperatures in cotton genotypes. The
Jour. of Cotton Sci. 12, 150-159.
[5] Snider, J.L., Oosterhuis, D.M., Skulman, B.W.,
Kawakami, E.M. (2009) Heat stress-induced
limitations to reproductive success in Gossypium hirsutum. Physiologia Plant. 137, 125-138.
[6] Cottee, N.S., Tan, D.K.Y., Bange, M.P.,
Cothren, J.T., Campbell, L.C. (2010) Multilevel determination of heat tolerance in cotton
(Gossypium hirsutum L.) under field conditions.
Crop Sci. 50, 2553-2564.
[7] Oosterhuis, D.M., Snider, J.L. (2011) High
Temperature Stress on Floral Development and
Yield of Cotton. Stress Physiology in Cotton.
The Cotton Foundation, Cordova, TN, 1-24.
[8] Wu, T., Weaver, D.B., Locy, R.D., McElroy, S.,
Santen, E. (2013) Identification of vegetative
heat-tolerant upland cotton (Gossypium hirsutum L.) germplasm utilizing chlorophyll fluorescence measurement during heat stress. Plant
Breeding. 133(2), 250-255.
[9] Abro, S., Rajput, M.T., Khan, M.A. (2015)
Screening cotton (Gossypium hirsutum L.) genotypes for heat tolerance. Pak. J. Bot. 47(6),
2085-2091.
[10] Farooq, J., Mahmood, K., Waseem Akram, M.,
Rehman, A.U., Javaid, M.I., Petrescu-Mag, I.V.,
Nawaz, B. (2015) High temperature stress in
cotton Gossypium hirsutum L. ELBA Bioflux.
7(1), 34-44.
[11] Song, G., Wang, M., Zeng, B., Zhang, J., Jiang,
C., Hu, Q., Geng, G., Tang, C. (2015) Another
response to high-temperature stress during development and pollen thermotolerance heterosis
as revealed by pollen tube growth and in vitro
pollen vigor analysis in upland cotton. Planta.
241, 1271-85.
[12] Karimizadeh, R., Mohammadi, M., Ghaffaripour, S., Karimpour, F., Shefazadeh, M.K.
(2011) Evaluation of physiological screening
techniques for drought-resistant breeding of durum wheat genotypes in Iran. African Journal of
Biotechnology. 10(56), 12107-12117.
[13] Abdipur, M., Ramezani, H.R., Bavei, V., Talaee, S. (2013) Effectiveness of Canopy Temperature and Chlorophyll Content Measurements at
Different Plant Growth Stages for Screening of
Drought Tolerant Wheat Genotypes AmericanEurasian J. Agric. and Environ. Sci. 13(10),
1325-1338.

genotypes were screened under field conditions in
arid and hot environment for yield, chlorophyll content, canopy temperature and fiber technological
properties. The results of this study indicated that
there were significant differences in terms of canopy
temperature in three different cotton growing stage
(pre flowering, peak flowering and post flowering
stage), chlorophyll content, ginning percentage, fiber
strength and spinning consistency index, however
non-significant differences were observed for seed
cotton yield, fiber fineness, fiber length and fiber
uniformity ratio. It was observed that mean of canopy temperature in peak flowering stage was higher
than both of pre flowering and post flowering stage,
this findings suggested that canopy temperature in
peak-flowering stage is more appropriate to screen
differences in large breeding material. Unlike majority previous studies, in this study, correlation between seed cotton yield and canopy temperature was
found to be positive implying genotypes closed stomata and reduced water loss through stomatal transpiration. Thus, canopy temperature increased but
high temperature did not affected yield probably due
to the available water in the soil during the growth
period. This result suggests that canopy temperature
would not to be used as a reliable selection criterion
for heat stress under irrigation condition. Earlier
studies revealed that significant and positive correlations between chlorophyll content and seed cotton
yield, in this study there were positive but non-significant correlation between seed cotton yield and
chlorophyll content. This study was carried out under field and well-watered conditions. The findings
obtained from this study need to be supported by
controlled condition studies.
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different elements that lead to pollution. According
to sources, contaminants can exhibit physical, chemical or biological character. In this context, many parameters such as temperature, pH, oxygen level,
electrical conductivity, turbidity, nitrate, nitrite,
phosphate, biological oxygen demand and chemical
oxygen demand can be taken as basic criteria in determination of water quality and pollution level.
Each of these criteria is important for the vital cycle
of the biological diversity of the water resource, as
well as its use as drinking water and irrigation water,
directly related to human health.
This negative picture of water resources has led
many environmental scientists, non-governmental
organizations, international organizations and even
governments to contemplate the protection and development of these resources. In this respect, international organizations in the position of global actors
should be able to take joint decision-making, demonstrate common attitudes towards water use, establish
international standards, work on reducing water usage and returning to ecological cycling with minimum losses and establishing different approaches
and methodologies for water resources management
[3].
Quality assessment of polluted water; Not only
in determining the effects of pollution elements in
the water, but also in the theoretical information essential for the sustainability of limited water resources. Many pollution index methods are used to
evaluate water quality. These methods include; defines the exact limits of the amount and variability of
water pollution at different grades. However, due to
the uncertainty of each water pollutant, there is a
risk-related uncertainty in quality assessments. Incorrect boundaries in uncertainty classification diagrams make it difficult to use these diagrams. Because of this ambiguity, some environmental researchers have had to work on fuzzy logic-based advanced evaluation methods.
In this study, the temperature, pH, dissolved
oxygen, electrical conductivity, turbidity, nitrate, nitrite, phosphate, biological oxygen demand and

ABSTRACT
The aim of this study is to evaluate the water
quality of Germeçtepe Dam Lake located in the Daday district of Kastamonu province and to determine
the temperature, pH, turbidity, conductivity, dissolved oxygen, nitrate, nitrite, phosphate, ammonia,
COD and BOD in terms of 11 physico-chemical parameters. In the results of the analysis, Germeçtepe
Dam reservoir water quality according to surface water regulations was determined as the first quality in
terms of temperature, pH, dissolved oxygen, conduction, nitrate, ammonium, COD and BOD parameters
and II. quality in terms of nitrite, in terms of phosphate, IV quality. According to the fuzzy logic approach results obtained from the Germeçtepe Dam
Lake for one year and including ten physico-chemical parametres into the rule base, 90% success was
achieved in the decision support system and it was
concluded that the fuzzy logic approach has infulance on the water quality classification.

KEYWORDS:
Water quality, Germeçtepe dam lake, fuzzy logic.

INTRODUCTION
Although a considerable part of the earth is
covered with water, the amount of water available is
very small. However, thanks to the water cycle, the
available water makes it possible for all living things
to survive. Protecting the ecosystem with economic
growth and ensuring environmental sustainability
has brought nature and nature together. As a result,
the natural causes as well as the damage caused by
human activities have caused pressure on limited
water resources and global water problems [1].
The main criteria that determine contamination
in aquatic environments are physicochemical and biological factors [2]. When the levels of quality parameters vary according to the areas of use, there are
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FIGURE 1
Germeçtepe Dam Lake stations with water samples
TABLE 1
Quality classes of inland continuous surface water sources according to surface water regulation [4, 5]
Water Quality Parameters
Temperature (oC)
pH
Conductivity (μS/cm)
Dissolved oxygen (mg O2/L)
Chemical oxygen demand (COD) (mg/L)
Biological oxygen demand (BOD) (mg/L)
Ammonium nitrogen (mg NH4+-N/L)
Nitrite nitrogen (mg NO2Ǧ-N/L)
Nitrate nitrogen (mg NO3Ǧ-N/L)
Total phosphorus (mg P/L)

Water Quality Classes
I
II


6.5-8.5
6.5-8.5
< 400
400-1000
>8
6-8
< 25
25-50
<4
4-8
< 0.2b
0.2-1b
< 0.002
0.002-0.01
<5
5-10
< 0.03
0.03-0.16

III

6,0-9,0
1001-3000
3-6
50-70
8-20
1-2b
0.01-0.05
10-20
0.16-0.65

IV
> 30
6.0-9.0 up
> 3000
<3
> 70
> 20
>2
> 0.05
> 20
> 0.65

polyethylene, dark colored bottles. First, the prewashed bottles were rinsed with distilled water. The
closed bottle was immersed in the lake at a depth of
1 m and then opened and closed again to expel the
surface.
Temperature, Dissolved Oxygen, pH, electrical
conductivity parameters were recorded with HQ
Lange brand HQ40d model digital multimeter simultaneously with water sampling. The turbidity parameter was also recorded momentarily with the
Turb® 430 turbidity meter of the WTW brand during
water sample intake. Nitrate, nitrite, phosphate, ammonium, BOD and COD parameters were determined by spectrophotometric method and the same
samples were analyzed on the same day using Hach
Lange UV-VIS Spectrophotometer and Hach Lange
LT200 Thermoreactors.
Water Quality Classes and interpretation of the
measured water parameters were revised in 2012 and
based on the "Quality Criteria According to Classes
of Surface Water Surface Inside Continents" specified in the Regulation on Surface Waters published
in the Official Gazette [4].
In the formulation of fuzzy logic model, the
classical classification method given in Table 1,
which separates water quality into four classes, is
considered.

chemical oxygen demand data obtained from the
three stations determined in the Germeçtepe Dam
Lake located in the Daday district of Kastamonu
province. And the quality classification was evaluated according to the fuzzy logic approach.

MATERIALS AND METHODS
Material. The research area is Germeçtepe
Dam Lake which is located within the boundaries of
Daday district of Kastamonu province. 41° 26' 45"
North, 33° 37' 40" East, the dam was built as a lake
watering dam and was taken into operation in 1984.
From Germeçtepe Dam, which is an important dam
in terms of region, three stations were set as a research station on the dam lake and samples were
made from this point. The physical structure of the
dam lake, the area where it is fed, and the places
where fishery enterprises are located are taken into
consideration when the stations are determined.
Method. To investigate the physico-chemical
properties of lake water content, the collection of water samples lasted for 12 months from January to December 2016. The water samples were collected in
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FIGURE 2
Overview of the generated Fuzzy Logic system structure

TABLE 2
Quality classes according to the measured
parameters of the dam lake.

The steps taken in the model are given below
[6, 7, 8, 15].
1- Determining the classifications of the physico-chemical parameters with classical classification
by means of the measured values and gathering in
four groups.
2- Designation of fuzzy model membership
names as a counterpart to classical quality classification.
3- Establishment of membership functions of
input and output values in triangular or isosceles
trapezoid structure and determination of limit values.
4- Formation of rule base using quality classes
of input values.
5- Using the fuzzy logic algorithm with the
Mamdani approach and then determining the fuzzy
result outputs of the groups with the membership
function ratings of the parameters.
It consists of refinement steps to determine the
quality index of the four different fuzzy result outputs. The MATLAB R2014b Program was used in
the evaluation of fuzzy logic processing.

Parametre
Temperature
pH
Oxygen
Conductivity
Nitrat
Nitrit
Ammonium
Phosphate
COD
BOD

I.
Quality
X

II.
Quality

III.
Quality

IV.
Quality

X
X
X
X
X
X
X
X
X

According to the Regulation of Surface Waters,
some physicochemical properties of water contained
in water quality standards are reformatted by means
of fuzzy logic terms and rule base connections made
according to decision support system structure. Figure 3 shows the general view of the fuzzy system designed using the MATLAB program.
Triangular membership functions of each parameter (1st, 2nd, 3rd and 4th quality) were defined
by using the rating scale of the water quality parameters specified in the Surface Waters Regulation
given in Table 1 in order to create fuzzy clusters of
inputs and outputs. Parameters transferred to the turbid basin. When the surface waters are regulated, the
quality evaluation is selected from the parameters.
Therefore, ten parameters that are measured except
for the turbidity are transferred to the system.
As a result of the comparison, it was determined that the decision support system, which was
established in order to determine the quality

RESULTS AND DISCUSSION
Water surface grade water quality determined
by the regulation is given according to the average
measurements performed on physical and chemical
parameters Germeçtepe Dam in Table 1.
Water quality classification results according to
classical classification method specified in the Regulation of Surface Waters. The overall water quality
assessment is based on the class of the worst parameter included.
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FIGURE 3
Rule display window

their work on hydrographic survey data collected between 2004-2006 in Ribeira de Iguape River in Sao
Poulo state, Brazil. They have reported that the water
quality index model based on the fuzzy logic has a
more reasonable and better correlation than the traditional models and that this new index can be used
as an alternative tool in environmental decision management [11].

classes of 36 water samples obtained from different
stations and different stations, showed 90% success.
It was observed that the most important variables affecting water quality in the samples in the dataset are
temperature, oxygen, nitrate, COD and BOD. The
10% inconsistency in the system and expert decisions is thought to be due to pH and nitrite.
ùengörür et al. (2004) evaluated the quality of
water in the study conducted in the Great Melan
River by using a fuzzy logic approach and it was reported that the quality class of the river water quality
reported in the Water Pollution and Control Regulation and the quality classes calculated according to
the fuzzy logic approach are the same in general
manners. As a result; has designed a performance
fuzzy logic model with water quality classes defined
[9].
In another study evaluating the heavy metal
pollution of the Karasu River, it was reported that the
fuzzy mathematical model gives more accurate results than the classical classification in evaluating
the heavy metal parameters of water quality [6, 16].
In another study, fuzzy inference systems have been
used to evaluate water quality in rivers and have
emerged from the Ebro River in Spain, suggesting
that this method is an effective tool to be used in developing appropriate and alternative water management plans [10]. It has been emphasized that fuzzy
inference systems can be quite suitable for water pollution evaluations and classification in a study where
some water quality parameters are evaluated with
fuzzy logic and water quality classification is tried
[12].
Lermontov et al. (2009) have published a new
water quality index (FWQI) based on fuzzy logic in

CONCLUSIONS
Assessment of water quality and environmental
management plays an important role in the decisionmaking process. It is the scientific basis for the conservation and rational use of water resources.
In this study, three stations were selected for a
year of water samples from Lake Germeçtepe Dam
were analyzed for some physical and chemical parameters. According to the water quality tank surface
water regulations published in the Official Gazette in
2012. Temperature, pH, oxygen, conductivity for nitrates, ammonium, COD and BOD parameters in
terms of Class I, II, in terms of nitrite. And phosphate
in terms of grade IV. The water quality layer is included in the group.
In this context, the evaluation of water quality
is very important for the establishment of water management policies towards the decision mechanisms
mentioned above and for the protection of biological
diversity of aquatic areas.
Water quality management has a strong economic component since freshwater has become an
important management, as one element of environmental management [13]. Many pollution index

5241

© by PSP

Volume 27 ± No. 8/2018 pages 5238-5243

Fresenius Environmental Bulletin
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24, 35-45.
[3] Denli, H. H. and Denli, G.O. (2017) The Use of
Soil and Water Resources at the Mediterranean
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520-526.
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methods are used in water quality evaluation. These
methods include; defines the exact limits of the
amount and variability of water pollution at different
levels. However, due to the uncertainty of each water
pollutant, there is uncertainty in the quality assessments. Incorrect boundaries in uncertainty classification diagrams make it difficult to use these diagrams. Because of this uncertainty some environmental researchers have had to work on fuzzy-based
advanced evaluation methods. Because Fuzzy logic
systems are able to avoid the artificial certainty and
produce similar results to the environmental conditions, the use of information such as individual
knowledge and experience not included in other
mathematical models, interest in variables, quantitative and qualitative information are combined [7,
14].
It is concluded from this that 90% success in
the decision support system is achieved and that the
fuzzy logic approach is effective in the water quality
classification according to the fuzzy logic approach
results obtained for one year from the Germeçtepe
dam lake and including ten physico-chemical parameters into the rule base. From this, it shows that the
mathematical models based on fuzzy logic have
more positive results in quality classification. Because, in single factor pollution index, each parameter is treated separately and classification is made according to the parameter having the worst criterion
in determining water quality. However, it is considered that the fuzzy logic mathematical method can
easily be used in the water quality classification
when all the parameters and the weights of each parameter in all the parameters are taken into consideration.
Accurate monitoring and identification of water
quality in aquatic areas is also important for ensuring
the continuity of aquatic life as well as for leading
accurate inventory and planning studies. For this reason, it is necessary to record the monitoring inventory in a healthy manner if such evaluation and monitoring studies are routinely performed. For this reason, these methods with mathematical basis should
be used to manage water resources and this methodology should be developed.
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ABSTRACT

yielded [1]. In previous studies, it was reported that
the effects of PG and PAM applications were permanent whereas effects of surface covering and
tillage were temporary [2].
Impact energy of raindrops may lead to the
formation of seal on the soil surface. This causes
serious problems in agricultural areas in arid and
semi-arid regions. The application of PG on soil
surface leads to stability in the amount of
electrolytes [3], ensures the release of electrolytes
in water entering soil and transferring to runoff,
acts as mulch, prevents subsidence of soil particles
on the surface [4], keeps electrolyte level at a high
level, reduces the formation of seal by ensuring
aggregation of clays, increases infiltration,
decreases the amount of sediment washed away
from surface [5], and restricts the soil loss
increasing with the increase of slope [6].
The effects of consecutive (7-day interval)
simulated rainfall (intensity of 45 mm.h-1 and 1hour), slope (2, 6, 15, 24 and 30%) and PG (0, 5
t.ha-1, 10 t.ha-1) on runoff and erosion were investigated on two soil samples (clayey and silty loam),
and positive effects of PG were observed on all
results as statistically significant (P<0.01) [7]. A
similar study was conducted so as to determine the
effects of consecutive simulated rainfall, slope and
PG on seal formation and infiltration rates, and
thinner seal occurred and the increase in infiltration
rates were found as statistically significant (P<0.01)
in PG treatments [8].
PAM application increases cohesion strength
between soil particles, can meliorate soil micro
structure and aggregate stability against water [9,
10, 11, 12], maintains soil structure, enhances resistance of soil to erosion, reduces soil erosion
susceptibility factor (K), increases infiltration, decreases amount of runoff [13, 14, 15] and as a result
it reduces seal formation and soil loss [16, 17, 18,
19, 20].
In laboratory conditions, at parcels with slope
of 20%, PAM was sprayed on soil texture of clay
(Typic Hapludult) in rates of 0, 20, 80 and 120
kg.ha-1 and simulated rainfalls (70 mm.h-1) were
applied 1, 2, 8, 30 and 60 days after. As a result of
this research, PAM dozes of 80 and 120 kg.ha-1
significantly decreased the runoff and the amount

The water erosion, which can be observed in
every region where high intensity precipitation and
sloping lands are present, is a type of erosion that
erodes the soils at most. In this study, simulated
rainfalls having the intensity of 100 (± 3) mm.h-1
were applied for one hour on three different eroded
soil samples (Clay loam, Sandy loam and Loam)
through three different methods involving Control,
PAM (7.5 kg.ha-1) and PG (7.5 ton.ha-1) in three
repetitions. While PAM applications increased final
infiltration values at the rate of 70% and total
infiltration values at the rate of 39-48%, they
decreased runoff values at the rate of 19-41%,
runoff erosion at the rate of 200-300% and amount
of soil replaced with side splash at the rate of 250300%. PG applications increased final infiltration
values at the rate of 54-57% and total infiltration
values at the rate of 28-38% whereas they
decreased runoff values at the rate of 20%, runoff
erosion at the rate of 190-260% and amount of soil
replaced with side splash at the rate of 200-260%.
PAM applications enhanced more positive effect of
0-50% for all erosion processes. According to
results of analysis of variance, positive effects of
PAM and PG on erosion processes were found to
be significant at P<0.05 and P<0.01.

KEYWORDS:
Rainfall simulator, PAM, PG, infiltration, runoff, erosion

INTRODUCTION
Accelerated water erosion can be reduced
since it is human-induced and amounts of soil loss
can be decreased to the tolerance limits. Soil
protection activities are not only limited with
correct cultural operations, but also benefit from the
positive contributions of soil conditioners. Most
common of these are polyacrylamide (PAM) hydrophilic, and high molecular and polyvinyl alcohol
(PVA). Some research has been conducted with
these polymers, and different results have been
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PS, and simulated rainfall of 40 mm.h-1 intensity
was applied. The containers were placed in a drying
cabinet at 40°C. Resistances of seal occurring on
soil surface were measured with hand penetrometer.
It was determined that the resistances of seal at the
parcels where PS and PAM were sprayed were
lower than control parcels [28].
The effects of PAM and PG on tillage (surface
tillage breaks seal layer) and the effects of surface
cover on runoff and soil loss were investigated on
soils having sandy loam texture (clayey Typic
Kanhapludult) in natural rainfall conditions. As a
result, PG and PAM applications reduced runoff
and soil loss 67 and 44%; and 16 and 19% according to control treatments, respectively. The positive
effects of PAM and PG on decreasing runoff were
higher than those decreasing of soil loss [2].
In different research, PAM+PG mixtures and
simulated rainfalls of 3 mm drop diameter from
different heights (0.4, 1.0 and 1.6 m) were applied
on soils (Typical Chromoxerert, Typical Rhodoxeralf and Calcic Haploxeralf). It was reported that
the infiltration rates reduced and soil loss amount
increased when the height of rainfall increased. In
addition, PAM+PG applications increased infiltration rates and decreased the amount of soil loss
compared to control and PG parcels [29].
In this study, the effects of PG and PAM on
infiltration, runoff and erosion under high intensity
rainfall (100 mm.h-1) generated by rainfall
simulator and critical slope (6%); the difference
between them; and the statistical significance of
this difference were investigated on three different
soil samples that were susceptible to erosion.

of sediment. It is reported that seal layer on soil
surface was hard in the waiting period after PAM
applications. As a result, when runoff amounts
increased, soil losses decreased [21].
In another study, PAM was applied to two soil
samples (clay and sandy) with irrigation water as 10
mg.L-1 in order to determine the effect of PAM on
infiltration capacity, water holding capacity, and
aggregate stability. The differences of ControlPAM were found statistically significant (P<0.01)
for initial infiltration rate, indifferent for final infiltration rate, significant (P<0.05) for aggregate stability, and indifferent for water holding capacity
[22].
PVA and PAM were sprayed as solution at the
density of 1000 mg.L-1 (667 gr. da-1) and 100
mg.L-1 (66.7 gr.da-1) on three sandy-loamy textured
soil samples and after 24 hours, simulated rainfalls
were applied at a density of 65 mm.h-1 and 1-hour
period to parcels. As a result of this study, polymers
applications were found more effective on the soil
sample with higher aggregate stability, and it was
determined that this effect changed according to the
type and dose of polymer, and that PVA significantly reduced the amount of runoff and soil loss
[23].
In an investigation, PAM and PVA were
sprayed as 6.70 and 33.50 kg.ha-1 on soil samples
(sandy clayey loam and sandy loam), and simulated
rainfalls were applied at the density of 65 mm.ha-1
for 1-hour period. The decrease in runoff and the
resistance of seal layer due to polymer applications
for soil samples of sandy loam [24] was found
statistically significant (P<0.05).
Gel of hydrophilic PAM was sprayed as 0.2%
w/w on soil surface with sandy clayey loam texture
and high amount of calcareous. After the soil surface dried, hydrophobic of polyvinyl acetate
(PVAc) was sprayed as 0.5 and 1.0% w/w. According to the results of this study, it was determined
that polymers reduced seal formation at a significant level [25].
PAM (20 kg.ha-1) and polysaccharide (PS) (40
kg.ha-1) were applied on vertisols with silty loam
and clay texture, and parcels were subjected to
simulated rainfall with the intensity of 100 mm.h-1.
In this study, the runoff was found 39-53% of the
rainfall; PAM and PS applications reduced runoff
and soil loss at significant level, however, seal
formation increased the runoff amount [26].
According to results of another study, where
different rates of PAM and PS were sprayed on soil
samples (Typic Chromomert and Typic Haploxeralf), and simulated rainfall of 60 mm.h-1 intensity
was applied for five times, it was observed that
PAM increased permeability and decreased the soil
loss [27].
In a study, where silty loam soils (Calcic Haploxeralf) in containers with 120 mm diameter and
78 mm height were subjected to spray PAM and

MATERIALS AND METHODS
3 soil samples used in this study were eroded
soils which were taken from (0-20 cm) sloping
lands (6%) in the Tuzluca district of Igdir province,
located in Eastern Turkey. Air-dried soil samples
were sieved from a 2-mm sieve for physical and
chemical analyses. Soil texture [30], organic matter
[31], hydraulic conductivity [32], aggregate
stability [33] and soil structure (manual examination) were determined. Soil samples used in
experimets of rainfall simulation were sieved from
a 8-mm sieve [24, 23].
Tuzluca district which has a continental
climate, is an arid region. The average annual
precipitation is 273.0 mm. According to the long
term meteorological data, although it has the lowest
precipitation amount of Turkey, there are 25
thunderstormy or rain showery days there [34].
PAM used in this research has a relative density of 0.750 gr.cm-3 and molecular weight of 16
Mg.mol-1. When molecular weight of PAM increases, the length of the polymer chain and viscosity of
the PAM solution increase [35]. PAM with high
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slope of 6%, collection containers were placed on
the outlet of slopped apron at the tips of pans when
rills were formed. A glass cover was placed on the
apron in order to prevent the raindrops falling on
SDQV¶DSURQIURPPL[LQJLQWRUXQRII[41, 7]. Runoff
measurements were conducted with 15-minute
interval.
The jars collecting runoff and sediments were
kept for sedimentation for a while and when the
runoff water became clear, amount of runoff water
was measured through siphoning. However, since a
certain amount of runoff water left with sediment,
measuring containers were weighed right after the
VLSKRQLQJ SURFHVV DQG NHSW RQ Û& KRW-plate for
drying. After the drying process, they were weighed
again and the difference between wet and dry
sediment amounts was added to the runoff amount
[41, 7].
Analysis of variance was conducted in order
to determine whether or not the differences between
final infiltration, total infiltration, runoff, side
splash, and the amount of soil lost by runoff
measured in control, PAM and PG soil samples
used in the study were significant, or in other words
to determine whether or not PAM and PG had any
positive effect or not.

molecular weight is more effective in clay aggregation, and its effect on infiltration is more than PAM
with low molecular weight [36, 35]. The second
soil conditioner PG is waste matter of fertilizer
factories used phosphorite, and has 97% CaSO4,
1% MgSO4, 0.6% P2O5, 1.4% fluorapatit and SiO2
in dry composition of it [7, 8].
A laboratory-type rainfall simulator generated
a 0.5 cm drop diameter [37], the metal pans had the
dimensions of 50x22 cm while the splash plates
used to measure the sediment amount carried via
side splashes had a height of 1.5 m, and tap water
for simulated rainfall [24] with the pH value of 7.29
and an electrical conductivity of 27.3 mS.m-1 were
used in this study.
100±3 mm precipitation was applied during 81
one-hour rainfall processes. Coarse filter paper and
3-cm deep soil samples onto of it were placed in
pans, and a slope of 6% was given to the pans. Soil
samples were subjected to rainfall simulation in airdried condition without being saturated. 1-hour
rainfall period was started for each sample when
infiltration started.
82.5 gr PG (7.5 ton.ha-1) was mixed in the
upper 1-cm layer of the soil samples in the pans.
82.5 mg PAM (7.5 kg ha-1) on infiltration, runoff,
splashing and the amount of soil lost by runoff at
the slope of 6%; PAM was dissolved in 1 liter of
distilled water [38, 39, 24] at the temperature of
65°C for 25 minutes and was sprayed on the soil
samples in pans [24, 23] and after the soil samples
were kept for 1 hour [47].
After the soil sample reached saturation, the
infiltration was measured 6 times with 10-minute
interval. Infiltration values in soil continue
decreasing during precipitation and remain stable
after reaching a certain value [4, 6, 3, 8]. This value
is called as final infiltration and generally soil
conditioners contribute to the increasing of total
and final infiltration values.
Splash plates were placed 6 cm away from
pans placed in the rainfall simulator [41, 7]. Soil
particles collected from plates were washed with a
washing bottle in every 15 minutes, and were taken
to the containers placed in the discharge outlet of
the collecting canal with an approximate slope of
15% in the lower parts of plates. The collected
material was assessed as the amount of soil that
splashed sideways and replaced.
In order to determine the amount of washed
sediment and runoff that may occur in pans with

RESULTS
Table 1 shows the results of physical analysis
applied to soil samples. According to the results of
the texture analysis, the soils had clay loam, sandy
loam, and loam soil textures. Since aggregate
stability values also increased with increasing
amount of organic matter in soils [42]. Aggregate
stability values of soil samples with low organic
matter amounts (0.5-1%) were also measured as
low (40-55%). Hydraulic conductivity values varied
between 60-66 mm h-1. According to these values,
soil samples had moderate permeability. Soils with
high hydraulic conductivity had low susceptibility
to water erosion [43]. Soil structure determination
was performed visually and all three soil samples
were found to be very thin granular. Soil erosion
susceptibility factor (K) values were respectively
0.24, 0.28, and 0.33 for the soil samples.
Accordingly, all soil samples were involved in the
class of substantially erodible soils.

TABLE 1
Results of physical analysis
Soils
CL
SL
L

Sand %
37.2
66.8
52.7

Silt %
25.6
18.0
28.5

Clay %
37.2
15.2
18.8

A.S. %
53.76
40.95
43.71

O.M. %
0.73
1.07
0.59

H.C. (mm h-1)
62.1
65.7
63.9

C.C.
3
3
3

S.S.
1
1
1

CL: Clay Loam; SL: Sany Loam; L: Loam; Aggregate stability; O.M: Organic matter;
H.C: Hydraulic conductivity; C.C: Conductivity class; S.S: Soil structure;
K: Erosion susceptibility factor.
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TABLE 2
Infiltration values (mm.m-2.h-1)
Clay Loam
C
PAM
PG
Sandy Loam
C
PAM
PG
Loam
C
PAM
PG

1
10.0
14.0
13.4
1
11.2
14.7
13.7
1
10.5
14.0
13.7

2
8.6
12.6
11.9
2
9.6
13.1
12.4
2
9.0
12.6
11.9

3
8.0
10.1
9.9
3
8.5
10.8
9.9
3
8.2
11.2
10.2

4
6.0
9.3
8.6
4
6.8
9.1
8.8
4
7.3
9.6
8.0

5
4.7
7.8
7.0
5
5.2
8.1
7.4
5
5.1
7.5
6.9

6
4.5
7.8
7.0
6
4.8
8.1
7.4
6
4.4
7.5
6.9

Total
41.8
61.6
57.8
Total
46.1
63.9
59.6
Total
44.5
62.4
57.6

C: Control, PAM: Polyacrylamide, PG: Phosphogypsum.
14, 15]. This decrease was 1.4 times for the sample
1, 1.2 times for the sample 2, and 1.3 times for the
sample 3. In other words, the effect of PAM
application reducing runoff was 19-41% for runoff
values compared to control trials. PG applications
also decreased runoff values in the study [4, 6, 3,
7]. This decrease was 1.2 times or 20% for all three
soil samples. The rate of positive effect between
PAM and PG for three soil samples and runoff
amounts were 1.2, 1.0, 1.1 times respectively or
PAM was 20-0-10% more effective.

Table 2 illustrates Control, PAM and PG
infiltration values of soil samples used in the study.
Total infiltration values of control trials were lower
than hydraulic conductivity values given in Table 1
for every soil sample. Its most significant cause was
that aggregates degraded due to the erosive effect of
raindrops and small soil particles filled the holes on
the surface to create a seal [6].
Applications of PAM increased final
infiltration and total infiltration values. The
increases in total infiltration values were 1.5 times
for the sample 1, 1.4 times for the sample 2, and 1.4
times for the sample 3. The increase in the final
infiltration values was 1.7 for all three soil samples.
In other words, compared to control trials, the
positive effect of PAM application was 39-48%
greater for total infiltration values and 70% greater
for final infiltration values. Applications of PG also
increased final infiltration and total infiltration
values. The increases in total infiltration values
were 1.4 times for the sample 1, 1.3 times for the
sample 2, and 1.3 times for the sample 3. The
increases in the final infiltration values were 1.6
times for the sample 1, 1.5 times for the sample 2,
and 1.6 times for the sample 3. In other words,
compared to control trials, the positive effect of PG
application was 28-38% greater for total infiltration
values and 54-57% greater for final infiltration
values. The rate of positive effect between PAM
and PG for all three soil samples and total and final
infiltration values was 1.1 times or PAM was 10%
more effective.
Rills were observed due to the impact effect of
raindrops in the control trials [45] and the kinetic
energy of raindrops (KE) dispersed soil aggregates
as separate particles. Clays led to seal formation [6]
and increase of runoff by clogging pores, which
exist in the surface and beneath the surface. Lowamount PAM applications carried out under
simulated rainfalls performed with high-density tap
water were observed to reduce runoff compared to
control values [40].
Table 3 shows control, PAM and PG-applied
runoff values of soil samples as mm.m-2.h-1.
Applications of PAM decreased runoff values [13,

TABLE 3
Runoff amounts (mm.m-2.h-1)
CL
C
PAM
PG
SL
C
PAM
PG
L
C
PAM
PG

1
0.4
0.2
0.2
1
0.3
0.1
0.1
1
0.2
0.1
0.1

2
1.1
0.6
0.6
2
1.0
0.8
1.0
2
0.9
0.5
0.5

3
5.3
2.7
4.3
3
4.7
3.6
3.9
3
5.0
3.9
4.2

4
7.9
6.9
7.2
4
7.8
7.1
7.0
4
7.9
6.3
6.9

Total
14.7
10.4
12.3
Total
13.8
11.6
12.0
Total
14.0
10.8
11.7

PG [4, 6, 3], PAM [15, 46, 47, 48, 49] and
PG+PAM [50] made a decreasing effect on physical disintegration of aggregates caused by kinetic
energy of raindrop. As PG increases the electrolyte
concentrations in runoff and leaking water,
aggregate distribution is prevented and bigger
aggregates are carried away in smaller quantities.
Thus, erosion caused by runoff is reduced [2]. PG
also decreases the sediment concentration in runoff
volume [51]. Amount of sediment removed by
runoff depends on aggregat stability against
raindrop impact [52], and as aggregate sizes increase, their transportation via runoff are difficult
[53, 54, 6].
Table 4 shows amounts of soils that were
carried away with runoff or were exposed to water
erosion and replaced by side splash as g.m-2.
Positive effects of PAM and PG were seen also in

5247

© by PSP

Volume 27 ± No. 8/2018 pages 5244-5251

soil loss. Control values of runoff erosion decreased
3.3 times for the sample 1, 2.8 times for the sample
2 and 2.3 times for the sample 3 in PAM
application, or PAM application decreased the
erosion caused by runoff at the rate of 200-300%;
the values decreased 2.6 times for the sample 1, 2.2
times for the sample 2 and 1.9 times for the sample
3 in PG application, or PG application decreased
the erosion caused by runoff at the rate of 190260%. PAM decreased the amounts of soils
replaced by side splash 2.9 times for the sample 1,
2.5 times for the sample 2 and 3.0 times for the

Trials
CL
1
C
19.11
PAM 9.10
PG
12.20

Dependent
Variables
Final
Infiltration

Total
Infiltration

Runoff

Erosion

Splash Erosion

SL
C
PAM
PG

1
20.99
12.00
13.85

L
C
PAM
PG

1
23.11
15.10
17.20

sample 3 or at the rate of 250-300%; whereas, PG
decreased the amounts of soils replaced by side
splash 22.6 times for the sample 1, 2.0 times for the
sample 2 and 2.0 times for the sample 3 or at the
rate of 200-260%. The rate of positive effect
between PAM and PG for three soil samples and
total erosion were 1.3, 1.3, 1.2 times respectively or
PAM was 30-30-20% more effective. The rate of
positive effect between PAM and PG for three soil
samples and total side splash were 1.1, 1.3, 1.5
times respectively or PAM was 10-30-50% more
effective.

TABLE 4
Erosion and side splash (g.m-2)
Erosion
Side splash
2
3
4
Total
1
2
Total
50.05 269.36 691.60 1030,12 1840.33 1928.41 3768,74
20.02 90.30 223.02 313,32 690.42 626.62 1317,04
21.56 128.80 238.21 400,77 770.45 665.05 1435,50
Erosion
Side splash
2
3
4
Total
1
2
Total
58.51 270.40 782.19 1132,09 2065.21 2246.46 4311,67
24.22 99.75 266.25 402,22 831.01 910.90 1741,91
33.24 128.80 328.98 504,87 1060.44 1120.19 2180,63
Erosion
Side splash
2
3
4
Total
1
2
Total
72.05 303.40 801.10 1199,66 2330.96 2480.08 4811,04
30.92 102.37 366.25 514,64 786.40 816.19 1602,59
43.62 178.58 382.09 621,49 1155.90 1240.80 2396,70

Statistic
N
Mean
S. Error
LSD
N
Mean
S. Error
LSD
N
Mean
S. Error
LSD
N
Mean
S. Error
LSD
N
Mean
S. Error
LSD
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CL
3
6,43
0,038
b**
3
53,73
0,47
a**
3
12.46
0,31
3
581,40
9,05
c**
3
2173,76
129,37
c*

TABLE 5
Variance analysis.
Variance sources
Soils
Soil conditioners
SL
L
C
PAM
3
3
3
3
6,76
6,26
4,56
7,80
0,038
0,038
0,038
0,038
a**
c**
c
a**
3
3
3
3
56,53
54,83
44,13
62,63
0,47
0,47
0,47
0,47
b**
ab**
c
a**
3
3
3
3
12.46
12.46
14,16
10,93
0,31
0,31
0,31
0,31
a
b**
3
3
3
3
679,72
778,59
1120,62
410,06
9,05
9,05
9,05
9,05
b**
a**
a
c**
3
3
3
3
2744,74
2936,78
4297,15
1553,85
129,37
129,37
129,37
129,37
b*
a*
a
c**

*P<0.05; **P<0.01
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PG
3
7,10
0,038
b**
3
58,33
0,47
b**
3
10,93
0,31
b**
3
509,04
9,05
b**
3
2004,28
129,37
b**
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The purpose of our study is to determine the
fungal numbers and type of air fungi in indoor and
outdoor air ambient of three different mosques in
Edirne City. Research materials were taken from
indoor and outdoor environments of three different
mosques in Edirne once a month during 12 months
between October 2008 and September 2009. Samples were taken (in indoor and outdoor environments, 1 minute each of them and 100 liters) from
selected stations by using Air Sampling Device
(Merck Millipore Air Sampler, Germany). Fungi
samples were taken from indoor and outdoor environments of each station approximately 1 m above.
Identification of fungi carried out by classical
methods such as morphology and colonial characteristics of fungi. 22 fungal genera and 69 fungal
species belonging these genera were determined.
! # genus was the most abundant among
airborne fungi with 2338 CFU/m3 (52.90%) It was
followed by # genus with 875 CFU/m3
(16.55%), "   genus with 457 CFU/m3
(8.64%) ! #! genus with 216 CFU/m3
(4.08%). About Fungal genera and total microfungi
concentrations during the study period, maximum
value of fungal concentrations in indoor air was
determined as 609 CFU/m3 (11.52%) in mosque C
in September and maximum value in outdoor air
was determined as 961 CFU/m3 (18,18%) at the
same place in September. It was observed that fungi
concentrations in three mosques were in healthylimit values. Considering whether there is a relationship between fungi and meteorological factors,
it was determined that the "   genus was not
affected by any meteorological conditions.



Fungi are always available in nature, so they
are omnipresent in our daily life and can survive
their development by using many resources [1].
Density of fungal spores varies depending on characteristics of geographical area and seasonal changes. Besides, weather conditions such as temperature, sunshine, humidity, rain, snow, vegetation,
human activities, wind speed etc. also affect the
quality and quantity of fungi [2, 3].
Determining the concentration of fungi in the
atmosphere is important because of the reason that
they may be aeroallergen [4]. Characterization and
concentration of fungal distribution is important in
life area because of both allergic effects on atopic
individuals and opportunistic pathogenic effects on
individuals who have suppressed/weak immune
system [5, 6].
Mosques are buildings for worshiping and visiting for touristic purposes. Researching of fungal
concentration indoor and outdoor atmosphere of a
mosque can play an important role in determining
potential risks related with fungi and may appear
the necessity of taking measures. Determining of
possible microbiota in air is important for protecting health of the visitors of mosques. Air quality of
a place, have paramount importance because of
suffering effects of fungi. They play a significant
role in triggering allergic reactions especially for
atopic individuals, they should be considered that
public areas are important among places where
indoor atmosphere quality needs to be the best. In
our country or in the world, it is yet to encounter
extensive researches that evaluate all data related to
mycobiota originating from indoor and outdoor air
in a mosque.
We aimed to determine concentration and diversity of potential air-borne fungi especially pathogenic fungi in indoor-outdoor air of mosques and
to associate these data with meteorological factors
in historic mosques in the city of Edirne. It is hoped
that measures to be taken in future will provides
advantage from upcoming results.

('"#
Airborne microfungi, mosque, indoor and outdoor air,
allergen, Edirne
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0)9)+;-91:;1+: 6. :;);165: All of the three
stations are located in the central district of Edirne.
Stations are used for visiting and worshipping approximately between 5:00 am and 11:00 pm. The
first (A) and second stations (B) are used for both
religious and touristic purposes but the third station
(C) is used only for religious purposes, and all of
them are historical buildings [18,19]. First station
which was built by Mimar Sinan in 1515 was taken
into the World Cultural Heritage List by UNESCO
in 2011. It is one of the masterpieces both in Ottoman-Turkish architecture and architectural history
of the world [18]. Second station is the oldest monument that survived from Ottoman times in Edirne.
Mosque was built in 1414 [19]. Two stations are
favourite touristic and religious destinations
[18,19]. The third stations which is considered as
control was built in 1942 in the Yıldırım province
of Edirne and survived until today. It has no significant architectural features and is only used for religious purposes.

#;);1:;1+)3 )5)3?:-: In statistical evaluation,
the relations between isolated fungi genus and concentrations and various meteorological factors were
examined using Spearman's correlation analysis
according to the seasons and months. MannWhitney U test was used to determine whether
there is a significant difference between internal
and external settings of the mosque. Kruskal-Wallis
test was used to determine whether there is a significant relationship between total number of fungi
among stations. P <0.05 was considered as statistically significant limit value. Previously defined
algorithms were used in naming of reproductive
fungi.

$"#$#
Research materials in our study were taken
from indoor and outdoor environments of three
different mosques in Edirne once a month during 12
months between October 2008 and September
2009. Samples were taken 15th day of every month
in terms of representing that month. Sampling was
done at the end of the visiting time of mosques.
Each mosque was considered as a station. A total of
6 different sections samples, 3 samples from indoor
air environment and 3 samples from outdoor air
environment, were taken from each station. Samples were taken (in indoor and outdoor environments, 1 minute each of them and 100 liters) from
selected stations by using Air Sampling Device
(Merck Millipore Air Sampler, Germany). Petri
plate containing Rose-Bengal and Peptone Dextrose
Agar with streptomycin was placed to upper part of
the device [7]. A total of 18 petri plates for three
stations were used every month for air-borne sampling. Rose-Bengal and Streptomycin agar medium
in air sampling device is capable of slowing down
reproductions of rapidly growing fungi such as
(#! and    which can be found in
media [7]. On the other hand, streptomycin prevents the growth of bacteria that possibly mess with
medium. Fungi samples were taken from indoor
and outdoor environments of each station approximately 1 m above [8]. Petri plates were incubated
for fungi at 250C for 7-14 days in the laboratory.
Isolated black and white fungi that are unable
to form spore were planted point by point in stock
cultures, PDA and MEA media, and these plates
were incubated at 250C for 10-14 days. Species
belonging ! #! genus were planted in CA,
CYA, CY20S and MEA media point by point and
incubated at 250C for 7 days. Another petri plate
with CYA was also planted and stocked at 370C for
7 days [9].
Three different media were used to identify
species belonged to the # genus. These
are CYA, G25N and MEA media. For each type, 3
petri plates with CA, 1 plate with G25N and 1 plate
with MEA were used [9,10]. Samples planted in
CYA medium were incubated at 25°C, 5°C and
37°C for 7 days. Samples in G25N and MEA media
were incubated at 25°C for 7 days. At the end of the
incubation period, macroscopic examinations (
' !( "&"#  ! " and "" # !
! #"("&#""" etc.)
and microscopic examinations (!# "! 
' "&"#  " #"#"   and " $ 
#!  "!  #    "  !
% "# ! etc.) of fungi colonies in petri plates
which contain genus specific media were performed
and identification procedures were carried out.
Some publications [9 – 17] have been used for
identification of fungi.

"#%$#
In all stations temperature and humidity values
were also measured with the aid of hygrometer
(TFA-Dostmann GmbH, Germany) and thermometer devices during sampling process.
In order to determine fungal density in indoor
and outdoor ambient air in mosques a total number
of 5285 CFU/m3 (1998 indoor - 3291 outdoor)
fungi were isolated in indoor and outdoor air ambient samplings.
When the number of distributions of fungi
colony isolated during the study period was analyzed according to the stations throughout the year,
the most fungi colony was found in the third (C)
station with 2261 CFU/m3 (42.78%). Considering
the distributions of internal settings, the third station ranked again first with 739 CFU/m3(13.98%).
Fungal concentration in external settings was determined as 1522 CFU/m3 (23.79%) in the third
station (Table 1).
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with (18.18%), and in February with (0.77%), reWhen the number of distributions of fungal
colony isolated during the study period was anaspectively (Table 1).
lyzed according to the months, a maximum number
Among ! #! ! (133 CFU/m3, 90
of fungal colony was found in September with
CFU/m3), "   ! (155 CFU/m3, 302
(29.7%) and the least number of fungal colony was
CFU/m3), ! # ! (852 CFU/m3,1486
found in June with (1.36%). Considering the distriCFU/m3) and # ! (424 CFU/m3, 443
butions in internal settings, the most and the least
CFU/m3) genera determined as internal and external
number of fungal colony was found in September
settings, throughout the year only ! #!genus
with (11.52%) and in June with (0.4%), respectivewas determined the greater in internal settings and
ly. In external settings, while the most and the least
the other three were determined the greater in exnumber of fungal colony was found in September
ternal settings (Table 2).

$ 
1:;91*<;1656.5<4*-96..<5/)3+63651-:%4 1:63);-,.96415,669)5,6<;,669)4*1-5;)196.;0-
46:8<-:*-;>--5;0-,);-:6.+;6*-9 )5,#-7;-4*-9 )++69,15/;6465;0:)5,:;);165:
Station A

October
November
December
January
February
March
April
May
June
July
August
September
Toplam
Indoor
and
outdoor total
Total

Station B

Station C

Indoor

Outdoor

Indoor

Outdoor

Indoor

Outdoor

Indoor total

32
22
19
9
20
29
10
104
10
6
186
214
661

52
72
59
36
13
50
23
277
27
17
48
222
896

22
89
6
26
7
13
37
40
6
13
49
286
594

26
110
93
30
9
24
96
13
6
13
57
396
873

116
13
44
54
49
87
127
35
6
9
90
109
739

173
101
237
103
19
160
183
70
17
23
93
343
1522

170
124
69
89
76
129
174
179
22
28
325
609
1994

1557 (29.46%)

1467 (27.76%)

Outdoor
total
251
283
389
169
41
234
302
360
50
53
198
961
3291

Total
421
407
458
258
117
363
476
539
72
81
523
1570

2261 (42.78%)

5285

5285

5285


$
<5/)3/-5-9)31:;1:63);-,.964)19)5,1:63);165465;0:
Fungal Genera isolated from indoor
& outdoor environment (CFU/m3)
 #!(6,12)
"  !(156,302)
! !(3,3)
! #!!(130,86)

Isolated month (indoor , outdoor, CFU/m3)

3(-,3), 8(6,3), 10(-,3), 12(-,3)
2(10,-), 3(14,7), 4(-,17), 5(13,24), 6(-,7), 7(7,-), 8(40,27), 9(60,153), 10(6,37), 11(3,27), 12(3,3)
1(3,-), 9(-,3)
1(20,30), 2(3,3), 3(6,7), 4(-,3), 6(3,-), 7(3,-), 8(77,10), 9(3,13), 10(9,10), 11(3,7), 12(3,3)
1(30,30), 2(6,6), 3(13,57), 4(97,246), 5(117,277), 6(6,7), 7(-,10), 8(100,7), 9(339,513),
! #!(853,1485)
10(53,109), 11(56,107), 12(36,116)
"#!(6,3)
2(-,3), 7(3,-), 11(3,-)
 ! !(33,56)
5(-,3), 7(-,3), 8(20,10), 9(13,27), 10(-,3), 11(-,10)
#! #!(12,13)
1(-,3), 3(-,7), 4(3,-), 5(3,-), 9(3,-), 10(3,-), 11(-,3)
#!(-, 23)
9(-,20), 11(-,3)
# !(-,3)
7(-,3)
1(33,100), 2(41,20), 3(90,130), 4(30,-), 5(10,10), 6(-,7), 7(3,-), 8(20,20), 9(84,17), 10(77,29),
#!(431,444)
11(36,44), 12(7,67)
"'!!(-,23)
9(-,23)
(#!!(53,56)
3(3,3), 4(7,17), 5(3,3), 7(3,-), 8(10,13), 9(7,10), 10(13,7), 11(7,3)
# !!!(9,29)
1(-,3), 2(3,3), 3(3,14), 6(-,3), 9(,-,3), 11(3,-), 12(-,3)
#!(3,-)
8(3,-)
((!(-,3)
8(-,3)
"'" '!!(-,3)
9(-,3)
"'" #!(3,-)
7(3,-)
  !(13,33)
7(3,16), 8(3,10), 9(7,-), 12(-,7)
 "#!(6,3)
2(3,3), 10(3,-)
#!(36,84)
4(17,-), 5(3,-), 6(-,7), 7(-,7), 8(3,7), 9(-,3), 10(-,7), 11(3,30), 12(10,23)
 "#!(-,10)
11(-,3), 12(-,7)
1(3,-), 2(10,3), 3(-,3), 4(20,16), 5(30,43), 6(13,16), 7(3,14), 8(40,64), 9(80,103), 10(6,46),
F.T.N.P.S. (225,508)
11(10,43), 12(10,157)
Unidentified (16,109)
3(-,3), 4(-,3), 6(-,3), 8(3,24), 9(13,73), 11(-,3)
Month: It has been reconized as the beginning of January anda given numbers
F.T.N.P.S. : Fungi that not produce spores
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internal one. There is no significant relationship
between total indoor concentration of #
and temperature and humidity but a poor relationship in negative correlation (r= -464, p= 0,030)
between monthly average insolation value and a
poor relationship in positive correlation (r=0,324,
p=0,141) between average rainfall were determined
in this study. In this study, in periods where increasing humidity with rain and less sun ray are
presented at it is thought that appropriate conditions
for # vegetation occurs.
"   is a genus which has increased
sporulation and distribution in hot and dry weather
conditions [25]. "   genus was in the third
place and isolated more from external environments
considering internal environments in our study. In
the presented study, it was determined that there is
a weak negative correlation between total " 
  concentration of internal settings and only
humidity (r= -0,383, p= 0,141) but there is not a
significant correlation between "   genus
and weather conditions (sun, temperature, precipitation, wind speed and humidity).
Menteşe et al. [24] in their study conducted in
Ankara, determined ! #! as third in frequency in the city atmosphere. It was determined that
wind speed is the most important effect of increasing fungi level, insulation has a role in low levels
and there are high levels of fungal in low humidity
places. In our study, ! #! was in the fourth
place and isolated more from external settings considering internal settings. The relationship between
! #! genus in external settings and meteorological factors was not determined.
The most fungal colony is in the third station
with 742 CFU/m3 and the least one is in the second
station with 603 CFU/m3 at indoor air ambient of
all stations. The reasons why there was more internal settings fungal concentration in third station
considering other stations can be explained as follows: i) The internal setting sampled in this station
is much more smaller compared with other stations,
ii) Just because it is used for worship, ventilation
process is much less and because of limited number
of windows, ventilation cannot be done sufficiently,
iii) besides the entire facade of the building is surrounded by a garden with variety of plants and trees
which can be effective as a fungi source, iv) taking
place of animal manure around can be effective.
Fungal concentrations can reach up to 106 in places
where fertilization takes place [26]. After all, although the first and second stations are located at
very active places as external environment, the
reason why the total area of internal environments
are bigger considering other stations is that there
are many more windows on all facades and sampled
rooms of the building for ventilation process. Although, besides individuals who come constantly for
worship, accepting visitors who come as tourists,
reasons such as proper ventilation, because the

Many studies have been conducted related
fungi at places where people are present intensively
such as hospitals, school buildings, nursery school
buildings [20-22]. In mosques, however, fungal
studies related air environment are very few. The
aim of the study is to determine the distribution and
density of mycobiota of indoor and outdoor environment in the mosques.
! # species are isolated more from
external environments in comparison with internal
environments and they are the most intensiveisolated fungi. Considering the distribution results
of indoor environment fungi, ! #, 
#, "   and ! #! which rank in
the first four revealed similar trends in other studies
[20, 22, 23]. In the present study and the study
which was dated 2008 and conducted in the same
city (Edirne) to identify fungi in indoor and outdoor
environment in the nursery schools, similar distributions of species were determined. In the present
study, the lack of fungi ranking changing in the
external ambient air indicates that there is a lot of
interaction between the external and internal ambient air and there has not been much changes over
the years.
While no significant correlation was determined between ! # concentration and
humidity in mosques, a weak correlation in negative direction between rainfall at external environment was determined. There was no relationship
between other meteorological factors. In our study,
! # concentration was determined as the
most dominant species and it increased (394
CFU/m3) in May which rainfall is seen less and was
determined as a peak point (852 CFU/m3) in September. Those data were evaluated as dry air ambient has a significant importance on increasing the
extent of these species. In our study, the concentration of fungi reached the highest density in May
and September (Table 1). In dry temperatures, less
rainfall and high temperature, like one in our study,
there are more studies which determine
! # species in high density in air ambient
in literature [5, 8]. Çeter and Pınar explained this
situation by indicating that it depended on decreasing the significant amount of rainfall and relative
humidity to 50% with 19°C temperature in May [5].
In a study conducted in Turkey, as similar to
our study it was indicated that # is the
second abundant species after (! #) in
external environment [24]. Aydoğdu and Asan [20]
conducted in the same city with the presented
study, # was determined still in second
place in indoor ambient air of primary schools. In
the presented study, # genus was determined as the second in frequency in internal and
external environmental distribution. It was isolated
more in external environment when compared to
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nal airborne fungi of building and workplace is
stated as 1000 CFU/m3. Data of internal and external settings concentrations were evaluated considering the publication of Yamamoto et al. that reported
limit value of fungi concentrations originating from
air ambient in internal and external settings is usually 101-104 CFU/m3[30]. In this study the highest
value in indoor air ambient was determined in second station in September as 286 CFU/m3, in outdoor air ambient in second station in September as
396 CFU/m3. As a result it was observed that fungi
concentrations in three mosques were in healthylimit values.
Factors that can cause disease in humans such
as #, "   and especially ! 
#! species, fungal factors regarding #! #,
(#!, "#, # !! and 
#, # ,   , "'" '! species were determined in the presented study. But
remaining below the limit values of hygienic ambient air of these factors is a relaxing finding. Nevertheless, when their numerical values are out of
acceptable limits, it would be appropriate to investigate the reasons and measures to be taken.

mosque floor and other parts to be cleaned regularly, it may be away from the effects of contamination. These reasons may explain the cause for isolating less fungal colony in the internal environment of these stations.
In the distribution of external settings, in a
similar manner with external one by taking first
place with 1523 CFU/m3 the first station was the
most fungal colony isolated station, the second
station was the least one with 876 CFU/m3. First
and second stations are located at much more active
and open areas, the other one is located at inland
area with less traffic density. Therefore, the reason
why there was much more isolated colony in the
third station considering the first and the second
one may be depended on that; with less traffic density in the third station, there was less movement of
the fungal spores, no transportation of fungal spores
to other regions and increasing the number of fungi
with cumulative effect. On the other hand, dealing
with livestock and agriculture of people in the region where the third station placed unlike those of
other stations, can also serve as a source for fungi
[26]. It may be considered that high fungal concentration in external settings reflected upon the values
of internal settings.
Fungal ingredients and concentrations are
highly dependent on the weather conditions. Researches show that fungi are at maximum concentration at 25-300C. A strong relationship between
seasons and airborne concentrations of fungi is
distinguished. They are in low concentrations in
winter and higher concentrations in summer, autumn [27]. In the presented study, the highest level
of fungi was observed in September and May, the
lowest level of fungi was observed in June and July.
In our study, considering distribution of the number
of fungal spores according to the seasons, the most
fungus was observed in autumn with 903 CFU/m3
in internal settings and 1495 CFU/m3 with external
settings. That was followed by spring with 1378
CFU/m3 (482 CFU/m3 inside and 896 CFU/m3
outside), Summer with 676 CFU/m3 (375 CFU/m3
inside, 301 CFU/m3 outside) respectively. Winter
was observed at the last spot with 833 CFU/m3 (234
CFU/m3 inside, 599 CFU/m3 outside) as the least
number of fungi.
In our study, ! # !. was determined as dominant and fungal diversity was found
in internal and external settings in Autumn.
While some fungi initiate allergic and toxic
reactions, very few of them can cause infections in
susceptible individuals [28]. Allergic asthma and
allergic rhinitis of the type 1 hypersensitivity reactions is one of the major causes of diseases in developing countries. Many fungi cause allergic reactions and aggravate asthma attacks [29]. Accepted
value of fungal concentrations for hygienic air
environment varies between 101 and 106 CFU/m3
for ambient air. Limit value for internal and exter-
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THE EFFECT OF ECOLOGICAL FOOD PRODUCTION ON
FOOD CULTURE: EXAMPLE OF ADIYAMAN
Cigdem Sabbag, Cem Yesilyurt*
Department of Tourism Management, Faculty of Tourism, Adiyaman University, Adiyaman, Turkey

region [2]. The culture of preparing food and drink
is shaped and enriched over time, passed on from
generation to generation, and is part of the local
culture [3]. The rapid rise in world population has
limited agricultural production, and meeting the
increased demand has required an increased use
of chemicals [4]. As such, the period after the
1960s saw an increase in agricultural production;
however, the high levels of nitrogen, phosphor,
and pesticides found in foods led people to question the healthfulness of the products [5,6]. Consumers, particularly those in developed countries,
became aware of the diseases caused by agricultural chemicals and started consuming natural
foods [7]. Customer awareness related to healthy
eating has also increased, reducing the demand
for fast and ready-made foods. In addition, the
increased popularity of organic foods has uncovered a new type of tourism called ecotourism.
People with high socioeconomic status started
traveling to different places, particularly to rural
areas, to eat organic foods [8]. New destinations
positively affected the income of the locals while
also increasing the amount of agricultural land
allocated for organic food. For instance, the number of farmers growing organic food in European
Union countries totaled 187,780 in 2005, and in
2011, this figure increased to 291,451, an increase
of 55% [9].
Some products can be grown only in certain
geographical zones. For instance, the Central Anatolian Region has a food culture mostly containing
wheat, the Mediterranean Region highlights vegetables, and the Southeastern Anatolian Region has a
food culture mostly featuring oil [10]. The variety
in food culture among regions is due to the difference in crop patterns and traditional eating habits.
In recent years, changes in food culture have been
observed because of health reasons. For instance,
the food culture of the Southeastern Anatolian Region, containing high levels of fat, gives prominence to nutritional problems and is one of the most
debated areas of healthy diet culture. Regionspecific foods shaped by thousands of years of
experience can sometimes be criticized for high fat
or high carbohydrate content. However, it should
not be forgotten that the bodily activities of the past
(such as physical strength±based fieldwork) are
nonexistent today, and therefore, energy stays in the

ABSTRACT
Every region has a unique food culture. It is
worth examining the extent to which ecological
food production influences the food culture of any
given region. This study was conducted to determine the effect of ecological food production on the
formation of WKH$GÕ\DPDQIRRGFXOWXUH7KLVVWXG\
employed the loose-structured interview, a kind of
qualitative research method, and collected data
through direct observation, participative observation interviews, and literature search. Interviews
were conducted with 28 people. The acquired data
were assessed through frequency analysis, which is
a type of content analysis. Findings were grouped
into seven different classifications, namely, nutrients being produced in the region, animals being
breed, plants collected from nature, prepared food
types, products consumed during breakfast, nutrients prepared for the winter, and nutrients thought
to be healthy. Of the participants, 17.9% were from
rural areas, 21.4% from suburban areas, and 60.7%
from urban areas. The study determined that prodXFWVJURZQLQWKHUHJLRQ¶VIORUDDQGIDXQDUHIOHFWLWV
traditional food culture. However, because of
changing living conditions, these time-consuming
and labor-intensive traditional foods are disappearing.
KEYWORDS:
Eco Gastronomy, Food Culture, Ecology, Adiyaman

INTRODUCTION
Since the beginning of its existence, mankind has tried to acquire the most suitable products allowed by the surrounding geographical
structure and climate conditions to carry on with
their lives [1]. There are so many communities
around the world with different geographic conditions, climates, and sociocultural characteristics
WKDWKDYHVKDSHGHDFKFRPPXQLW\¶VFXLVLQH&LYL
lizations that existed in the region, traditions,
beliefs, and many other similar factors have segregated their eating and drinking culture, hence
kitchens. Products most commonly produced in a
region are basic ones within the kitchen of that
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MATERIALS AND METHODS

body without being consumed [11]. In this context,
we are faced with the necessity of applying small
changes to the traditional food culture so that it can
conform to modern conditions and facilitate the
establishment of healthy diet awareness.

Purpose and Method of the Study. This
study examines whether the products grown in a
region has any effect on the food prepared at
homes. To achieve this, we tried to determine the
FRQIRUPLW\RIWKH$GÕ\DPDQWUDGLWLRQDOIRRGFXOWure
to the products grown in the region, and therefore,
interviews were conducted with 28 people of different age groups living in rural, suburban, and
urban areas [18]. The face-to-face interview, from
qualitative research techniques, was employed,
using 3DWWRQ¶V >@ PHWKRG 7KH ORRVH-structured
interview method was also used [19]. All interviews
were documented using voice recording devices.
Since no previous studies have been done on this
subject, this study was performed for the purpose of
invention. The questions used in the interview were
prepared through a review of the literature [20].
The relevant questions involved the following topics: demographical characteristics of participants,
nutrients being produced, animals being bred,
plants collected from nature, foods from the past
and today, foods consumed during breakfast, winter
preparations, and foods thought to cure diseases.

Geographic Conditions and Food Culture.
Food is important not only for nutrition but also for
the development of international culture and commerce. The food culture of a region bears traces of
local water, soil, and flora and fauna characteristics.
Traditional foods make up a significant share of a
UHJLRQ¶VRUFRXQWU\¶VFXOWXUHKLVWRU\LGHQWLW\KHU
itage, and local economy. When the geography of
any given region is known, one would possibly
have an idea about its local productions, products,
and recipes. For instance, the olive oil±based nutrition of the Mediterranean Region and the animal
food±based nutrition of the Eastern Anatolian Region have been shaped by the individual conditions
of those regions. In this context, it would not be
wrong to claim that the main factors shaping the
HDWLQJFXOWXUHDUHWKHUHJLRQ¶VJHRJUDSKLFDOORFDWLRQ
and its related climate and soil conditions.
The main characteristics distinguishing a cuisine from others are the plants cultivated in the
area, the animals bred, and different beliefs [12].
The eating pattern of a region is shaped by its culture, ecological condition, economic structure, and
historical development [13]. The culture of preparing food and drink is shaped and enriched over
time, transferred from generation to generation, and
LV HPEHGGHG LQ WKH UHJLRQ¶V FXOWXUH >@ )RU LQ
stance, despite the common belief that no food
exists in the Kalahari desert in Africa, 100 local
edible plants can be found there, and this is a heritage of knowledge conveyed to future generations
by local tribes [14]. Similarly, a study held in China
categorized 8,498 recipes and about 3,000 related
nutrients, leading to the conclusion that these foods
are distributed to 20 regions. It has also been reported that, rather than climate, geographical distance is important in such a formation [15].
,QWKH$GÕ\DPDQUHJLRQHFRORJLFDOIDFWRUVDI
fect the formation of its food culture. Traditional
foods are generally shaped by the ecological prodXFWVRIDUHJLRQ,QWKHQRUWKHUQSDUWVRI$GÕ\DPDQ
summers are dry and winters are cold and rainy,
while in the southern parts, summers are warm and
winters are rainy and lukewarm. Because of the
$WDWUNGDP$GÕ\DPDQFOLPDWHEHFDPHPLOGHUDQG
WKH UHJLRQ¶V KXPLGLW\ OHYHO LQFUHDVHG UHVXOWLQJ LQ
fertile land [16]. The most commonly cultivated
products in the region are cotton, chickpeas, sugar
beets, lentils, rice, barley, wheat, vegetables (pepper) and fruits (figs, mulberries, apricots, wild apricots, and pears), and pistachios. Ovine breeding is
also prominent (hair goat in particular). These elements built the foundations of the food culture both
in the past and in modern times [17].

Data Analysis. The answers to the interview
were evaluated through frequency analysis, which
is a content analysis method. During frequency
analysis of the answers, the occurrences and percentages of each answer were calculated and assessed and the acquired data displayed in charts. To
measure the reliability and validity of this study,
two academicians were assigned to code the data
and form categories. Then, the percentages found
by the two academicians were compared to the code
percentages of the authors to check for any differences. Consensus was reached with respect to categories with differences, which was then reflected in
the findings. It is based on "content validity" for
validity [21].

RESULTS AND DISCUSSION
The interviewees were mostly of the 35±45
and 66-and-higher age groups and were university
graduates, with most of them living in central areas
(60.7%). A substantial number of participants had a
relatively high income level ($460+) (50%) (Table
1).
Most of the participants stated that wheat,
pepper, chickpeas, and grapes are commonly produced in the region. As wheat production is highly
prevalent throughout the province, its food culture
is mostly based on wheat and wheat products. In
addition, many garden products are also being
grown (tomatoes, eggplants, parsley, snake melons,
etc.) as shown in Table 2.
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TABLE 1
Demographic Characteristics of the Participants
Demographic Characteristics
Age

Education

Residence

Income ($)

Number of People Interviewed

35-45
46-55
56-65
66+
Illiterate
Literate
Primary school
High school
Graduate
Rural
Suburban
Urban
0-115
115-230
230-340
340-460
460+

N
8
7
5
8
7
2
5
3
11
5
6
17
5
2
3
4
14

%
28.6
25
17.8
28.6
25
7.1
17.9
10.7
39.3
17.9
21.4
60.7
17.9
7.1
10.7
14.3
50.0

Total

28

100.0

TABLE 2
Cultivated Nature collected crop and Livestock
Cultivated crops (N/%)
Wheat
22
Tomato
8
Barley
9
15
Chickpea
20
Pepper
Aubergine
9
Snake melon
2
Beet
4
Parsley
6
Grape
13
Water melon
4
Melon
2
Zucchini
4
Pomegranate
6
6
Fig
Lentil
8
Walnut
2
Corn
4
Pumpkin
1
Green beans
5
Broad bean
1
1
Cranberry beans
Cucumber
1
Olive
1

78.6
28.6
32.1
53.6
71.4
32.1
7.1
14.3
21.4
46.4
14.3
7.1
14.3
21.4
21.4
28.6
7.1
14.3
3.6
17.9
3.6
3.6
3.6
3.6

Plants Collected From Nature (N/%)
Sideritis
Beet
Gari herb
Pennroyal
Mallow (Tollik)
Pigweed
Herba Sideritis
Corn poppy
Leaf mustard
Stinging nettle
Wild garlic (Körmen. sirim Otu)
Pirpirim (Purslane)
Elecampane
Watercress (Tuzik)
Sumac
Gundelia (Kenger)
Terebinth
Mushroom
Sage
Thyme
Rhubarb
Wild beet (Dilicek)
Licorice
Shepherd's purse

9
2
4
12
10
2
2
2
3
5
9
3
4
5
2
6
9
4
5
3
4
1
4
1

32.1
7.1
14.3
42.9
35.7
7.1
7.1
7.1
10.7
17.9
32.1
10.7
14.3
17.9
7.1
21.4
32.1
14.3
17.9
10.71
14.3
3.6
14.3
3.6

Livestock (N/%)
Goat
12
Sheep
9
Cattle
11
Chicken
7

42.9
32.1
39.3
25

cated that these products are being used commonly
in foods, but particularly in rural and suburban
areas with low socioeconomic status, meat consumption is limited to roasting, which is a part of
winter preparations.
Participants were asked what traditional foods
they used to cook, which of these still exist, what
new food types have appeared as a result of the
changing eating habits of modern times, and what
types of food have been forgotten (Table 3). The
interviews revealed that products grown in the
$GÕ\DPDQ HFRORJ\ DUH SURPLQHQWO\ IHDWXUHG LQ WKH
food culture. The participants noted the many different types of food in their culture, but because of
many factors such as changing lifestyles, elderliness, increase in wealth, more women being employed, among others, foods requiring labor to

Thanks to the rich flora, weeds collected from
QDWXUHE\ORFDOVLQWKH$GÕ\DPDQUHJLRQKDYHEHHQ
indispensable in meals, whether raw or cooked, for
a long time [22]. Most of the participants noted that
during spring they mostly gather kenger, yarpuz
(pennyroyal), and sideritis from nature (Table 2). It
was also mentioned that most of the weeds were
SURFHVVHG WR PDNH KÕWDS DQG ULFH 3DUWLFLSDQWV VDLG
WKH\PDNHPHDWEDOOVKÕWDSVDODGVDQGWVDWVLNLIURP
pennyroyal; rice and fried food from kenger; meatEDOOV DQG ULFH IURP ZDWHUFUHVV WX]ÕN-oÕOGÕUÕP 
KÕWDSDQGULFHIURP.|UPHQ ZLOGJDUOLFVLULPRWX 
tsatsiki and roasting from pirpirim (purslane); and
KÕWDSURDVWLQJDQGULFH IURP UHGEHHWV2IWKH DQL
mals bred in accordance with the ecology of the
region, 42.9% were goats, 32.1% were sheep, and
39.3% were cattle (Table 2). The interviews indi-
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soups: meyir and lentil soups; salads: purslane
tsatsiki, pennyroyal salad; main dishes: KÕWDS
bulgur rice with butter and roasting, kollotik,
stuffed meatballs; desserts: FKHHVHKDOYDúLOOLNDQG
taplama, which is made for feasts.
3. Foods previously nonexistent²soups: yogurt soup; salads: potato salad; main dishes: lahmacun, VWXIIHG $GÕ\DPDQ FDVVHUROH JUHHQ EHDQV
dry fruits: pistachio; desserts: baklava, rice pudding, baked semolina.
4. Almost forgotten foods²soups: bulama
VRXS DQDOÕ NÕ]OÕ VRXS main dishes: pennyroyal
ball, kenger (acanthus) rice; dry fruits: bijerek,
chickpeas parboiled with oak wood; desserts: topah
halva, cemile.

prepare are being forgotten while those that can be
cooked easily are becoming more popular. Table 3
shows the analysis of the following four headings:
1. Most common traditional foods from the
past²soups: meyir soup, tirsik soup, wheat (dövme) soup, lentil soup; salads: purslane tsatsiki and
salad; main dishes: kollotik, bulgur rice with butter
and roasting, soXU PHDWEDOOV KÕWDS VWXIIHG PHDW
balls, pennyroyal ball; dry fruits: bijerek and
chickpea roasted in oak; and desserts: semolina
GHVVHUW ZLWK FKHHVH úLOOLN NDWPHU SHNVLPHW DQG
ED\UDP WDSODPDVÕ IHDVW GHVVHUW  6RPH RI WKH SDU
ticipants stated that they used to add molasses to
desserts as a sugar substitute.
2. Traditional foods still being cooked²

TABLE 3
Findings Related to the Prepared Foods
Soups
Meyir Soup
Wheat (dövme)
Alaca soup
Gari herb
:LOGEHHW 7ÕUúÕN
Lentil
Tevleve soup (lentil porridge)
Yoghurt soup
$QDOÕ.Õ]OÕVRXS
Bulama soup

P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C

N
18
8
8
3
3
3
1
1
10
2
10
7
5
3
1
5
1
-

%
64.3
28.6
28.6
10.7
10.7
10.7
3.6
3.6
35.7
7.1
35.7
25
17.9
10.7

P
C
P
C
P
C

9
12
6
1
4

32.1
42.9
21.4
3.6

P
C
P
C
P
C

19
16
20
14
17
20

P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P

Meals

67.9
57.1
71.4
50
60.7
71.4

N
P
,úJÕQGLVK
C
P
Sembusek (meat pie )
C
P
Chicken pilaf
C
P
Potaoes balls*
C
P
Hot meatballs *
C
P
Dried meatballs **
C
P
Stuffed sheep sausages (Bumbar)
C
P
Lahmacun *
C
P
3ÕVVÕN\XPDFÕ
C
P
Haricot dishes
C
P
Rice pilaf
C
P
Green bean dishes
C
P
Mousakka*
C
P
Kebab with eggplant*
C
Tomato fried
P
C
.DUQÕ\DUÕN
eggplants
with P
minced meat)*
C
Burghul salad*
P
C

1
1
3
1
4
1
1
1
1
4
1
15
3
1
2
5
1
2
7
1
3
2
3
2
2

%
3.6
3.6
10.7
3.6
14.3
3.6
3.6
3.6
3.6
14.3
3.6
53.6
10.7
3.6
7.1
17.9
3.6
7.1
25
3.6
10.7
7.1
10.7
7.1
7.1

9
3
17
8
14
11
7
6
10
9
7
5
4
4
4

32.1
10.7
60.7
28.6
50
39.3
25
21.4
35.7
32.1
25
17.9
14.3
14.3
14.3

Dry fruits
Chickpea (which is parboil with P
C
oak wood)
P
Bijerek (wheat rosted with salt)
C
P
Dried grape
C
P
Dried mulberry
C
P
Dried figs
C
P
Dried fruit rollup
C
P
Walnut
C

7
9
4
20
1
15
3
3
2
5
2
3

25
32.1
14.3
71.4
3.6
53.6
10.7
10.7
7.1
17.9
7.1
10.7

8
-

28.6

3.6
17.9
3.6
-

Salads
Purslane tsatsiki and salad
Pennyroyal salad
Potatoes salad

14.3

Main Meals
Buttered roasted bulgur pilaf
Kollotik
+ÕWDS
7ÕUúÕN :LOGEHHWPHDO
Sour meatballs
Stuffed meatballs
Lentil rice
Egg with Pognik
Casserole (Dried vegetables)
Pumpkin
Lentil balls
$GÕ\DPDQIULHG

Pistachio
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Soups
C
P
Chickpea dish
C
P
Steak tartar a la turca
C
P
Pennyroyal ball
C
P
Buhara pilaf
C
P
Stuffing*
C
P
Liver pilaf
C
P
Arabic fried*
C
P
Freshwater fishes*
C
P
Vegetable dishes with olive oil*
C
P
Acanthus (kenger ) pilaf
C
P
Pumpkin dishes
C
P
Abuzer kebab
C
P
Leek*
C
Vegetable dishes (Cauliflower. Cabbage, P
broccoli)*
C
P
Spinach*
C
P
Pasta*
C

N
10
6
6
12
15
12
1
3
12
2
2
4
5
3
5
2
2
1
5
3
3
2
3

%
35.7
21.4
21.4
42.9
53.6
53.6
3.6
10.7
42.9
7.1
7.1
14.3
17.9
10.7
17.9
7.1
7.1
3.6
17.9
10.7
10.7
7.1
10.7
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Meals
Desserts

N

ùLOOLNGHVHUW

P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C
P
C

%D\UDP7DSODPDVÕ NOXU
Semolina desert with cheese
Karsambaç
Katmer
Baklava*
Tene halva
$NÕW
Rice puding*
Hasude desert
Beksimet (peksimet)
Topah halva
Molasse (Pekmez) with egg
Bulambaç
Molasse (pekmez) sherbet
Baked semolina*
Cemile

%
14
10
9
8
20
24
5
16
3
3
4
6
2
2
3
8
2
9
3
8
1
1
4
3
1
1
1
1
-

50
35.7
32.1
28.5
71.4
85.7
17.9
57.1
10.7
10.7
14.3
21.4
7.1
7.1
10.7
28.6
7.1
32.1
10.7
28.6
3.6
3.6
14.3
10.7
3.6
3.6
3.6
3.6
-

P: Foods of the past C: Current foods
*Foods appeared due to the changing eating habits

TABLE 4
Breakfast Dishes
Foods
Cheese
Olive
Molasses (Pekmez)
Margarin
Butter
Hot pepper
Ayran (yogurt based soft drink)
Tea
Egg
Roast
Large thin float bread
Yogurt
Dry cottage cheese
Halva
Dried vegetable fries
Dövmeç
Honey
Tomato
Cucumber
Jam
Greens
Milk

N
28
12
15
1
11
24
19
6
8
1
6
7
6
1
12
24
5
8
4
3
2
1

The EUHDNIDVW FXOWXUH RI $GÕ\DPDQ 3URYLQFH
differs from that of other regions. The traditional
breakfast culture consists of dövmeç, prepared with
oven-FRRNHGYHJHWDEOHVGULHGYHJHWDEOHIU\KÕWDS
$GÕ\DPDQ EDVPD FKHHVH $GÕ\DPDQ ORFDO SHSSHU
and ayran. These foods form the core of breakfast
in almost every house, but the following are also
consumed in significant amounts: cheese, molasse,

%
100
42.9
53.6
3.6
39.3
85.7
67.9
21.4
28.6
3.6
21.4
25
21.4
3.6
42.9
85.7
17.9
28.6
14.3
10.7
7.1
3.6

yogurt, and cottage cheese. It was discovered that
tea is not widely preferred for breakfast. During the
winter months when vegetables are scarce, breakfast dövmeç is replaced by fried dried vegetables.
,QWKH$GÕ\DPDQUHJLRQLWLVSDUWRIWKHWUDGLWLRQDO
food culture to cook in bakeries located in street
alleys. People buying bread from such shops can
have their vegetables grilled for free [21] (Table 4).
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As with many other parts of Anatolia, winter
SUHSDUDWLRQ LV LPSRUWDQW LQ WKH $GÕ\DPDQ IRRG
culture. Preparations start in the summer and fall
months to address their needs for winter when agricultural production is limited. Housewives, particularly in rural and suburban areas, gather to prepare
for winter and contribute to family economics. The
participants indicated that they mostly prepare
dryables (vegetables such as pepper, eggplants,
pumpkins, okra, purslane, tomatoes, parsley, vine
leaf), red pepper paste, roasting, pickles, tomato
paste, thin bread, and dried fruit roll-ups (Table 5).
Even though such preparations still widely exist in
rural areas, people living in central areas acquire
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these products from markets located in town centers. This way winter preparations are maintained in
the kitchen culture.
Believing in the healing effects of various
weeds and herbal products, locals have used them
for many years. Most of the participants stated that
they use molasse against anemia, slurry to facilitate
rapid recovery during the postnatal period, compost-fruit stew to relive the intestines, and sideritis,
which is thought to cure all kinds of diseases (Table
6). As seen in the table, many participants have a
common belief that weeds and processed products
are good for health. That same belief still exists
today.

TABLE 5
Preparations for Winter
Nutrients
Wheat boiling
Pepper paste
Tomato paste
Red pepper flakes
Roasting
Molasse (pekmez)
Butter
Fanugrek (Çemen)
Dried fruit roll-up (Pestil, köme)
Dried (pepper, aubergine, zucchini, okra, purslane, tomato, parsley, bean, grape
leaf)
Pomegranate molasses
Pickle (cucumber, green tomato, grape leaf, pepper)
Dried mountain herbs
Nuts
Valonia oak
Large thin float bread
Canned
Noddle

N
3
16
8
11
10
4
2
1
5
23

%
10.7
57.1
28.6
39.3
35.7
14.3
7.1
3.6
17.9
82.1

3
9
1
4
4
7
1
3

10.7
32.1
3.6
14.3
14.3
25
3.6
10.7

TABLE 6
Folk Foods Cooked as Remedy
Nutrients
Molasse (Pekmez)
Gari Herb (Mountain grass), Wheat and wild straw are boiled
and drained and water is added to the dishes
Dry cottage cheese
Mamuk juice (sloe juice)
Molasses and flour mixture
Black pepper, honey and hot water mixture
Butter molasses
Sage
Poached eggs with yoghurt dÕOEÕU
Salted tomato paste
Sideritis
Walnut and leavened dough
Terebinth (Melengiç)
Dried daisy
Rock parsley (dried)
Dried apricots are boiled, eaten with honey and butter
Sumac
Howthorne tree leaf
Apple juice
Pomegranate molasses
Stwed fruid
Mulberry molasses
Dried pomegranate
Mallow
Pennyroyal
Beastings

Purpose of usage
Anemia and sore throat
Good for Every disease

N
14
1

%
50
3.6

Tummy ache
It is rich in vitamin C and Common cold
Good for puerperal infection
Good for cough
Menstrual cramp
Menstrual cramp
Diarrhea
Good for Head injuries
Good for Every disease
Good for sprains
Shortness of breath
Stomach ache
Urinary infection
Good for the intestines.
Diarrhea
Cardiovascular diseases
Antitussive
Cold
For the intestines active properly
Anemia, weakness, body resistance
Cold
Stomach
It is applied to the aching region of the body.
Helps the wounds heal

1
1
5
2
1
1
2
1
4
1
1
2
1
1
1
1
1
3
5
1
1
2
1
1

3.6
3.6
17.9
7.1
3.6
3.6
7.1
3.6
14.3
3.6
3.6
7.1
3.6
3.6
3.6
3.6
3.6
10.7
17.9
3.6
3.6
7.1
3.6
3.6
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bumbar (stuffed sheep sausages), and other difficult-to-clean foods, but because of urbanization,
homes do not have gardens anymore; therefore,
such labor-intensive foods are not being cooked.
7KH HIIHFW RI WKH $WDWUN GDP RQ WKH $GÕ\D
man climate has led to changes in production patterns [25]. While olive cultivation is increasing,
lentil planting has decreased because of high levels
of moisture. This is also evident in the food culture.
For instance, dishes with olive oil are starting to be
IHDWXUHGLQ$GÕ\DPDQIRRGFXOWXUHZKLOHIRRGVZLWK
OHQWLOVDUHOHVVFRQVXPHG7KH$GÕ\DPDQEUHDNIDVW
culture differs from that of most other regions. Tea
consumption is particularly limited, and ayran is
widely consumed during breakfast, which consists
of dövmeç, pitta, and ayran triplet. Winter preparations are important in terms of preserving the traditional food culture. Winter preparations involve
paste, dried vegetables, dried fruit roll-ups, and
others. From main dishes to breakfast, dried food
has an important role in the food culture. Local
pepper is being used in different forms throughout
the year. It is possible to have pepper in every dish
whether in paste form, dried, pickled, and fresh.
3HSSHULVLQGLVSHQVDEOHLQWKH $GÕ\DPDQ IRRGFXO
ture; it is roasted during breakfast and used as paste
in dishes, and even dried pepper has always been a
part of it. It also possible to encounter other dried
vegetables such as eggplants, tomatoes, and pumpkins in food. Besides vegetables, sweet nutrients are
also being dried, especially products such as Besni
grapes, dry mulberries, and dried fruit roll-ups, and
DUH EHLQJ VROG QRW RQO\ LQ $GÕ\DPDQ EXW DOVR LQ
neighboring provinces. Another winter food is
roasting; the roasting tradition is an important part
of the traditional food culture. Particularly in rural
areas, foods are cooked with roasting or butter.
Even though the abovementioned dishes are still
known today, there are some obstacles to passing
them on to future generations. Recipes of traditional
IRRGVSUHSDUHGLQDFFRUGDQFHZLWK$GÕ\DPDQHFRO
ogy are mostly known by elder people. After the
interview, it was understood that these people do
not cook anymore because of their age and health
problems. In addition, these traditional foods are
also becoming unpopular because of widespread
markets.
$GÕ\DPDQ 3URYLQFH¶V WUDGLWLRQDO IRRGV DUH
VXLWDEOHIRUWKHGD\¶VVFKHGXOH)RULQVWDQFHZKLOH
breakfast consists of oven-baked and simple foods,
dinners consist of relatively laborious foods to be
consumed slowly while the whole family gathers
and socializes.
Written knowledge of food culture can never
fully replace verbal communication; however, it
can support innovations, new verbal communication types, and efforts to protect the genetic variety
of new food sources [26]. Therefore, to maintain
and convey the regional food culture,
x visual data and relevant recipes of foods

RESULTS AND RECOMMENDATIONS
The formation of a food culture depends not
only on social and historical factors but also on
climate and geographical conditions. Knowing the
flora and fauna pattern of a region will make it
easier to understand its food culture. Examining the
ecology of $GÕ\DPDQ ZH VHH WKDW PRVWO\ ZKHDW
pepper, chickpeas, and grapes and other similar
herbal products are being grown and animals such
as goats and sheep are being bred. When we examLQH WKH UHJLRQ¶V IRRG FXOWXUH ZH VHH WKDW PRVW RI
the foods are based on these products. It was observed that techniques on cooking these products
have changed over time. Cooking in the past was
done in open fire in a floor furnace while in modern
times the street bakeries are used to cook all meals
even though every home has an oven [22]. We also
see that climate change has improved vegetable and
fruit farming in recent years [23]. However, the
increase in vegetable production does not reflect on
consumption. Families in rural and suburban areas
own small gardens where they generally grow produce such as pepper, tomatoes, onion, and parsley
in small amounts. Plants growing in nature occupy
DQ LPSRUWDQW SODFH LQ $GÕ\DPDQ IRRG FXOWXUH >@
Participants especially collect weeds such as pennyroyal, kenger (acanthus), hackberry, mallow, and
sideritis that grow in foothills. While sideritis is
frequently consumed during the day instead of tea,
WKH RWKHU ZHHGV DUH DGGHG WR KÕWDS ZKLFK LV WKH
most consumed product in the region. Central
$GÕ\DPDQLVQRWIDUDZD\IURPGLVWULFWVDQGYLOODJ
es, so market-based consumption exists in the region; however, upper-class families in urban areas
can easily procure many nutrients such as yogurt,
cheese, meat, and vegetables from villages. When
we review the findings of this study, we see that all
the products in the ecology of the region are part of
the food culture. This is an indication that the ecological food production of the region is reflected on
the food culture. Despite this, there are other conditions that affect the food culture. For instance, some
dishes are falling into oblivion nowadays because
of increased wealth, mass communication devices,
simplified means of transporting nonlocal products
into the region, among others. Foods that were
popular during times of poverty, such as bulama
soup, kenger (acanthus) rice, bijerek, chickpeas
cooked in oak, and topah halva have almost completely disappeared. In addition, pennyroyal meatball, once a popular dish, is slowly being phased
out as it gets more and more difficult to find pennyroyal and other similar weeds because of agricultural mechanization, reclamation of creek sides,
climate change, and others. Some of the participants stated that the weeds they use in food are
becoming scarce because of pesticides in fields,
therefore decreasing their usage. Some also stated
that in the past they used their gardens for tripes,
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plant. Its leaves have long stems. Botanic name
Capsella bursapastoris L.
dÕOGÕUÕP An annual plant known as watercress. It is a member of the Brassicaceae family.
Botanic name Nasturtium officinale R. BR.
Licorice (Meyan): A multiyear plant from the
legume family. Botanic name Glycyrrhiza glabra L.
var. glabra.
+HUED 6LGHULWLV 'D÷ 1DQHVL  An annual
plant with white hairs, mint odor, and flowers. Botanic name Cyclotrichium niveum (Boiss.)
Manden. & Scheng.
Field Poppy (Gelincik): Flowers are generally in dark red. Botanic name Papaver rhoeas L.
6WLQJLQJ QHWWOH ,VÕUJDQ  An annual plant
from the stinging family. Botanic name Urtica
dioica L.
:LOG EHHW 7ÕUúLN  A soup made with wild
beets, sour yogurt, and chickpeas.
Meyir soup: Bulgur, ground wheat, onion,
eggplant, green pepper, and pumpkin are roasted
and split into pieces. Then, this mixture is boiled
and served as soup.
Kollotik: Bulgur is baked and then turned into
small round pieces and boiled before adding some
spices and being served as soup.
Pognik: Bulgur and egg meatball. Bulgur is
kneaded into meatballs and boiled. Then, a pan
sauce containing paste, oil, mint, and garlic is
poured on the meatballs.
Lahmacun: Very thin Turkish pizza covered
with seasoned minced meat and onions.
+ÕWDS Dough is kneaded and opened, filled
with any one of mallows, körmen, potatoes, kenger
(acanthus), or cheese, and then the dough is closed
and baked in a wood oven.
Cemile: Stale bread is baked with butter and
chestnut is added. Molasses are boiled in another
pot and are added into this mixture and then
cooked.
Bijerek: A type of dry fruit made by baking
wheat with salt in oak.
.DUQÕ\DUÕN: Whole slitted aubergines with
seasoned minced meat filling.
Köme: Dried fruit roll-up.
Karsambaç: Prepared by pouring syrup on
grated ice.
ùLOOLNGHVVHUW A dessert made from pancakes
and served with a filling of walnuts.
Katmer: Butter is put on an open pastry and
cooked in a pan by adding peanuts and sugar.
Peksimet: A kind of donut prepared with
yeast, sugar, roasted sesame seeds, donut grass,
vegetable oil, and softened margarine at room temperature.
%D\UDP7DSODPDVÕ: Dough is made of flour,
salt, and sugar rolled up with a rolling pin. Then,
yellow Zerik (a kind of grass) is spread, and then
the mixture is cooked in the oven.

need to be recorded.
x local or national projects need to be prepared between different disciplines to ensure
healthy preparation and cooking.
x specialist cooks and teams need to be
trained so they can promote the regional foods of
$GÕ\DPDQ 3URYLQFH WR QDWLRQDOLQWHUQDWLRQDO IRRG
events.
x practical classes on regional foods must be
given more importance in universities.
x province-wide trainings on healthy eating
must be conducted and, as in the past, the use of
organic products must be increased in traditional
food culture. As healthy eating awareness increases
day by day, the inclination to consume organic
products is also increasing.

GLOSSARY OF LOCAL FOODS
Dövmeç: A dish in which pepper, tomato, and
eggplant are roasted in bakeries (found in every
street), and then some garlic is added.
Alaca soup: A soup prepared with wheat
grains, chickpeas, lentils, onion, spices, tomatoes,
and pepper paste.
+ÕWD *KHUNLQ  A green fruit. Member of the
gourd family, with a striped and hairy shell. Botanic
name Cucumis melo var. flexuosus Naud.
Pennyroyal (Yarpuz): A hairy, odorous mintlike plant from the legume family. Botanic name
Mentha longifolia subsp. typhoides (Briq.) Harley.
Gari herb: A plant from the Chenopodiaceae
family.
Mallow (Tollik): A multiyear plant with a
height of 1 m. Botanic name Malva sylvestris L.
Körmen: Wild garlic. Botanic name Allium
ampeloprasum L.
Purslane (pirpirim): Pursley. Botanic name
Portulaca oleracea L.
,úJÕQ ,úJÕQ RU ,úNÕQ LV D SODQW IURP WKH FRP
mon sorrel family, grown at altitudes of 4,000 m
with a height of 40±150 cm. Botanic name Rheum
ribes L.
Kenger: Acanthus. From the daisy family
with a height of 40±50 cm. It is a milky and horny
plant. Its trunk is short and thick. Leaves are hairy,
while the leaves on the trunk are stemless. Botanic
name Gundelia tournefortii L. var. armata Freyn &
Sint.
Menengiç (Terebinth): A tree from the
gumwood family, wild nut. Botanic name Pistacia
terebinthus L. subsp. Terebinthus.
(OHFDPSDQH $QGÕ] RWX  A weed grown in
humid areas, with a stem up to 1 m long. Leaves are
large and round. Botanic name Inula viscosa (L.)
Aiton.
Shepherd's purse (Nanecük): Also known as
VKHSKHUG¶V SRXFK ,W LV IURP WKH %UDVVLFDFHDH
(hardagiller) family and an annual herbaceous
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Topah halva: A kind of halva prepared with
sesame walnut butter and molasses.
Tene halva: Starch, sugar, molasses, olive oil,
and walnut butter prepared as a kind of candy.
$NÕW Prepared with molasses and sesame.
Bulama soup: A kind of soup prepared with
wheat, yogurt, eggplant, green mint, green pepper,
egg, flour, and salt.
Tevleve soup: A soup made with lentil porridge.
$QDOÕ .Õ]OÕ VRXS A soup prepared like
stuffed meatballs.
Hasude dessert: Molasses, wheat starch, and
water are boiled, and then walnuts are added.
Bulambaç: Boiled by adding starch into molasses. Served with walnuts.
Cemile dessert: Baked pastry fried with butter. Then, walnuts are added and then cooked with
molasses.
Buhara pilaf: A kind of rice prepared with
meat, onions, and chickpeas.
Abuzer kebab: Tomatoes, peppers, and aubergines are cooked in the oven and are peeled and
served with hot pita and ayran.
3ÕVVÕN \XPDFÕ Dry pastries are moistened,
and tomato, onion, butter, cheese, flake pepper are
added, and the mixture is kneaded and then served
on plates like meatballs.
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becomes the most important pathway for intake of
these contaminants [2]. Within the VOCs; benzene
(C6H6),
toluene
(C6H5-CH3),
ethylbenzene
(C6H5CH2CH3), and xylene ((CH3)2C6H4), (BTEX),
are commonly found in petroleum derivatives, such
as petrol, or used as solvents or intermediates in the
synthesis of organic compounds that are part of
various consumer/industrial product formulations
[3]. BTEX may be also released into the ambient
environment via evaporation during processes such
as tank filling, passive evaporation from tanks,
solvent usage, and spills from accidents. Exposure
to these compounds may have significant impact on
human health. They are toxic air pollutants and
have high potential to cause health problems
including cancer, allergies, eye and lung irritation,
and adverse respiratory complications [4].
Benzene is the most toxic chemical within the
BTEX family. Long-term exposure to benzene may
increase the incidence of leukemia and aplastic
anemia in humans [5]. The International Agency for
Research on Cancer (IARC) classifies benzene as
carcinogenic to humans (group 1) and ethylbenzene
as possibly carcinogenic to humans (group 2B) [6].
Exposure to BTEX for petroleum refinery workers
has been studied in several different countries and a
significant body of exposure data is available in the
scientific literature. Italian traffic policemen in the
city of Parma were found to be exposed to 6.1
μg/m3 benzene during two work-shifts (7:00–13:00
or 13:00–19:00) [75]. Other studies found that
benzene exposure levels were related to the
characteristics of a person’s job [8]. Bono et al. [9]
studied three groups of workers and showed that
petrol pump attendants had the highest exposure to
benzene, toluene and xylenes, followed by
policemen and municipal employees. Reported
benzene concentrations in modern refineries in Italy
have been reported to be less than 3 mg/m3 [10],
although recent data suggest that for specific tasks,
such as the blending of test gasoline, higher fullshift mean exposures in the region of 3.7 mg/m3

%&$&
Emissions of Volatile Organic Compounds
(VOCs) at oil transfer stations are high and the
primary pollutants of concern from a health
perspective include benzene, toluene, ethylbenzene,
and xylene (BTEX) BTEX. This exploratory study
investigated personal exposure to BTEX through
environmental air samples collected from 50
workers (tanker loading workers, tank-gauging
workers, drivers, firefighters, and office workers) at
a major oil distribution company in Iran. Airborne
BTEX exposures were evaluated over 8-hour
periods during work-shift by using personal passive
samplers. Measured mean values for workers at
four sites were, respectively, 2437, 992, 584, and
2788 μg/m3 for benzene; 4415, 2830, 1289, and
9407 μg/m3 for toluene; 781, 522, 187, and 533
μg/m3 for ethylbenzene; and 1134, 678, 322, and
525 μg/m3 for xylene. Exposure across job type was
similarly stratified across all personal exposures to
BTEX measured in air samples with maximum
concentrations found for tanker loading work. The
statistical assessment revealed that the chronic
BTEX exposure threatens the health of populations
for all oil product distribution company workers
with different exposure levels. The results are
expected to facilitate personal protection for
environmental regulation and pollution control in
Iranian oil distribution.
+)"$%
BTEX, Petroleum Distribution, Exposure, Workers, Iran

!&$"'&"!
Volatile organic compounds (VOCs) are
environmentally-important
atmospheric
air
pollutants [1]. They evaporate readily at room
temperature and inhalation route of exposure
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(10th and 90th percentiles: 0.2–8.3 mg/m3) may be
experienced [11].
Numerous studies have documented hazardous
concentrations of benzene, toluene, and xylene
(BTEX) in the ambient air of occupational sites [7,
12, 13]. Petroleum products are an important source
of ambient BTEX in occupational settings, through
emissions from station gas pumps and fuel tanks,
and through evaporative loss from fuel filling trucks
[14]. The exposure of petrol station workers in Iran
to BTEX has also been studied by several authors
[5, 15]. High environmental levels of benzene,
toluene and xylenes during refueling in petrol
stations have been found by Periago et al. [16], and
a relationship between environmental exposure to
toluene, xylene and ethylbenzene and the expired
breath concentrations of service station workers was
found by Chen et al. [17]. In addition, Lin et al. [18]
showed similar concentrations of toluene and
methyl tert-butyl ether, three times higher than
benzene values, in the ambient air of a petrol

station.
Considering the high levels BTEX exposure,
to the best of the authors’ knowledge, no studies to
date have shown regulated personal occupational
exposure levels to BTEX in occupational
environmental in developing countries, such as Iran.
The goal of this work is to evaluate the BTEX
exposure to workers at four different stations of a
major oil distribution company in Iran.
&$%! &"%

%>?/C 0=428 %0>>482= ,8/ #,<>4.4:,8>=
The reference study population consisted of  = 50
workers (tanker loading workers, tank-gauging
workers, drivers, firefighters, and office workers),
at four stations of an oil distribution company, in
Northern Iran (Figure 1). 
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"..?:,>498,60B:9=?<06474>=,8/,4<;?,64>C2?4/06480@,6?0=19<0B:9=?<0>9&*E27 
Standards and Guidelines
American
Conference
of
Governmental
Industrial
Hygienists (ACGIH), USA
Occupational Safety and Health
Administration (OSHA), USA
National
Institute
for
Occupational Safety and Health
(NIOSH), USA
Ministry of Health and Medical
(MHMEI), Iran
Health and Safety Executive
(HSE), U.K
a

Description
TWAa

Benzene
1600

Toluene
75×103

Ethylbenzene
87×103

Xylene
434×103

STELb

8000

-

-

651×103

PELc
STEL
TWA

3250
16250
320

750×103
375×103

435×103
545×103
435×103

435×103
655×103
435×103

STEL

3750

560×103

545×103

655×103

TWA
STEL
TWA
STEL

1600
8000
3250
-

75×103
191×103
384×103

87×103
441×103
552×103

434×103
651×103
220×103
441×103

b

Reference
[26]
[27]
[28]
[29]
[30]

c

Time Weighted Average, Short-Term Exposure Limit, Permissible Exposure Limit
stock solution (0.19 g/L CS2) was prepared from
benzene-d6 pure standards. Five calibration levels
were prepared using blank cartridges in the
presence of chemical and internal standards (2 >
0.998). BTEX air concentrations (where  is
expressed in µg/m3) were calculated using the
following equation:

Participants were classified by type of work.
The key job tasks were tanker loading workers (act
of loading and unloading trucks,  = 16), tankgauging workers (included manual tank-gauging of
production tanks or sampling,  = 6), drivers (act of
transporting the petroleum and refinery petroleum
products to the fuel station refueling area,  = 5),
firefighters ( = 5), and office workers (managerial,
engineering, and clerical officials who work in the
office building and are in the operational stations
environment occasionally,  = 18). The results were
compared with the recommended exposure limits of
BTEX in workplaces. The guidelines for these
compunds in workplaces are presented in Table 1.

 ( μ  / 3 ) =

( μ  )
×1, 000, 000 (1)
 ( / min) ×  (min)

where  is the mass of analytes determined in
desorbing solvent; x is the uptake rate of
substances onto the 35–50 mesh charcoal cartridge
(0.08 L/min for benzene; 0.074 L/min for toluene;
0.061 L/min for ethylbenzene and xylenes); and is
the exposure time.

4< %,7:6482 #<9.0/?<0 Personal exposure
measurements were evaluated over the course of an
8-hour working shift. Each worker was equipped
with a personal sampler (Radiello® Passive
monitor) worn in the respiratory zone while
workers were performing their usual activities. At
the end of each exposure period, the samples were
kept in glass storage tubes at 4°C until analysis,
which occurred within 30 days from collection,
according to the manufacturer's instruction.

%,7:60 #<0:,<,>498 ,8/ 8,6C=4= The
BTEX collected on sorbing cartridges was desorbed
at room temperature for 30 min with 2 mL of
benzene-free carbon disulfide (CS2, Sigma-Aldrich)
in the presence of an internal standard, containing
benzene-d6 (C6D6, hexadeuterobenzene, SigmaAldrich) in methanol (CH3OH). This solution was
analyzed using a gas chromatograph (Varian, CP3800, US) equipped with a flame ionizing detector
(GC/FID). Analyte separation was performed on
silica capillary column (0.53 mm I.D., 50 m length,
0.25 μm film thickness, CP-Sil 8 CB). The GC/FID
analysis was performed at the following conditions:
helium carrier gas at a constant flow rate of 30
mL/min. The injector, column, and detector
temperatures were set at 200, 130, and 210°C,
respectively. For each compound, two ions
(quantifier and qualifier) were used for quantitative
analysis. Calibration curves were constructed with a
stock solution prepared in CS2. An internal standard

%>,>4=>4.,6 8,6C=4= The StatsDirect (V2.7.2,
StatsDirect Ltd., Altrincham, Cheshire, UK)
software package was used for the statistical
analysis of the experimental data. In all
calculations, spread sheets were generated using
Microsoft Excel® 2000 or DataFit® scientific
software (V8.1.69, Oakdale Engineering, PA, US),
and these spreadsheets were used as ODBC (Open
Database Connectivity) data sources running on a
CPU N280 (Intel® Atom™ Processor 1.66 GHz,
0.99 GB of RAM) PC.
The BTEX concentrations that were used as
quantitative measurements for the potential
exposure at four oil product distribution facilities
were statistically evaluated utilizing several
appropriate parametric (unpaired or two-sample and
matched-pair tests) or non-parametric tests (the
Mann–Whitney  (or the Wilcoxon rank-sum) test
and the Kruskal–Wallis test with the ConoverInman method). Prior to applying parametric tests,
the Shapiro–Wilk  and the Levene’s tests were
consecutively conducted, as preconditions, to
evaluate whether the experimental subsets had
either a normal or a non-normal distribution, and to
evaluate whether the variances (or standard
deviations) of the paired groups were either
homogeneous or unequal. When the BTEX
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(range, 0–27412.80 μg/m3; average, 2788 μg/m3),
and the lowest concentration was detected at station
3 (range, 0–4380 μg/m3; average, 584 μg/m3). The
highest mean personal exposure levels of toluene
and ethylbenzene were 0–46971.50 μg/m3 (average,
9407.40 μg/m3), and 0–6301.82 μg/m3 (average,
781.44 μg/m3) at station 4 and station 1
respectively, and the lowest mean personal
exposure levels of toluene and ethylbenzene were
0–9124.23 μg/m3 (average, 1288.60 μg/m3), and 0–
1036.50 μg/m3 (average, 186.60 μg/m3) at station 3,
respectively. In addition, the highest average
concentration of xylene was observed at station 1
(range, 0–8856.70 μg/m3; average, 1134.30 μg/m3),
and the lowest concentration was detected at station
3 (range, 0–1549.92 μg/m3; average, 322.06 μg/m3).
The average concentrations of BTEX sample
exposure in the present study were higher than the
majority of those reported by several studies (Table
4).

concentrations were not normally distributed, nonparametric tests were then applied. An alpha ( )
level of 0.05 (or 95% confidence) was used to
determine the statistical significance in the
analyses. The results were assessed with two-tailed
 values for the applied non-parametric to reflect
the statistical significance between the paired
groups.
$%'&%

98.08><,>498= 91 #0<=98,6 B:9=?<0
0@06= >9 &* Fifty samples of BTEX were
collected at the four different sites of an oil product
distribution company in northern Iran. The personal
exposure concentrations of BTEX based on stations
and workers are summarized in Tables 2 and 3.
The results indicated that the highest average
concentration of benzene was observed at station 4


& 
#0<=98,60B:9=?<0.98.08><,>498=E27 91&*,>19?<=>,>498=
Benzene
Toluene
Ethylbenzene
Xylene
Station 1
Station 1
Station 1
Station 1
Min = < LOD*
Min = <LOD
Min = <LOD
Min = <LOD
Mean = 2437
Mean = 4414.60
Mean = 781.44
Mean = 1134.30
Max = 18999
Max = 34432.90
Max = 6301.82
Max = 8856.70
Station 2
Station 2
Station 2
Station 2
Min = <LOD
Min = <LOD
Min = <LOD
Min = <LOD
Mean = 992
Mean = 2829.9
Mean = 522.40
Mean = 678.14
Max = 8369
Max = 23360.34
Max = 4145.94
Max = 5153.10
Station 3
Station 3
Station 3
Station 3
Min = <LOD
Min = <LOD
Min = <LOD
Min = <LOD
Mean = 584
Mean = 1288.60
Mean = 186.60
Mean = 322.06
Max = 4380
Max = 9124.23
Max = 1036.50
Max = 1549.92
Station 4
Station 4
Station 4
Station 4
Min = <LOD
Min = <LOD
Min = <LOD
Min = <LOD
Mean = 2788
Mean = 9407.40
Mean = 532.80
Mean = 525.40
Max = 27412.80
Max = 46971.50
Max = 4850.80
Max = 4347.83
*Limit of detection

& 
#0<=98,6.98.08><,>498=E27 91&*,7982A9<50<= 
Tanker
loading
workers
( = 16)
Me
Max
Min

an
539 2741
160.
Benzene
1.4
2.75
26
103 4697
462.
Toluene
76
1.45
96
Ethylbe
158 6301. 62.1
nzene
3.2
82
9
206 8856. 100.
Xylene
7
68
64
Work
type

Tank-gauging
workers
( = 6)
Me
Max
an
830. 4558
66
.40
120 6153
8.8
.55
193. 620.
23
41
274. 664.
76
25

Drivers
( = 5)
Min
33.8
3
<LO
D*
<LO
D
78.5
0

Me
an
81.9
0
590.
28
186.
57
297.
9

*Limit of detection.
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Ma
x
106.
84
868.
06
269.
49
422.
71

Firefighters
( = 5)
Min
53.4
2
192.
90
41.4
6
181.
16

Me
an
71.2
2
223.
77
49.7
5
92.5
9

Ma
x
267.
09
713.
73
145.
11
221.
42

Office workers
( = 18)
Min
<L
OD
<L
OD
<L
OD
<L
OD

Me
an
19.
78
65.
37
20.
72
70.
60

Ma
x
126.
64
347.
22
82.9
2
241.
55

Min
<L
OD
<L
OD
<L
OD
<L
OD
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& 
&*.98.08><,>498=48=,7:60=<06,>0/>994648/?=><C489>30<.4>40=
Location

Subjects

Spain

Exposure from a group of filling
station attendants

Mexico

Personal exposure in service
stations

South Africa

Personal exposure in African petrol
attendants

Finland

Exposure to aromatic hydrocarbons
during gasoline pump maintenance,
repair and inspection

Environmental and biological
monitoring volatile organic
compounds in the workplace

Spain

Station 1

Personal exposure in oil distribution
company attendants

Station 2

Personal exposure in oil distribution
company attendants

Station 3

Personal exposure in oil distribution
company attendants

Station 4

Personal exposure in oil distribution
company attendants

Pollutant
Benzene
Toluene
Ethylbenzene
Xylenes
Benzene
Toluene
Ethylbenzene
Xylenes
Benzene
Toluene
Ethylbenzene
Xylenes
Benzene
Toluene
Ethylbenzene

Concentration (μg/m3)
910
1580
890
310
216
212
560
730
310
230
2200
260

Xylenes

1100

Benzene
Toluene
Ethylbenzene
(m ± p)Xylene
o-Xylene
Benzene
Toluene
Ethylbenzene
Xylenes
Benzene
Toluene
Ethylbenzene
Xylenes
Benzene
Toluene
Ethylbenzene
Xylenes
Benzene
Toluene
Ethylbenzene
Xylenes

99
453
145

Reference
[31]

[32]

[33]

[34]

[35]

369
440
7911.32
4.96
392.67
757.28
5149.47
3.23
1200.98
1731.96
4394.03
2.75
1282.75
1865.64
5227.75
4441.61
3929.76
74.72

Present study

Present study

Present study

Present study


& 
%>,>4=>4.,6.97:,<4=9891&*.98.08><,>498=19<946:<9/?.>.97:,8CA9<50<= 
Pairs of groups (workers)a
TL – TG
TL – FF
TL – D
TL – OW
TG – FF
TG – D
TG – OW
FF – D
FF – OW
D – OW

Statistical outputsb,c for BTEX subsets
Benzene
Toluene
 )
 ) 
)
)
 ) 
 )

)
) 
 ) 
 ) 
)
) 
 ) 
 ) 
)
)
(MW) = 0.8571
(MW) > 0.9999
(KW) = 0.8153
(KW) = 0.8946
(MW) = 0.9654
(MW) = 0.3889
(KW) > 0.9999
(KW) = 0.3780
(MW) = 0.0699
(MW) = 0.1745
(KW) = 0.0635
(KW) = 0.1635
(MW) = 0.8929
(MW) = 0.3571
(KW) = 0.7905
(KW) = 0.3336
(MW) = 0.3879
(MW) = 0.2667
(KW) = 0.3862
(KW) = 0.2393
 )

 ) 
)
) 

a

Ethylbenzene
(MW) = 0.1728
(KW) = 0.1659
 )  
) 
(MW) = 0.1578
(KW) = 0.1531
 ) 
)
(MW) = 0.2143
(KW) = 0.1996
(MW) > 0.9999
(KW) = 0.8484
 ) 
) 
(MW) = 0.2143
(KW) = 0.1996
(MW) = 0.5697
(KW) = 0.5041
 ) 
)

Xylene
(MW) = 0.0790
(KW) = 0.0748
 )  
)
 ) 
)
 ) 
)
(MW) = 0.0714
(KW) = 0.0512
(MW) = 0.8730
(KW) = 0.8484
 )

) 
(MW) = 0.1429
(KW) = 0.1012
(MW) = 0.8606
(KW) = 0.8504
 )

)

TL = tanker loading, TGC = tank-gauging, FF = firefighter, D = driver, and OW = office worker.
Prior to applying parametric tests, the Shapiro–Wilk W and the Levene’s tests were consecutively conducted, as
preconditions, to evaluate whether the experimental subsets had either a normal or a non-normal distribution, and to evaluate
whether the variances (or standard deviations) of the paired groups were either homogeneous or unequal.
c
 values < 0.05 were considered to be significant (indicated as bold), MW = Mann–Whitney, KW = Kruskal–Wallis.
b
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(3750 μg/m3). The results also showed that 12%
and 6% of benzene concentrations are higher than
Occupational Safety and Health Administration
(OSHA) guideline Permissible Exposure Limit
(PEL) (3250 μg/m3), and STEL (16250 μg/m3),
respectively. In addition, 6% of benzene
concentrations are higher than Health and Safety
Executive (HSE), UK guideline TWA (3250
μg/m3), Benzene is a carcinogen substance and
World Health Organization (WHO) [19] has not
recommended an acceptable level for it, so these
data are of health concern according to all
standards.
The highest exposure concentrations pertained
to workers involved in tanker loading activities,
with 3–5 orders of magnitude more exposure than
recommended standards. This can be ascribed to the
fact that the tanker loading workers in that area had
a high potential of being exposed to these
compounds as a result of emissions of vapors
during dispensing, loading, unloading and
transportation of petrol. While other workers mostly
worked inside the offices (indoors), rather than
outdoors. Therefore, the levels of these pollutants in
the personal exposure samples were much lower
than that in the personal exposure in these sites.
Similar studies [5, 20] in Italy, Iran, Thailand,
Greece, have found much lower levels of benzene
exposure than the present study. Additionally, our
results were greater than but in line with other
studies [21]. This could be a result of the
differences in exposure time, body weight,
inhalation rate and the potency factor (slope factor).
Evaporation emissions from fuel tankers, and
gasoline spillage due to fast refueling and/or
overfilling due to nozzle shut-off valve failure, poor
ventilation and low quality of gasoline are
considered the main factors contributing to the very
high exposure level as shown in Table 4.
It has been reported that chronic exposure to
benzene is associated with decrease in lymphocyte,
platelet count, and white blood cell (WBC) count
[22]. Depression, fatigue, headache, anxiety, feeling
of drunkenness, and sleep disorders are related to
the chronic exposure to xylene [22]. Moreover,
anemia, leukopenia, electrocardiogram abnormalities, dyspnea, and cyanosis have been linked to
chronic exposure to xylene [23]. The most
vulnerable groups for the BTEX exposure are
workers who work in oil distribution companies, as
they commonly spend the majority of their day
times at their job [24]. Long time exposure of
workers to benzene increases the risk of leukemia
[25]. Benzene also evaporates rapidly at room
temperature, is highly flammable and can be
inhaled, or ingested through the skin easily on
contact. The fact that benzene levels are
significantly high at the site should indicate the
need for continuous monitoring and regulatory
systems to be in place.

%>,>4=>4.,6 ,==0==708> 91 &* 0B:9=?<0
,7982 A9<50<= In the present study, BTEX
subsets were compared to assess possible statistical
differences between pairs of oil product distribution
company workers (Table 5). For the paired groups
of BTEX, the statistical outputs indicated that there
was sufficient evidence to support a significant
difference between tanker loading workers and
other type of workers in terms of the benzene ( <
0.01) and toluene ( < 0.03) concentrations.
Moreover, significant differences were also
recorded between tank-gauging workers and office
workers in terms of ethylbenzene ( < 0.005) and
xylene ( < 0.025) concentrations. Likewise, the
statistical results revealed within the 95%
confidence that there was a significant difference
between drivers and office workers in terms of
BTEX concentrations ( < 0.05). On the other hand,
the statistical analysis showed that there was
insufficient evidence to support a significant
difference between other subsets (i.e., (i) tankgauging workers and firefighters, (ii) tank-gauging
workers and drivers, (iii) firefighters and drivers,
and (iv) firefighters and office workers) in terms of
BTEX concentrations ( > = 0.05). The possible
differences in the BTEX subsets of the studied
worker groups can be ascribed to the fact that
concentration of pollutants, time of exposure, and
type of worker’s activity in the stations significantly
differ from one to another oil product distribution
company. Consequently, the results of the statistical
assessment at oil product distribution company
workers corroborate that the chronic BTEX
exposure threatens the health of populations in all
workers with different exposure levels.
%'%%"!



In the present study, benzene was the most
predominant BTEX in the personal exposure
samples. These results were almost the same as
those in the personal exposure samples, which
might be explained by the emissions from fuel
pumps and through evaporative loss from fuel
filling devices. Unlike benzene, concentrations of
the remaining pollutants were below the
recommended limits. Benzene concentrations of
14% of the personal exposure samples were higher
than the American Conference of Governmental
Industrial Hygienists (ACGIH) and Ministry of
Health and Medical Iran (MHMEI) (1600 μg/m3)
recommended value.
Considering the National Institute for
Occupational Safety and Health (NIOSH)
recommended guidelines for personal exposure, the
benzene concentrations in 30% of the samples were
higher than recommended standard for the Time
Weighted Average (TWA) (320 μg/m3), and 12%
were above the Short-term exposure limit (STEL)
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Personal exposure measurements to BTEX
were performed for tanker loading workers, tankgauging workers, firefighter, drivers, and office
workers belonging to the north stations of a major
oil distribution company in Iran. Personal exposure
measurements showed that tanker loading workers
are highly exposed to benzene. Although exposure
to the toluene, ethylbenzene and xylene
concentrations were lower than the recommended
limit values by HSE (UK), ACGIH, NIOSH,
MHMEI (Iran), and OSHA, benzene was notably
higher than the standards; hence, this one is of
special interest due to benzene’s carcinogenicity
and mutagenicity. These results should facilitate
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The effects of manganese (Mn2+) on 
  proliferation and microcystin-LR
(MC-LR) production at various phosphate conditions were studied in batch-culture experiments, by
analysing cell density, chlorophyll  concentration,
and MC-LR production under different Mn2+ concentrations. Cell proliferation and the production of
MC-LR were significantly promoted ( <0.01) with
increasing Mn2+ concentration (CMn), when CMn in
cultures was below 80 μg/L. In fact, cell density,
chlorophyll  and MC-LR maximum values were
registered at CMn = 20 or 80 μg/L, mostly at 20 μg/L,
at all tested phosphorus concentrations. The concentration of MC-LR (CLR) was closely correlated with
cell density when CMn ranged between 20 and 200
μg/L, and maximum CLR was observed in the culture
with 20 μg/L Mn2+, when cell density reached
12×106 cells/mL. The effect of Mn2+ on the growth
of the harmful cyanobacterium  
 was confirmed by field investigations. Thus,
to control CLR, it is necessary to control algae growth
and to restrict Mn2+ concentration to less than 80
μg/L, or 20 μg/L when possible, when the phosphorus concentration is at a favourable level.

because this species produces the hepatotoxin microcystin. Microcystin-LR is commonly considered the
representative microcystin because it is extremely
toxic [1-4].
Nitrogen and phosphorus are known to be essential nutrients for algae, and most studies have
shown that both nutrients, especially in the form of
nitrate and phosphate, are the main factors causing
algal blooms [5-8]. Phosphate is often considered as
the limiting nutrient for algae growth [9, 10], but
some studies have also indicated that several trace
metal elements present in water, such as manganese
(Mn2+), can significantly affect algal growth under
certain conditions [11]. Manganese is a redox cofactor in some enzymes and an activator at the metal
binding site in others [12, 13]. In photosynthetic organisms, Mn2+ is also present as a polynuclear cluster in photosystem II (PSII), where it catalyses the
water-splitting reaction [14, 15]. Due to these functions, Mn2+ has many effects on the vital movement
of algae. For example, research on the effects of
Mn2+ and nickel on algal growth has shown that the
concentration of Mn2+ may significantly influence
algal distribution in streams receiving acid mine
drainage [16]. Bartsevich and Pakrasi [17] suggested
a high affinity between Mn2+ uptake and photosynthesis, in which electron transport during photosynthesis was necessary for optimal rates of Mn2+ uptake.
Nutrients and trace elements generally coexist
in water bodies, especially in urban waters. The concentration of nitrogen is usually high and sufficient
for the growth of phytoplankton in urban waters, particularly where the main source of water is reclaimed
water. Under these conditions, phosphorous and
trace elements may be the factors controlling phytoplankton growth but many issues still need to be resolved in this regard. In a system where macronutrient salts and trace nutrient elements coexist, it is difficult to determine the effects of several nutrients on
algal growth and toxin secretion. Research has
mainly focused on the co-effects of iron and phos-

*(!#$
, phosphate, manganese, cell proliferation, microcystin-LR

 %#!&%! 

Water eutrophication and algal blooms are becoming common phenomena, contributing to deteriorate the landscape effect of water bodies. Many
studies have indicated that cyanobacteria, especially
 , are common in algal
blooms and this has raised global public health and
environmental concerns in recent years, especially
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using 1 mol/L hydrochloric acid. The initial cell density was set at 5×105 cells/mL, and all bottles were
placed in an illumination incubator (Memmert I,
Germany). Temperature was kept at 25 ± 0.5 °C and
the luminance was set at 3,000 lux with a 12/12 h
light/dark cycle. Each sample consisted of a set of
three replicates, and each bottle was shaken three
times per day during the experiment. Details of the
culture media are shown in Table 1.

phors or nitrogen on algal growth and on the production of microcystin [18, 19]. Although Mn2+ is also
an important trace metal element under certain conditions, its optimal conditions for cell growth and its
effects and co-effects with other nutrients on cell
growth and microcystinproduction have rarely been
studied.
Therefore, the present study examined the effects of Mn2+ on cell proliferation and microcystin
production under different concentrations of phosphate, by means of a laboratory experiment, and
aimed to provide some theoretical basis for controlling algal blooms and the toxin bloom accompanying
it.

7/4.0<,7//,=,,7,5B<4< 
 .055 9;85410;,=487 ,7/ .358;893B55 , 9;8
/>.=487The apparent growth rate of algae was determined using Eq. (1),

μ = ln(  t /  t-1 ) /   (1)
%#$ %!$
where t-1 and t are cell densities (cells/mL) on two
consecutive days during the experimental period.

When was lower than 5%, the experiment was ter";09,;,=487 81 54:>4/ 60/4, @4=3 /4110;07=
minated [21].
.87.07=;,=487< 817  ,7/ 938<93,=0 Nitrogen
Cell density was measured every two days in 1
concentration was set at 20 mg/L to allow sufficient
mL
samples,
using a flow cytometry machine (BD
nitrogen, and adjusted with sodium nitrate (Aladdin,
Accuri
C6,
USA).
Samples of 15 mL solution were
AR, China) [20]. Based on the pollutant discharge
taken every two days and centrifuged. The supernastandard of the municipal wastewater treatment plant
tant was discarded, and the residual  
and the results of a series of surveys in urban water
cells were used to extract chlorophyll  with 90% albodies, phosphate and Mn2+ were set at five concencohol. The extraction procedure followed the standtrations: CP, 0.04, 0.1, 0.2, 0.5, and 1.0 mg/L; CMn,
ard extraction method of the State EPA of China, and
0, 20, 80, 200, and 1000 μg/L. Phosphate and Mn2+
the concentration of chlorophyll  was measured usconcentrations were adjusted by adding appropriate
ing the spectrophotometric method [22].
amounts of dipotassium phosphate and manganese
chloride (both Aladdin) to the medium, respectively.
A=;,.=487 ,7/ /0=0;647,=487 81 #

Standard MC-LR (95% purity, ENZO, USA) was
478.>5,=487,7/.>5=4
bought from Sigma-Aldrich (USA). For MC-LR
?,=487 The   used in this study
analysis, 15 mL of cell suspensions were sampled
(FACHB-912) were obtained from the Institute of
and filtered through a glass-fibre filter (Whatman
Hydrobiology, Chinese Academy of Science. First,
GF/C, USA) at each sampling time. Intracellular
 in the logarithmic growth phase were
MC-LR was extracted from the cells on the filters,
concentrated from a culture solution by centrifugaand extracellular MC-LR was determined from the
tion at 3,000 rpm for 10 min, isolated, and washed
culture filtrate. Both fractions were analysed sepathree times with ultrapure water to remove extracelrately using high performance liquid chromatoglular nutrients, especially phosphorus, nitrogen, and
raphy (HPLC), conducted in a LC-2010HT instruMn2+. Second,   were inoculated in a
ment (Japan), equipped with a reverse ZORBAX
BG-11 medium, without nitrogen, phosphorus, and
SB-C18 column (250 mm × 4.6 mm, Agilent Co.,
Mn2+, for seven days to exhaust intracellular nutriUSA) and a diode array detector at 238 nm. The moents, and the centrifugation process was repeated to
bile phase was a 43% (v/v) phosphate-buffered saremove the nutrients released from the cells. Third,
line (0.05 mol/L)-methanol solution containing 0.1%
isolated  were added to a series of so(v/v) of trifluoroacetic acid (Fisher, MS, USA). The
lutions, in 500-mL flat-bottomed bottles, containing
flow rate was 1.0 mL/min and the injection amount
400 mL of medium with different concentrations of
was 20 μL. The sample preparation and analysis
Mn2+ and phosphate, and the pH was adjusted to 7.1

%
.>5=>;060/4,.8698707=<,7/=304;/8<,20
Component
MgSO4·7H2O
C6H8O7
CaCl2·2H2O
C10H14N2Na2O8·2H2O
Na2CO3
NaNO3

Dosage
75.0 mg/L
6.0 mg/L
36.0 mg/L
1.0 mg/L
20.0 mg/L
73.9 mg/L

Component
C6H10FeNO8
H3BO3
ZnSO4·7H2O
Na2MoO4·2H2O
CuSO4·5 H2O
Co(NO3)2·6 H2O
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Dosage
6.0 mg/L
2.86 mg/L
0.22 mg/L
0.39 mg/L
0.08 mg/L
0.05 mg/L
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% 
%300110.=<81/4110;07=6,72,70<0.87.07=;,=487<787.055/07<4=B,7/.358;893B55.87.07=;,=487
>7/0;/4110;07=938<93,=0.87.07=;,=487<"
CP (mg/L)

CMn (μg/L)

0

20

80

200

1,000

6

0.04
0.1
0.2
0.5
1.0
0.04
0.1
0.2
0.5
1.0

Cell density (10 cells/mL)
1.98±0.12
C  
3.47±0.14
2.00±0.12
3.06±0.17
4.35±0.26
C  
4.07±0.40
5.59±0.26
 C  
8.46±0.27
8.39±0.14
6.15±0.21
 C  
9.72±0.24
9.37±0.72
6.32±0.36
 C  
16.93±1.05
16.70±1.23
Concentration of chlorophyll  (103 mg/m3)
0.136±0.010
  C  
0.332±0.012
0.195±0.016
0.219±0.015
0.507±0.013
 C  
0.382±0.014
0.383±0.011
 C   
0.929±0.029
1.040±0.060
0.372±0.036
  C  
1.295±0.028
1.208±0.076
0.373±0.026
2.074±0.080
 C  
1.541±0.106

1.15±0.14
3.88±0.30
7.47±0.18
9.09±0.31
9.93±0.32
0.067±0.008
0.364±0.016
0.700±0.024
0.816±0.022
0.930±0.027

* Bold numbers indicate maximum cell density and chlorophyll  concentration values under different CP. Data
are means ± standard deviations.
methods used in the present study were previously
described in Long [23]. Total MC-LR concentration
was calculated as the sum of the intra- and extracellular concentrations. The term “specific LR” used in
the present study refers to the content of MC-LR
within each cell.

,=,,7,5B<4<Data were processed using Excel 2007 and are presented as mean values ± standard
deviations, except for the organic element data. All
figures were drawn in Origin 8.0 (Origin Lab, USA).
The analysis of variance (ANOVA) and subsequent
Bonferroni tests used for analysing sample differences were performed in SPSS version 18.0 (IBM
Corp., USA). A value of <0.05 indicated a significant difference, and a value of <0.01 indicated a
highly significant difference.

(,=0; <,695472 1;86 >;-,7 987/< ,7/
,7,5B<4<The water quality of many urban ponds has
been the subject of our research, and the conditions
of the Yanming and Xingqing ponds in Xi’an city,
China, were within the scope of the experiments performed in the present study. Field investigations
were conducted from December 2014 to November
2015. Samples were collected once a month from approximately 11:00 to 11:30 AM every day, using a
water sampler (2,000 mL) at a depth of 0.5 m. Three
litres of water, corresponding to a mixture of the water collected at the selected five sampling sites in
each lake, were kept in glass bottles. Two-litre samples for phytoplankton detection were immediately
preserved in Lugol’s iodine solution, and latter concentrated to approximately 100 mL in the laboratory.
The concentrations of total nitrogen (TN) and
total phosphorous (TP) were determined following
standard methods [22]. Ten-millilitre 0.45-μm-filtered samples were combined with nitric acid (20%,
v/v) and analysed using a plasma emission spectrometer (iCAP 6300, Thermo Electron Co., USA), setting the analysing spectrum lines at 257.6 nm for detecting Mn. Concentrated algae samples were directly examined in a plankton counting chamber (0.1
mL) using an ECLIPSE90i optical digital microscope (Nikon, Japan) at a total magnification of 400×.
Cells of different algal species in 100 random fields
were counted. Algal species were identified according to the method suggested in 
 [24]. All tests were performed in three parallel
samples to ensure reliability.

#$&%$ $&$$! 

110.= 81 7  87 ,52,0 9;85410;,=487 Cell
growth rates differed among samples and, therefore,
sample examination ranged from 12 to 16 days. The
results obtained for each sample are shown in Table
2. After Mn2+ addition, and for each CP tested, cell
density increased and then decreased. All samples
with Mn2+ addition showed higher cell proliferation
than samples without Mn2+ (except for the sample
with CP = 0.04 mg/L and CMn = 1000 μg/L), and cell
proliferation was significantly higher at 20–200 μg
Mn2+/L. Cell density reached maximum values at
CMn = 20 or 80 μg/L, with the majority at 20 μg/L
(Table 2). Thus, the essential element Mn2+ had a
positive effect on cell growth, leading to higher cell
densities. However, Mn2+ abundance might have restrained the absorption of magnesium and iron, by
occupying the divalent cation-binding sites on cell
surfaces, and these elements are essential for cell
growth, especially for the process of photosynthesis
[25].
In each CMn tested, cell density increased with
phosphate addition, and this relationship was still
significant ( <0.01) at relatively high levels of CP
(> 0.2 mg/L), even if Mn2+ was abundant (>200
μg/L). This might be explained by the negative effect
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of phosphorous on the biological adsorption of Mn2+
by algae. The uptake process of trace elements is divided into fast biological adsorption (about 1 h) and
slow active transport phases [26, 27]. When CMn is
sufficient (e.g., the 1,000 µg/L used in the present
study), a large amount of Mn2+ is absorbed by algae
cells and its active transport rate is at a high level
(beginning of the experiment), resulting in the excessive absorption of Mn2+. When there is not enough
phosphorus to synthesize polyphosphate bodies
(PPB), i.e., when CP is at relative low levels, cell
growth is greatly inhibited. Thus, the biological adsorption process of Mn2+ is restrained with an increase in CP, as well as its subsequent transport rate.
However, with sufficient CP, the synthesis of PPB is
promoted, which can reduce the stress effects of
Mn2+ on algal cells to relatively low levels.
The concentration of chlorophyll  showed a
very similar trend to cell density (Table 2).
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The specific LR was calculated by dividing CLR
by the cell density and was used to compare MC-LR
production among algal cells. The effect of Mn2+ on
specific LR and the maximum value of specific LR
were related to CP (Fig. 1b). Under sufficient CP (i.e.,
0.2, 0.5, and 1.0 mg/L), there were significant differences among the specific LRs of the different experimental groups ( <0.01), except for CMn = 20 and
80 μg/L when CP = 0.2 mg/L; however, all maximum
values of specific LR occurred at CMn = 20 and 80
μg/L. Differences were less pronounced when CP
was at relatively low values (0.04 and 0.1 mg/L), and
in these conditions the specific LR tended to increase
with increasing CMn, reaching a stable value at high
CMn. Although the specific LR generally increased
with phosphorous addition at each tested CMn, it presented a decreasing trend when CP was sufficient
(i.e., 0.2, 0.5, and 1.0 mg/L), and therefore specific
LRs were 12.52, 10.80, and 6.44 μg/1012 cells when
CP was 0.2, 0.5, and 1.0 mg/L, respectively. This
might due to Mn2+ competition between phosphorus
and microcystins because, according to Utkilen and
Gjølme [28], microcystins are a kind of intracellular
metal-chelator. At a relatively low CP (0.04 and 0.1
mg/L), MC-LR can combine with excess Mn2+ and
assist in mitigating biotoxicity, but at relatively high
CP (0.2, 0.5, and 1.0 mg/L) there is sufficient phosphors to compose PPBs that can take the place of
MC-LR and combine with excess Mn2+ in algae
cells.
From Fig. 1a, it can be determined that the production of MC-LR is not promoted but instead
slightly inhibited when CP increases from 0.5 to 1.0
mg/L, and this trend is even more evident in Fig. 1b
( <0.001). This is in accordance with Lee et al. [29]
conclusion that an excess of phosphorous will inhibit
the yield of microcystins, and indicates that the effect of Mn2+ on MC-LR can be ignored under phosphorous excess. When CP was 0.2 mg/L, CLR and the
specific LR achieve their maximum values, and cell
densities were at high levels. Thus, the control of Mn
under this condition is necessary, and CMn should be
lower than 20 μg/L.

110.= 81 7  87 # 9;8/>.=487 As
shown in Fig. 1a, the concentration of MC-LR (CLR)
increased and then decreased after Mn2+ addition,
under each tested CP; this was related to cell density.
In addition, CLR was significantly influenced ( 
<0.05) by the gradient of CMn under all CP, except for
CMn = 20 and 80 μg/L when CP = 0.04 mg/L and for
CMn = 200 and 1000μg/L when CP = 0.1 mg/L. The
maximum values of CLR were obtained at CMn = 20
or 80 μg/L, at each tested CP. Moreover, the trend
observed in CLR after phosphorous addition at each
tested CMn differed according to CP: for CP <0.5
mg/L, CLR significantly increased with phosphorous
addition, but for CP >0.5 mg/L, it showed little or no
increase. This indicated that appropriate CMn = 20–
80 μg/L can significantly promote the yield of MCLR when CP is less than 0.5 mg/L, but the effect
might be reduced when CP is higher than 0.5 mg/L.
It can therefore be deduced that the toxic effect of 
blooms is not only related to water nutrients, including phosphorus and nitrogen, but also
closely related to trace metal elements such as manganese. 

&# 
%300110.=<816,72,70<07 87=30B405/8164.;8.B<=47##>7/0;/4110;07=938<93,=0
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when Mn2+ content is at a certain range. For controlling MC-LR production, algal growth must be controlled and Mn2+ concentrations must be restricted to
less than 80 μg/L, with 20 μg/L potentially being an
effective level. These results can help predicting
MC-LR contents in water using a basic index, and
the method reported here can be used to estimate
MC-LR content in water bodies.

&# 
#05,=487<349<-0=@007.055/07<4=B,7/
64.;8.B<=47#.87.07=;,=487#

87=;85817 47>;-,7987/<The survey
data obtained for the Yanming and Xingqing ponds
revealed that TN concentration remained at a high
and almost constant level in both ponds from December 2014 to November 2015 (Fig. 3a). Total
phosphorus concentrations were lower than 0.5
mg/L in both ponds, although that in Yanming was
slightly higher than that in Xingqing (Fig. 3b). However,   density changes appeared almost independent of the changes in TP (Fig. 3c), and
cell density was notably lower in the Yanming than
in the Xingqing pond, contrasting with the average
TP concentrations in both ponds. These findings can
be mainly attributed to the CMn in the two ponds: although CMn (Fig. 3d) remained mostly unaltered during the survey period, it increased sharply in February and August whereas   density
reached peak values in March and September (Fig.
3c). This was believed to be a lagging effect of the
manganese shock in February and August. Moreover, the cell density of   in the
Xingqing pond was significantly higher than that in
the Yanming pond. The results obtained for both
ponds are highly comparable to the experimental results and clearly show the effects of Mn2+ on algae
growth, highlighting the value of controlling Mn2+ in
water environments.
Some urban water bodies use treated
wastewater or reclaimed water from urban wastewater treatment plants as their main replenishing
sources. Due to the low denitrification capacity of
conventional aerobic biological processes and to the
fact that appropriate phosphorus removal is enhanced by the addition of chemicals, it is common
TN to remain at a high level while TP remains at a
relatively low level in treated wastewater or reclaimed water. In addition, the Chinese national
quality standards for urban wastewater reuse for replenishing urban landscapes only require TP and TN
to be lower than 15 mg/L and 0.5 mg/L, respectively,
placing no restrictions on trace elements. Thus, the
TN and TP contents of the urban water bodies may
fit the parameters of the present study; maintenance
of the concentration of Mn2+ in these water bodies to
levels lower than 80 μg/L, or lower than 20 μg/L if
possible, should also be promoted.



<<8.4,=487 -0=@007 ,52, 9;85410;,=487 ,7/
#9;8/>.=487Based on researches regarding
the eutrophication caused by , MC-LR
production is expected to have a close relationship
with cell densities [12, 30]. However, previous studies typically focused on the effects of ordinary nutrients, including different forms of phosphorus and nitrogen, while there is limited information concerning
micronutrients such as trace metal elements.
Figure 2 shows the effects of Mn2+ on the relationship between cell density and CLR, which can be
divided into two parts according to different Mn2+
concentrations. With extremely low or high CMn,
namely 0 or 1000 μg/L, cell density and CLR were at
relatively low levels due to the growth inhibition resulting from Mn2+ deficiency or excess, respectively.
However, with CMn = 20‒200 μg/L, CLR responded
noticeably to cell density increase. In particular, responses in this range could be divided into three
phases: 1) when cell density was low, i.e., less than
12×106 cells/mL at CMn = 20 μg/L, 8.5×106 cells/mL
at CMn = 80 μg/L, or 8.5×106 cells/mL at CMn = 200
μg/L, CLR showed a linear positive correlation to increasing cell density, and maximum  
 occurred when CMn was 80 μg/L; 2) When
cell density was at a medium level, i.e., (12–14)×106
cells/mL at CMn = 20 μg/L, >10×106 cells/mL at CMn
= 80 μg/L, or >9×106 cells/mL at CMn = 200 μg/L,
CLR showed independence from increasing cell densities, meaning that CLR was stable and unaffected by
changes in cell density; 3) When cell density was
large enough, CLR showed a linear negative correlation to increasing cell density at CMn = 20 μg/L,
which can be attributed to the inhibition of excess
phosphate and Mn2+ deficiency in the later stage of
the experiment during cell multiplication. Notably,
the maximum CLR was observed in the solution with
CMn = 20 μg/L when cell density was 12×106
cells/mL. Therefore,   CLR is closely
related to cell density, which means that the toxic effect of its bloom is directly related to algal growth
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Cyanobacteria, especially M. aeruginosa that
produced the hepatotoxin microcystin, has raised
global public health and environmental concerns. In
urban ponds, due to the high concentration of nitrogens, the growth of algae and the concentration of
hepatotoxin microcystin (represented by MC-LR)
was mainly effect by the concentration of phosphorus and trace metal elements, such as Mn2+. Although these were related to the concentration of
Mn2+ in cell cultures and the trend was similar to that
observed for algal growth, the mechanism still needs
further study considering the synthesis process of
microcystins. Therefore, the impact of Mn2+ on the
growth and MC-LR production of M. aeruginosa under different concentrations of phosphate in aquatic
systems with relative high nitrate concentrations
were studied in batch-culture experiments, the present study found that, under different CP, Mn2+ almost significantly affected cell growth and CLR, and
these were rarely affected by phosphate. In addition,
MC-LR production was closely related to cell densities and the toxic effect of algal blooms was highly
dependent on algal growth at certain Mn2+ contents.
Thus, to control MC-LR production, algal growth
should be reduced and Mn2+ concentrations should
be restricted to levels below 80 µg/L, or below 20
µg/L whenever possible.
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portant parameter for cell functions. The zeta potential was defined by a zeta sizer tool. Zeta potential
values of these samples were defined as -43.9 to 4.46 mV. It was found that surface net charge plays
an important role in host–pathogen interaction. The
pathogens’ charges were measured as more negative
according to the host structure. The hydrophobicity
of the Heinless VII and M82-2161 were very different, which is significant for pathogen–host interactions. The FTIR spectra showed differences between
the pathogens and host The thermal stability of all
samples was examined using TGA. Results of this
study demonstrate that surface charge, hydrophobicity and the surface molecules’ structure of the plant
and fungi cell wall play very important roles in host–
pathogen interactions.

Common bunt is one of the most destructive
and dangerous among fungal wheat diseases. The
most familiar species of this seed-born disease are
"##*" &*" and "##*" (") and these two
fungi cause significant yield losses worldwide. The
virulence rate of a pathogen can change depending
on the interaction with host cell surface. In this
study, the characteristics of the cell surfaces of host
wheat and two pathogens of disease were determined
by scanning electron microscopy (SEM), zeta potential, optical tensiometer, attenuated total reflectanceFourier transform infrared spectroscopy (ATRFTIR) and thermogravimetric analysis (TGA). Two
types of wheat samples (resistant M82-2161 and sensitive Heinles VII species) were used as the host cell.
SEM analysis was performed at 4.00–5.00 KX and
77-79X magnification. Electrostatic charge is an im-

)' "#
Wheat, "##*")', SEM, zeta potential, ATR-FTIR, thermogravimetry, contact angle

"! 
$2/-2+9+-;/93@+;37670-/44:<90+-/:;7./;/9536/;2/36;/9+-;376,/;>//627:;>2/+;+6.8+;271/6
$:8
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fungal cell wall [17, 18]. These hydrophobic molecules play an important role in pathogenesis and adhesion morphogenesis because of the physical relationship between these hydrophobic molecules and
hydrophilic regions of the host cell wall [17, 19-23].
The ATR-FTIR is an excellent tool for quantitatively analysing microstructural features [24].
FTIR spectroscopy is suitable for the identification
of microorganisms and presents a new addition to
existing taxonomic and genetic methods. The FTIR
analysis of bacterial isolates provides fingerprint
spectra, allowing the rapid characterisation of microbial strains. Additionally, the ATR-FTIR technique
can be used for the observation of membranes [25].
TGA is one of the most commonly used thermal analysis techniques to study the thermal behaviour of biomass materials [26] and is faster, easier to
implement and more cost-effective than existing wet
chemical techniques [27]. It is successfully used to
determine the amounts of hemicellulose, cellulose
[27], lignin, xylan and other molecules in a biomass
sample [28]. The virulence rate of pathogens
changes depending on their interaction with host cell
surface. In this study, the cell surfaces of wheat and
two pathogens (&*" and (")) were characterised through SEM, zeta potential, optical tensiometer, ATR-FTIR and TGA analyses techniques.


$"#$ #

#/4/-;376+6.897-<9/5/6;705+;/93+4: All
wheat (("*"+$)*",+$) and fungal (&*" and
 (")) samples were obtained from Eskişehir
Geçitkuşağı Agricultural Research Institute
(EGARI), Eskişehir, Turkey (2015) and stored at
room temperature. We selected a resistant (M822161) and a sensitive wheat variety (Heinles VII) for
analysis. The virulence rates of pathogens were obtained from EGARI field studies.

/44 :<90+-/ -2+9+-;/93:+;376 70 ;2/ 27:;
>2/+; +6. 8+;271/6: Host wheat and pathogen
samples were characterised by SEM, zeta potentiometer, optical tensiometer,ATR-FTIR and TGA. Surface morphology of samples was performed using a
scanning electron microscope (SEM-ZEISS Supra
40VP). SEM analysis was performed at 4.00–
5.00KX and 77–79X magnification. All samples
were coated with Platinum by Quorum-Q150Res
Sputter Coater.
The cell surface charge of all samples was deduced from zeta potential analysis. The zeta potential of all samples was determined from their movement in the applied electrical field. The zeta potentials were defined at room temperature in distilled
water with a Malvern-Nano ZS tool. The hydrophobicities of the host wheat surface were investigated
by the measurement of water contact angles with an

Fungal phytopathogens are the cause of most
plant diseases [1]. Common bunt is a very important
seed-borne disease in wheat farming and is the cause
of serious economic losses [2-4]. Contamination of
wheat with common buntis a frequent cause of lowquality wheat production. Common bunt is caused
by "##*" (") ( (")) (DC.) Tul., C. Tul.
(1847) [syn.],  *("*"" (Bjerk.) G. Winter [syn.]
(1874) and "##*"&*" (&*")[Wallr.] Liro
(1920) [syn.] #,") J.G. Kühn (1873) [2-8]. "#
#*" pathogenic agents have the capacity to contaminate the wheat seeds in the field during harvesting
by spores [9].  &*" and  (") are mainly
seed-borne pathogens replacing wheat grains in ears
by smut balls consisting of teliospores on both spring
and winter wheat [8, 9]. Recently, contamination of
&*"and (") spores in wheathave become
an especially major problem causing losses of yield
and seed quality [4, 5, 7, 10].
Plants form physical and chemical barriers that
cover their organs and function as protection against
the hazardous external environment, including pathogenic attack. Plant–fungus interaction commences
with the contact between the plant and spore surfaces
[1]. The plant cell wall provides a physical and
chemical barrier between pathogens and the internal
contents of plant cells. The chemical composition
and physical characteristics of the plant cell wall are
an important factor in the outcome of the plant–pathogen interaction [11].
Chemical composition, topology and structures
of the plant surface, as well as fungal spore shape, its
texture and molecular features, influence the nature
of the relationship [1]. The plant cell wall is also a
highly dynamic structure that is constantly re-modelled during growth and development and in response to environmental cues [12]. Electrostatic
charge is an important parameter for the cell functions [13]. The electric potential at the shear plane in
the diffuse layer is known as the zeta potential.
Measurements of electrophoretic mobility and electrostatic models have provided a wealth of insights
into the binding of proteins, peptides and small molecules to lipid membranes. Some fundamental insights have permitted the study of the electrostatic
binding of peptides, drugs, ions and other additives
to membranes using zeta potential measurements
[14]. Spectroscopic methods have also been applied
in microbiology in different ways for quantitative
and qualitative analysis and can fulfil these requirements [15].
Due to the specific and non-specific interactions of microorganisms, they bind to the host cell
surface [16, 17]. The electric potential and hydrophobicity of the cell surface are often known as nonspecific interactions. Proteins and mannoproteins are
effective in the cell surface hydrophobicity of the
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#-+66361 /4/-;976 53-97:-78? # The
first SEM analysis of the "##*")'. teliospore was
performed by Mosse and Jones in 1968 and conducted only for description and classification [29].
However, no detailed SEM studies about &*"
and  (") have been conducted. The teliospore
wall of (") is reticulated whereas that of &*
" is smooth. Though morphologically different,
the two species are similar in germination requirements and life cycle [4, 30]. At the same time, the
virulence rates of the two pathogens differ from one
another [10]. Therefore, it is important for the surface of the cell walls of both pathogens and hosts to
be analysed. The SEM images of the samples are
given in Figure 1 and Figure 2.

optical tensiometer. Water contact angles were determined using an Attention Theta Lite Optical Tensiometer by the sessile drop method. One drop of water (∼6μl) was dribbled upon host wheat and images
of drops using the contact angles were determined by
an image analysis program.
The ATR-FTIR spectrum of &*", (
") and the wheats were measured within the range
of 4000–400cm−1 through the use of a Perkin ElmerSpectrum100. Thermogravimetric analyses were
performed using an Exstar TG/DTA7000 analyser
series and samples were heated to a maximum temperature of 800°C at a heating rate of 10°Cmin-1.
Samples of about 7–12 mg were put in a ceramic pan
and heated from room temperature to 800°C. The
thermogravimetric data were automatically recorded
and calculated with this thermal analysis software.
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$2/ (#35+1/:70;2/0<61+48+;271/6:+!$,"#




%" 
$2/#35+1/:70;2/>2/+;=+93/;3/:+/364/:&:/6:3;3=/(,   9/:3:;+6;(-
/364/:&:<90+-/ (.   :<90+-/ (

5287

$#

! %   

  





!"  ! 

$ 
$2/=39<4/6-/9+;/:9/:3:;+6-/9+;/:+6.*/;+87;/6;3+4=+4</:700<61+48+;271/6:
!$+6."#+6.27:;>2/+;::/6:3;3=//364/:&+6.9/:3:;+6;   
$!##
$!##
$!$ $
$! 
(for Heinles VII)
(for M82-2161)

!$

 

"#


 
##$ 
##$ 
$!$ $
!#$
(for &*")
(for ("))

  
)")*%*
)")*%*
 
/364/:&
%)"*",
%)"*",
  



%" 
76;+-;+614/35+1/:70;2/27:;>2/+;=+93/;3/:+/364/::&:/6:3;3=/, 
The electron microscopy observations for 
&*" and (")showed the presence of surface
differences between the pathogens in the SEM images. (") appears to be more uneven and jagged
than &*". The surface of both Heinles VII and
M82-2161 wheat samples are porous and irregular.


 9/:3:;+6;

must be a site of contact pathogen cells. The hydrophobicities of the cell surfaces were determined by
the measurement of the contact angle (Figure 3).
In this study, two host cells were used, and host
cell surfaces’ hydrophobicities were investigated by
contact angles measurements with water. The measured contact angle values of the host cells were very
different from each other. The hydrophobic species
was Heinless VII, which had a water contact angle
of 106o, and the hydrophilic species was M82-2161,
with a water contact angle of 3o. The cell surface of
Heinless VII appears to have a high degree of hydrophobicity and this may be effective in fungal adhesion. Heinless VII is more vulnerable to pathogens
and has disease rates higher than M82-2161 (Table
1).

*/;+ 87;/6;3+4 +6+4?:3: +6. 8+;271/6? The
cell surface electrostatic charges of the pathogens
and host cells were assumed to be equal to the zeta
potential. Zeta potential measurements of pathogens
and host cells were done in aqueous solution at room
temperature. Under neutral conditions, the results
showed that all pathogens and host cells are negatively charged (Table 1). The results showed that the
pathogens are more negatively charged than the host
cell. This information can be a basis for understanding adhesion and pathogeny.

;;/6<+;/. ;7;+4 9/04/-;+6-/7<93/9 ;9+6:
0795 3609+9/. :8/-;97:-78? $"$" The
ATR-FTIR spectra of all samples are presented in
Figure 4. The characteristic peaks for samples are
shown in Table 2. The characteristic band at 1160
cm-1 is for antisymmetric stretching of C−O−C glycosidic linkages in both cellulose and hemicellulo
[32-34] and C−H stretching assigned at 2889.2 cm-1,
and the peak at 723.0 cm−1 arises due to C–H bending of four or more methylene groups in the samples
[35]. Aliphatic C−H stretching was assigned at 1370

76;+-;+614/5/+:<9/5/6;Pathogens–host
interaction can be predicted according to surface free
energy (SFE). SFE is related to the contact angle of
the surface. When the SFE decreases, the hydrophobicities of the surface increases [31]. The hydrophobicities of the host cell surface are important for
pathogen–host interaction because this structure
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$2/95719+=35/;93-+6+4?:3: TGA is used to
determine how the thermal properties of samples
vary with temperature [47]. The curves of thermogravimetry (TG) and derivative thermogravimetry
(DTG) are presented in Figure 5 and Figure 6. The
results of TG analysis, during the experimental procedures heating rate of 10° Cmin-1, are shown in Figure 5.

cm-1 [25, 36, 37] and at 1650 cm-1 from C=O
stretches in aryl ketones [25, 37, 38]. Xylan bands
are found at 1245 cm-1 and 900 cm-1 [34, 39, 40].
Pectin bands at 1017 cm-1 and 1076 cm-1 β-(1→6) or
β-(1→3) linked the galacton substrates. The characteristic band at approximately 1745cm-1 is for C=O
ester stretching, lipids and carbohydrates, respectively. The band at 990cm-1–702cm-1 consists of
arabinoxylans and cellulose. The band at 3500–
3300cm-1 is characteristic of OH−N−H stretching vibrations: carbohydrates and proteins [41-46].


%" 
$":8/-;9+70>2/+;+6.8+;271/6:+584/:
$ 
$".+;+70!$"#+6.27:;>2/+;::/6:3;3=//364/:&+6.9/:3:;+6;   

!$
"#
/364/:&
   
3272,83
3265,11
3272,98
3316,09
2880,72
2878,18
2899,42
2905,17
1748,99
1747,52
1651,31
1654,18
1623,17
1617,32
1150,54
1252,41
FTIR data
1378,83
1376,03
1075,92
ύ (cm-1)
1151,97
1157,89
1150,20
1016,78
1074,49
1032,8
1023,67
998,44
1015,23
724,08
579,354
711,46
902,30
579,23
529,331
575,14
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The linear heating program was conducted with
heating to 800 °C. The TG curves of host wheat and
pathogens were very similar among themselves. The
TG spectrum of all host samples generally showed
three steps. The first stage is due to evaporation. The
second and third stages are degradation of cellulose,
hemicellulose and non-cellulosic components, for



example lignin content. These steps are different
from one sample type to another. Hemicelluloses are
unstable polysaccharides and decompose faster than
cellulose and lignin at lower temperatures [48]. Lignin is an aromatic polymer compound and this compound is very stable and more difficult to decompose
than cellulose and hemicellulose [48-50]. Blasi
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toxins in the wall and synthesise lignin-like polymers to reinforce the wall [12]. All plant pathogens
interact with plant cell walls [11]. Several studies
have demonstrated that the roles of cell surface hydrophobicity and electrostatic charge are important
in the adhesion and virulence rates of the fungal
pathogens. Furthermore, adhesion is associated with
the surface charge, ionic strength and hydrophobicity [17, 58-60].
Knowledge of the surface characterisation of
host and pathogens makes it possible to predict how
these will interact with each other or their environment. Some physicochemical and chemical properties of this interaction should be clarified. Van
Loosedrecht et al. (1990) reported that the bacterial
adhesion to a surface related to the hydrophobicity
and charge [31]. However, they were not able to explain this bacterial adhesion by a single model [31,
58, 61]. Subsequent research has shown that the cell
surface hydrophobicity is very important in adhesion
[62]. The bacterial adhesion to a surface has been
shown to decrease with increasing negative charge
and low ionic strength. Furthermore, with increasing
hydrophobicity, adhesion also tends to increase [17,
59, 60]. In this study, our SEM observations clearly
exhibited the presence of surface differences between both pathogens (&*" and (")) and
wheat varieties (Heinless VII and M82-2161). Our
zeta analysis findings showed that both pathogenic
species have a negative zeta potential. Additionally,
the more-resistant wheat varieties against these pathogens have more negative zeta potentials than the
sensitive wheat varieties and may cause a steric repulsion between fungus and resistant host wheat surfaces. Furthermore,  )*",+$ species have large
variations of cell surface hydrophobicity and disease
rates against "##*")'Disease rates of "##*")'
are higher at the hydrophobic substrate (Heinless
VII) than the hydrophilic substrate (M82-2161). This
pathogen strain adheres better to the hydrophobic
substrate. We observed that the FTIR reflectance
spectra of pathogens and hosts are very different.
The cell structure of pathogens and host samples exhibit polyfunctionality. The TG curves of host wheat
and pathogens were very similar among themselves,
but the fungal pathogens decomposition peaks arise
at higher temperatures depending on the host wheat.
The fungal pathogens’ structures may include the decomposition of molecules at higher temperatures.
The present study demonstrates that surface
charge, hydrophobicity and the surface molecules’
structure play very important roles for host–pathogen interactions. If the surface characterisations of
host wheat and pathogens are known, the host–pathogen interaction can be better understood and future
experiments can be planned for the formulation of
possible important antifungal drugs and optimised
growth conditions. Finally, the obtained data from
this study may be used for fighting against common
bunt disease in the future.

(2008) reported a decomposition temperature range
of hemicellulose and cellulose of 225–325 and 325–
375°C, respectively [51].
Decomposition of the lignin for slow heating
rates may start as early as 160°C and range up to
700°C [52]. The TG curves of Heinless VII and
M82-2161 were very similar and in agreement with
the literature TG curves of the samples, which
showed three decomposition phases. The first and
second phases were attributed to hemicellulose and
cellulose decomposition, respectively. The third
phase was attributed to lignin decomposition. However, the pathogens’ decomposition peak arises at
higher temperatures according to the host wheat.
This is explained by the differences in stable organic
structures in the samples. Structural and thermal decomposition temperature are interdependent. The
excellent crystal structures are decomposed at high
temperatures [53]. The fungal cell wall is a complex
structure composed of chitin, glucans and other polymers, and there is evidence of extensive cross-linking between these components [54, 55]. The glycoproteins present in the fungal cell wall are extensively modified with both N- and O-linked carbohydrates and, in many instances, contain glycosylphosphatidyl inositol (GPI) anchors as well. The
glucan component is predominantly beta-1,3-glucan,
long linear chains of beta-1,3-linked glucose. Glucans having alternate linkages, such as beta-1,6-glucan, are found within some cell walls. Chitin is manufactured as chains of beta-1,4-linked N-acetyl glucosamine residues and is typically less abundant than
either the glycoprotein or glucan portions of the wall.
The composition of the cell wall is subject to change
and may vary within a single fungal isolate depending upon the conditions and stage of growth. The
glycoprotein, glucan and chitin components are extensively cross-linked together to form a complex
network, which forms the structural basis of the cell
wall [55].
 %# 
Common bunt is a serious fungal disease affecting wheat (("*"+$)*",+$) production and
causes economic losses in large parts of the world.
&*"and (") are the most common fungal
species among wheat diseases. Fungal cell walls are
structurally unique and differ significantly from the
cellulose-based plant cell wall. Fungal cell walls are
composed of glycoproteins and polysaccharides,
mainly glucan and chitin. Additional minor cell wall
components are present and vary among species of
fungi [55-57]. Furthermore, the plant cell wall includes such complex polysaccharides as cellulose,
hemicelluloses and pectin. Upon pathogen attack,
plants often deposit callose-rich cell wall appositions
(i.e. papillae) at sites of attempted pathogen penetration, accumulate phenolic compounds and various
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POTENTIAL OF SEED TESTING METHODS TO IDENTIFY
VIABILITY AND VIGOUR IN COMMERCIAL SEED LOTS
OF SUNFLOWER
Mehmet Demir Kaya*, Engin Gokhan Kulan, Suleyman Avci, Onur Ileri
Department of Field Crops, Faculty of Agriculture, Eskisehir Osmangazi University, Eskisehir, Turkey

up to 3.5 billion dollars [2]. Because approximately
70% of the sowing area of sunflower are under rainfed conditions, drought frequently becomes a severe
problem during the plant life cycle, which adversely
affects germination, emergence, uniform plant density, plant growth, ultimately seed yield. Under these
adverse conditions, it is critical to use vigourous
seeds of the hybrids in order to provide a uniform
stand establishment and optimum plant population
[3].
Seed viability and vigour are commonly tested
by the standard germination test under ideal moisture
and temperature conditions; however, various environmental factors under field conditions and genetic
factors adversely influence the germination and
emergence [3]. To provide a better determination of
emergence potential of seed lots, a number of vigour
tests such as electrical conductivity, tetrazolium, accelerated aging, cool and cold tests have been developed to forecast the field emergence capacity more
accurately than the standard germination [4, 5].
However, limited researches on vigour tests using
large-scale seed lots in sunflower have been reported. In the previous studies, Anfinrud and
Schneiter [6] found that the electrical conductivity,
seedling vigour classification and cold test were the
most effective methods for evaluation of seed vigour, but 7DWLüHWDO [7] observed the cold test as the
most valuable vigour test in sunflower. Recently,
Szemruch et al. [8] exhibited the feasibility of the
electrical conductivity after the seeds were dehulled.
On the other hand, no considerable relationship between seed vigour and fatty acid [9] and protein composition [10] of sunflower seeds has been reported.
The objective of this study was to focus on a
simple and effective seed vigour test to estimate accurately the field emergence capacity, and to combine two or more vigour tests to be evaluated for
practical uses in sunflower.

ABSTRACT
This study aimed to find out the seed vigour
tests related to the field emergence and to combine
the tests by a stepwise linear multiple regression
model for the best prediction possibilities of field
performance. Fifty-four seed lots of sunflower hybrids were investigated for germination, emergence,
seedling growth, cool germination (CG) and cold test
(CT), accelerated aging (AA) conditioned at 41, 43
and 45°C for 48, 72, 96, 120 and 144 h. Seed weight
and oil content were not related to the emergence capacity of sunflower seed lots. The seed lots showed
significant variation for initial seed viability ranked
between 47.5% and 100.0%, but the field emergence
ranged between 34.0% and 95.0%. Germination percentage was significantly correlated with the cool
germination (r=0.823**), laboratory emergence
(r=0.802**) and cold test (r=0.775**), respectively.
The highest correlation coefficient for the field
emergence was calculated with the laboratory emergence (r=0.856**), followed by the cool (r=0.783**)
and cold test (r=0.735**). All of the combinations of
AA conditions exhibited lower and insignificant correlations than that of others; consequently, it was not
found as advisable for sunflower. A stepwise linear
multiple regression revealed an ideal model consisted of the variables laboratory emergence, cool
and cold test with determination coefficient of
R2=0.80, y=6.46+0.89*LE+0.35*CG-0.41*CT for
forecasting the field performance of sunflower.
KEYWORDS:
Helianthus annuus L., germination, emergence, cool, cold
test

INTRODUCTION
Sunflower (Helianthus annuus L.) is the most
important oilseed crop in Turkey because of a good
adaptation to drought and high yielding performance
under irrigated conditions. Although it has been
mostly cultivated for oil production, it has also been
grown for snack, bird food and bakery [1]. The cultivation of oily type hybrids has been strongly supported by the Turkish government to promote oil
supply since the import of oil demand has reached

MATERIALS AND METHODS
Fifty-four seed lots of the registered sunflower
hybrids commercially produced by seed companies
were used in this study conducted at the Seed Science Laboratory and the experimental fields of the
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versity, Turkey. All lots had a minimum germination
percentage of 85%, as required for the registered hybrids of sunflower in Turkey. All the seed lots were
treated with alone or combination of fungicide and
insecticide according to the rule of the company.
Seed lots were stored in paper bags at 5°C until the
beginning of the experiment. The thousand seed
weight was calculated from the average weight of 4
replicates of 100 seeds and multiply by 10. Seed oil
content was determined by Soxhlet extraction (Gerhardt Soxtherm 414, Germany) method using n-Hexane as a solvent.
Four replicates of 50 seeds (totally 200 seeds)
per seed lot were germinated between three layers of
filter papers. Each paper was moistened with 7 mL
of distilled water, treated with 1.5 g L-1 Thiram fungicide. The papers were rolled and then they were
put into plastic bags to avoid water loss. The seeds
were incubated in darkness at 25±1°C for 10 days.
The germinated seeds were counted every 24 h for
10 days to evaluate the mean germination time
(MGT) as described by the rules of ISTA [11]. A
radicle protrusion of 2 mm was used as the criterion
for germination. At the final count, the seedling
length, seedling fresh and dry weights were measured at randomly selected ten normal, uncrushed and
healthy seedlings.
For the laboratory emergence, four replicates of
50 seeds per seed lot were placed at 2 cm deep in a
seedling tray with dimension of 30 cm×20 cm×7 cm
containing peat. After the trays were irrigated as necessary, they were transferred into a growth chamber
at 25±1°C and 70% relative humidity under 16/8 h
photoperiod. The seedlings with the presence of cotyledons on the surface were counted at 10 days after
planting [12]. The field emergence percentage was
determined at the experimental station on the rows
spaced at 45 cm in a 3 m long plot using 50 seeds in
each replicate from each seed lot. The seeds were
placed at a depth of 2-3 cm and emergence counts
were made at 30 days after sowing.
The cold test was applied to 4×50 seeds placed
between filter papers moistened with distilled water
as described in germination test. After the rolled papers were exposed at 10°C for seven days in a cold
chamber, the packages were transferred to an incubator at 25°C [13]. Germination counts were made
daily to calculate the germination speed under cold
temperature. The cool germination percentage was
detected between filter papers continuously at 18°C
in darkness [4]. The germinated seeds were counted
daily up to 10th day.
The accelerated aging (AA) was conducted
with 200 seeds sampled from each seed lot. The test
was designed with various combinations of temperatures (41, 43 and 45°C) and time (48, 72, 96, 120
and 144 h) at approximately 100% air relative humidity in aging boxes (11×11×4 cm) filled with 40

mL of distilled water [4]. The standard germination
test was accomplished after aging periods were completed and normal seedlings counted.
Statistical analysis was performed by the
MSTAT-C program (Michigan State University, v.
2.10) and stepwise multiple regression analysis was
carried out at SPSS. The experiment was designed
with a completely randomized design with four replicates. The percentages were transformed to an
arcsine before analysis of variance was performed.
The relationship of vigour tests with the field emergence was determined by the correlation coefficient
values (r) at 5% and 1% level of significance.

RESULTS
The minimum, maximum and mean values
with standard error and their significance levels of
54 seed lots were shown in Table 1. The initial germination percentages of the seed lots occurred above
47.5% and 7 seed lots with lower germination percentage than 85% were discarded for further calculation. A significant difference was determined in
seed weight and oil content of the seed lots, and oil
content ranged from 27.5% to 55.2%, and seed
weight from 44.3 g to 109.2 g (Table 1). The laboratory emergence of the lots ranged from 33.5% to
100%, while the field emergence percentage was
recorded between 61.0% and 95.0%.
Several significant correlations between various measurements of seed quality in 54 seed lots
were computed (Table 2). Seed oil content and a
thousand seed weight were significantly associated
with the germination percentage while it did not relate to both laboratory and field emergence of sunflower due to the absence of significant correlations.
Also, the seedling growth parameters were correlated to both germination and emergence, but this relationship is not enough strong compared to laboratory emergence. The highest significant correlation
for germination percentage was determined with the
cool germination percentage (r=0.823**); followed
by the laboratory emergence (r=0.802**) and the
cold test (r=0.775**). The laboratory emergence
gave a significant and positive correlation with germination (r=0.802**) and field emergence
(r=0.856**). The MGTs from standard germination,
cool germination and cold test exhibited significant
and negative correlations with germination and
emergence percentage. They were evaluated as an
indicator of seed performance in sunflower. The
field emergence capacity was primarily predicted by
laboratory emergence (r=0.856**), cool germination
(r=0.783**) and cold test (r=0.735**) because of
higher and significant correlation coefficient.
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TABLE 1
Minimum, maximum and mean values of the investigated parameters for 54 seed lots of sunflower
Oil content (%)
Seed weight (g)
Germination percentage (%)
2nd day germination (%)
MGT (d)
Seedling length (cm)
Seedling fresh weight (mg plant-1)
Seedling dry weight (mg plant-1)
Laboratory emergence (%)
Field emergence (%)
Cool test (%)
2nd day germination (%)
MGT (d)
Cold test (%)
2nd day germination (%)
MGT (d)

Minimum
27.5
44.3
47.5
10.3
1.06
3.19
108.9
13.9
33.5
34.0
47.5
64.5
1.50
34.5
13.5
2.92

Maximum
55.2
109.2
100.0
49.0
2.98
10.7
234.1
34.9
100.0
95.0
100.0
99.0
3.77
100.0
97.0
5.68

Mean
42.4
69.8
90.5
37.9
1.92
6.94
172.4
26.1
92.2
83.0
92.2
89.0
2.45
90.3
76.0
4.45

SE
0.89
1.74
1.19
1.42
0.05
0.23
3.51
0.56
1.20
0.95
1.23
1.33
0.06
1.53
3.23
0.08

Probability
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

TABLE 2
Simple correlation coefficients between standard germination, laboratory emergence, field emergence and
seed vigor tests in seed lots of sunflower

Laboratory emergence (%)
Field emergence (%)
MGT (d)
Oil content (%)
Seed weight (g)
2nd day germination (%)
Seedling length (cm)
Seedling fresh weight (mg plant-1)
Seedling dry weight (mg plant-1)
Cool germination (%)
2nd day germination (%)
MGT (d)
Cold test (%)
MGT (d)

Standard germination
(%)
0.802**
0.723**
-0.652**
0.276*
-0.249*
0.570**
0.349**
0.497**
0.391**
0.823**
0.471**
-0.706**
0.775**
-0.520**

Laboratory
emergence (%)
-0.688**
0.160ns
-0.074ns
0.570**
0.435**
0.585**
0.444**
0.883**
0.463**
-0.721**
0.919**
-0.590**

Field
emergence (%)
0.856**
-0.610**
0.211ns
-0.097ns
0.431**
0.401**
0.556**
0.479**
0.783**
0.347**
-0.601**
0.735**
-0.540**

*, ** significant at %5 and %1 levels of probability, respectively; ns: not significant
TABLE 3
Simple correlation coefficients among germination percentage after AA and germination, laboratory and
field emergence
Temp. (°C)

41

43

45

Hours
(h)
48
72
96
120
144
48
72
96
120
144
48
72
96
120
144

Germination percentage (%)

Laboratory emergence (%)

Field emergence (%)

0.025
0.054
-0.034
0.150
0.089
0.210
0.201
0.074
0.096
0.101
0.185
0.361*
0.236
0.233
-

0.047
0.068
0.204
0.141
0.488**
0.208
0.215
0.287
0.175
0.154
0.330*
0.106
0.193
-0.064
-

-0.238
-0.259
0.222
0.062
0.205
-0.040
-0.018
-0.084
0.116
0.167
0.047
-0.002
0.152
0.097
-

*, ** significant at %5 and %1 levels of probability, respectively. ns: not significant. Bracket (-) shows no seed
germination.
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TABLE 4
A stepwise multiple regression predicting the field emergence with vigor tests for seed lots of sunflower
Variable
r
R2
Regression equation
Step
1
Laboratory emergence (LE)
0.856**
0.73** y = 15.6 + 0.74*LE
2
Cool germination (CG)
0.869**
0.76** y = 10.7 + 0.62*LE + 0.17*CG
3
Cold test (CT)
0.893**
0.80** y = 6.46 + 0.89*LE + 0.35*CG - 0.41*CT

determining the seed vigour because of a wide variety of sunflower hybrids in our study. Al-Chaarani et
al. [19] identified QTLs for germination and seedling
developments in sunflower; indicating that some
gene groups related to seed germination and seedling
growth performance.
The seedling length, seedling fresh and dry
weights reflected significant correlations with the
field emergence. Similarly, Anfinrud and Schneiter
[6] reported that seedling vigour classification was
considered as a vigour indicator in sunflower. A negative and significant relation was detected between
MGTs calculated from standard germination, cool
and cold test and the field emergence; consequently,
it was considered as a clue of seed vigour in sunflower. This finding was confirmed by the findings
of Matthews and Khajeh-Hosseini [20] and KhajehHosseini et al. [21], who reported that the MGT was
a valuable indicator of seedling emergence in maize.
The field emergence percentage was significantly related to the cool and cold test and their coefficients were displayed similarity to each other.
Both of the tests have developed and often applied to
tropic or warm season crops [5] and they were successful to forecast accurately the field performance
of sunflower. These results are confirmed by 7DWLü et
al. [7] in sunflower and soybean, Vieira et al. [22] in
soybean, while %DOHãHYLü-7XELü et al. [23] argued
the most reliable results were detected in the cold
test.
The second day germination percentage has
been evaluated in Viola seeds by Demir et al. [24] to
separate high and low vigourous seeds. In our study,
the field emergence was strongly correlated with
second day germination from standard and cool germination. No germination was observed at 2nd day in
the cold test. Our results showed that there was a relationship which did not enough strong to use as vigour index.
Our findings suggested that the AA be unsuitable as a vigour test in sunflower. In previous studies,
different temperature and time combinations like at
42 °C for 96 h by Murcia et al. [9] and at 45 °C for 5
days by Bailly et al. [25], at 45 °C for 3 days by Kaya
and Day [14] and Hussein et al. [26], succeed to distinguish the seed lots from low to high vigour, but
any standard condition for AA was not reported.

AA test was established in various number of
time and temperature combinations to determine the
optimum combination to predict the field emergence
of sunflower seed lots. Low and mainly insignificant
correlations were detected following the AA test and
no regular increase or decrease in correlations depending on temperature or time (Table 3). Because
none of the seeds germinated at 45°C for 144 h, the
results were not illustrated. The highest correlation
coefficient between AA test results and germination
percentage was recorded at 45°C for 72 h (r=0.364*),
although the conditions of 41°C for 144 h gave the
best correlation with laboratory emergence
(r=0.488**). No combination of time and temperature was related to field emergence percentage and
did not give significant correlation.
A stepwise multiple regression analysis focused on determining if any combination of vigour
tests could more precisely estimate the field emergence capacity than a single test. Laboratory emergence percentage (LE) was the best single method
for predicting field performance of sunflower (Table
4). Furthermore, a combination of LE and cool germination (CG) provided a better prediction than this
test. When the CG was included, the R2 was enhanced from 0.73 to 0.76. However, the best model
predicting the field emergence included LE, CG and
cold
test
(CT)
with
the
formula
y=6.46+0.89*LE+0.35*CG-0.41*CT (R2=0.80**).

DISCUSSION
Seed oil content, weight, viability, emergence
and seedling growth performance of the investigated
54 sunflower seed lots showed remarkable statistically differences. Our findings showed that differences in thousand seed weight and oil content were
significant, but they were not significantly correlated
with the field emergence. This result was supported
by the findings of Kaya and Day [14], who observed
that the seed sizes in a hybrid of sunflower did not
prominently influence the emergence percentage,
and large seeds were described as low embryo vigour
by Saranga et al. [15]. Contrarily, Ahmad [16] found
a significant relationship between seed weight and
field emergence of sunflower hybrid PARC-92E
seeds produced at five different ecological conditions. This finding is agreement with Pahlavani et al.
[17] and Snider et al. [18] in cotton. This could be
explained that genetic factors may play a key role in
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[7] 7DWLü 0 %DOHãHYLü-7XELü 6 'RUGHYLü 9
0LNOLþ99XMDNRYLü0DQG'XNLü9  
Vigor of sunflower and soybean aging seed. Helia. 35, 119-126.
[8] Szemruch, C., Del Longo, O., Ferrari, L.,
Renteria, S., Murcia, M., Cantamutto, M. and
Rondanini, D. (2015) Ranges of vigor based on
the electrical conductivity test in dehulled sunflower seeds. Res. J. Seed Sci. 8, 12-21.
[9] Murcia, M., Peretti, A., Martino, S., Pérez, A.,
Del Longo, O., Arguello, J. and Ereyra, V.
  9LJRU DQG ILHOG HPHUJHQFH LQ ³KLJK
ROHLF´VXQIORZHUVHHGVLQVRXWKHDVWRI%XHQRV
Aires province. Revista Brasileira de Sementes.
24, 129-133.
[10] Reuzeau, C., Goffner D. and Cavalié, G. (1992)
Relation between protein composition and germination capacity of sunflower seeds. Seed Sci.
Res. 2, 223-230.
[11] ISTA (2003) International Rules for Seed Testing. International Seed Testing Association.
Switzerland.
[12] Kaya, M.D., Kulan, E.G., 'D÷KDQH., øOHUL, O.
and $YFÕ, S. (2016) Efficiency of vigor tests and
seed elemental concentrations to estimate field
emergence in soybean (Glycine max). Int. J.
Agric. and Biol. 18, 1075-1080.
[13] Loeffler, N.L., Meier, J.L. and Burris, J.S.
(1985) Comparison of two cold test procedures
for use in maize-drying studies. Seed Sci and
Technol. 13, 653-658.
[14] Kaya, M.D. and Day, S. (2008) Relationship between seed size and NaCl on germination, seed
vigor and early seedling growth of sunflower
(Helianthus annuus L.). Afr. J. Agric. Res. 3,
787-791.
[15] Saranga, Y., Levi, A., Horcicka, P. and Wolf, S.
(1998) Large sunflower seeds are characterized
by low embryo vigor. J. Amer. Soc. Hortic. Sci.
123, 470-474.
[16] Ahmad, S. (2001) Environmental effects on
seed characteristics of sunflower (Helianthus
annuus L.). J. Agron. and Crop Sci. 187, 213216.
[17] Pahlavani, M.H., Miri, A.A. and Kazemi, G.
(2008) Response of oil and protein content to
seed size in cotton. Int. J. Agric. Biol. 10, 643647.
[18] Snider, J.L., Collins, G.D., Whitaker, J., Chapman, K.D. and Horn, P. (2016) The impact of
seed size and chemical composition on seedling
vigor, yield, and fiber quality of cotton in five
production environments. Field Crops Res. 193,
186-195.
[19] Al-Chaarani, G.R., Gentzbittel, L., Wedzony,
M. and Sarrafi, A. (2005) Identification of QTLs
for germination and seedling development in
sunflower (Helianthus annuus L.). Plant Sci.
169, 221-227.

CONCLUSION
Several vigour tests were investigated in sunflower seed lots and the results were correlated to the
germination, laboratory and field emergence percentage. Seed properties such as seed weight and oil
content were found as inappropriate due to insignificant correlation. The laboratory emergence was the
most suitable method estimating the field emergence
and followed by the cool germination and cold test
among the investigated tests. Furthermore, a stepwise multiple regression analysis offered better prediction and higher the coefficient of multiple determination. The laboratory emergence was the superior vigour test to the others, but the determination
coefficient (R2) was enhanced from 0.73 to 0.76
when the cool germination was included. The equation reached up to the quintessence by inserting the
cold test as the third component. It was concluded
that two or more methods should be advised to forecast precisely the field emergence percentage instead
of depending on the single vigour test, so the laboratory emergence, cool and cold test should be recommended as the most proper indicators for seed vigour
in sunflower.
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acids and vitamins confirm feeding value of legumes. Legumes contain many different vitamins and
calcium and are a valuable vegetable, grain forage,
silage and green manure crops.
Fodder legumes are affected by many pathogen
microorganisms causing great harm to crops. Leguminous crops are affected by ascochyta, anthracnose, rust, powdery mildew, fusarium wilt as well as
bacterial and viral diseases and flowering parasitic.
A defeat of seedlings and sprouts, wilting of plants
is often noticed, the number of immature legumes is
increased, seeds yield and green mass are reduced
and feeding qualities are deteriorated [1-3].
Up to date, some researchers have studied only
the species composition of the fungi on the seeds and
their harmfulness while others found the penetration
of fungi in seeds and their spread. In all these studies,
the possibility of transmitting infections by seeds
and other planting tissues was demonstrated, but the
mechanism of this process was poorly lit.
A.I.Tishin [4-9] conducted the following experience: cotton seeds collected with weakly, strongly
and moderately infected wilt plant were sown for the
next year. Cotton wilt disease was not transmitted by
the seeds. However, N.S. Mirpulatova and V.M.Malinin [10-12] indicate that as the penetration of fungi
Verticilliumdahliae into the vascular system, then
Sympodial branch, the part of it goes to the bottom
of boxes. Therefore, the penetration of infection into
the seeds is possible. How everas E.S. Nellen and
S.A. Zhukovskaya claim [13] in their studies, Verticillium, affecting soya seed, causes germination
death.

ABSTRACT
The article discusses the seeds mycoflora ofleguminous crops in the granaries of southern Kazakhstan. The objects of the study were the seeds of leguminous crops: peas, beans, mung and soya. The studies isolated and identified the main types of fungi of
superficial and subepidermal mycoflora. The species
composition of the pathogens complex on the seeds
of certain species of crop plants is not constant. In
certain environmental conditions, this composition
can be maintained. In granaries except for the phytopathogenic fungi, a lot of damage can be caused on
the seed tissue by saprophytic, mold and fungi storages.

KEYWORDS:
Ecology, leguminous seeds, mycoflora, mold, pathogens,
phytopathogens, saprophytes.

INTRODUCTION
Leguminous plants are one of the oldest crops.
They were cultivated in the Mediterranean countries
another 2 thousand years B.C. Fodder legumes are
widely cultivated in China, India, Australia. In Russia, they began to enter the field crops in the VI century. The area under fodder beans in the world is
about 5 million hectares. In Kazakhstan, fodder
beans are the most productive leguminous crops. But
despite the high potential productivity, fodder beans
in our country is not wide spread. Earlier,the fodder
legumes were grown for food purposes. In the food,
the seeds were consumed in cooked and raw (unripe)
forms. Later, they began to be grown for feeding purposes. Corn is used for concentrates, green mass is
mainly for preparing silage. Flour and steamed beans
are the best concentrated feed for all animal species.
The straw can be ensiled with corn. Green mass of
fodder legumes is used for animal feed in fresh or
silage form. Leguminous seeds contain all the essential amino acids. The high protein content, its easy
solubility in water, the presence of essential amino

MATERIALS AND METHODS
The objects of the study were the seeds of leguminous crops: peas, beans, mung, soya (Table 1).
In the south of Kazakhstan, both in the field and the
granaries, numerous samples of seeds (775 seeds
samples of leguminous samples) were selected. For
the analysis, 100 pieces of plants seeds of each species were used; the experience was repeated three
times.
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TABLE 1
The seeds of the studied leguminous crops
ʋ
1
2
3
4

Specious
Pisum sativum L.
Sown peas
Phaseolus vulgaris L.
Common bean
Phaseolus aureus Roxb.
Gold bean, mung
Glycine hispida(Moench) Maxim
Sown soya

Family

Signs

Fabaceae

leguminous

Fabaceae

leguminous

Fabaceae

leguminous

Fabaceae

leguminous

South Kazakhstan Region, Saryagash village granary, 26.08.2015. Verticillium nigrescensSacc. Conidiophores are with 2-4 verticils,
abundant, septate, often secondary branching, each
of which contains 1-5 filiad (usually 3-4). The length
of conidiophores is 120-360x3-4 micrometers. Conidia are unicellular, elongated, with rounded ends,
colorless, of 8-3x1,5-4 micrometers, colorless, gathered in heads are of 4-11,5 micrometers.

The samples were selected according to M.K.
Firsovɚ method [14], N.A. Naumov [15] as well as
to State Standard 13586.3 - 83 [16] with a feeler
gauge in only three levels (top, middle and bottom),
but not across the mound depth. The results of the
analysis of an average sample are applied to the entire batch of the seeds. The organoleptic parameters
were determined in all the samples taken from the
grain batch for the determination of moisture, contamination, debris.

South Kazakhstan Region, Zhetysai village
granary, 25.08.2014. Fusarium culmorum (W. G.
Sm.) Sacc. Macroconidia are formed in sporodochia
and pionotah, at least in aerial mycelium, fusiformfalcate, falcate, almost straight and then anisoplural,
rarely parabolic curved, sometimes almost cylindrically fusiform; compared with conidia of other
closely related species, it has a wider diameter of
central cells, with short, suddenly narrowing in the
form of the papilla or only compressed, sometimes
with several elongated and curved top cage, more or
less clearly expressed leg or papillary base, thickwalled, with 3-5, 6-8 less conspicuous partitions;
yellow, pink, then ocher, light brown or reddish
ocher in a mass. In the crop, aerial mycelium is
white, pale olive-yellow, ocher, dark red, fluffy,
dense or friable-cobwebby, well developed. Strom is
pale ocher, ocher-brown, yellow-brown, brown and
red. Chlamydospores are intermediate.

RESULTS AND DISCUSSION
Mycobiota of leguminous seeds crops. Fungi
isolated from the seeds of Pisum sativum L.14 species belonging to 12 genera, 8 families, 3 departments were allocated from Pisum sativum seeds. The
mycoflora of Pisum sativum seeds was represented
by the following storage fungi of Rhizopus nigricans
Ehren., Mucor mucedo Fres., Penicillium rugulosum
Thom, Penicillium chrysogenum Thom., as well as
soil fungi Erusiphecommunis Grev. f. pisi Dietr., Botrytis cinerea Pers., Verticillium nigrescens Sacc.,
Cladosporium herbarum Link., Macrosporium commune Rabh., Alternaria alternata (Fr.) Keissl.,
Fusarium culmorum (WG Sm.) Sacc., Ascochytapisi
Libert, Uromycespisi (Pers.) De Bary, Uromycesfabae (Pers.) De Bary.

Stem phylium macrosporoideum. Hyphae are
almost colorless, thread like, with frequent partitions, variously branched; conidiophores are in the
form of lateral branches, 30-45x4 micrometers (Figure 1); conidia are large, pigmented, ovate, obovate,
widely ellipsoidal, unicellular at the beginning, then
tetrachoric, chestnut-brown, of 14-25 micrometers.
The spread of the parasite on the plant ends with the
in jury of fruits and seeds.

South Kazakhstan Region, Zhetysai village
granary, 25.08.2014. Botrytis cinerea Pers. Tussocks are confluent, friable-felt, olive, gray, graygreen, on both sides of the leaf and the stems. Conidiophores are with multiple partitions, straight, multiple tiers, tree-like branched, mainly on the tops,
rarely simple, of 252-438x8,4-16,8 micrometers
with thick membrane, brownish and olive-brown in
the bottom, in the top they are almost colorless, end
branches are short and end with protrusion bearing
small teeth, on which conidia are arranged. Conidia
are unicellular, ovoid, ellipsoidal or almost rounded,
of 8,4-15x6,3-10 micrometers.

South Kazakhstan Region, Saryagash village
granary,
26.08.2015.
Cladosporium
transchelii. This species grows well at low temperatures and during cold storage. Under favorable conditions, it multiplies rapidly, heavily populating the
substrate and brings significant harm.
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FIGURE 1
Conidia Stem phylium macrosporoideum are on Phaseolus vulgaris seeds, (increased 600ɯ)
TABLE2
The species composition of fungi on the seeds of grain and leguminous crops
at a storage temperature of + 40ɋ
Leguminous crops
Plant species
1
Pisum sativum
Phaseolus vulgaris
Phaseolus aureus
Glycine sativum
Total

Penicillium rugulosum
2
+

1

Fungi species
Sterile mycelium
3
+
+
+
+
4

Total
4
1
2
1
1
5

CONCLUSION AND PERSPECTIVES

The group of the Fusarium genus fungi is differentiated with manifold effects on the host tissue.
Firstly, these are pathogenic affecting seeds, can
cause root rot or accompany with the development
of the disease and accumulate in the soil. Fungi of
the Fusarium genus in the soil (outside of crop residues) may form a morphological structure, contributing to the survival of the fungus. Thus, we have
found the germination of conidia Fusarium with the
formation of chlamydospores.
By its effects on the seeds tissue, fungi of this
pathogens complex are divided into destructive and
moderate parasites and molds. The first group (that
produces their own food through the destruction of
host tissues) includes species of the genera of Helminthosporium, Fusarium, while Alternaria alternata belongs to the second (which is used in food
substances, due to any reason, the owner is not used).
Considered group of pathogens is differentiated
by diverse effects on the tissue of the host plant (destructive changes of seeds tissues, intoxication as a
result of the development of seedling diseases and
vegetative organs, root rots of plants). This effect depends on the natural and climatic conditions of a year
and many other factors. In this connection, distribution and harmfulness of the complex or its individual
species are not constant.

At a temperature of 40ɋ 7DEOH LQDKXPLG
chamber, Alternaria alternata were found on the
seeds of Triticum aestivum, Hordeum vulgare,
Oryza sativa, Sorghum vulgare; Cladosporium
herbarum, Alternaria alternata, Phomaavenae on
the seeds of Avena sativa; Penicillium rugulosum,
Alternaria alternata on the seeds of Zea mays;
Cladosporium herbarum, Macrosporium commune,
Alternaria alternata on the seeds of Panicum miliaceum; sterile mycelium on the seeds of Pisum sativum, Phaseolus aureus, Glycine sativum.
Field Fungi and Storage Fungi, Their Biological and Ecological Features. From an environmental point of view, i.e., conditions that allow seeds
infection, fungi can be divided into two groups - the
field and storage fungi [17].
The first group includes the species of the genera Helminthosporium, Alternaria, Fusarium, Tilletia, Ustilago, Uromyces, Sphacelotheca, Sorosporium, which infected with the seeds developing
on plants or lingering after their maturation in the
field. Some of them are preserved in the storages
[18].
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Data accessibility. Electronic supplemɟntary
matɟrial including modɟls and fitting of thɟ MBI-6,
Wɿlɟ 55, Mycɨ tubɟ, grɨwth ɫurvɟs ɨf fungɿ.

The diseases as Botrytis, Fusarium, askohitoz,
macrosporios is are transmitted from the seeds of leguminous crops (Annex D). Most of the fungi species of Alternaria alternata, Aspergillus niger,
Trichothecium roseum, some species of Rhizopus,
Mucor, isolated from the seeds of leguminous plants,
have manifested them selves to be typical saprophytes [19].
Under conditions of high humidity, this species
can be a real "storm" for healthy plants. It forms
spots on the leaves, which then transfer to stems,
flowers and even to seeds under favorable conditions.
As a result of the conducted research, the following conclusions are necessary:
1. The species composition of the pathogens
complex on the seeds of certain species of cultivated
plants is not constant, but in certain environmental
conditions it can survive.
2. In granaries except for phytopathogenic
fungi, large damage on seed material can be caused
by saprophytic mold and fungi storage, including
species of Rhizopus nigricans, Trichoteciumroseum,
Botrytis cinerea, Cladosporium herbarum, Stemphylium macrosporoideum, Alternaria alternata, as
well as species of the genera Mucor, Aspergillus and
Penicillium.
3. Diseases pathogens transmitted on the seed
of leguminous crops are Perenospora manshurica,
Rhizopus nigricans, Mucor mucedo, Erusiphecommunis f. pisi, Verticillium dahliae, Trichotheciumroseum, Aspergillus fumigatus, A.flavus, Penicillium chysogenum, Alternaria alternata, F.culmorum, F.avenaceum, Fusarium culmorum, F.mertii, F.gibbosum, Ascochytapisi, Septoriaglycines,
Phyllostictasojaecola, Uromycespisi, U.fabae.
4. 13 species comprise the spring mycoflora. 7
species of them are Verticillium nigrescens, Stemphylium macrosporoideum, Macrosporium commune, Alternaria alternata, Phomaavenae, Tilletialevis, Ustilagozea. They are all facultative parasites that live saprophytically and only rarely can be
pests under special conditions.
5. Fungi with narrow temperature (+ 40 ° C - +
100 ° C) and growth intervals. These include Stemphylium macrosporoideum, Macrosporium commune, Fusarium nivale. Fungi with wide temperature (+ 40 ° C to + 260ɋ) and higher growth intervals.
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ABSTRACT

INTRODUCTION

A survey of natural enemies and their associated arthropod preys/hosts occurring in the pomegranate orchards in Antalya province (South-western
part of Turkey) was carried out during the years,
2011 and 2012. Samples were collected by aspirator,
hand picking with a fine forceps or a fine brush for
tiny arthropods and beating/jarring of vegetation.
Additionally, small and medium sized branches infested with arthropod pests were collected for subsequent close examination or rearing of immature
stages of some predators. Pest-infested plant samples
containing parasitoids were also collected to obtain
adult parasitoids in emergence boxes. All the collected samples were taken to the laboratory and separated soon after each sampling. The results from the
study revealed that 22 species of predators (Coleoptera - Coccinellidae: 13; Hemiptera - Anthocoridae:
2, Nabidae: 2; Neuroptera - Chrysopidae: 2; Dermaptera - Forficulidae: 1; Thysanoptera - Thripidae:
1 and Acarina - Phytoseiidae: 1) and 2 species of hymenopteran parasitoids (Encyrtidae) were detected
to be associated with 15 arthropod pest species in the
pomegranate orchards in Antalya province. Among
the predators found, the coccinellids were the most
abundant predator group, followed by Chrysoperla
carnea (Stephens) (Neur.: Chrysopidae), and both of
them were generally associated with the aphids,
Aphis gossypii Glover and Ap. punicae (Passerini)
(Hem.: Aphididae). Of the two encyrtid parasitoids,
Anagyrus pseudococci Girault was associated with
citrus mealybug [Planococcus citri (Risso) (Hem.:
Pseudococcidae)] whereas the other [Cheiloneurus
paralia (Walker)] associated with the Florida wax
scale, Ceroplastes floridensis Comstock (Hem.:
Coccidae).

The pomegranate (Punica granatum L.) (Punicaceae), one of the oldest known fruits, found in
writings and artifacts of many cultures and religions,
is native from Iran to the Himalayas in northern India
[1-3]. Pomegranate tree prefers a semi-arid mildtemperate to subtropical climate and is naturally
adapted to regions with cool winters and hot summers [4-5]. Although it is widely cultivated throughout India and the drier parts of South-east Asia, Malaya, the East Indies and tropical Africa, this fruit has
been cultivated and naturalized over the whole Mediterranean region since ancient times [1, 2].
Pomegranate is being consumed not only as a
fresh fruit, but also as juice or as numerous consumer
products, including tea and juice blends, nut mixes
and countless other food and non-food stuffs [6].
Global pomegranate production has increased substantially in the past decade. The world production is
now higher than 3.000.000 tons; the main production
countries being India, Iran, China, Turkey and the
USA [5]. Although Turkey is one of the countries
considered to be the homeland of pomegranate, it has
been grown as a common backyard crop for decades
in the country. In recent years, there has been an increased interest in the commercial production of the
fruit in Turkey, especially in the Mediterranean Region of the country and surrounding regions (Aegean
and South-eastern Anatolia regions). Pomegranate is
now a major fruit crop in many provinces of Turkey
such as Antalya, Denizli, Mersin, Hatay, Adana and
Sanliurfa, and is grown in every area, both in the
coastal and the mountainous areas, up to altitudes of
1000 m [7]. This crop has been the source of the livelihoods of thousands of people [4, 8]. Total pomegranate production of Turkey reached approximately
385.000 tons in 2013, and the country is one of the
ZRUOG¶VLPSRUWDQWSRPHJUDQDWHH[SRUWFRXQWULHV[8].
Although pomegranate production is made in 56
provinces of Turkey, the Antalya province (Southwestern part of Turkey) alone produces more than
one-third of the total pomegranate production of the
country, with 104.421 tons [8].

KEYWORDS:
Pomegranate orchard, natural enemy, predator, parasitoid,
Antalya, Turkey
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Biological control agents (predators and parasitoids) can be effective in the management of these
pests in pomegranate orchards, especially in controlling mealybug and aphid populations. The substitution of biological control agents for conventional
synthetic pesticides will allow natural enemies to increase in the orchards, and will decrease adverse environmental effects resulting from the use of synthetic chemicals. However, there is no or limited information about the pest - natural enemy complex in
the pomegranate orchards in Antalya province.
Hence, the aim of the present study was to determine
natural enemies and their associated arthropod pests
in the pomegranate orchards in Antalya.

The production increase in Turkey is largely in
response to increased demand for the fruit by consumers. In addition to being consumed as a table
fruit, it can be processed into juice, syrup, jams and
wine [9, 10]. All parts of the fruit, seed, rind and
membrane have been shown to have potential health
benefits. Pomegranate fruits contain high levels of
antioxidants, and protect cells from damage by compounds called free radicals [11-13]. They are also reported to protect against certain types of cancer and
lower blood pressure [3, 14, 15]. Because of all these
reasons, they are increasingly becoming consumed
in many parts of Turkey as a health food and for its
juicy, sweet taste.
In parallel with the production increase of pomegranate in Turkey, populations of some pests, especially Mediterranean fruit fly Ceratitis capitata
(Wiedemann) (Diptera: Tephritidae), citrus mealybug Planococcus citri (Risso) (Hemiptera: Pseudococcidae) and some aphid species (Hemiptera:
Aphididae) have enormously increased in recent
years. Control of pomegranate pests in Turkey primarily depends on repetitive applications of conventional synthetic pesticides from various groups, although some of them are not approved for the control
of these pests in pomegranate orchards. However,
there are environmental and human health concerns
with synthetic pesticides, and there is a trend to replace these with alternative control agents.

MATERIALS AND METHODS
Study sites. The surveys for natural enemies
and associated arthropod pests in pomegranate orchards were carried out in different localities (GaziSDúD $ODQ\D 0DQDYJDW 6HULN $NVX '|úHPHDOWÕ
0XUDWSDúD .HPHU .XPOXFD )LQLNH 'HPUH .Dú)
of Antalya province in 2011 and 2012 (Fig. 1). In
each locality, at least three orchards were selected so
as to represent the best and sampled biweekly intervals during the spring and summer, and monthly during the autumn and winter.

FIGURE 1
Various districts of Antalya province, where surveys for natural enemies and associated arthropod pests
in pomegranate orchards were carried out (xx indicates sampling sites).
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TABLE 1
Natural enemies and associated arthropod pests detected in pomegranate orchards in Antalya province in
2011 and 2012*
Order/ Family/ Species
Coleoptera
Coccinellidae
Adalia bipuctata (L.)
Chilocorus bipustulatus (L.)
Coccinella septempunctata (L.)
Cryptolaemus montrouzieri Mulsant
Exochomus nigromaculatus (Goeze)
E. quadripustulatus (Linnaeus)
Nephus caneparii Fiirsch & Uygun
Ne. includens Kirsch
Oenopia (=Synharmonia) conglobata L.
Rhyzobius lophanthae (Blaisdeil)
Scymnus rubromaculatus Gooze
Serangium parcesetosum Sicard

Prey/host arthropod species
Aphids [Aphis punicae (Passerini) and Ap. gossypii Glaver]
Diaspid [Aonidiella citrina (Coquillett)]
Ap. punicae and Ap. gossypii
Mealybug [Planococcus citri (Risso)]
Ap. punicae and Ap. gossypii
Ap. gossypii and Ao. citrina
Ap. gossypii
Ao. citrina
Ap. punicae and Ap. gossypii
Ap. gossypii
Ap. gossypii
Whiteflies [Aleurothrixus floccosus (Makell),
Tetraleurodes bicolor Bink-Moenen and Gerling,
Acaudaleyrodes rachipora (Singh), Bemisia tabaci (Gennadius) and Siphoninus phillyreae (Haliday)]
Spider mite (Tetranychus urticae Koch)

Stethorus gilvifrons (Mulsant)
Neuroptera
Chrysopidae
Anisochrysa prasina (Burmeister)
Ap. punicae
Ap. gossypii
Chrysoperla carnea (Stephens)
Hemiptera
Anthocoridae
Orius laevigatus (Fieber)
Thrips [Frankliniella occidentalis (Pergande) and Thrips tabaci (Lindeman)]
Or. minutus (L.)
Th. tabaci
Nabidae
Ap. gossypii
Nabis pseudoferus Remane
Na. punctatus Costa
Ap. punicae
Thysanoptera
Thripidae
Scolothrips longicornis Priesner
Tet. urticae
Dermaptera
Forficulidae
Forficula auricularia L.
?
Acarina
Phytoseiidae
Phytoseius finitimus Ribaga
Mite (Tenuipalpus granati Sayed)
Hymenoptera
Encyrtidae
Anagyrus pseudococci Girault
P. citri
Cheiloneurus paralia (Walker)
Florida wax scale, Ceroplastes floridensis Comstock
*The ranking was made according to relative abundance of the natural enemy groups, but species names in each group in
alphabetical order.

rearing. Infested leaves, fruits and pieces of bark
were collected in the same way. The pest-infested
plant materials were examined under a stereomicroscope in the laboratory for natural enemies, and the
mite and thrips predators were collected using a fine
brush and preserved in the glass vials with 60% ethyl
alcohol. Plant samples with whiteflies, armouredand soft scale insects and aphids containing parasitoids were placed in emergence boxes (45 x 45 cm;
made from plywood) to obtain adult parasitoids. The
emerging parasitoids were transferred into 10-ml
glass vials containing 60% ethyl alcohol using a fine
brush. Each vial was labeled with information of
host/prey, locality and date from which it was collected.

Sampling of natural enemies and associated
arthropod pests. Samples were collected by aspirator, hand picking and knocking to branches (on each
sampling date, 20 trees were selected at random and
beaten using a beating funnel (70 × 43 cm, 50 cm) in
each orchard) [16]. During the surveys, pest-infested
plant parts were examined visually for predators, and
adult predators were collected using a hand-held aspirator or a fine forceps and dropped into a killing jar
and then pinned in the laboratory. Immature predators were taken to the laboratory together with the
plant material infested by their preys, for rearing to
the adult stage. Pest-infested twigs and branches
were cut into approximately 35-cm pieces and then
placed in sterile zip lock plastic bags containing
sheets of paper for subsequent close examination or
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FIGURE 2
The relative abundance of predatory arthropod groups found in the pomegranate orchards in Antalya
province in 2011 and 2012.

were found in the pomegranate orchards in Antalya
province. Two hymenopteran parasitoid species (Encyrtidae ± 2) associated with the citrus mealybug,
Planococcus citri (Risso) (Hemiptera: Pseudococcidae) and the Florida wax scale, Ceroplastes floridensis Comstock (Hem.: Coccidae) were also determined during the surveys (Table 1).
The relative abundance of various groups of
predators found in the surveys is presented in Figure
2. Of the six predator groups, the coccinellids was
the most abundant group found in the surveys, followed by the chrysopids and the anthocorids. The
abundance of each group of predators sampled in the
pomegranate orchards did not show a large variation
in number during the samling years, 2011 and 2012.
Among the coccinellids found, Coccinella septempunctata (L.) was by far the most abundant species, followed by Cryptolaemus montrouzieri Mulsant, and both of them constituted more than 70% of
the coccinellids cought in both sampling years. The
other coccinellids, as a whole, were fairly constant
in number each year despite the large variation in
number of associated arthropod pests.
From the two chrysopid species, Chrysoperla
carnea (Stephens) was far more abundant than the
other species, Anisochrysa prasina (Burmeister) in
both sampling years. Both species were recorded in
all the sampling sites during the surveys.
The anthocorids was the third most abundant
predator group encountered in the surveys, however,
Orius laevigatus (Fieber) was more dominant than
the other anthocorid species, Or. minutus (L.), in
both sampling years. Apart from the anthocorids,
nabids which were rarely observed in both years
were the other hemipterous family recorded during
the surveys.

Identification. Identifications of the natural
enemies and their associated arthropod pests obtained from the surveys were made by the following
taxonomists: Prof. Dr. Nedim Uygun (retired from
Cukurova University, Adana, Turkey) ± the coccinellids; Dr. Ahmet Ozkan (retired from Biological
Control Inst., Antalya, Turkey) ± the neuropterans
and the forficulid species; Prof. Dr. Irfan Tunc (retired from Akdeniz University, Faculty of Agriculture, Department of Plant Protection, Antalya, Turkey) ± the harmful and beneficial thrips species;
Prof. Dr. Sultan Cobanoglu (Ankara University, Faculty of Agriculture, Department of Plant Protection,
Ankara, Turkey) ± the harmful and beneficial mite
species; Dr. Jean-Michel Maldès (ARS-EBCL,
France) ± the hemipterans; and Dr. Gérard Delvare
(ARS-EBCL, France) ± the hymenopterous parasitoids. The remaining arthropod pests (the aphids,
whiteflies, scale insects etc.) were identified by the
senior author (Dr. Ismail Karaca) and the junior author (Dr. Fedai Erler) using the arthropod pest collections of Suleyman Demirel and Akdeniz Universities, as well as keys and plates of related arthropod
pest species. Voucher specimens of both the natural
enemies and their associated arthropod pests are kept
in the Plant Protection Department of Suleyman Demirel University.

RESULTS
Twenty-two species of predators, belonging to
Coleoptera (Coccinellidae ± 13), Hemiptera (Anthocoridae ± 2, Nabidae ± 2), Neuroptera (Chrysopidae ± 2), Dermaptera (Forficulidae ± 1), Thysanoptera (Thripidae ± 1) and Acarina (Phytoseiidae ± 1)
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without using alternative control strategies to prevent damage by some arthropod pests in the pomegranate orchards. The findings obtained from this
study reinforce the need for future research on other
strategies to improve the natural control of pomegranate arthropod pests, and may be the basis for research on the augmentative release of some efficient
natural enemies or on increasing the natural enemy
density by using an integrated pest management
(IPM) program in which a special attention is given
to the full utilization of the regulating and limiting
factors, such as natural enemies, existing in the ecosystem. 7KHVDPHZDVHPSKDVL]HGE\(OHNFLR÷OXHW
al. [22] in their study carried out on the determination of pest, predator and parasitoid species in persimmon orchards in the eastern mediterranean region of turkey. They detected a total of 31 parasitoid
and predator species on 25 pest species in the region
and reported that in order to make sure that natural
enemy species in the control of the pests continue to
exist, unnecessary chemical applications should be
avoided and specific chemicals that do not have an
impact on the natural enemies should be preferred
within the scope of IPM applications.
In conclusion, utilizing natural enemies within
the scope of an IPM program in pomegranate orchards can minimize pest-related losses with as little
cost to the growers and as little disruption of the environment as possible. For this control approach to
function well, it is essential to determine the abundance of natural enemies of the key pests and to select the best times for the use of pesticides if necessary. In this way, a higher level of environmental
quality will be assured through the limitations set on
the use of pesticides in order to maximize the role of
natural enemies.

The other two predator groups, thripid (Scolothrips longicornis Priesner) and phytoseiid (Phytoseius finitimus Ribaga) showed similar abundances
during the surveys. The forficulid, Forficula auricularia L. was rarely observed in both sampling years.
During the study, two hymenopterous parasitoids, namely, Anagyrus pseudococci Girault and
Cheiloneurus paralia (Walker), were recorded in the
pomegranate orchards in Antalya province. Both of
them belonged to the family Encyrtidae. Parasitism
levels caused by these two species vary greatly from
one orchard to another in both sampling years. The
highest parasitism rates recorded in 2011 and 2012
were 19.7% and 31.4% for Ana. pseudococci and
22.6% and 14.5% for Che. paralia, respectively.

DISCUSSION AND CONCLUSION
A review of the literature concerning pomegranate pests and their natural enemies indicates that
there is little local information which is only on the
pomegranate pests; however, it was limited to the
pests attacking the thrunk and branches [17]. There
is no information on the natural enemies and their
associated arthropod pests affecting production and
fruit quality in the pomegranate orchards in the
south-western part of Turkey. An extensive survey
of the natural enemies (predators and parasitoids)
and associated arthropod pests was therefore conducted over a period of 2 years from March 2011 to
October 2012 in selected production orchards in Antalya province.
The results from the present study showed that
22 species of predators and 2 species of parasitoids
were found to be associated with 15 arthropod pest
species in the pomegranate orchards in the southwestern part of Turkey. With the exception of several species, all the predators recorded in the surveys
are polyphagous. The coccinellids, Cr. montrouzieri,
Se. parcesetosum, St. gilvifrons, Co. septempunctata
and Ad. bipunctata; the thripid, Sco. longicornis and
the phytoseiid, Ph. finitimus were closely allied with
the pests on which they were found. Almost all the
natural enemies found in the present study had previously reported being available in Antalya province
by some researchers [18-21]. However, most of them
were associated with different arthropod pests, including armoured- and soft-scale insects, pear psylla
Cacopsylla pyri (L.) (Hem.: Psyllidae), spider mites,
etc., on different host plants. This is the first study
determining the presence of the natural enemies
listed above in the pomegranate orchards in Antalya
province.
Although many natural enemies were found in
the pomegranate orchards in Antalya province, their
composition and relative abundance differed between two sampling years and among the orchards
subjected to different insecticide regimes. Therefore,
it is not practical to rely on only natural enemies
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ABSTRACT

vity and greater stability of yield. Benefits of intercropping are increased yield and forage quality, N
contributions from legumes, higher yield stability
and reduced incidence of pests, weeds, and diseases
[1, 2]. Use of annual legumes in cereal cropping systems can improve sustainability by biological N fixation, reduced weed competition and increased soil
organic matter [3]. Berseem clover (Trifolium alexandrinum L.) is a high-yielding, nutritious, cool-season forage crop originated from the Middle East [4].
Intercropping berseem clover with cereals has increased the yield and quality of cereal forage crops
[5]. Dry matter production, seed yield and the partitioning of assimilate of berseem plant organs depend
on the phenological stage of development in which
plants are cut [6]. Martiniello et al. [7] reported that
cutting applied at early development stage of berseem clover reduced root reserves, decreased yield
and plant survival. It is a suitable companion crop for
barley, annual rye grass, triticale and oats [8, 9]. Berseem clover is a valuable, high-yielding annual forage legume, well adapted to a wide range of environments for grazing and hay production [10]. It can be
green-chopped, grazed or used for silage [11]. In the
Mediterranean countries, intercropping of cereals
with legumes has been a common cropping system
in short-season rain-fed environments [12]. Forage
quality of cereals is usually lower than that required
by livestocks. Small grain cereals provide high DM
yields but they produce forage with low crude protein (CP) [13]. In intercrops, companion cereals provide structural support for legume growth, improve
light interception, and facilitate mechanical harvest,
while legumes generally increase the protein and
mineral content of forage [14]. However, berseem
clover could cause bone abnormalities in livestock
consuming it due to its incorrect ratio of Ca to P [15]
and bloat due to the indigestible oligosaccharide
content [16]. Generally, mixtures of legumes with
cereals greatly improve ratio of Ca to P and decrease
the incidence of pasture bloat. Performances of cereal±berseem clover intercrops are influenced by cereal species, cereal density, relative emergence, and
environmental conditions [17]. Finally, crop species,
cultivar, harvest date and proportion of seed mixture

Experiment was conducted during winter seasons of 2011-12 and 2012-13 years in order to determine the effects of seed mixture ratio and harvest
time of intercropped berseem clover (Trifolium alexandrinum) with triticale (Triticosecale) on dry matter yield and silage quality under East Mediterranean
(Cukurova) conditions. Berseem clover (BC) cv.
Derya and triticale (T) cv. Tacettinbey were used as
plant materials. The seed mixture ratios were sole
crops BC and T, BC (80%) +T (20%), BC (60%) +
T (% 40), BC (40%) + T (%60) and BC (20%) + T
(80%). Forage harvest stages were beginning of
flowering (H1), 50% flowering (H2) and full flowering (H3) stages of berseem clover. The experiment
was established in a split plot design with four replications under lowland conditions. The mixture-ratios and harvest-stages were allocated as main plots
and sub-plots, respectively. In addition to dry matter
yield (DMY) and botanical composition, silage samples were evaluated for crude protein (CP), pH, acid
detergent fiber (ADF), neutral detergent fiber (NDF)
concentrations and digestible dry matter (DDM), relative feed value (RFV) and dry matter intake (DMI).
The results of the study showed that the seed mixture
of 60 % berseem clover + 40 % triticale and harvest
at the 100% flowering stage of berseem clover were
superior in terms of yield and selected quality parameters.

KEYWORDS:
Berseem clover, Triticale, forage yield, silage quality,
mixture ratio, harvest stage

INTRODUCTION
Mixtures of cereals with legumes are considered good agricultural practice especially in organic
and low-input farming system [1]. Cultivation of
mixtures contributes to the complementary use of
habitat resources and compensatory growth of individual plant species, causing an increased producti-
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plant materials. Seed mixture ratios tested were sole
crops BC and T, BC (80%) +T (20%), BC (60%) +
T (% 40), BC (40%) + T % 60 and BC (20%)+ T
(80%). The experiment was applied according to the
split plot design in randomized complete blocks with
four replications. Seed mixture ratios were main
plots and harvest times were sub-plots. Each plot
contained 6 rows with 25 cm row spacing and 5 m
length. Plots were fertilized with 50 kg ha-1 N and
50 kg ha-1 P205 as base fertilizer prior to sowing.
Sowing was done on first week of November in both
years of experiment. Berseem clover and triticale
were seeded at a rate of 25 and 200 kg ha as monoculture, respectively.
Plots were harvested to a 5-7-cm stubble height
with hand sickle based on three different developmental stage of berseem clover; start of flowering
(H1), 50% flowering (H2) and 100% flowering (H3).
At harvest time, one row from each side of each plot
was cut out as side effect and rest 4 rows at each harvest time were harvested. Green forage harvested
from each plot was separated into mixture components as berseem clover and triticale, and each component was weighted to determine fresh forage yield.
A random sample of 500 g fresh forage from each
mixture component was collected in each plot, and
dried for 48 h in an air dryer at 70 ºC in order to determine dry matter yield and botanical composition
based on dry matter yield. In order to make the silage, enough fresh plant material from each plot was
taken and chopped at 0.5-1 cm dimensions. Chopped
plant material from each plot was ensiled in 5 liter
volumed silage containers for 60 days. After maturation period of silages, 500 g sub sample from each
silage was dried at 70 ºC during 48 hour in drying
cabinets, ground to 1 mm screen in a mill for quality

are important factors which must be regarded for selecting suitable cereal-legume intercropping components. Use of cereals and grasses in mixtures with
legumes not only increases forage yield, but also
provides physical support to facilitate mechanical
harvesting, greater uptake of light, water and nutrients, enhanced weed suppression, and increased soil
conservation [1, 18, 19]. Johnston et al. [20] stated
that stage of maturity at harvest is the most important
factor determining the yield and quality of a cereal
crop when used as forage while the maximum yield
of energy per unit area will ocur when the cereal is
at the soft dough stage of development.
The objective of this study was to determine the
effects of seed mixture ratio of berseem clover and
triticale and phenological stage of berseem clover at
the harvest on the yield and silage quality under the
lowland conditions of East Mediterranean Turkey.

MATERIALS AND METHODS
Field experiment was conducted at the Eastern
Mediterranean Agricultural Research Center,
Adana, Turkey (36° 51.675 N, 035° 20.662 E, altitude 14 m above sea level) during 2011-2013. The
soil characters of the area were silty-clay (sand
27.8%; clay 31.2% and silt 41%); total content of
salts was 0.026%, organic matter content 2.0%, pH
level 7.72, and P level 87.0 kg ha-1 and rich in term
of lime [21]. Air temperature, relative humidity and
distribution of rainfall from November to May during the experimental years and as long years average
are shown in Table 1 [22]. Berseem clover cv. Derya
(BC) and Triticale cv. Tacettinbey (T) were used as

TABLE 1
Some meteorological data of Adana province for the experimental years and as long term average
(2011-2013)
Relative Humidity
(%)

Air Temperature (°C)
Months
Min
November
6.9
Long Term*
10.6
December
4.3
Long Term
6.8
January
4.5
5.1
Long Term
February
3.1
Long Term
5.9
March
5.5
Long Term
8.2
April
11.5
Long Term
11.8
15.4
May
Long Term
15.7
Mean/Total
7.3
Long Term (1927-2016) [22]

2011-2012
Max
18.7
22.6
16.2
16.7
12.4
14.8
14.4
16.0
17.4
19.4
24.8
23.6
26.5
28.2
18.6

Mean
12.6
15.5
10.0
11
8.2
9.4
8.6
10.4
11.4
13.3
18.1
17.3
20.8
21.6
12.8

Min
11.8

2012-2013
Max
Mean
23.1
17.4

2011-12
52.3

Total Precipitation
(mm)

2012-13

2011-12

52.3

34.5

63.0
7.3

15.8

11.4

65.2

14.4

9.5

73.0

75.3

225.4

17.4

12.1

66.8

58.3

302.0

19.8

13.9

73.9

55.4

153.3

24.1

18.1

61.1

68.3

13.4

29.4

22.7

72.0

74.0

36.0

20.6

5313

15.0

64.1

43.2
51.2

72.3

97.0

66.0
9.6

70.1
65.4

67.0
16.3

49.0
91.0

65
12.1

25.9
108.2

65
7.9

154.4
120.1

65.0
6.9

187.0
71.1

67.0
4.9

2012-13

57.4
47.3

67.3

861.6

587.0
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TABLE 2
Berseem clover ratios in the dry matter yields of different mixtures
Treatment
80 BC-20 G

Harvest Stage
H1
H2
H3

Mean
60 BC-40 G

H1
H2
H3

Mean
40 BC-60G

H1
H2
H3

Mean
20 BC-80 G
Mean
Mean (Year)
H1
H2
H3
CV (%)

H1
H2
H3

2012
58.3
57.3
61.0
58.9 a1
47.3
48.5
39.1
45.0 b
44.0
41.0
39.0
41.3 c
28.8
39.4
39.4
35.8 d
45.3 A+
Harvest Stage Means
44.6 a2
46.5 a
44.6 a

2013
46.4
43.7
78.7
56.3 a
25.7
28.9
35.2
29.9 e
10.6
18.5
21.0
16.7 f
6.9
12.5
5.6
8.3 g
27.8 B+

Mean
52.4 b3
50.5 b
69.8 a
57.6 A*
36.5 c
38.7 c
37.1 c
37.4 B
27.3 de
29.7 d
30.0 d
29.0 C
17.8 g
25.9 e
22.5 f
22.1 D

22.4 d
25.9 c
35.1 b
8.37

33.5 C*
36.2 B
39.9 A

*) The means with the same capital letter in the same column are not statistically significant different from each
RWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
+) The means with the same capital letter in the same row are not statistically significant different from each other
according
1) The means of different year-treatment combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
2) The means of different year-harvest stage combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
3) The means of different treatment-harvest stage combinations with the same lower case are not statistically
signifLFDQWGLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
analysis. Crude protein (CP) concentration in silage
samples were estimated by multiplying total N by
6.25 using AOAC. [23] method of Kjeldahl; The
ADF and NDF concentrations in the samples were
determined by using ANKOM Fiber Analyzer filter
bag method. Dry matter yield, digestibility of dry
matter (DDM), dry matter intake (DMI), and relative
feed value (RFV) were determined by method of
Jaranyama ve Garcia [24] and used formulas: DDM
= digestible dry matter = 88.9 - (0.779 x ADF %),
DMI = Dry matter intake (% of BW) = 120 / (NDF
%), RFV = (DDM x DMI) / 1.29. The pH values of
silage samples were measured as reported by Chen
et al. [25].
Data from the experiment were applied to analysis of variance using the JUMP statistical analysis
programme, and differences were compared using
'XQFDQ¶VPXOWLSOHUDQJHWHVW

tio x harvest time interaction (Table 2). Ratio of Berseem clover in botanical composition based on dry
matter ranged between 28.8-61.0% and 5.6-78.7% in
the first and the second year, respectively (Table 2).
Contribution of berseem clover to the dry matter yield of the mixtures significantly changed depending on the years. In the first year of the experiment, average ratio of the berseem clover (45.3 %)
was significantly higher than that of in the second
year (27.8%). BC rate in botanical composition was
reduced in parallel with its seeding rate. In the first
year, harvest time did not significantly affect berseem clover ratio of the mixtures while delaying the
harvest time increased the berseem clover ratio in the
second year.
Dry Matter yield was significantly influenced
by year, seed mixture ratio, harvest time and seed
mixture ratio x harvest time interaction (Table 3).
Dry matter yields ranged between 5.7-17.2 t ha-1 and
5.9-12.7 t ha-1 in first and second years, respectively.
The highest first year yield was obtained from the
seed mixture of 80%BC+20%T, while the lowest
DM yield was obtained from the sole triticale. In the
second year, seed mixture of 20%BC+80%T gave
significantly higher dry matter yield than the other
seed mixtures and sole berseem clover. Delaying the

RESULTS
Berseem clover ratio in dry matter yield of the
mixtures was significantly influenced by year, seed
mixture ratio, and harvest time and seed mixture ra-
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year. According to the two years averaged values,
pure BC produced the silage with higher crude protein ratio than all of the other treatments. Delaying
the harvest time from flowering start to 50 % flowering of berseem clover significantly increased the
averaged crude protein ratio of silage in the first year
while delaying the harvest time from flowering start
to full flowering of berseem clover significantly decreased the crude protein ratio of silage in the second
year.
NDF content of the silage was significantly influenced by year, seed mixture ratio, harvest time
and seed mixture ratio x harvest time interaction (Table 4). NDF ratios ranged between 44.65-58.26%
and 39.89-58.22% in the first and second years respectively. In the first year, NDF content of the silage from sole triticale was significantly lower than

harvest time from flower beginning to full flowering
of berseem clover increased the dry matter yield significantly. According to the two years averaged values, the mixture of 20%BC+80%T harvested at H3
gave statistically significant higher dry matter yield
than the all of the combinations of mixture-harvest
time with the exception of 40%BC+60%T harvested
at H3.
The crude protein ratio of silage was significantly influenced by year, seed mixture ratio and
year x seed mixture ratio interaction (Table 3). Crude
protein ratio ranged between 7.95-11.32% and 9.4214.41% in first and second year respectively. In the
first year, the seed mixture of 20 BC-80 T produced
the silage with significantly lower crude protein ratio
than the all of the other mixtures and pure growings
while sole BC produced the silage with higher crude
protein ratio than the other treatments in the second

TABLE 3
Dry matter yield of pure sowings and mixtures of berseem clover and triticale, and crude protein ratio of
silages from pure sowings and mixtures of berseem clover and triticale
Dry Matter Yield (t ha-1)
Treatment
Sole BC

Harvest
Stage
H1
H2
H3

Mean
80 BC-20 T

H1
H2
H3

Mean
60 BC-40 T

H1
H2
H3

Mean
40 BC-60T

H1
H2
H3

Mean
20 BC-80 T
Mean
Sole triticale

Mean
Mean (Year)
H1
H2
H3
CV (%)

H1
H2
H3
H1
H2
H3

2012
7.3
10.6
11.7
9.9 de1
9.6
12.4
17.2
13.0 a
9.0
11.9
14.9
11.9 b
8.6
11.3
14.8
11.6 bc
8.2
9.7
13.7
10.5 d
5.7
6.4
9.4
7.2 fg
10.7 A+
8.0 d2
10.4 b
13.6 a

2013

Mean

7.0
7.2 l3
5.9
8.2 Õ-k
7.1
9.4 fg
6.7 g
8.3 C*
7.5
8.5 h-j
7.3
9.8 ef
6.0
11.5 bc
6.9 g
10.0 AB
7.0
8.0 Õ-l
7.8
9.9 ef
8.8
11.8 bc
7.9 f
9.9 B
8.7
8.7 g-Õ
9.6
10.5 de
10.5
12.3 ab
9.4 e
10.5 AB
10.6
9.4 f-h
9.5
Õ
12.2
12.9 a
10.7 cd
10.6 A
9.2
7.4 kl
9.1
7.7 j-k
12.7
11.1 cd
10.3 de
8.8 C
8.7 B
9.7
Harvest Stage Means
8.3 d
8.2 C*
8.2 d
9.3 B
9.5 c
11.5 A
8.23

Crude Protein Ratio (%)
2012

2013

Mean

9.29
9.78
11.32
10.34 de1
8.91
9.69
10.96
9.85 e
10.04
10.40
10.57
10.34 de
8.73
10.16
10.07
9.65 e
8.95
8.55
7.95
8.48 f
8.98
11.29
10.86
10.38 de
9.84 B+

13.66
14.41
13.41
13.83 a
12.86
12.20
12.25
12.44 b
12.13
11.30
11.45
11.63 c
10.89
10.86
11.22
10.99 cd
10.49
10.49
9.42
10.13 e
10.42
9.34
8.83
9.53 e
11.42 A

11.79
12.10
12.37
12.08 A*
10.88
10.95
11.61
11.15 B
11.09
10.85
11.01
10.98 B
9.81
10.51
10.64
10.32 C
9.72
9.52
8.68
9.95 C
9.70
10.31
9.85
9.31 D

9.26 d2
9.98 c
10.29 c

11.74 a
11.43 ab
11.10 b
6.60

10.50
10.71
10.69

*) The means with the same capital letter in the same column are not statistically significant different from each
RWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
+) The means with the same capital letter in the same row are not statistically significant different from each other
according
1) The means of different year-treatment combinations with the same lower case are not statistically significant
different from HDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
2) The means of different year-harvest stage combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
3) The means of different treatment-harvest stage combinations with the same lower case are not statistically
VLJQLILFDQWGLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
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that from the seed mixture of 20 BC-80 T but it was
not statistically different from those from the other
mixtures and sole BC. In the second year, NDF content of silage from sole BC was significantly lower
than those from the mixtures and sole triticale. In the
first year, delaying the harvest decreased the NDF
content of silage while harvest time did not significantly affect the NDF content of silage in the second
year of experiment.
ADF content of the silage was significantly influenced by year, seed mixture ratio, and harvest
time and seed mixture ratio x harvest time interaction
(Table 4). ADF value ranged between 34.61-52.94%
in the first year and 31.60-46.47% in the second year.
20BC-80T mixture gave silage with significantly
lower ADF content than the other mixtures and sole
growings in the first year. ADF contents of the silages from 60 BC-40T and 40 BC-60 T were signif-
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icantly lower than that of the silage from sole triticale in the second year. According to the two years
averaged values, delaying the harvest time from
flowering start to the 50 % flowering of berseem clover did significantly decreased ADF content of silage.
pH value of the silage was influenced by year,
mixture ratio and harvest time (Table 5). pH ranged
from 3.95-4.72 in the first year and 3.91-6.29 in the
second year. According to the two years averaged
values, sole triticale produced the silage with significantly lower pH value than sole BC and the mixture
of 60 BC-40 T while pH of the silage from sole BC
was significantly higher than those from sole triticale
and the mixtures containing 40 % or lower percentage of BC. Harvest at H3 stage of berseem clover
produced silage with significantly higher pH value
than the earlier harvest.

TABLE 4
Neutral detergent fiber and acid detergent fiber contents (%) of silages from pure sowings and mixtures
of berseem clover and triticale
Treatment
Sole BC
Mean
80 BC-20 T

H1
H2
H3

Mean
60 BC-40 T

H1
H2
H3

Mean
40 BC-60T

H1
H2
H3

Mean
20 BC-80 T
Mean
Sloe triticale

Mean
Mean (Year)
H1
H2
H3
CV (%)

Neutral Detergent Fiber (%)
2012
2013
Mean
57.13
39.89
48.51 ef3
52.64
49.95
51.30 c-e
48.10
45.42
46.76 f
45.09 c
48.86 B*
52.62 ab1
54.99
46.35
50.67 d-g
49.97
47.74
48.86 ef
51.31
54.93
53.12 b-d
52.09 ab
49.67 b
50.88 AB
58.26
52.30
55.28 ab
49.62
49.03
49.32 d-f
48.33
47.82
48.08 ef
52.07 ab
49.72 b
50.89 AB
59.70
56.56
58.13 a
50.07
52.67
51.37 c-e
46.82
50.37
48.60 ef
52.20 ab
53.20 a
52.70 A
54.15
58.22
56.19 ab
54.02
44.81
49.41 d-f
53.18
45.41
49.30 d-f
53.78 a
49.48 b
51.63 A
54.80
54.59
54.70 a-c
44.65
50.64
47.65 ef
49.36
50.57
49.97 d-f
49.61 b
51.93 ab
50.77 AB
52.06 A+
49.85 B
Harvest Stage Means
56.51 a2
51.32 b
53.91 A*
50.16 b
49.14 b
49.65 B
49.52 b
49.09 b
49.30 B
5.91

Harvest Stage
H1
H2
H3

H1
H2
H3
H1
H2
H3

Acid Detergent Fiber (%)
2012
2013
Mean
47.05
39.12
43.08 a-c3
41.83
34.60
38.21 de
45.54
34.82
40.18 c-e
44.80 ab1
36.18 de
40.49 B*
48.30
39.22
43.76 a-c
44.17
38.81
41.49 b-d
48.11
41.67
44.89 ab
46.86 a
39.90 c
43.38 A
52.94
38.28
45.61 ab
42.48
31.60
37.04 d-f
43.73
31.75
37.74 de
46.38 ab
33.88 e
40.13 BC
52.94
38.28
45.61 ab
42.48
31.60
37.04 d-f
43.73
31.75
37.74 de
46.38 ab
33.88 e
40.13 BC
43.73
46.47
45.10 ab
34.61
31.83
33.22 f
38.32
32.98
35.65 ef
38.89 cd
37.09 c-e
37.99 C
40.53
40.25
40.39 cd
43.91
36.68
40.29 cd
44.80
35.23
40.01 c-e
43.08 b
37.38 cd
40.23 BC
43.99 A+
37.28 B
47.09
41.45
43.43

41.40
35.36
35.08
8.39

44.24 A*
38.41 B
39.26 B

*) The means with the same capital letter in the same column are not statistically significant different from each
RWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
+) The means with the same capital letter in the same row are not statistically significant different from each other
according
1) The means of different year-treatment combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
2) The means of different year-harvest stage combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
3) The means of different treatment-harvest stage combinations with the same lower case are not statistically
signiILFDQWGLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
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TABLE 5
pH and dry matter intake of silages from pure sowings and mixtures of berseem clover and triticale
pH
Dry Matter Intake
Treatment
Harvest Stage
2012
2013
Mean
2012
2013
Mean
H1
4.61
4.12
4.37
2.10
3.02
2.56 a3
Sole BC
H2
4.09
4.15
4.12
2.28
2.40
2.34 b-d
H3
4.55
6.29
5.42
2.51
2.64
2.58 a
Mean
4.42
4.86
4.64 A*
2.30 cd1
2.69 a
2.49 A*
H1
4.21
4.20
4.21
2.20
2.60
2.40 a-c
80 BC-20 T
H2
4.04
4.20
4.12
2.40
2.53
2.47 ab
H3
4.68
4.96
4.82
2.35
2.19
2.27 c-e
Mean
4.31
4.45
4.38 A-C
2.32 b-d
2.44 bc
2.38 B
H1
4.72
4.16
4.44
2.06
2.30
2.18 d-f
60 BC-40 T
H2
4.09
4.12
4.11
2.43
2.45
2.44 a-c
H3
4.45
5.44
4.95
2.50
2.51
2.51 ab
Mean
4.42
4.58
4.50 AB
2.33 b-d
2.42 bc
2.38 B
H1
4.54
4.33
4.43
2.01
2.12
2.07 f
40 BC-60T
H2
3.99
4.10
4.05
2.41
2.28
2.35 b-d
H3
4.43
4.69
4.56
2.58
2.38
2.48 ab
Mean
4.32
4.37
4.35 BC
2.34 b-d
2.26 d
2.30 B
H1
4.29
4.53
4.41
2.22
2.07
2.14 ef
20 BC-80 T
H2
3.98
4.02
4.00
2.24
2.68
2.46 a-c
H3
4.34
4.67
4.51
2.26
2.65
2.45 a-c
Mean
4.20
4.40
4.30 BC
2.24 d
2.46 b
2.35 B
Sloe triticale
H1
4.04
3.91
3.98
2.20
2.20
2.20 d-f
H2
3.95
4.02
3.99
2.69
2.37
2.53 ab
H3
4.33
4.90
4.62
2.43
2.39
2.41 a-c
Mean
4.11
4.28
4.19 C
2.44 bc
2.32 b-d
2.38 B
Mean (Year)
4.30 B+
4.49 A
2.33 B+
2.43 A
Harvest Stage Means
H1
4.40 bc2
4.21 cd
4.31 B*
2.13 b2
2.38 a
2.26 B*
H2
4.02 d
4.10 d
4.06 C
2.41 a
2.45 a
2.43 A
H3
4.47 b
5.16 a
4.81 A
2.44 a
2.46 a
2.45 A
CV (%)
8.22
6.06
*) The means with the same capital letter in the same column are not statistically significant different from each
RWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
+) The means with the same capital letter in the same row are not statistically significant different from each other
according
1) The means of different year-treatment combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
2) The means of different year-harvest stage combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
3) The means of different treatment-harvest stage combinations with the same lower case are not statistically
signifLFDQWGLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3

the harvest time from flowering start to 50 % flowering of berseem clover did significantly increase the
DMI ratio of silage in the fisrt year while it did not
sigficantly affect the DMI ratio of silage in the second year. According the two years averaged values,
sole berseem clover harvested at H3 stage of berseem clover pruduced silage with highest DMI ratio.
The results of the variance analysis showed that
year, harvest time, seed mixture ratio and harvest
time x seed mixture ratio interaction significantly affected the digestible dry matter ratio (Table 6).

The results of the variance analysis showed that
year, harvest time, seed mixture ratio and harvest
time x seed mixture ratio interaction significantly affected the dry matter intake ratio (Table 5). DMI ratio ranged between 2.01-2.69% in the first year,
2.07-2.68 in the second year. In the first year, highest
mean of DMI-ratio of silage was obtained from sole
triticale while it was statistically not significant different from the other treatments with the exvception
of the mixture of 20 BC-80 T. In the second year,
sole berseem clover produced silage with significant
higher DMI ratio than the other treatments. Delaying
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TABLE 6
Relative feed values and digestible dry matter ratios of silages from pure sowings and mixtures of berseem
clover and triticale
Relative Feed Value
Digestible Dry Matter Ratio (%)
Harvest
Treatment
2012
2013
Mean
2012
2013
Mean
Stage
H1
85.1
136.6
110.8 a-c
52.25
58.43
55.34 df
Sole BC
H2
99.6
115.4
107.5 b-d
56.32
61.95
59.13 bc
H3
104.5
126.6
115.6 ab
53.42
61.77
57.60 b-d
Mean
96.4 fg
126.2 a
111.3 a
54.00 de
60.72 ab
57.36 b
H1
88.2
117.5
112.8 c-e
51.28
58.35
54.81 d-f
80BC-20 T
H2
107.7
114.6
108.1 a-d
54.49
58.67
56.58 c-e
H3
93.6
95.8
94.7 e-g
51.42
56.44
53.93 ef
Mean
94.5 g
109.3 b-d
101.9 b
52.40 e
57.82 c
55.11 c
47.66
59.08
53.37 ef
H1
76.5
105.2
90.8 fg
60BC-40 T
H2
105.4
122.0
113.7 a-c
55.81
64.29
60.05 a-c
H3
106.6
125.2
115.9 ab
54.84
64.17
59.50 bc
Mean
96.2 fg
117.5 b
106.8 ab
52.77 de
62.51 a
57.64 ab
49.98
53.80
51.89 f
H1
78.0
88.5
83.3 g
40 BC-60T
H2
105.6
104.0
104.8 b-e
56.42
58.78
57.60 b-d
H3
115.7
115.3
115.5 ab
57.67
62.40
60.03 a-c
Mean
99.8 e-g
102.6d-g
101.2 b
54.69 de
58.33 bc
56.11 bc
54.83
52.70
53.77 ef
H1
94.3
84.5
89.4 fg
20BC-80 T
H2
107.4
133.2
120.3 a
61.94
64.10
63.02 a
H3
103.3
129.7
116.5 ab
59.05
63.21
61.13 ab
Mean
101.7 d-g
115.8 bc
108.7 a
58.61 bc
60.00 a-c
59.30 a
Sole triticale
H1
97.9
98.1
98.0 d-f
57.33
57.55
57.44 cd
H2
114.2
111.0
112.6 a-c
54.70
60.33
57.51 cd
H3
101.8
113.6
107.7 b-d
54.00
61.46
57.73 b-d
Mean
104.6 d-f
107.6 c-e
106.1 a
55.34 d
59.78 b-c
57.56 ab
Mean (Year)
98.9 B+
113.2 A
54.63 B+
59.86 A
Harvest Stage Means
H1
86.7
105.1
95.9 b
52.22
56.65
54.44 b
H2
105.6
116.7
111.2 a
56.61
61.35
58.98 a
H3
104.3
117.7
111.0 a
55.07
61.57
58.32 a
CV (%)
8.62
4.64
*) The means with the same capital letter in the same column are not statistically significant different from each
RWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
+) The means with the same capital letter in the same row are not statistically significant different from each other
according
1) The means of different year-treatment combinations with the same lower case are not statistically significant
different from HDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
2) The means of different year-harvest stage combinations with the same lower case are not statistically significant
GLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
3) The means of different treatment-harvest stage combinations with the same lower case are not statistically
VLJQLILFDQWGLIIHUHQWIURPHDFKRWKHUDFFRUGLQJWRWKH'XQFDQWHVWDW3
DDM ratio ranged between 49.98-64.29% in the first
year and 52.70-64.10% in the second year. Averaged
ratio of DDM in the second year was significantly
higher than that in the first year. Delaying the harvest
time from flowering start to 50 % flowering increased the ratio of DDM. According to the two
years averaged values, highest value of DDM ratio
was obtained from the seed mixture of 20 BC-80 T
harvested at H2.
Year, harvest time, seed mixture ratio and harvest time x seed mixture ratio interaction significantly affected the RFV (Table 6). Averaged RVF

value in the second year, in which both averaged
DDM ratio and DMI values were higher than those
in the first year, was significantly higher than that in
the first year. Generally, delaying harvest time from
flowering start to 50 % flowering of berseem clover
increased the RFV. According to the two years averaged values, highest value of RFV was obtained
from the seed mixture of 20 BC-80 T harvested at
H2.
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pure BC was superior to those from the mixtures and
pure triticale. Decreasing seed ratio of BC in the
mixture resulted in reduction in CP ratio of mixture.
Our results were in agreement with other studies
where legumes also increased CP concentrations
when in mixture with cereals [35]. In this respect,
grass-legume mixtures have high crude protein concentration and low fiber concentration than pure
grass stand [36]. Legumes are good source of protein
and can be used to compensate cereal protein shortage [37]. Differences between leaf and stem digestibility are normally greater in forage legumes than cereals [38].
NDF and ADF parameters which directly effects digestibility of feed increase with an increase
of cereals in mixtures. Delays in harvest times reduce NDF and ADF contents of silage and lowest
values of these parameters were obtained from the
forage harvested at H3 stage. The NDF content is
important in ration formulation because it reflects
the amount of forage that can be consumed by animals [39, 40, 41]. As NDF percentage increases,
DMI decreases [42]. Intercropping cereals with legumes can improve forage quality in term of ash. Cell
wall structural constituents, such as cellulose and
lignin, are negatively correlated with digestibility
[43], which agrees with our findings. The NDF of
forage is inversely related to the amount that an animal is able to consume, thus, forages with low NDF
will have higher intakes than those with high NDF
because the filling effect of forage is related to its
cell wall content and rate of disappearance of cell
walls from the Rumen by digestion and passage.
Therefore, a low percentage of NDF is desirable.
ADF is the percentage of highly indigestible plant
material present in forage. It contains cellulose, lignin and silica. Low ADF values means higher energy
value and digestibility. Since lignin and silica are not
digestibleby ruminants, low ADF values are preferred. Also, the difference in the amount of NDF
and ADF is an estimate of the hemicellulose in feed
[44, 45].
pH value of silage is high when it is produced
from sole legumes like BC. Opposite of this, silage
from cereals like triticale has lower pH values. pH is
lower in silage when BC mixed with triticale compared to pure legumes. pH is important in determining legumes capacity to be a good silage due to high
buffering capacity and low water solubility of carbohydrates in legumes, to elongate fermentation period, to slow down the drops in pH and to increase
proteolise [46, 47, 48], thus it lowers the ensiling capacity of legumes [49]. High organic acid content of
legumes compared to cereals increases pH in silages
from legume mixtures due to high buffering capacity
of organic acids [50, 51].
The higher or lower contribution of BC and T
to the botanical composition of the mixtures affected
the RFV of the silage. The RFV is an index that is

DISCUSSION
Botanical composition of grass-legume mixtures greatly influences yield and quality of the hay
or silage so it is therefore an important variable in
many agronomic studies.
In the years of experiment generally contribution of berseem clover to the dyr matter yield of the
mixtures was steadily decreased while seed rate of
berseem clover in the seed mixture decreased (from
80% to 20%). Naturally consistend trends were also
detected in terms of triticale. From this result, it
could be said that triticale can better compete withberseem clover. Legumes are often less competitive
than cereal or grass species. Berseem clover yields
were reduced about 50% when grown with oat [26,
27]. In another research, it was determined that the
highest yield was obtained from Italian ryegrass +
legume mixture sown as winter second crop and harvested in late spring under Mediterrenean climatic
conditions [28]. According to Yucel and Avci [29],
the vetch-triticale mixtures containing 90 or 80 %
vetch should be preferred to obtain high quality forage. Higher triticale ratio in the mixture could be preferred to increase energy content of forage. Reduction in BC ratio in the mixture resulted in increased
dry matter yield. Another important aspect is increase of quality in parallel with yield under this condition. Because of this, before a mixture ratio decision is given, quality parameters must be considered
in parallel with yield target. Legume-Cereal ratio is
also affecting silage quality. Generally green herbage and dry matter yield of mixture decreased by increasing seed rate of legume [30, 31, 32].
Berseem clover plants were smaller and less
vigorous in 2013 than they were in the first year
(2012). The year 2012 was the best for BC biomas
production when compared 2013, because of totally
higher and steadely rainfal (Table 1). However, insufficient rainfall was negatively affected yield of
berseem clover in the second year, while increasing
the yield and proportion of triticale in the mixtures
could explain the lower biomas yields obtained in the
second year. In the first year, mean dry matter yields
of mixtures steadely declined by the declining the
seed ratio of BC in the mixture. In contrast, increasing the seed ratio of triticale in the mixture increased
dry matter yield of the mixtures in the second year of
experiment. These results show that berseem clover
is a more vulnerable species to the drought as compaired to triticale. According to the two years averaged values, mixtures of berseem clover and triticale
gave significantly higher yield than the pure growings of both mixture components. This result is consistent with those of El Kramany et al. [33] and,
Tukel et al. [34].
Mixtures of cereals and legumes have many advantages and are superior to their monocultures in
providing greater yield and quality. According to the
two years averaged values, CP content of silage from
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[5] Singh, V., Joshi, Y.P. and Verma, S.S. (1989)
Studies on the productivity of Egyptian clover
and oats under intercropping. Experimental agriculture. 25(04), 541-544.
[6] Iannucci, A., Di Fonzo, N. and Martiniello, P.
(1996) Effects of the developmental stage at
harvest on dry matter and chemical component
partitioning in berseem. Journal Agrononmy
Crop Science. 176, 165-172.
[7] Martiniello, P., De Santis, G. and Iannucci, A.
(1996) Effect of phenological stages on plant
dry matter partitioning and seed production in
berseem (Trifolium alexandrinum L.). Journal
Agronomy Crop Science. 177, 39-48.
[8] Rammah, A.M. and Radwan, M.S. (1977) The
influence of seeding rate and cutting management on yield and botanical composition of a
berseem-grass mixture. Journal Agriculture
Crop Science. 145, 103-111.
[9] Haggag, M.El-H., Marei, Z.M. and El-Nahrawy,
M.Z. (1995) Performance of mixture on ten
ryegrass varieties with Egyptian clover in comparison with pure stand. J. Agric. Sci. Mansoura
Univ. 20(11), 4537-4547.
[10] Martiniello, P. and Iannucci, A. (1998) Genetic
variability in herbage and seed yield in selected
half-sib families of berseem clover (Trifolium
alexandrinum L.). Plant Breeding. 117, 559562.
[11] Muñoz, F. and Graves, W.L. (1988) Legumes
for orchard, vegetable and cereal cropping systems. Small Farms, U.C. Coop, Ext., San Diego
County, ORG. AG. - Legumes, CP488CP4886/87eo.
[12] Papastylianou, I. (2004) Effect of rotation system and N fertilizer on barley and common
vetch grown in various crop combinations and
cycle lengths. J. Agric. Sci. 142, 41-48.
[13] Lawes, D.A. and Jones. D.I.H. (1971) Yield, nutritive value and ensiling characteristics of
whole-crop spring cereals. J. Agric. Sci. 76,
479-485.
[14] Robinson, R.C. (1969) Annual legume: cereal
mixtures for forage and seed. Agron. J. 61, 759761.
[15] Hall, D.D., Cromwell, G.L. and Stahly, T.S.
(1991) Effects of dietary calcium, phosphorus,
calcium: phosphorus ratio and vitamin K on performance, bone strength and blood clotting status of pigs. J. Anim. Sci. 69, 646-655.
[16] Foley, R.C., Bath, D.L., Dickinson, F.N. and
Tucker, H.A. (1972) Dairy cattle: Principles,
practices, problems, profi ts. Lea and Febiger,
Philadelphia, PA.
[17] Ross, S.M., King, J.5 2¶'RQRYDQ -7 DQG
Spaner, D. (2004) Forage potential of intercropping berseem clover with barley, oat, or triticale.
Agronomy Journal. 96, 1013-1020.

used to predict the intake and energy value of forages. This index is derived from the DDM and dry
matter intake (DMI). Forages with an RFV value
over 151, between 150-125, 124-103, 102-87, 86-75,
and less than 75 are categorized as prime, premium,
good, fair, poor and rejected, respectively [52]. Relative feed value (RFV) has been used for years to
compare the quality of legume and legume/grass
hays and silages. According to these index values, in
the first and second years pure sowing of BC was
classified as good and prime while sole T was classified as good and Premium respectively.

CONCLUSION
From the results of the study, it was concluded
that based on yield and quality parameters, best harvest time was found as full bloom stage of Berseem
clover with dough stage of triticale. Additionally,
40BC- 60T or 20 BC-80 T treatments suggest as the
more appropriate seed mixture.
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impose serious danger to public health and environment. Household waste is taken away from the production site due to potential biological and aesthetic
pollution [1]. Arthropods are active in the process of
producing compost and feed on the organic matter
available in the waste. Waste pile could be attract
rats and mice, sand flies and house flies [2-4]. Annually, millions of tons of organic waste are buried or
burned; each waste disposal method may result in
damage to the environment. Compost is an effective,
natural and environmentally friendly method of recycling the waste [5]. The composting process always takes place in nature, however, many artificial
measures have also been developed to improve the
efficiency [6]. The production of compost from organic waste is seriously undertaken by some countries [7]. Organisms like bacteria, fungi, actinomycetes and animal factors actively take part in the process of composting. This process is dependent upon
temperature, moisture and the amount of organic
matter available in waste pile [8]. Arthropods are of
important groups attracted to the process of composting. Ants, termites, bedbugs, centipedes, millipedes and other big insects living on the soil surface
or in holes and nests inside the soil are categorized
as arthropods. Micro arthropods are also enormously
diversified and are attracted to any organic matter for
feeding and reproduction. Physical and chemical
factors as well as the amount of organic matter significantly influence the diversity of micro arthropods
[9]. Soil arthropods play different roles in the decomposition of organic matter available in the waste.
Soil macro fauna modify the physical properties of
waste through cutting, fragmentation, biting and internal digestion. By so doing, they play a significant
role in the fragmentation of organic matter to increase microbial attack and microbial inoculation of
processed matter in their digestive systems and provide food resources for themselves and for micro
fauna [10]. Arthropods such as beetles, collembola,
mites, spiders, ticks and insects exist in organic matter of the waste [11]. Termites and a number of Dip-

ABSTRACT
Various arthropods are active in composting
process. One undesirable factor of this process is the
growing population of flies among which the stable
flies (Stomoxys calcitrans) are biting and blood
sucking insects. The objective of this study was to
investigate the frequency of producing this type of
fly in the process of composting in laboratory. This
research was a descriptive one in which waste was
taken to laboratory. Then, the compostable components were integrated after separation and from the
mentioned pile 9 basins were filled in 3 places with
each basin containing 20 kilograms of waste. The fly
larvae were sampled during the process of composting and samples underwent diagnosis after being
taken to the laboratory. Thereafter, the results were
compared through charts and tables. From among
Diptera order, Muscidae family were the most frequent sample abundant larvae. As a whole, 2657
samples of stable fly larvae were detected and as the
time of the process expanded, the number of samples
gathered from basin was increased. The highest
number of larvae was collected from underground
basins. This study demonstrated that in composting
process, a lot of arthropods are produced among
which stable flies or Stomoxys calcitrans are considered as the most important species for being biting
creatures that feed on human and animal blood.
Therefore, the sites of producing compost must be
established far away from human habitats.

KEYWORDS:
Compost, Stable fly, Stomoxys calcitrans, Waste pile

INTRODUCTION
The economic and industrial growth and the increasing growth of population have led to the overproduction of household waste. The waste disposal
sites can turn into a gathering place for insects and
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METHODS AND MATERIALS

tera larvae change the physical and chemical properties of organic matter and degrade and stabilize the
processes of composting, thus, leading to a decrease
in the molecular weights of compounds. This activity makes these organisms excellent recyclers of organic matter [12]. Flies including house flies and
stable flies or Stomoxys calcitrans are able to develop in different substrates including human excrement, horse, bovine, swine, bird, sheep and goat
dung, decomposing vegetal material, kitchen waste,
cut grass and carrion [13]. There are various groups
of microarthropods playing a very significant role in
several soil processes like decomposition of organic
matter, energy cycles and soil formation [14]. Compounds produced at different compost stages attract
a variety of arthropods whose life cycles are completed within the compost and speed up its decomposition [12]. The analysis of municipal waste in
Iran suggested that more than 70 percent of the compound of this waste was composed of food waste
with high corruptibility. In Iran, more than 4 million
tons of organic fertilizer can be produced each year
only from municipal waste [15]. Municipal solid
waste is a very important environmental issue in
modern societies. Therefore, waste management is
of great significance. If scientific management is applied, the risks of different production factors in
waste disposal process can be directly or indirectly
reduced [16]. Waste pile provides convenient source
of feeding and breeding place of a large number of
larvae and adult insects. So predators of insects like
scorpions and bigger carnivores such dogs, reptiles
are attracted to the waste pile and may have risk for
scorpion stings for individuals [17-21]. Flies are of
the most important arthropods in the process of compost production among which the stable fly is a biting and bloodsucking insect that can also transmit
some diseases. The stable flies belongs to the Muscidae family and is a kind of dipterous insect. Both
its male and female, due to their painful bites, are
considered significant economic pests of livestock
and other warm-blooded animals in many parts of
the world. Very painful bites via long proboscis irritate humans and animals. Bale hay feeding sites are
suitable for the growth and reproduction of stable
flies [22]. Stable fly is also named biting fly, dog fly,
power mower fly and storm fly. The mature fly is
dark gray with four dark longitudinal stripes on its
thorax each about 5-6 millimeters long. It looks like
household fly or Musca domestica but can be distinguished by its distinct forward-projecting proboscis.
They attack their host during the day. Blood sucking
mostly occurs outdoors and sometimes indoors [2, 1,
4]. This species can also be found in decayed organic
matter, sludge treatment, waste, excrement and rotten feed [23]. These flies are regarded as pesky pests
due to their synanthropic behaviour and large population. The objective of this study was to investigate
thefrequency of producing this fly as a sanitary pest
in the process of composting in laboratory.

This descriptive research was carried out in
spring and summer. In this study, waste was taken to
laboratory. Then, the compostable components were
integrated after separation and from the mentioned
pile 9 basins were filled in 3 places with each basin
containing 20 kilograms of waste. The 3 basins (Gl,
Ug, H) were placed 3 times in 3 different places with
different heights i.e. ground level under the shade of
dense trees, underground level which was 2 meters
under the ground and height level being 10 meters
above the ground in the third floor of an unfinished
building. Thereafter, the conditions to carry out composting were checked and temperature and moisture
of the environment were also measured. Basins were
prepared in 3 phases with time interval of 10 days
i.e. the first phase was settled with basins number 1
(Gl1 Ug1 H1), the second phase developed after 10
days in basins number 2 (Gl2 Ug2 H2) and the third
phase occurred 20 days after the first phase in basins
number 3 (Gl3 Ug3 H3). Sampling of all basins was
carried out every other day till the end of the process.
All basins were in full shade but were also exposed
to air so that insects could easily enter the basin for
composting. The samples gathered from compost basins with the mentioned properties were taken to the
laboratory and kept in 70 percent ethyl alcohol. Larvae were detected by means of microscope and diagnostic keys based on the shape of the posterior blowhole. Live larvae were also taken to the laboratory in
a glass bottle. They were kept alive in the bottle and
analyzed for detection and feeding till they became
mature flies. When moisture was reduced during the
sampling phases, the required moisture was maintained. In order to provide sufficient oxygen, the
sample was mixed and swirled by hand [1]. The fly
larvae were sampled during the process of composting and samples underwent diagnosis after being
taken to the laboratory. Then, the estimated number
was taken based on the weight of larvae.

RESULTS
The present study demonstrated that 4-7 days
after allocating and placing basins and beginning the
compost process, fly larvae were observed. During
the sampling, moisture of environment was between
9-38 percent and the average moisture was 22.81
percent. Changes in the temperature of the environment were from 24 to 45 and the average temperature was 34.59 degrees centigrade. In this investigation, larvae of 6 families from Diptera order including Muscidae, Fanniidae, Sarcophagidae, Calliphoridae, Stratiomyidae and Drosophilidae were detected. From among Diptera, the Muscidae family
were the most frequent. From this larvae family,
household fly or Musca domestica and stable fly or
Stomoxys calcitrans were detected. About 2 percent
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the frequency of stably fly larvae in the process of
producing compost from municipal waste was different depending on the time to begin. The frequency
of detected larvae in time period of making compost
pile in the second, third and first periods was 45.3 %,
36.2% and 18.5%, respectively (Table 2 and Fig 2).

of insect larvae of Muscidae family were stable fly
larvae. During this study, 2657 stable fly larvae were
collected and detected. The highest number of stable
fly larvae were detected under the ground (48.6%),
then in 10-meter height (26.9%) and in the ground
level (24.5%). There was a significant difference between the number of collected larvae and height (table 1 and fig 1). The research results revealed that

TABLE 1
Frequency of stable fly larvae in the process of producing compost from municipal waste according to
site/location
Site or location
Ground level (floor)
Underground (2 meter)
Height (10 meter)

Number of Basin

Number of samples

Gl1
Gl2
Gl3
Ug1
Ug2
Ug3
H1
H2
H3

 410
140
100
442
560
290
110
505
100

 Total

Total number of
 samples

 Percent

650

24.5

1292

48.6

715

26.9

2657

100
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FIGURE 1
Frequency of stable fly larvae in the process of producing compost from municipal waste according to
site/location
TABLE 2
Frequency of stable fly larvae in the process of producing compost from municipal waste according to the
beginning time
Number of
 Basin

Compost pile
 stage

Gl1 Ug1 H1

 First period

Gl2 Ug2 H2

Second period

Gl3 Ug3 H3

Third period

Date of making
initial pile



 Number of samples

Total number
of samples

 percent

 100+290+100

490

18.5

 140+560+505

1205

45.3

962

36.2

2657

100

May, the third
May, the
thirteenth

442+110+410

The twenty third
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FIGURE 2
Frequency of stable fly larvae in the process of producing compost from municipal waste according to the
beginning time

active factor in the process of composting. This fly
usually oviposits on dead or decaying vegetation and
can breed on straw and crop residues including vegetables [28-30]. The results indicated that stable fly
larvae were more frequent under the ground. This fly
mostly oviposits in stables and is more likely to lay
eggs in dark places which were compatible with previous studies [22]. This fly is biting and feeds on
human and animal blood. In composting process,
this bloodsucking fly is an unwanted factor causing
irritation and disease transmission. The present study
exhibited that more larvae were collected during the
second period; nevertheless, there were fewer larvae
during the third period. It can be concluded that
when compost pile was produced, temperature was
more appropriate and higher than the first period and
during the third period, increase in temperature of
the environment was a potentially efficient inhibiting factor. The influence of temperature on breeding
and activities of arthropods as cold-blooded creatures is completely acknowledged [23]. According to
the results of this study, that part of waste which
turns into compost is vegetation or plant material
which attracts flies and subsequently lets them oviposit [31]. Compost contains great amounts of organic matter. Moreover, lots of microbial factors
play a role in its production. Since Diptera larvae
feed on organic matter, it is natural that they exist in
abundant numbers in composting process. In each
area, the number of arthropods is different according
to region type and since this arthropod is decomposer
and consumer of organic matter, its presence in this
process is normal [32-35].
As the results of this study suggested, this fly is
able to act in areas that are appropriate for oviposition and food is accessible. Thus, a compost pile containing plant material provides larvae with food and
desirable moisture. It is necessary to protect compost

DISCUSSION
The results of this study indicated that a great
number of flies belonging to Diptera order during
their larval and adult stages were active in the process of producing compost. Muscidae family from
Diptera order were the most frequent ones, more
than 90% and from this family, Musca domestica
and Stomoxys calcitrans were detected. The study
conducted by Miranzadeh et al. (2017) showed the
presence of different families of Diptera order active
in the process of composting. Diptera, corresponding
to 98.5% of the total, was the most abundant and diverse group among Hexapoda with 16 families [12].
The results of their study were compatible with those
of the present study, probably due to similar research
conditions and frequency of this order of insects.
Laos et al. (2004) demonstrated that volatile compounds produced during the composting process attracted different vectors mostly Diptera. The frequency of matures and the presence of larval and pupation periods in composting process proved that
these flies complete their life cycle in composting
process [24]. In the study by Labud, V.A. et al.
(2003), Muscidae with 2 species and Calliphoridae
with 4 species were the most frequent and most important families during the sampling period. Jacobs
and Florida did a research on poultry composting and
indicated that Blow flies from Calliphoridae family
were of the most important factors in composting
process which was compatible with the results of this
study [25]. Bartelt et al.(2010) showed that the scent
released from compost pile produced from fruit decomposition attracted insects [26]. Steel et al. (2012)
also revealed that in compost, arthropods like insects
existed [27]. The results of these studies were compatible with those of the present study. The present
study demonstrated that Stomoxys calcitrans is an
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pile by taking measures like reducing the population
of pests like flies via regular collection and supervision and preventing their accumulation, reproduction and growth as possible and with paying due attention to sanitation.

[5] Rostami, R., Nabaey, A., Eslami, A., Najafi
Saleh, H. (2010) Survey of optimal conditions
IRU ZRUP¶V JURZWK DQG YHUPLFRPSRVW SURGXFtion of prepared food wastes. The Horizon of
Medical Sciences. 15(4), 76-83.
[6] Xi, B., Zhang, G., Liu, H. (2005) Process kinetics of inoculation composting of municipal
solid waste. Journal of hazardous materials.
124(1), 165-72.
[7] Kazemi-Moghaddam, V., Dehghani, R., Hadei,
M., Dehqan, S., Sedaghat, M.M., Latifi, M.,
Alavi-Moghaddam, S.( 2018) Rodent-borne and
rodent-related diseases in Iran. Comp Clin
Pathol.
[8] Dehghani, R., Charkhloo, E., Mostafaii, G.H.,
Asadi, M.A., Mousavi, G.A., Saffari, M, Pourbabie, M. (2012) A study on the variations of
temperature, moisture, pH and carbon to
nitrogen ratio in producing compost by stack
method. KAUMS Journal (FEYZ). 15(4), 35965.
[9] Abbas, M.J., Parwez, H. (2012) Impact of
edaphic factors on the diversity of soil
microarthropods in an agricultural ecosystem at
Aligarh. Indian J Fundam Appl Life Sci. 2, 18591.
[10] Yang, X., Yang, Z., Warren, M.W., Chen, J.
(2012) Mechanical fragmentation enhances the
contribution of Collembola to leaf litter decomposition. European journal of soil biology. 53,
23-31.
[11] Ødegaard, F., Tømmerås, B.Å. (2000) Compost heaps²refuges and stepping-stones for
alien arthropod species in northern Europe.
Diversity and distributions. 6(1), 45-59.
[12] Miranzadeh, M.B., Gillasi, H., Rabbani, D.,
Dehghani, R., Gholamreza Hoseindoost, G.R.,
Takhtfiroozeh, S.M., Kharizadeh, AA. (2017)
The incidence trend of cutaneous leishmaniasis
in Aran-Bidgol city in Iran (2002±2015). Journal of Entomological Research. 41(3), 329-336.
[13] Larraín, P.S., Salas, C.F. (2008) House fly
(Musca domestica L.) (Diptera: Muscidae)
development in different types of manure. Chil.
J. Agric. Res. 1(68), 192-7.
[14] Vu, Q.M., Nguyen, T.T. (2000) Microarthropod community structures (Oribatei and
Collembo-la) in Tam Dao national park,
Vietnam. Journal of Biosciences. 25(4), 379.
[15] Amouei, A., Asgharnia, H.A., Khodadi, A.
(2010) Study of compost quality from rural solid
wastes (Babol, Iran). Journal of Mazandaran
University of Medical Sciences. 19(74), 55-61.
[16] Hassanvand, M., Nabizadeh, R., Heidari, M.
(2008) Municipal solid waste analysis in Iran.
Iranian Journal of Health and Environment.
1(1), 9-18.
[17] Dehghani ,R., Fathi ,B., Shahi ,MP., Jazayeri,
M.(2014) Ten years of snakebites in Iran.
Toxicon. 1;90:291-8.

CONCLUSION
The present study demonstrated that a number
of arthropods and their relation are active in composting process feeding on the organic matter. The
growing population of these arthropods may cause
irritation to humans and increase the transmission of
certain diseases. Flies, including stable flies are biting creatures that feed on human and animal blood.
Therefore, the sites of producing compost must be
established far away from human habitats and facilities required to protect them must also be provided.
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ing [2]. Moreover, it will seriously harm the ecological function of the soil and production environment, agricultural product quality, human health
and so on [3]. Thus it is important to prevent the
effects of anthracene exposure.
Prior to the 1980s, investigators utilized chemical or physical methods for remediation of PAHspolluted soils. Using chemical methods such as
chemical oxidation and incineration, it was possible
to degrade and remove toxic PAH; however, in this
process some new pollutants such as dioxin were
generated resulting in secondary pollution [4]. The
physical methods such as thermal desorption and
elution can separate most organic matter in the soil,
but the soil require to have good permeability and
the cost is high [5].
Electrokinetic (EK) remediation and bioremediation were found to be useful in alleviating the
environmental pollutions produced by PAHs in
soils [6]. However, as a type of strengthening and
migration technique, EK cannot achieve transformation and decomposition of pollutants and also
showed poor performances in the migration of
hydrophobic organic compounds [7]. PAHs are a
type of persistent organic pollutants characterized
by hydrophobicity, which has severely limited the
application of EK methodology. Bioremediation
technique has poor adaptability in the treatment of
high concentration organic pollution. And also the
repair process is slow. What’s more, it is a difficult
problem to convey the active microorganism and
the auxiliary reagent to the contaminated area in the
compacted soil [8]. In recent years, the combination
of EK and bioremediation [9] has developed rapidly. In conjunction with EK technique, the remediation effects with the use of bioremediation may be
significantly enhanced [10].
The aim of this study was to examine the
combination of EK and laccase remediation, in
which EK might promote diffusion of laccase in
soils while the pollutant hydrophilic properties,
may be enhanced to enable degradation by laccase.
In addition, EK/laccase remediation might simultaneously achieve high-efficiency migration and

The aim of this study was to investigate the
remediation of anthracene-polluted soils using the
combination of electrokinetic (EK) and laccase
remediation technique. Results showed that using
EK/laccase remediation technique, the hydrophobic
organic pollutant anthracene migrated towards two
ends of the soil. Since the migration/transformation
ratio towards the cathode and anode were 24% and
30%, these transformation effects were not significantly different. After addition of 2, 2'-azino-bis(3ethylbenzothiazoline-6-sulfonic acid) (ABTS) and
various surfactants such as a non-ionic surfactant
Tween 80 and an anionic surfactant sodium dodecyl
sulfate (SDS), the remediation effects using
EK/laccase technique were significantly enhanced.
Specifically, addition of ABTS was effective in
promoting degradation of anthracene, while simultaneous addition of Tween 80 and ABTS achieved
greater migration and transformation effects for
anthracene in which soils in each layer were migrated and transformed, with average and maximum migration/transformation ratios exceeding
25% and 40%, respectively. The research of this
paper can not only provide a repair method of
PAHs contaminated soil, but also enrich the basic
theory of EK / laccase technology in organic pollution soil control, and promote the development of
combined technology of electrodynamics and enzyme.


+)!$%
Anthracene-polluted soils, EK, laccase, ABTS, surfactants.

 &$!'&!
Anthracene (C14H10) is a polycyclic aromatic
hydrocarbon (PAH) compound present in soils.
Anthracene has stable ring structure and is difficult
to be biodegraded [1]. The metabolites of anthracene are more toxic than parent compound produc-
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lyze and investigate the remediation effects on
anthracene-polluted soils using EK/laccase remediation technique.
The aim of this study was to examine the
combination of EK and laccase remediation, in
which EK might promote diffusion of laccase in
soils while the pollutant hydrophilic properties,
may be enhanced to enable degradation by laccase.
In addition, EK/laccase remediation might simultaneously achieve high-efficiency migration and
transformation of target pollutants in soils. Further
certain mediators and surfactants were added to
strengthen combined remediation techniques for
removal of anthracene from polluted soils using the
combined remediation technique [15].


&$% &!%

4195/-8? Laccase (        ,
Sigma Aldrich Co. Ltd., America).
2, 2'-azino-bis-(3-ethylbenzothiazo line-6sulfonic acid) (ABTS) and anthracene employed in
this study purchased from Sigma Aldrich Co. Ltd.,
America, and the other chemical reagents were
prepared in China and analytically pure.

">1<->-@5;: ;2 -:@4>-/1:1<;88A@10 ?;58
?-9<81?The soil samples collected from the Campus of Wuhan University of Science and Technology, with the sampling depth ranging from 0 to 15
cm. After the rejection of dead twigs and withered
leaves, the collected samples were dried naturally,
ground and finally sieved through a 2-mm sifter for
later use. The color of the soil samples was yellowbrown, with a pH value of 8.02 and an air-dried
moisture content of 2.66%. Anthracene as representing PAH contaminant was used to make a contaminated soil, and the content of anthracene in dry
soils was 50 mg/kg.


transformation of target pollutants in soils. Further
certain mediators and surfactants were added to
strengthen combined remediation techniques for
removal of anthracene from polluted soils using the
combined remediation technique [11].
Under the action of electrodialysis, the injected laccase in EK remediation might travel with the
electroosmotic flow (EOF) and occupy the polluted
site. However, the use of only laccase demonstrated
poor results in PAHs treatment and sometimes
cannot be oxidized. After the introduction of mediator, not only is the range of substrates expanded,
but also the oxidation rate is enhanced. 2, 2'-azinobis-(3-ethylbenzothiazo
line-6-sulfonic
acid)
(ABTS) is a mediator used in the present study for
enhancing the catalytic oxidation capacity of laccase [12]. The addition of a surfactant might promote desorption of PAHs. In this study, the anionic
surfactant sodium dodecyl sulfate (SDS) and nonionic surfactant Tween 80 were utilized as additives
for enhancing the performances of EK/laccase
technique in remediating anthracene-polluted soils.
Multiple factors exist that affect the performance of EK remediation technology, including
soil pH value, soil moisture content, EOF and Zeta
potential on the surface of soil particles [13]. The
variation of pH value in soils affects the pollutants’
solubility, physical forms and adsorption characteristics of the ground surface. An increase of pH
value at the cathode results in the formation of
deposits, which thus reduce the conductivity and
elevate voltage gradient and treatment costs. Soil
moisture content needs to be maintained to a certain
degree. In conditions with low moisture, the content
dehydrates, while excess moisture causes pollutant
to enter deeper into the soil layers. The magnitude
of EOF is also an important factor that affects the
EK remediation effects, while the Zeta potential on
the surface of soil particles is the natural cause that
determines the magnitude of EOF [14]. In this
study, variations of some parameters such as current, EOF and soil pH value were measured to ana-

1-DC stabilized power supply; 2-ampere meter; 3-Anode chamber;
4-Cathode chamber; 5, 6-Graphite electrode; 7, 8-Air outlet;
9, 10-Constant flow pump; 11, 12- Graduated cylinder
'$ 
88A?@>-@5;:;2@41?@>A/@A>1;2>19105-@5;:?E?@19
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tion (with a concentration of 0.1 mol/L) added into
the cathode graduated cylinder. The voltage gradient of the DC power supplies set as 1V/cm and the
rotating speeds of two constant flow pumps set as
20 rpm. Two groups of experiments (denoted as
Group L and Group S) conducted shown in Table 1.
Group L, tested the EK remediation without laccase, however afterward the test with laccase and
ABTS, was grouped as Group L1, Group L2, and
Group L3. In Group L2, 15 ml laccase solution
(with a concentration of 8 U/ml) was uniformly and
slowly injected into the soil surface after the device
was electrified for 27 hours. In Group L3, 15 ml
laccase solution (with a concentration of 8 U/ml)
and 3 mL ABTS (with a concentration of 0.5
mmol/L) were uniformly and slowly injected into
the soil surface after the device electrified for 27
hours. In Group S, the EK/laccase remediation
experiments were conducted under different conditions in which different surfactant and ABTS were
used or not, with the specific experimental schemes
listed in Table 2. During the tests, the surfactant
was added to the buffer solution at the anode, recording the data on schedule. It should be noted
that, in Group S, due to the addition of a surfactant,
soil moisture content showed tremendous changes;
after the operation for 3 days, humps and cracks in
soils occurred, which were unfavorable for the
system’s long-time stable operation. Thus, the process times in Group S were significantly reduced.

D@>-/@5;: -:0 -:-8E?5? The current values
at three moments (9:00, 15:00 and 21:00) in a day
directed read by the ampere meter and then recorded.
The cumulative EOF at the cathode was calculated by the absolute value of the different between
the solution volume in the cathode graduated cylinder at this moment and the solution volume at the
last minute. The measurement moments were identical with the measurements moments of current.

After drying, approximately 800 g soils were
selected for preparing the simulated soils with particular moisture contents, which filled in the organic glass reactor layer by layer. The cylindrical
graphite electrodes (φ0.6cm×5.0cm) used, and the
distance between two graphite electrodes, set as 26
cm. The whole experimental device operated for
several days at a constant voltage.
After the periodic experiment had finished, the
soils were taken out from the organic glass reactor,
and both cathode and anode were equally divided
into six sections. Each experiment was repeated
three times and the average values were used for
further analyses.

>19105-@5;:?E?@19As shown in Figure
1, the reactor main body consists of an openmouthed organic glass cuboid, with a volume of
14.5 cm*6 cm*6 cm. And the volume of the cathode chamber and the anode chamber are 6cm * 7cm
* 7cm, with the graphite electrodes that fixed at
both ends of chambers. The cathode chamber and
the anode chambers connected with a multimeter
and a constant-voltage DC source in series through
wires (the cathode was connected with the cathode
while the anode connected with the anode). The
organic glass cuboid and the anode/cathode chamber were separated by filter papers and nylon meshes so as to avoid the entering of soils into the
chamber. The cathode chamber and the anode
chambers connected with two graduated cylinders
via two constant flow pumps. The buffer electrolytes added to both cathode and anode chambers,
whose circulation velocities were controlled by two
continuous flow pumps.
D<1>591:@-8 01?53: The EK experimental
device, as shown in Figure 1, was firstly constructed, in which the cylindrical graphite electrodes
used. 1500 ml sodium acetate solution (with a concentration of 0.1 mol/L) was added into the anode
graduated cylinder while 1500 ml acetic acid solu-

Serial Number
L1
L2
L3


& 
1?53:;2181/@>;75:1@5/>19105-@5;:1D<1>591:@?>;A<
Voltage
Addition of
Addition of ABTS
gradient/V·cm-1
laccase
1
No
No
1
15mL 8U/mL
No
1
15mL 8U/mL
3mL 0.5mmol/L

Processing time/h
105
105
105

& 
1?53:;2@41 8-//-?1>19105-@5;:1D<1>591:@?A?5:305221>1:@?A>2-/@-:@?>;A<%
Addition of
Serial Number Voltage gradient/V·cm-1
Addition of ABTS
Processing time/h
surfactant
S1
1
No
3mL 0.5mmol/L
71
S2
1
5g/L Tween80
No
71
S3
1
5g/L Tween80
3 mL 0.5mmol/L
71
S4
1
5g/L SDS
No
71
S5
1
5g/L SDS
3mL 0.5mmol/L
71
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neutralized some OH- ions in the anode chamber,
the same thing happened to the H+ ions, neutralizing the alkaline CH3COONa. The increase of current slowed and the current reached the peak value
when the experiment performed over a period. H+
and OH- produced in electrolysis interacted with
each other to form H2O over time. Thus, the total
ion concentration decreased due to the dilution by
the created H2O, resulting in the decline in the current. This conclusion coincided with the fact that
peak of electrical currents were at the early stage of
tests which was due to generation of higher dissolved ionic species at the early stage of tests in
Kim et al. [18]. At the later period of the experiment, the graphite electrode at the cathode would
form a layer of white film on the surface in wire
process, which would hinder the electric conduction
(also referred to as activation polarization).

Soil moisture content was measured using oven-drying method. First, the dry mass crucible was
weighed and denoted as m0 (with a precision of
0.01 g); next approximately 2 g of wet soil samples
added into the mix where weighting and the crucible took place, resulting in an m1 measurement.
Finally, the crucible containing wet soils was put in
the drying oven for 6 hours at 105 °C; after being
dried to a constant weight, the total mass of crucible
and dry soils were weighted and denoted as m2.
Thus, soil moisture content  can be calculated by:

θ (%) =

(m1 − m 2 )
× 100%
(m1 − m 0 )

Soil pH was measured with the following
steps: first, a 1 g dose of wet soil sample was
weighted using an analytical balance; the sample
was added into 30 ml deionized water for 3-hour
vibration and extraction; finally, after an hour, the
sample was completely sit, the supernatant was
extracted and measured by a pH meter.
Due to the complexity of matrix components
in soils, their contents can hardly be directly measured. Therefore, anthracene in soils should be extracted firstly. In this study, anthracene was obtained using the traditional Soxhlet extraction
method [15]. After Soxhlet extraction, the solution
was filtered through a 0.45 μm membrane and the
anthracene content was measured using HPLC. The
measurement conditions described below. Thermo
SCIENTIFIC C18 reverse column (4.6*250 mm)
used; the mobile phases were methanol and water
(with a volume ratio of 90:10); the flow velocity
was 1.0 mL/min; the detection wavelength was 252
nm; the detection temperature was 30°C and the
sample size was 20 μL.
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(->5-@5;:? ;2 1D<1>591:@-8 <->-91@1>?
(->5-@5;:;2/A>>1:@ Figure 2 displays the changes of system current with time in both Group L and
Group S. Since the concentration of the buffer solution and the voltage gradient at the cathode equaled
to the values at the anode, the initial current value
at the cathode was identical with the value at the
anode. The trend of the current variation was similar to the one described in the literature, in the papers of Alshawabkeh et al.; Reddy and Cameselle
that had the tendency to increase until it reached a
maximum value after which decreased to a steady
state value [16, 17].
After the experimental device was activated,
the dissolved salts in both anode and cathode buffer
solutions interacted with soil particles, leading to
the increase of ions in pore solution. As the experiment continued, H+ and OH- ions produced in electrolysis increased gradually and thus the system
current increased rapidly. While the CH3COOH
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The produced H2 and O2 in electrode reaction were
attached to the electrode surface, and thus the resistance increased (also referred to as resistance
polarization). As Pietro Falciglia et al. [19] mentioned in his article, the loss of ionic strength in the
pore fluid as well as the increase of resistance polarization lead to a decrease in current intensity.
The experimental results of Group L, Group
L3 (in which laccase and ABTS simultaneously
added) appeared to be larger in value than Group
L2 (in which only laccase added), resulting in the
fact that the overall current intensities of Groups L3
and Groups L2 (in which EK and laccase remediation were combined) are higher than the value of
Group L1 (in which EK was only used). The results
demonstrate that the combination of EK and laccase
remediation might enhance the overall current intensity in the remediation of anthracene-polluted
soils, while the addition of ABTS might enhance
the current intensity using EK/laccase remediation.
According to the experiment results of Group
S, the overall current intensities of Group S2, S3,
S4 and S5 (in which the surfactants Tween80 and
SDS added) are significantly higher than the result
of Group S1 (in which no surfactant added). The
currents of Group S3 and Group S5 (in which
ABTS added) are slightly larger than the results of
Group S2 and Group S4. As Antonio Colacicco et
al. mentioned in his study 2010 [20], considering
that there may be a surface charge and deprotonation mechanism of the initial neutral surfactant
molecules, the change of the current will be affected by Tween 80. The possible reason was that the
absorption of surfactant molecules on soil surfaces
reduced the absorption of mobile ions and thus
more mobile ions were released to pore solution,
increasing the current value.

(->5-@5;: ;2 /A9A8-@5B1 ! -@ @41 /-@4
;01 Figure 3 displays the variations of increasing
EOF at the cathode with time in soil remediation
process. Using EK remediation, PAHs were migrated mainly through electrodialysis. To improve the
migration of PAHs, desorption effects of organic
matters should be enhanced; compared to the EOF
that should keep at or above a high value for a long
time. EOF refers to the flow of soil pore solution
under the action of an external electric field. The
velocity of EOF is mainly subjected to soil Zeta
potential while soil’s Zeta potential is related to soil
pH value [21-23]. When soil pH value exceeds
soil’s zero points of charge (ZPC), negative charges
exist on the soil surface, and EOF moved from
anode to cathode. During the experimental process,
as the anode buffer solution gradually flowed into
soils, soil’s pH value increased steadily and far
exceeded soil’s ZPC; at this moment, soil’s Zeta
potential was negative, with an absolute great value, thus producing more EOFs. The experimental
results just verified the theory of during electroki-



netic remediation, the zeta potential greater than
zero (mV) was shown to induce electroosmotic
flow towards the anode and the zeta potential less
than zero was shown to induce electroosmotic flow
towards the cathode [22]. Moreover, in EK remediation process, the joule heat caused the increase of
soil temperature and thus improved the ions’ migration rate, which could also promote the EOF velocity.
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As shown in Figure 3, the cumulative EOFs at
the cathode in Group L and Group S both increase,
which was also showed in Lee et al. [24]. The cumulative EOF of Group L1 is smallest, with the
minimum average flow; the cumulative EOFs of
Group L2 and Group L3 are higher than the value
of Group L1, especially the upward trend of Group
L3 is fairly obvious. The results suggest that the
addition of ABTS might increase the EOF in the
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remediation of anthracene-polluted soils using
EK/laccase remediation technique and the EOF
velocity of soils directly affects the EK remediation
effects, which verified a truth that an increase in the
production of EOF rates usually comes with increase in current values reported by Hahladakis et
al. [25].
In Group S, the EOFs of Group S2, Group S3,
Group S4 and Group S5 (in which the surfactants
Tween80 and SDS were added) are significantly
higher than the EOF of Group S1 (in which no
surfactant added). The EOFs of Group S3 and
Group S5 (in which ABTS added) are slightly larger than the EOFs of Group S2 and Group S4 (in
which no ABTS added); especially, the EOF of
Group S5 is largest. The increased dissolution of
organic matter and high viscosity of Tween 80 or
SDS, which contributes in foaming phenomena.
These results are consistent with those of Hahladakis [25]; MO Boulakradeche [14], who have found
that the use of surfactants can significantly improve
EOF by EK.

(->5-@5;:?;2?;58F?<4E?5/;/4195/-8<>;<1>
@51? (->5-@5;: ;2 ?;58 9;5?@A>1 /;:@1:@ Figure 4
shows the distributions of soil water content using
different remediation methods. Soil water content is
also an important factor that might affect the EOF
velocity of soil while the variation of soil moisture
content subjected to the change of soil EOF [26].
The soils from various regions have different pH
values, leading to the changes in Zeta potential and
electric field intensity. Accordingly, the soils from
different regions exhibit different EOF velocities,
and the distribution of moisture content in soils is
non-uniform. Meanwhile, the negative pore pressure is generated [27].
For Group L, the electric energy produced the
Joule heat in EK remediation process, which increased soil temperature and evaporated some of
the water. This phenomenon was described in the
article as follows: Another important observation
was that moisture decreases with time in the reference test and this was an indicative of the water
evaporation that it was taking place in the system
[28]. Accordingly, soil moisture contents were
relatively small, especially for the soils in the intermediate region. The humidity at the cathode is
slightly higher than that at the anode. Since the pore
water in soils migrated to the cathode through electrodialysis, the water at cathode was replenished.
However, the soil moisture content of Group L1
(using EK remediation) presented a greater change,
with a result of 13.13% variation, compared to the
ground moisture contents of Group L2 and L3 with
a less than 3% change. A great change of soil moisture content may cause the solidification and fracturing of soils, which is not right for the experiment’s long-term stable operation [29].
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It can also be observed that, soil moisture contents near the anode of Group S2, Group S3, Group
S5 and Group S5 (in which surfactants were added)
are higher than the value of Group S1, while the
soil moisture contents near the cathode of Group
S2, Group S3, Group S5 and Group S5 are lower
than the value of Group S1. Overall, soil moisture
content shows a decreasing tendency from anode to
cathode, and the moisture content of the soil near
the cathode is higher than the other soils. With
respect to the moisture content, Park drew a conclusion by two-dimensional analysis that it could be
understood that the transport of electrolyte solution
into the soil by hydraulic pressure difference was
successfully prevented by bentonite filled in the
space between the reservoir and the soil [30]. The
variation of soil moisture content of Group S is
different from that of Group L. In Group S, soil
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the variation of soil pH variation. On the other
hand, the mobility of H+ is 1.8 times larger than that
of OH- was studied by Yang et al. [31], and thereby, soil pH value in many regions decreased.

moisture content of the soils decreases as the distance from the cathode decreases, which may be
related to the variation of soil’s Zeta potential induced by the migration of organic matter; meanwhile, the produced sediments in soils also reduced
the soil’s permeability and thus suppressed EOF in
which Pietro P. Falciglia et al. had mentioned it in
his article [19]. 
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By comparing the variation in the soil pH value of all three Groups, L1, L2 and L3, the most
significant is the change in Group L1 (38.21%),
compared to 11% in Group L3. The results suggest
that using the combination of EK and laccase remediation; soil pH value could maintain within a stable range. Since the variation of soil pH value may
change the migration direction of EOF, soil pH
value should be strictly controlled [22]. The addition of ABTS significantly enhanced the remediation effects, which might provide favorable conditions for the remediation of anthracene-polluted

(->5-@5;:;2?;58<B-8A1 Figure 5 displays
the distributions of soil pH value using different
remediation methods. In EK remediation process,
OH- and H+ produced in electrolysis migrated towards anode and cathode, respectively, and soil’s
acidity-alkalinity changed. Specifically, the pH
value of soils near the cathode increased while the
pH value of soils near anode decreased. The shorter
the distance from the electrode, the more apparent
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soils using EK technique.
The variations of soil pH value of Group S2
and Group S3 (in which the surfactant Tween80
added) are similar to the result of Group S1. After
the addition of Tween 80, soil pH value maintains
in the range of 8~9.5. In Group S4 and Group S5
(after the addition of surfactant SDS), the pH value
of soils at the cathode is high and approaches 11.
This phenomenon that it had the lowest soil pH
value in the near anodic region and the highest soil
pH in the near-cathode region was mentioned in
Pham et al. [32]. According to H-S equation, a high
pH value can contribute to the production of EOF
toward the direction of the cathode, which is quite
advantageous to the remediation of hydrophobic
organic compounds in soils.

53>-@5;: -:0 @>-:?2;>9-@5;: ;2 -:@4>-
/1:1Figure 6 shows the distributions of anthracene
content in soils using different remediation methods. Using EK remediation, the migration amount
of anthracene is small, as shown in the result of
Group L1, which ranges from 3% to 10%. The
enrichment amount of anthracene roughly equals to
the reduction amount, i.e., anthracene shows no
transformation and no visible migration. Because of
hydrophobicity, anthracene is hard to dissolve in
soil pore solution and migrate through electrodialysiset Using the combination of EK and laccase
remediation, as shown in the result of Group L2,
the anthracene contents is high at both two ends but
low in the middle. This result just agreed with the
fact that the residual concentration of POPs near the
electrode tend to be lower and accumulate at the
center [33].
When the hydrophilic laccase transported to
soils, the pollutant’s hydrophilic characteristics
were improved due to the catalytic oxidation of
laccase, and thus the migration of anthracene was
enhanced. Also, the reduction amount of anthracene
in the soils in the middle region is greater than its
enrichment value at both two ends, suggesting that
anthracene was transformed to a certain extent, but
with a low transformation rate. After the addition of
ABTS, as shown in the result of Group L3, the
migration/transformation ratio of anthracene was
enhanced, and the content of anthracene decreased
expect at the anode. The migration/transformation
ratio of anthracene increased gradually from cathode to anode and the migration and transformation
of anthracene were most remarkable in the soils at
the cathode. Therefore, the application of
EK/laccase remediation technique promoted the
migration and transformation of anthracene in soils;
however, the migration/transformation performances were not very ideal. After the addition of ABTS,
anthracene was substantially degraded, with the
maximum migration/transformation ratio exceeding
40%. The result was similar to that of Ding, H. et
al. [34] that laccase-mediated oxidative coupling of

soil adsorption was an effective method for simultaneous removal of SA, TC and QU.
The anthracene contents in Group S1, S3 and
S5 all show gradual decrease from anode to cathode
exhibiting a significant reduction comparing to their
initial values. The migration/ transformation ratio
of anthracene in Group S3 is greatest, followed by
the result in Group S1 and the migration/transformation ratio in Group S5 is smallest.
According to the results, the addition of non-ionic
surfactant enhanced the remediation effects on
anthracene-polluted soils using the combination of
EK and laccase remediation [33].
As shown in the results of Group S2 and
Group S4, the content of anthracene is relatively
higher at both two ends but lower in the middle.
The reduction of anthracene in soils in the middle is
significantly greater than the enrichment amounts at
both two sides, suggesting that anthracene was
transformed and migrated simultaneously; however,
the transformation efficiencies of Group S2 and
Group S4 are lower than the result of Group S1 (in
which ABTS added). After the addition of Tween
80 (Group S2), both the enrichment amounts of
anthracene at both two sides of soils and the reduction amount in the middle of soils are higher than
the results after the addition of anionic surfactant
(Group S4). It might thus conclude that the addition
of surfactant contributed to the anthracene’s desorption, migration, and transformation; moreover,
Tween80 is better than SDS regarding remediation
effects. These results are consistent with those of
Hahladakis [25]; MO Boulakradeche et al. [14],
who had found that the use of surfactants could
significantly improve the removal of organic matter
from the soil by EK.
! '%! %
This article focused on the remediation of anthracene-polluted soils by combining EK and laccase remediation technique and explored the improvement of remediation effects after the addition
of ABTS (as a mediator), Tween 80 and SDS (as
the surfactants). By analyzing the variations of
currents, EOF and some soil properties such as pH
value and moisture content under different remediation conditions, the migration and transformation of
anthracene in soils were investigated. The primary
conclusions are listed below. Anthracene shows no
obvious migration using EK remediation; however,
using the combination of EK and laccase remediation technique, anthracene was migrated towards
the soils at both two sides, with the migration/transformation ratios of 24% and 30%, respectively, but the transformation of anthracene is not
remarkable. While using the combination of EK
and laccase remediation technique, both the current
and EOF increase with the addition of ABTS, soil
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pH value ranges from 8.0 to 9.0. Soil moisture
content shows similar variations to the result in the
absence of ABTS, with the maximum variation less
than 3%. Both the migration and transformation of
anthracene might be observed, with the maximum
migration/transformation ratio exceeding 40%.
Using the combination of EK and laccase remediation technique (in which ABTS was added), after
the addition of surfactants--Tween 80, soil pH value
ranges from 7.8 to 9.6; after the addition of SDS,
soil pH value at the anode is approaches 11. The
migration/transformation ratio of anthracene might
be significantly enhanced. Specifically, the migration/transformation ratios of anthracene in soils at
anode and cathode are increased by 20% and 34%
after the addition of Tween 80 and 18% and 33%
after the addition of SDS. In this study, the simultaneous addition of Tween80 and ABTS might
achieve the most remarkable migration and transformation performances of anthracene. Anthracene
in each section of soils was migrated and transformed, with an average migration/transformation
ratio over 25% and a maximum migration/transformation ratio over 40%.
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humans in low concentration [2]. It can be transported into the human body by different routes such
as ingestion, inhalation and dermal contact [3].
Apparently, ingestion is the common approach
that allows heavy metals to enter into an organism’s
body through direct consumption of polluted water
or infected organism and accumulate in organism’s
organ and fat [4]. Hence, heavy metals can transfer
along the food chain. For example, marine planktons
belong to the bottom of most aquatic food chains.
Heavy metals in contaminated soils will be taken and
stored by the plankton. The contamination levels of
heavy metals in the plankton will eventually affect
those in the higher trophic levels such as crab,
shrimp, fish, and shellfish. According to a study conducted by Qiu in 2015 about the bioaccumulation of
heavy metals in both wild and aquaculture food
chains in Daya Bay, South China, it was found that
several times higher average concentration of zinc,
copper and cadmium were detected in wild fishes as
compared with farmed fishes [5]. This implies that
the living organisms in the natural environment are
being threatened. In addition, there was a case study
where residents who stayed near a mining site was
diagnosed with heavy metal infection and believed
due to the intake of rice that was grown in contaminated soil [6]. This support the human health are being threatened due to release from toxic metals in
aquatic ecosystems [7].
Mining activity is recognised as the second
largest source of heavy metal contamination in soils,
after sewage sludge [8]. Heavy metals may occur
naturally in soil, but they mainly come from anthropogenic activities such as agriculture, urbanization,
industrialisation and especially mining activity [6].
Mining activities increases the toxic elements concentration in aquatic environments and is highly concerned by the public. Mining wastes are discharged
into the soil during tin mining activities and this unleashes destructive effects to the environment [9], especially, aquatic systems which are sensitive to
heavy metal. Bio-magnification and bio-accumulation will happen to the aquatic life e.g fish and
shrimp which food chain is polluted by heavy metals.
Eventually human beings at the receiving end are the
affected after consuming these contaminated fishes
and shrimp.

This study aimed to assess human health risk of
heavy metals in fish species found in former mining
lake, Perak State of Malaysia. Total six target metals
- Cr, Cu, Zn, As, Pb and Cd were chosen for this
study which commonly present in former tin mining
lake. ,    and
     were chosen as fish samples in this
study. According to the methods of the U.S Environmental Protection Agency (EPA), hazard indices (HI)
and target cancer risks (TR) were used to estimate
the non-carcinogenic and carcinogenic risk. The HI
for children was ranging from 9.2x10-3 to 5.4x10-2,
while 1.1x10-2 to 6.2x10-2 was determined for adult.
The HI for children and adult both did not exceed the
permissible level which is 1.0. This implied that the
fishes were safe for consumption without any adverse health effect. Furthermore, the target cancer
risks for carcinogenic metals (As, Pb and Cd) were
within the USEPA’s acceptable risk level of 1 in
1,000,000 (or 10-6) for children and adult. This indicated that the fishes were having an acceptable risk
of cancer and were considered safe to be consumed
by local community. However, As, Cd and Pb exposure via     fish consumption
may pose contracting cancer probability over a long
lifetime.
'&!"
Health risk, heavy metals,  , 
 ,     , Kampar Malaysia
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Heavy metals pollution is serious environmental problem which cause by both anthropogenic and
natural activities such as volcanic eruption, mining
activities and processing industry. Heavy metals can
enter into food chain through accumulation in sediments, adsorbed by plants or aquatic species [1].
High concentrations of heavy metals can cause adverse health effects to human beings, though some
of it acts as essential elements that are important to
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Similar investigations have been carried out to
determine the bioaccumulation of heavy metal in
mining areas such as health risks of heavy metals via
consumption of fish and vegetable [10]; human
health risks of selenium-contaminated fish in mining
region [11]; heavy metals contamination of agricultural products in former mining area [12]; accumulation of heavy metals in fish species [13]; heavy metal
concentrations in five tissues of chickens in mining
area [14], heavy metal contamination of fish products in mining sit [15], survey of heavy metal (Pb,
Cd, Cr, As and Hg) concentrations in Chinese mitten
crab by [16] and human health risk assessment in
water, sediment and freshwater fishes [17].
For this study, it’s aimed to assess the concentrations of cadmium (Cd), chromium (Cr), zinc (Zn),
arsenic (As) and lead (Pb) in the tissues of fish species collected from Kampar former tin mining lake;
and assess human health risk of fish consumption by
adult and children.


#!"#"

Sn and As [12, 18]. Toxic metal such as Pb, As, Cd
are considered potential carcinogens associated with
a number of diseases, including bone disease, cardiovascular and harmful to bladder, liver, kidney,
nervous system and blood [6]. 
Kampar is a township located at the middle part
of Perak State as shown in Figure 1. It has a total area
of 14.4 km² and the population is around 98,978.
Kampar town was famous for the rich tin reserve and
it was once an active mining township during the
early of 1900s. However, the collapse of tin mining
industry in 1984 causing tin mining activity ceased
across the country [19]. These large mining sites become lakes and lot of abandoned tin mining lakes
can be found in Kampar. The sampling location is
located at 4°19'59.6"N 101°08'05.7"E which is
known as Westlake. The study area was converted to
fishing and recreational lake for local community by
Kampar District Council in year 2004. Several freshwater flora and fauna species found in the lakes including freshwater prawns,  ,
   and     ,  
  ,        , ,
     
    
   and    [20]. These
mining lakes may contained high concentration of
toxic metals and upsetting effect to the ecosystem or
even affect human health.

)+2/86;5,6.)47)8)2-Malaysia was
one of the largest tin export countries. There were
high amounts of tin tailing left behind as a result of
those mining activities. Tin tailings are regarded as
anthropogenic deposits with considerable concentrations of a number of elements such as Cu, Pb, Zn, Cd,
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MC = average trace element concentration in organism muscle (µgg-1 wet weight); IR = Fish consumption (g.day-1) per capita; BWa = average body weight
of target population.
The value of EDI was applied in the calculation
of hazard quotient (HQ). HQ can be considered as
risk level (carcinogenic and non-carcinogenic metals)
estimation due to pollutant exposure which was calculated by Eq. 2. In order to determine the hazard
index (HI) for two receptor groups: children and
adult, HQ for each chemical that is exposed to the
individual needed to be summed up as Eq.3.

")473-8-7)8):165)5,)*68):68?5)3?
919In order to perform analysis of heavy metal contamination in fish body,    ,
     and  fish species
were selected in this study. The samples were collected from study area with the help of local fishermen. A total of 18 fish samples were caught and
comprised of three target species which is being consumed frequently by local community. In order to
avoid contamination, the samples were transferred
immediately to the laboratory once caught from the
lake. The purpose was to minimise tissue decay and
maintain moisture of the samples during the transportation [21]. The fish’s length and weight were
measured and recorded in-situ. The minimum length
of fish samples was selected as 25cm to ensure the
maturity [22]. Each sample was stored in polyethylene bags and labelled accordingly. After that, the
samples were frozen at a temperature of -20C prior
to analysis. 
All of the laboratory wares were soaked in nitric acid for 48 hours, and rinsed five times with distilled water, followed by rinsing another five times
with deionized water to avoid contamination. Each
fish sample was duplicated 3 times and analysed according to standard method [21, 23]. The sample tissues were to be dissected by ceramic knifes to avoid
contamination. All samples were analysed using Inductively Coupled Plasma Mass Spectrometry (ICPMS). Heavy metals which were selected in this study
were Cr, Cu, Pb, Zn, Cd and As. Blank solution and
calibration standard solutions 5ppb, 10ppb, 50ppb
and 100ppb were prepared in order to determine the
heavy metals concentrations in fish samples.

HQ = EDI/RfD

HI = HQCr + HQCu +HQZn+ HQAs +HQCd+ HQPb
(Eq. 3)
According to U.S EPA Region III risk-based
concentration table [24], the health protection standard of lifetime non-carcinogenic risk for HI is less
than 1.0, there will not be any significant risk. Although the HI does not provide quantitative data on
the probability of adverse health effect to receptors,
it is an indicator of the risk level due to pollutant exposure [10]. This risk estimation method has recently
been applied by Alam et al. [25] and proved to be
valid and useful.
For the case of carcinogenic substances, the
health risk was evaluated by target cancer risk (TR)
based on USEPA method [24]. The acceptable level
of the lifetime cancer risk is 10-6 (1 in a million) or
less. It was calculated from the Eq. 4.
TR = (MC × IR × 10-3 × CPSo × EF × ED)/ (BWa ×
ATc)
(Eq. 4)

;4)5 -)3:0 !192 99-994-5: !
86+-,;8-The HHRA for chemical substance is divided into two groups, non-carcinogenic assessment
or carcinogenic assessment, both determines the procedure on the potential risks of selected chemical
calculated. There are assumed threshold, a reference
dose (RfD) for chemical substances, which ingestion
concentration lower than RfD will not cause any observed health effects. Reversely, carcinogenic chemical substances are assumed to have no safe threshold. It implies that there is a potential cancer risk for
exposures at low dose of carcinogenic chemical substances. It is expressed by their carcinogenic potency
slope.
In present study, for the case of non-carcinogenic substances, the calculation of health risk assessment were conducted included the estimated
daily intake (EDI) and reference dose (RfD). Estimated daily intake (EDI), considering only the consumption of heavy metals-contaminated fish tissue,
it was calculated as follow:
EDI=MC×[IR/BWa]

(Eq. 2)

TR = target cancer risk; MC = metal concentration in fish (μgg-1); IR = fish ingestion rate (gday-1);
CPSo = carcinogenic potency slope, oral (μg g-1
day-1); EF = Exposure frequency (days year-1); ED =
Exposure duration (Years); BWa = The average
body weight of target population (kg); ATc = averaging time, carcinogens (days). The distribution of
carcinogenic risk was estimated for Pb, Cd and As as
the oral slope factor for these elements is derived by
USEPA [26].
!"$#""$""

-)<? 4-:)39 +65+-5:8):165 15 36+)3 .190-9
Since the dietary intakes for humans are reported in
terms of wet weight ingestion, the dry weight concentration need to be converted to wet weight concentration in order to carry out the health risk assessment and the calculated values were showed in Table
1. The average concentrations of heavy metals (wet
weight) were determined in three different species of

(Eq.1)
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fish with standard deviation. All fish samples contained Cr, Cu, Zn, As, Cd and Pb at dierent concentrations (Mean ± SD).     fish
species was found accumulating highest concentrations of metals compared to       and
 . Aldoghachi et al. states that
    is capable of accumulates
heavy metals in their tissues from an aquatic environment [27]. Its mortality rate was higher with
higher concentration of toxic metals compared to
other fish species. However, the maximum, minimum and mean concentration of heavy metals in all
samples were not exceeded the WHO/FAO toxic
metals permissible limit for fish and food products
[28].
In order to determine the estimated daily intake

(EDI) for children and adult, fish consumption per
capita (IR) for children and adult are based on
USEPA standard which are 16g.day-1 and 32g.day-1
[26, 30]. The average body weight (BWa) for children is 32.7 kg and 55.9 kg for adult [26]. With these
four factors, the EDI for the heavy metals were derived based on the Eq. 1. Table 2 shows the Estimated Daily Intake (EDI) for children and adult respectively. The HQ and HI were determined for children and adult as shown in Table 3. In order to determine the HQ, the reference dose (RfD) for each
heavy metals was defined as Cr- 0.003 μg.g-1day-1;
Cu- 0.04 μg.g-1day-1; Zn- 0.03 μg.g-1day-1; Cd- 0.001
μg.g-1day-1; Pb- 0.003 μg.g-1day-1; As- 0.0003 μg.g1
day-1 [24, 31, 32, 33]. Figure 2 shows the hazard index (HI) for children and adult consumption of local
fish species.

# 
#0-4)>14;441514;4)5,4-)5=1:09:)5,)8,,-<1):165"+65+-5:8):1656.0-)<?4-:)39
15:08--,1..-8-5:.19097-+1-9A// =-:=-1/0:
Sample
Min.
 
Max.
Mean
 
SD
Min.
Max.
    
Mean
SD
Min.
Max.


Mean
SD
WHO/FAO permissible limit
for food products
(CAC 2015)

Cr
0.016
0.023
0.020
0.004
0.016
0.018
0.017
0.0012
0.017
0.026
0.021
0.0046

Cu
0.004
0.019
0.009
0.009
0.005
0.006
0.0057
0.00026
0.006
0.017
0.012
0.0053

Zn
0.14
0.15
0.147
0.006
0.15
0.20
0.173
0.025
0.11
0.18
0.15
0.035

As
0.018
0.037
0.028
0.010
0.001
0.004
0.002
0.0013
0.002
0.008
0.004
0.003

Cd
0
0.0008
0.0003
0
0
0.0008
0.0001
0
0
0.0001
0.0001
0

Pb
0.0006
0.002
0.007
0.004
0.0005
0.002
0.001
0.0005
0.0005
0.008
0.001
0.0001

-

0.4

40

0.1

0.3

0.3

adopted from Tan and Sze [29]
# 
9:14):-,)13?5:)2-013,8-5)5,,;3:
For children
Sample
  
    


Cr
9.9x10-6
8.3x10-6
1x10-5

Cu
4.4x10-6
2.8x10-6
5.9x10-6

Sample
  
    


Cr
1.2x10-5
9.7x10-6
1.2x10-5

Cu
5.1x10-6
3.2x10-6
6.8x10-6

Zn
3.4x10-5
8.3x10-5
7.4x10-5
For adult
Zn
8.6x10-5
9.7x10-5
8.6x10-5

As
1.4x10-5
1x10-6
1.9x10-6

Cd
1.5x10-7
2.6x10-8
3.4x10-8

Pb
3.3x10-6
4.8x10-7
3.3x10-7

As
1.6x10-5
1.2x10-6
2.2x10-6

Cd
1.8x10-7
3.1x10-8
4x10-8

Pb
3.8x10-6
5.5x10-7
3.9x10-7

# 
)@)8, ;6:1-5: )5,)@)8,5,->.68+013,8-5)5,),;3:
For children
Sample
  
    

For adult
Sample
  
    


Cr
3.3x10-3
2.8x10-3
3.4x10-3

4.0x10-3
3.2x10-3
4.0x10-3

Hazard Quotient (HQ)
Cu
1.1x10-4
7.0x10-5
1.5x10-4

Zn
2.5x10-3
2.8x10-3
2.5x10-3

As
4.7x10-2
3.3x10-3
6.3x10-3

Cd
1.5x10-4
2.6x10-5
3.4x10-5

Pb
1.1x10-3
1.6x10-4
1.1x10-4

Hazard Quotient (HQ)
1.3x10-4
2.9x10-3
8.0x10-5
3.2x10-3
1.7x10-4
2.9x10-3

5.3x10-2
4.0x10-3
7.3x10-3

1.8x10-4
3.1x10-5
4.0x10-5

1.3x10-3
1.8x10-4
1.3x10-4
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Parameters
IR (g.day-1)
EF (days . year-1)
ED (years)
BWa (kg)
Atc (days)
Carcinogenic potency slope, oral
(CPSo)

Children
16 (EPA 2005)
350 (USEPA, 2002)
6 (USEPA, 2002)
32.7 (USEPA 2000)
25550days (USEPA, 2002)
Pb=0.009 (OEHHA, 2011)
Cd=0.6 (OEHHA, 2011)
As=1.5 EPA (IRIS 2007)

Adult
32 (EPA 2000)
350 (USEPA, 2002)
24 (USEPA, 2002)
55.9 (USEPA 2000)
25550days (USEPA, 2002)


# 
#)8/-:+)5+-8#!8192.68),;3:)5,+013,8-5
Samples
  
    

Samples
  
    


Pb
2.4 x 10-12
3.5 x 10-13
2.5x 10-13
Pb
1.1 x 10-11
1.6x 10-12
1.2x 10-12

65 )8+156/-51+ ;4)5 -)3:0 !192 9
9-994-5: The heavy metals concentrations in the
fish samples were used to assess the non-carcinogenic human health risk. According to USEPA, HQ
greater than 1 implies that the particular contaminant
has exceeded the reference dose and it may pose adverse health impacts after consumption. Conversely,
if the HQ is less than 1, this indicates that the health
risk is absent. This study focuses on two groups of
receptors - adults and children. According to USEPA
[24], children are more likely to be affected by toxic
chemicals compared to adults as they still in the
stage of growing and development [34]. During this
stage, they are more sensitive towards these health
hazards caused by toxic metals. In addition, some of
the health effects are irreversible and may affect the

Children
Cd
7.5 x 10-12
1.3x 10-12
1.7 x 10-12
Adult
Cd
3.5 x 10-11
6.1 x 10-12
7.9 x 10-12

As
1.7 x 10-9
1.3 x 10-10
2.3 x 10-10
As
7.9 x 10-9
5.9 x 10-10
1.1 x 10-9

health of the adults when there is over exposure during the early stages of life. Based on Table 3, the
range of HQ for the analysed heavy metals is 2.6x105
to 4.7x10-2 for children; and 3.1 x10-5 to 5.3x10-2 for
adult. Arsenic found in     recorded the highest value of HQs, which is 4.7x10-2 for
children and 5.3x10-2 for adult. However, the value
does not exceed 1.0 which is still on acceptable risk
level. Meanwhile, Cd found in      recorded lowest HQ value, which is 2.6x10-5 for children and 3.1x10-5 for adult. Overall, HHRA for both
receptor groups based on individual heavy metal
concentration in selected local fish species were on
acceptable level which were not expose to potential
carcinogenic risk via consumption of fish. Similar
findings of Tu et al. [32], it showed that calculated
HQ values for Cr, Cu, Zn and Cd were less than 1
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from Liu et al., the TR of arsenic is 4.52×10-6, and
both results are higher than the present study [39].
Pb in   recorded the lowest
TR for the children and adult receptor at 2.5 x 10-13
and 1.2 x 10-12. Alam et al. stated that  
 samples from Langat River Basin, Malaysia showed TR values of 7.99×10-4 for Pb and 3.7 x
×10-6 for Cd at 95th percentile was found which were
higher than present HHRA [25]. Lack of HHRA
studies were carried out for       and
gonionotus.

which consumption of shrimp did not pose any adverse health impact to local people.
USEPA has developed ∑HQ of metals (HI) in
order to evaluate the potential human health risk for
more than one metal contaminated food. This
method has made an assumption that the sum of multiple metal exposures is proportional to the magnitude of the adverse effect [35]. The health protection
standard of lifetime non-carcinogenic risk for HI is
1.0 [24]. In this study, HI for the selected fish species
were determined which were lower than 1.0 for both
children and adults receptor. The HI ranking for the
three fish species was determined for children as
  > >   
   which ranged from 5.4x10-2 to 1.0x10-2.
Similar trend of HI ranking was determined for adult
as ranged from 6.2x10-2 to 1.1x10-2. It significantly
pinpoints that the adult has relatively higher HI compared to children. This is due to higher estimated
daily intake (EDI) for adult receptor. However, the
result shows that it does not exceed 1.0 and lack of
potential carcinogenic risk associated with the ingestion of these three local fish species. Laar et al. state
that values of HI for    did not
pose any human health risk [36]. However, Alam et
al. observe that HQ of    for Pb,
Cd, Ni, Cu and Zn are lower than the health protection standard (1.0), but HIs are higher than 1.0 [25].

$""
This study determined the concentrations of Cr,
Cu, Zn, As, Pb and Cd as well as assessed the human
health risk of fish consumption collected from Kampar mining lake. For both HI and TR values, it indicated that risks of adverse health impacts via consumption of heavy metals contaminated fish in the
region may not be significant (HI<1) and (TR<10-6)
for children and adult. However, As, Cd and Pb exposure via   fish consumption
may pose contracting cancer probability over a long
lifetime. By considering aquatic species contain different bioaccumulation factors, further studies are
required in order to determine the toxic metals concentration for the lake water and develop the health
risk simulation using Monte Carlo technique for local fish species.

)8+156/-5;4)5-)3:0!19299-994-5:
Based on selected heavy metals, Pb, Cd and As are
classified as carcinogen substances and the potency
slope values are available for HHRA. The carcinogenic risk is evaluated by target cancer risk (TR). In
order to determine the TR, different parameters
(Based on Eq. 4) were defined as shown in Table 4.
According to USEPA, target risk cancer of 10-6 (1 in
a million) or lower is considered no potential risk
[37]. Apparently, children have different values of
exposure duration (ED) compared to adults. The ED
for children and adults is 6 years and 24 years respectively. 
Apparently, the TR values of children and adult
receptor are on the acceptable risk level and did not
pose any carcinogenic effect. Based on calculated
TR as shown in Table 5, TR for adult and children
are both on the safety limit which is lower than 10-6.
The TR values of Pb and Cd recorded relatively low
TR compared to As. The range of TR calculated for
children and adult was 2.5x 10-13 ( 
) to 1.7 x 10-9 (   ) and 1.2 x
10-12 (  ) to 7.9 x 10-9 ( 
 ). Clearly, the highest TR values of
As found in     sample which
were 1.7 x 10-9 (children) and 7.9 x 10-9 (adult). However, the result showed that it did not exceed the acceptable risk. By comparing with Bhupander and
Mukherjee (2011), the average value of TR for As is
7.7x10-5 for     collected from
tropical wetland in India [38]. Similar result obtained


!!"
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stake holder to take the right decision concerning
pesticides uses and registration to protect citizens.

This study was conducted to monitor pesticide
residues in local and imported agricultural crops in
four governorates in the middle of Jordan in 2013
and 2014. Two hundred and forty local samples of
fruit and vegetables were collected from the governorates of Amman, Balqa, Zarqa and Madaba. The
results showed that four samples (1.67%) contained
pesticide residues more than the maximum residue
limits (MRL). Sixteen samples (6.67%) contained
residues but less than the MRL. The remained samples were free of pesticides (91.66%).
In addition, four hundred imported samples
were collected from different fruits and vegetables
from various boarder centers. The results showed
that twenty samples (5%) contained pesticides residues but less than the MRL. The rest of the samples
were free of pesticides residues (95%).



&$%! &"%

&581>/410@712:=>-8;71/:771/?5:9Time table was suggested to collect local samples from the
four governorates in the middle of Jordan and the imported samples. The dates for collection extended
from June, 2103 to April 2014.
%-8;71 /:771/?5:9 :771/?5:9 81?4:0 The
samples were collected according to AlAntary [1].
The sample weight was more than 1 kg for fruits less
than 25 g per one piece or 25 -250 g per one fruit. It
was 2 kg for fruits of more than 250 g per piece
weight. For cereals, the sample weight was 1 kg.
The samples were placed in plastic bags with
well labeled information. The label contained sample type, source, and collection date and farmers
names (only for local samples). The samples were
transferred in an ice box to the laboratories of Pesticides Analysis Center of the Ministry of Agriculture
in Baqah, given code number and kept in a cold room
(+4ºC) to be analyzed as soon as possible.

*)"$%
Pesticides, Residues, Crops, Jordan

!&$"'&"!

Up to the present time, the applications of pesticides are needed to control agricultural pests to get
high quantity and quality of crop yield [1, 2] in Jordan and elsewhere in the world. Exposure of human
beings to the pesticides and their residues may lead
to acute and chronic toxicities [3 - 8]. In addition,
pesticides poisoning may cause hazardous effects,
dangerous diseases [2, 5, 9]. Furthermore, the intensive use of pesticides can contaminate food through
the food chain, water sources and agricultural soil [3,
4, 8, 10]. Despite the governmental policy which
asked to minimize the intensive use of pesticides applications, these chemical, particularly insecticides
ate still in use in Jordan to protect crops from destructive pests [2, 4] which might affect customers
health and the environment [ 2, 11-14]. It is the aim
of this study to monitor pesticide residues in local
and imported samples of agricultural crops from the
middle of Jordan to provide data base to help the

:/-?5:9> :2 /:771/?10 >-8;71> :/-7 >-8
;71>Two hundred and forty samples were collected
from the four governorates in the middle of Jordan.
The governorates were Amman, the capital of Jordan, Balka, Zarka and Madaba.
The samples contained randomly different
types of fruits and vegetables and other crops. The
samples were collected from the center market for
fruits and vegetables in Amman, and through cooperation with official employees in agricultural directorates in the other three governorates.
8;:=?10 >-8;71> Four hundred samples
were collected from the different boarder’s gates.
These gates were King Hussein Agricultural center,
Northern Jordan for Agriculture Center, Free Zone
of Zarka Center, Queen Alia Air Port for Agriculture
and Veterinary Center, Aqaba Agriculture Center for
Passenger station, Aqaba Agriculture Center and

5348

$#

! %   

 







!"  ! 


Agriculture Office in King Abdullah II Industrial
City in Sahab. All samples were collected in cooperation with official employees in the previous mentioned gates.

ppm endrin and 0.2 ppm pirimiphos methyl in n-hexane were added to the round bottom flask and the solution was collected in a test tube to be ready for the
clean-up step if needed.
For the clean-up, 3g of silica gel were placed in
a glass column then covered with 0.5g anhydrous sodium sulfate. The 0.5 ml evaporated sample was
transferred using Pasteur pipette after adding 5 ml of
a mixture of dichloromethane, acetone and petroleum benzene (5:1:1) in a 500 ml conical flask drop
by drop. The sample was washed with 50 ml of the
previous mentioned mixture then collected in a conical flask and evaporated using rotary evaporator to
dryness. The residue was reconstituted in 5 ml hexane and transferred to a 5 ml vial using Pasteur pipette to be ready for injection.

;;-=-?@> -90 8-?1=5-7> #1>?5/501> >?-90
-=0>>-8;71>All used pesticides standards are certified, and almost of 100% purity.

"=3-95/ >:7A19?> All used solvents were of
"pesticides residues analysis" grade.

7->>B-=1>All glass wares were washed with
soap water, distilled water, acetone and then driedin
a drying oven at 80ºC.

'>10 -> /4=:8-?:3=-;4C-;;-=-?@> In
this study different GC-apparatus were used as follows:
1) GC 5890 (HP) SERIES II with 63Ni-ECD and
(CHEMI-STATION):
Volume injected: 1 μl
Split ratio: (1:18)
Split vents flow rate: 15 ml / minute
Septum purge flow rate: 2ml/minute
Purge on time: 0.5 minute
Detector make-up gas (Nitrogen): 28 ml/minute
Anode purge flow rate: 3ml/ minute
Column: HP60, 30m x 0.5 mm ID, 0.53 μm film
thickness.
Carrier gas (He) flow rate: 2 ml / min
Oven program: Initial temperature 80ºC (2 min), 80180ºC (30ºC/minute), 180 - 200ºC (5ºC/min), 200 280ºC, (10ºC/min), 280ºC (14 min).
Injector temperature: 250ºC
Detector temperature: 300ºC
Chemstation: HP computer vectra 486/33N
Monitor HP Ergo Super VGA
Printer: HP Desk Jet 500
Auto injector HP 7673

%-8;71 -9-7C>5> Luk method [15] was used
for pesticides residue extraction and detection for
116 pesticides. The pesticides members were most
probably belong to organochlorines, organophosphates, pyrethroides and some of the carbamates
which were analyzed using GC-ECD and GC-NPD
equipments.
1?1/?5:97585?>-90=1/:A1=CThe efficiency
of the extraction method was evaluated by spiking
blank samples of each type of samples with standard
solution and treated as reported later in the analytical
method [3, 6, 15]. Detection limits and percent recoveries were calculated [3]. In addition, blank samples for each type of samples were analyzed [3].
Quality control program was conducted by analyzing few samples in several Jordanian laboratories
[3]. These laboratories were belonged to the Royal
Scientific Society, Forensic Research Laboratory
and the Pesticides Analysis and their residues center
in the Ministry of Agriculture, joining Inter-laboratory Comparison Programs managed by the German
GIZ and other analytical programs for quality and
quantity control [3, 5].
9-7C?5/-7 81?4:0 To detect and determine
pesticides residues of organochlorines, organophosphorous, pyrethroids, some carbamates and other
minor groups, Luke method reported by AOAC [15]
was adopted. For the extraction, 50 g from the homogenized sample of the high water content, or 10 g
of the low water content were placed in a blender
with 40 ml de-ionized water. 100 ml acetone were
then added and blended for two minutes. The blender
was washed with 50 ml acetone and both fractions
were filtered through Buchner funnel. The extracts
were placed in a 250 ml graduated cylinder and the
volume was recorded. 40 ml of the extract were
placed in a 500 ml separating funnel with 2 g sodium
chloride or 10 ml saturated sodium chloride solution
and shaken for one minute. Fifty ml dichloromethane and 50 ml petroleum ether were added to
the separating funnel and shaken for two minutes.
The aqueous layer was separated into another separating funnel and the organic layer was filtered
through an anhydrous sodium sulfate layer on a filter
paper into a conical flask. The aqueous layer was extracted twice, each time for one minute with 50 ml
dichloromethane. The organic layers were filtered
through the anhydrous sodium sulfate into the conical flask. The pooled dichloromethane extracts were
concentrated using the rotary evaporator at 35-40ºC
and 50 mbar to 2 ml. The residues were evaporated
to dryness using a gentle stream of nitrogen gas. 0.5
ml of the internal standard mixture containing 0.03

2) GC type (HP) 5890 Series II with NPD-detector
 Injected: 1 μ1
Split ratio: (1:10)
Split vents flow rate: 15 ml/ minute
Purge on time: 5.0 minute
First column: HP-5, 30m x 0.32 mm, 0.5 μm film
thickness
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Carrier gas (Helium) flow rate: 0.9 ml/min
Integrator HP laser Jet 4000.
Mass selected detector HP 5973 Quadruple
Low Mass 50ºC
High Mass 550ºC
Threshold 25
MS Quad 150ºC Maximum 200ºC
MS Source 230ºC Maximum 250ºC
Initial temp: 255ºC
Pressure: 7.25 psi
Purge Flow 14.0 ml/minute
Total Flow: 17.0 ml/minute
Gas type: Helium.

9-7C>5> /:905?5:9> 2:= @>10 -;;-=-?@> To
detect pesticides residues of the various groups, several analysis conditions were adopted for the used
apparatus as shown in Table 1.

Carrier gas (Nitrogen) flow rate: 1 ml / minute
Second column: HP-1, 25mx0.2 mm ID, 0.5 μm film
thickness.
Carrier gas (Nitrogen) flow rate 1 ml/min
Injector temperature: 250ºC
Detector temperature: 300ºC
Temperature program: initial temperature 90ºC (2
min), 90 - 150ºC (20ºC/min), 150-270ºC (6ºC/min),
270ºC (15 min).
Detector (NPD) gases:
Make-up gas (Nitrogen): 32 ml/min
H2: 3.5 ml / min
Press air: 110 ml / min
Auto injector: HP 7673
Integrator: HP 3396 Series II.

3) GC-MS type HP 6890
Splitless injector, Volume injected 1 μ1
Capillary Column: HP-5, 30mx0.25mm-ID, 0.25 μm
film thickness

& 
9-7C>5>/:905?5:9>2:=?41@>10-;;-=-?@>59#1>?5/501=1>50@101?1=859-?5:9
#-=-81?1=
Capillary column
Inlet mode
Carrier gas/flow rate
Detector temperature
Injector temperature
Oven temperature
Hydrogen flow


30 m, 0.32mm id, 0.25 µm film thickness
Splitless mode
Argon/methane (2ml/min)
300 ºC
225 ºC
90 ºC
-

!#
25 m, 0.32 mm id, 0.52 µm film thickness
Splittless mode
Helium (2 ml/min)
300 ºC
225 ºC
90 ºC
1µL

& 
:@90;1>?5/501>-90?415==1>50@1> $>-8;71?C;1-90>:@=/1>59?417:/-7>-8;71>59

Penconazol
Procymidone
Chlorpyrifos
Myclobutanil
Procymidone
Chlorpyrifos
Pyridaben
Procymidone
Chlorfenpyr
Chlorfenpyr
Procymidone
Chlorfenpyr
Penconazol
Procymidone
Cypermethrin
Chlorfenpyr
Procymidone
Procymidone
Procymidone
Procymidone
Procymidone
Procymidone

:9/19?=-?5:9
+8363,
0.02
0.01
0.07
0.08
0.242
0.015
0.086
0.099
0.281
0.031
0.387
0.031
0.086
0.142
0.419
0.042
0.045
0.256
0.804
0.663
0.696
0.725

$
+8363,
0.2
5
0.5
1
5
0.05
0.01
5
0.05
0.05
5.0
0.05
0.1
2
0.1
0.05
5.0
5
10
10
10
10

Cypermethrin

1.216

0.7
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1
2
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?C;1
Tomatoes
Sweet pepper

DeirAllah/Balqa
Kraimah/Balqa

3

Grapes

Husban/Madaba

4

Grapes

Um Alqutteen/Zarqa

5

Cucumber

Lubban/Amman

6
7
8
9
10
11
12
13

Tomatoes
Cucumber
Cucumber
Tomatoes
Cucumber
Courgettes
Cucumber
Sweet pepper

Karamah/Balqa
South Shuneh/Balqa
DeirAllah/Balqa
Deir Allah/Balqa
DeirAllah/Balqa
AlArda/Balqa
Karamah/Balqa
Karamah/Balqa

14

Tomatoes

Sawallhah/Balqa

15
16
17
18
19

Tomatoes
Strawberry
Strawberry
Strawberry
Strawberry

20

Lettuce

Kraimah/Balqa
Um Kidim/Amman
Um Kidim/Amman
Um Kidim/Amman
Um Kidim/Amman
Tawaheen
Al-Odwan/Zarqa
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:/-7 >-8;71> The results of analyzing 240
local samples showed that there were four samples
contained pesticides residues more than the MRL as
reported by the Codex Alimentarius Committe [16];
1.67% of the total analyzed samples. There were 16
samples contained residues but less than the MRL,
forming 6.67% of the total samples. The remaining
220 samples contained no residues, representing
91.7% of the total samples. Table 2 showed the
found pesticides and their residues, and the MRLs
according to the local sample type and their sources.
There were two samples containing organophosphate pesticides, forming 0.83% of the total analyzed
samples, but less than the MRL. The found pesticide
was chlorpyrifos in the grape sample from Husban
(Madaba) and cucumber sample from Libban (Amman) (Table 2). Rodriges et al., [17] in Brazil found
chlorpyrifos residues in two lemon and passion fruit
samples with more than the limit of quantitation
(LOQ).
There were two samples containing pyrethroid
pesticides, forming 0.83% of the total analyzed samples, but with more than the MRL. The occurred pesticide was cypermethrin in the sweet pepper sample
from Karamah in Balqa and lettuce sample from Tawaheen Al-Odwan in Zarka (Table 2). Cypermethrin
residue was a major part in lettuce samples and exceeding the MRL in Turkey [18]. There were no
samples containing organochlorine pesticides residues (Table 2). Residues of chlorinated pesticides in
local samples in Jordan were very low or almost zero
[3].
There were 11 samples containing pesticides
from the dicarboximide group, forming 4.58% of the
total analyzed samples, but less than the MRL. The
pesticide was procymidone which acts as a fungicide
against fungi and unwanted plants such as ferns and
nettles. This pesticide residue was found in sweet
pepper in Kraimah/Balqa governorate. It did appear
in grapes in Um Alqutteen/Zarqa, in tomato samples
in Karamah, Deir Allah, Swallhah, Kraimah in Balqa
governorate, in cucumber in Karamah/Balqa and in

four strawberry samples in Um Kidim in Amman
governorate (Table 2). However, the higher percentages of 4% in local samples in Jordan containing residues more than the MRL was in 1993/1994 [3].
There were four samples containing pesticide
residues from the halogenated pyrroles, forming
1.25% of the total analyzed samples, but one sample
of the four contained residues more than the MRL
(Table 2). The pesticide was chlorfenpyr which act
as acaricide. Recently, the committee of pesticides
registration in the Ministry of Agriculture in Jordan
has banned this pesticide due to the repetition appearance in analyzed vegetable samples. However,
detection of chlorfenpyr residues in Egypt highlighted on the urgent needs for good implementation
of good agricultural practice to minimize risk to consumption of contaminated crops and improve exports [19].
There were three samples containing pesticide
residues from the triazole group, but less than the
MRL, forming 1.25% of the total analyzed samples.
The found pesticides were penconazole and myclobutanil, both they acted as fungicides (Table 2). Mycobutanil as fungicide is highly toxic to aquatic organisms on acute bases [20].
There was one sample containing pesticide residues from the pyridazinone group, unfortunately
more than the MRL (Table 2) forming 0.42% of the
total analyzed samples. The pesticide was pyridaben
which act as miticide and insecticide. It is a selective
contact with long residual control effect. Kim [21]
recommended that pepper fruits be blanched after
washing before being consumed to protect consumer
from negative health effect of detected pyridaben
pesticide residues.
Table 3 shows sources of local samples, numbers, occurrence of pesticide residues and percents
for the contaminated samples in the four governorates in the middle of Jordan in 2013 and 2014.
The pesticides residues in Balqa governorate samples were more than the other governorates (Table
3). This might be due to the fact that the Balqa governorates has more agricultural and cultivated regions than the other governorates which required
more use of pesticides to control pests.
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Madaba

43
110
31
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Percent of all
Number
(240 sample)
36
15.0%
98
40.8%
30
12.5%
56
23.3%
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6
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10
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0
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0
0%
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1
2
3
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0range
Apple
Apple
Grapes
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Egypt
Syria
Syria
Lebanon

Fenthion
Chlorpyrifos
Dimethoate
Chlorpyrifos
Chlorpyrifos
ƛ-Cyhalothrin
Chlorpyrifos
Cypermethrin
Chlorpyrifos
Chlorpyrifos
Chlorpyrifos
Malathion
Chlorpyrifos
ƛ-Cyhalothrin
Cypermethrin
Chlorpyrifos
Chlorpyrifos
Cypermethrin
Dimethoate
Chlorpropham
Deltamethrin

5

Grapes

Lebanon

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Grapes
Grapes
Red grapes
Grapes
Green grapes
Green grapes
Grapes
Guava
Grapes
Apple
Apple
Apricot
Apple
Potato
Black grapes

Syria
Syria
Syria
Syria
Lebanon
Syria
Palestine
Palestine
Palestine
Turkey
Syria
South Africa
Syria
Netherland
Lebanon

$1>50@1
+8363,
0.05
0.04
0.06
0.04
0.04
0.02
0.01
0.09
0.10
0.07
0.05
0.06
0.03
9.01
0.02
0.04
0.02
0.16
0.73
1.91
0.08

$
+8363,
2.0
2.0
1.0
0.5
0.5
0.2
0.5
0.2
0.5
0.5
0.5
5.0
0.50
0.01
0.2
1.0
1.0
2.0
1.0
30
0.2
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Syria
Egypt
Lebanon
Palestine
South Africa
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Turkey
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69
49
45
34
12
3
11

!@8.1=:2>-8;71>/:9?-5910
$
9
1
4
3
1
1
1

:2>-8;71>/:9?-5910
$
2.25%
0.25%
1.0%
0.75%
0.25%
0.25%
0.25%

MRL according to Codex Alimentarious [16], forming 5% of the total 400 analyzed samples (Table 4).
The rest of analyzed samples (380 sample) were free
of residues forming 95% of the total analyzed imported samples (Table 4).
Sixteen samples were contained pesticides residues from the organochlorine group, but less than
the MRL and forming 4% of the total analyzed imported samples (Table 4). The pesticides were fenthion, chlorpyrifos, dimethoate and malathion.
Alawi [3] in Jordan found chlorpyrifos and dimethoate residues from the organophosphate group in several vegetable samples. There were no residues for
pesticides from the organochlorine group (Table 4)
detected in the imported samples. Residues of chlorinated pesticides in the imported samples in Jordan
were very low or almost at zero concentration [3].
There were six samples containing pesticide residues
from the pyrethroid group, but less than the MRL,
forming 1.5% of the total analyzed samples. The de-

The results of the analyzed local samples show
that tomatoes samples were the most in the number
of contaminated samples, followed by strawberry,
cucumber, grape, squash, lettuce and sweet pepper.
Alawi [3] in Jordan reported that the agricultural
crops containing pesticides residues were tomatoes,
hot pepper, sweet pepper, grapes, cucumber, lettuce
and eggplants mainly from the central Jordan valley.
There were four of the local analyzed samples
containing residues more than the MRLs for cypermethrin, pyridaben and chlorfenapyr pesticides in
2013 and 2014. Similar results were reported by several workers [3, 19, 21].
The results also showed that there were three
samples containing more than one pesticide, indicating that the Jordanian farmers might use more than
one pesticide on the same crop [1, 3].
8;:=?10>-8;71>Twenty samples contained
pesticides residues were found, but less than the
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tected pesticides were cypermethrin, lambdacyhalothrin and deltamethrin. Alawi [3] in Jordan found pyrethroid pesticide of permethrin, fen propathrin, cypermethrin and lambdacyhalothrin kin several imported vegetable and fruit samples.
There was one sample containing pesticide residue from the carbamate group, but less than the
MRL, forming 0.25% of the total imported samples
(Table 4). The pesticide was chlorpropham in potatoe samples imported from the Netherland. However, the alkaline hydrolysis half life time for the
herbicide chlorpropham was 1 x 104 days [22].
Table 5 shows pesticides residues in imported
samples from different countries. The countries with
the contaminated samples with less than the MRL
were Syria, Egypt, Lebanon, Palestine, South Africa,
Netherland and Turkey (Table 5). However, several
insecticides were detected in food and soyabeans in
USA in apples imported from New Zealand, grapes
from Chile, tomatoes from Mexico between 1994
and 1998 [3, 23]. In general, there were no imported
samples containing pesticides residue more than the
MRL, indicating that the exported countries to Jordan applied the asked requirements, particularly concerning the use of pesticides rate of application and
waiting periods as reported by Al Antary [1].
The analyzed imported samples show that
grape samples contained residues more than other
crops followed by apples, apricots, potatoes, guavas
and oranges. Grapes imported from Chile to USA
between 1994 and 1998 were contaminated with pesticide residues [3, 24].

[1] Al-Antary, T.M. (1996) Pesticides and Toxicology. Al-Quds Al-Maftoha University publications. Amman, Jordan. 433p.
[2] Al-Antary, T.M., Al-Dabbas, M. and Shaderma,
A. (2015) Evaluation of three treatments on carbosulfan removal in tomato juice. Fresen. Environ. Bull. 24, 755-7390.
[3] Alawi, M., Al-Antary, T.M., Estityah, H. and
Al-Oqlah, K. (2012) Comparison study of pesticides residues in agricultural Crops in Jordan
for seven studies between 1933 and 2008.
Fresen. Environ. Bull. 21, 927-934.
[4] Alawi, M., Al-Antary, T.M., Estityah, H., AlAqqad, S. and Al-Oqlah, K. (2013) Comparative study for chlorinated Pesticides in mother
milk from Jordan in four studies between 1933
and 2003. Fresen. Environ. Bull. 22, 270-285.
[5] Al-Antary, T.M., Alawi, M., Estityah, H. and
Al-Oqlah, K. (2012) Comparative study of chlorinated pesticides in animal products within
fourteen years in Jordan. Fresen. Environ. Bull.
21, 117-122.
[6] Al-Antary, T.M., Alawi, M., Abu Othman, M.
and Haddad, N. (2017a) Levels of organochlorine pesticides residues in human breast milk
from the northern districts in Jordan in
2014/2015. Fresen. Environ. Bull. 26, 47114715.
[7] Al-Antary, T.M., Alawi, M., Estityah, H. and
Haddad, N. (2017b) Organochlorine pesticides
residues in human breast milk from the middle
governorates in Jordan in 2013/2014. Bulletin
of Environmental Contamination and Toxicology. 99(1), 89 – 92.
[8] Madanat, H., Al-Antary, T.M. and Abu Zarqa,
M. (2017) Bioactivity of six acetone plant extracts against the green peach Aphid Myzus persicae Sulzer (Homoptera: Aphididae). Fresen.
Environ. Bull. 26, 3340-3349.
[9] Shukla, P. (2017) The 12 most pesticides-contaminated fruits and vegetables of 2015.
http://food.ndtv.com/food-drinks/the-12-mostpesticide-contaminated-fruits-and-vegetablesof-2015-752555.
[10]Madanat, H., Al-Antary, T.M. and Abu-Zarqa,
M. (2016) Toxicity of six ethanol plant extracts
against the green peach Aphid Myzus persicae
Sulzer (Homoptera: Aphididae). Fresen. Environ. Bull. 25, 706-718.
[11]Darko, G. and Acquaah, S. (2007) Levels of organochlorine residues in meat. Int Environ Sci
Tech. 4(4), 521-524.
[12]Lau, T.K., Chu, W. and Graham, N. (2007) Degradation of the endocrine disrupter carbofuran
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275-280.
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There were no analyzed local and imported
samples contained pesticides residues from the
banned organochlorines. There were only four local
samples contained pesticides residues more than the
MRL. In addition, there were no imported analyzed
samples contained residues more than the MRL.
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ABSTRACT

INTRODUCTION

The aim of the study was to examine the effects
of solid and liquid organic fertilization treatments
applied to the lettuce plant from the base in increasing doses on energy use of electromagnetic spectrum
in the range of different wavelengths. The study was
conducted in a controlled greenhouse environment
according to a randomized complete block design.
Solid organic fertilizer (SOF) applied from the base
at different doses, and liquid organic fertilizer (LOF)
via drip irrigation were applied throughout the plant
growth period. The treatments applied were as follows: K0= 0 kg.da-1 (SOF)-0 lt.da-1(LOF), U1= 0
kg.da-1(SOF)-20 lt.da-1(LOF); U2= 300 kg.da1
(SOF)-40 lt.da-1(LOF), U3=600 kg.da-1(SOF)-20
lt.da-1(LOF), U4= 0 kg.da-1 (SOF)-40lt.da-1 (LOF),
U5=300 kg.da-1(SOF)-20 lt.da-1(LOF) and U6=600
kg.da-1(SOF)-40lt.da-1(LOF). Within this period,
spectroradiometric measurements were obtained using a hand spectroradiometer in the range of 3301075 nm wavelength of electromagnetic spectrum.
In addition to the relevant measurements, Vegetation
Index (VI), Normalized Difference Vegetation Index
(NDVI), Salinity Index (SI) and Normalized Difference Salinity Index (NDSI) calculations were also
made. The results showed that the treatments and
terms were statistically significant each week. The
difference between the treatments was significant in
the 4th week in the blue and near infrared wavelengths, and in the 5th week in the green and red
wavelengths. Moreover, it was concluded that the
impact of the treatment on VI, NDVI and NDSI values became significant in the 5th week, although significance was determined in the SI value in the 4 th
week.

Fertilizers are one of the most important inputs
in agricultural production, enabling profitability via
high yield and quality [1-4]. To obtain the expected
benefit from the fertilizer used in agricultural production, it is crucial to know the general characteristics of the fertilizer, application time and method
[38]. The materials used as fertilizers are either
chemical or organic. The fertility of Anatolian soils
has declined due mainly to intensive agriculture, erosion, and salinity. All the factors that have reduced
the organic matter of the soil now necessitate the use
of organic fertilizers. Organic fertilization corrects
the physical, chemical and biological qualities of the
soil, protects human health, and makes both regional
and global contributions in an ecological and economic sense by providing positive effects on the environment [39, 40]. With the consideration of these
positive effects, the use of solid and liquid organic
fertilizer is gradually increasing. Both under and
over-application of fertilizer can create stress conditions for plants and the timely identification of stress
is important for crop management. One of the new
technological methods used to identify stress conditions is remote sensing (RS) science and technology
[5].
The RS is based on the determination of the reactions of electromagnetic waves that reach the earth
from the Sun, to various objects on the surface. In
this context, platforms are used such as planes and
satellites can sense objects from high above or devices such as the spectroradiometer to make closerange measurements of plants in field- gardengreenhouse environments. All these devices enable
the monitoring of the developing processes and
stress conditions of the plants [6]. The relationship
between physiological parameters of the plants and
spectral reflectance has been well established [7-13].
The main factor in remote sensing studies is the determination of the reaction of plants to the electromagnetic spectrum. Plants show various absorption
and reflectance qualities at various wavelength areas
of the spectrum [14, 15]. While plant leaves show
low reflection especially in the blue and red wave-

KEYWORDS:
remote sensing, spectroradiometer, VNIR, lettuce, organic
fertilizations
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TM (FieldSpecFR) were 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 during measurements.

length range in the visible area, a rapid increase occurs in the reflection when passing from the red
wavelength range to the near infrared wavelength
range. The highest reflection values obtained from
plants appear in near infrared wavelengths, and
many features of plants are determined by differences in these wavelengths. Therefore, remote sensing studies in plant production have focused on the
near infrared region [16]. Studies related to the determination and monitoring of plant stress conditions
have been carried out via spectroradiometric measurements, referred to as terrestrial remote sensing
measurements [17-22, 41].
The aim of this study was to detect the stress
conditions caused by the application of organic fertilizers (LOF+ SOF) at different doses on the commonly grown Caipira F1 (Enza Zaden) curly lettuce
plant under greenhouse conditions in Antalya province. Spectroradiometric measurements taken at
330- 1075 nm with a spectroradiometer were evaluated.

TABLE 1
The chemical and physical properties of
the greenhouse soil
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)

40
22
38
0,69
7,54
17,40
2,05
0,12
170
1,46
21,30
3,88

Methods. 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 1). 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 (300 and 600 kg.da-1), and liquid organic fertilizer applied through dripping (20-40 lt da-1) together
with the control (no fertilizer application) (Table 2).

MATERIALS AND METHODS
Materials. The plant material was Caipira F1
(Enza Zaden, Holland) curly lettuce cultivar, which
is widely grown in Antalya, Turkey. The experiment
ZDVFRQGXFWHGDW ࡌޖ1DQGࡌޖ
E latitudes in a climate-controlled greenhouse at 32
m above sea level, and the soil was representative of
the Mediterranean region (Figure 1).
Portable Analytical Spectral Devices (ASD)

FIGURE 1
Study area (a-b) and Caipira F1 cultivar of lettute grown in greenhouse (c-d)

TABLE 2
Solid and liquid organic fertilizer treatments
Solid organic fertilizer (kg.da-1)
liquid organic fertilizer (lt.da-1)

K0
0
0

U1
0
20

U2
300
40
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U3
600
20

U4
0
40

U5
300
20

U6
600
40
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TABLE 3
The chemical properties of solid and liquid organic fertilizers
Parameters
Organic matter (%)
Humic + Fulvic acid (%)
Total N (%)
Total P (%)
Total K (%)
Dry matter max (%)
pH
C/N

Solid organic fertilizer (Altavita)
50
40
2
2
1
80
5.5-7.5
15/1

Liquid organic fertilizer (Altaverde)
20
15
3
0.7
5
40
6-7
4/1

TABLE 4
Index used in the study
Index
Vegetation Index (VI)
Normalized Difference Vegetation Index (NDVI)
Salinity Index (SI)
Normalized Difference Salinity Index (NDSI)

Formulas
VI= NIR/R
NDVI= (NIR-R)/(NIR+R)
ඥ݁ݑ݈ܤ
 ݁ݑ݈ܤൈ ݊݁݁ݎܩሻ
NDSI= (NIR+R)/(NIR-R)

References
[15], [36]
[13], [15], [18], [37]
[15], [35]
[15], [35]

TABLE 5
Results of Variance Analysis
Source of variation
df
Blue Wavelength (450-500 nm)
Organic fertilizer doses (A) 6
Period (B)
8
A×B
48
Error
126
Green Wavelength (501-570 nm)
Organic fertilizer doses (A) 6
Period (B)
8
A×B
48
Error
126
Red Wavelength (610-700 nm)
Organic fertilizer doses (A) 6
8
Period (B)
48
A×B
126
Error
Near Infrared Wavelength (701-1075)
Organic fertilizer doses (A) 6
Period (B)
8
A×B
48
Error
126

F Values
22.80 **
506.49 **
20.06 **

10.27 **
650.29 **
13.13 **

13.22 **
472.24**
19.58 **

70.80 **
1167.52 **
40.28 **

Source of variation
df
F Values
Vegetation Index (NIR/RED)
Organic fertilizer doses (A)
6
31.83 **
Period (B)
8
262.28 **
A×B
48
21.14 **
Error
126
Normalized Difference Vegetation Index (NIR-Red)/(NIR +Red)
Organic fertilizer doses (A)
6
27.39 **
Period (B)
8
264.34 **
A×B
48
19.20 **
Error
126
Salinity Index (ξ ݁ݑ݈ܤൈ ݊݁݁ݎܩሻ
29.49 **
6
Organic fertilizer doses (A)
1112.15 **
8
Period (B)
26.33 **
48
A×B
126
Error
Normalized Difference Salinity Index (Red-NIR) / (Red+NIR)
Organic fertilizer doses (A)
6
27.39 **
Period (B)
8
264.34 **
A×B
48
19.20 **
Error
126

* * significant at the % 1 level
RESULTS AND DISCUSSION

The specifications of the solid and liquid organic fertilizers applied during the experiment are
presented in Table 3.
Solid organic fertilizers were applied to the soil
before planting, and the liquid organic fertilizers
were applied to the area at 10 different times
throughout the production period. Spectroradiometric measurements were taken on the leaves
weekly throughout the 9-week period, from the seedling stage to harvest. Separate analyses were performed in the range of blue (B) (450-500 nm), green
(G) (501-570 nm), red (R) (610-700 nm) and near
infrared (NIR) (701-1075 nm) wavelengths. In addition, vegetation index calculations, which are different from the data obtained as a result of spectroradiometric measurements, were also calculated in the
study (Table 4).
Data were analyzed using analysis of variance
(ANOVA) in Minitab 17 software (Minitab Inc.,
USA).

The results of the statistical analysis for the VI,
SI and NDSI index, together with the Blue (B),
Green (G), Red (R) and near infrared (NIR) regions
are presented in Table 5.
The means of treatment were determined to be
statistically different at 1% level for all the organic
fertilizer rates and index values calculated with different wavelengths of the electromagnetic spectrum
(Table 5).
The results of the statistical analysis for the VI,
SI and NDSI index, together with the Blue (B),
Green (G), Red (R) and near infrared (NIR) regions
are presented in Table 5.
The means of treatment were determined to be
statistically different at 1% level for all the organic
fertilizer rates and index values calculated with different wavelengths of the electromagnetic spectrum
(Table 5).
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FIGURE 2
Relationships between applications during the growing periods
highest dose (Figure 2a).
In the green wavelength region, there were statistically significant differences between treatment
means. When the overall reflection averages were
evaluated, the highest energy use belonged to K0
while the lowest energy use was in U4. All the treat-

When the correlations between spectral values
from the blue wavelength region and treatments
throughout the growth period were analyzed, the
highest reflection level (the least energy use) was determined in the low dose combinations of U2 and U3
treatments. Conversely, the lowest reflection (the
highest energy use) belonged to U6 treatment, the
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ments showed higher reflection values than the control treatment (Figure 2b). Consistent with the findings of some previous studies [23] the response to
salt stress was visible in the green-yellow spectral region at 500-600 nm with a significant increase in the
reflection.
In a previous study [24], it was concluded that
the low reflection in red wavelength was due to the

chlorophyll pigment holding the energy in leaves for
photosynthesis. The overall reflection averages of
the current study showed that the lowest reflection
level was determined at U6, and the highest at U2, and
U4. All other treatments had statistically higher reflection values than the control treatment (Figure
2c).

FIGURE 3
The effects of organic fertilizer treatments and periods on indexes
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treatments throughout the growing period. Significant increases were found in K0 treatment from the
5th, U1 from 3rd, U2 from 6th, U3 from 6th, U4 from 4th,
U5 from 5th, and U6 from the 3rd week (Figure 3d).

The near infrared region of the electromagnetic
spectrum was stated to be the most important wavelength in determining the stress conditions of plants
[22, 25-29]. The organic fertilizers applied to lettuce
plant at increasing doses showed results of the lowest
reflection in treatments U1, U3 and U4 (Figure 2d)
[15, 30, 31]. This condition was probably due to a
decrease in nutrient content that put the plants under
stress [22, 27]. The results indicate that the infrared
region was effective in determining the reflection
variability related to stresses caused by increasing
doses of the organic fertilizers. However, the region
was not adequate for the determination of the occurrence period of stress conditions. Therefore, different index calculations were also used to better determine the stress conditions when organic fertilizers
(SOF+LOF) were applied at increasing doses.
A higher vegetation index (VI), and normalized
difference vegetation index (NDVI) indicate a
healthier plant [32, 33]. The U5, and U6 treatments
gave the highest VI values throughout the production
period. When the production period was taken into
consideration, VI measurements in the 4th, 5th, and 8th
weeks after planting yielded the most data in revealing the stress level under organic fertilizer treatments. The VI value appeared as a reduction in reflection depending on increasing stress conditions
relative to K0 treatment. When the differences between treatment were analyzed separately throughout the growing period, significant reductions were
detected in VI values for K0 treatment at 6th, U1 at 8th,
U2 at 7th, U3 at 5th, U4 at 5th, U5 at 2nd, and 4th, and U6
at 4th and 8th weeks (Figure 3a).
When the NDVI values were analyzed, the lowest was measured at U4 and the highest at K0. When
the treatments were analyzed separately throughout
the growing period, K0 treatment showed significant
reductions from the 5th, U1 from 3rd, U2 from 6th, U3
from 6th, U4 from 4th, U5 from 5th, and U6 from the 3rd
week onward (Figure 3b).
The salinity index (SI) and Normalized Saltiness Index (NDSI) [34] were used in the determination of the salinity level of the land. [35] It has been
stated that indexes made with combinations of various bands were of use for plant health, product evaluation and land use change, nevertheless they fell
short in determining areas affected by salt. Even
though the indexes were not directly useful to measure soil salinity, they were useful to detect the
changes of lettuce plant in energy use caused by salt
stress (SOF+LOF applied at increasing doses). The
weekly SI and NDSI measurements, treatment, period and treatment*period interactions were found to
be significant at most evaluation dates. When the SI
values were evaluated separately, significant increases were determined in K0 treatment from the 5th,
U1 from 5th, U2 from 6th, U3 from 6th, U4 from 5th, U5
from 5th, and U6 from the 5th week (Figure 3c). The
NDSI values were statistically different among the

CONCLUSION
The results of this study showed that organic
fertilizer treatment in lettuce at different doses
caused a reduction in energy use in blue, green and
red wavelengths of the spectrum, and an increase in
the near infrared wavelength. The treatments revealed the best period for lettuce to measure plant
stress caused by different organic fertilizer rates. The
overall conclusion was that the 4th week in the blue
and near infrared regions, and the 5th week in green
and red presented the best times in establishing plant
stress conditions. As for the treatments and index
values, the highest variations were observed in the
5th week for VI, NDVI and NDSI values, and in the
4th week for SI value, indicating the most suitable period to assess the stress levels in plants. The results
indicate the possibility of the usefulness of some indexes to determine salt stress in plants caused by fertilizer treatment. It is conceivable that spectroradiometric measurements would save time and money by
timely and accurately revealing the stress condition
of the plant.
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ABSTRACT

INTRODUCTION

This piece of research was aimed at examining
the impact of climate variability on major crops of
the Punjab province, of Pakistan in terms of sizes and
irrigated and non-irrigated configuration of farms. A
cross sectional data of 345 farms was collected from
25 districts of the province during the year 2016. The
time series data of climatic variables like temperature, rainfall and humidity was retrieved from Meteorology Department during 1981-2016. Ricardian
regressions were employed to filter down the impact
or climatic and non-climatic variables on Net Farm
Revenue (NFR). Moreover, the marginal impacts of
NFR were estimated with reference to change in
temperature, precipitation and humidity. In line with
other climate impact studies, both hill-shaped and Ushaped NFR functions were identified in most of the
situations. Median Ricardian regression identified
yearly marginal decreasing trend on NFR due to increase in maximum and minimum temperature, rainfall and humidity. In case of Rabi-Kharif configuration of climatic variables, NFR showed an increase
of $ 654.67 per hectare with the increase of 1oC Rabi
maximum temperature. Non-irrigated farms were
confronting a decrease of $ 2583.18 under the same
specification. Increase in Rabi rainfall was found to
be positively linked to NFR, while 1 mm/month increase in Kharif rainfall would earn a loss of $32.72
per hectare. These models identified that with the increase of 1oC in winter and summer maximum temperatures; there would be decrease in NFR by $
1608.49 and $ 1479.24 respectively. ICT based advisory services may be started and strengthened to
successfully implement adaptation strategies particularly in districts where irrigation water is short and
the pattern of rainfall is highly erratic.

The world is vulnerable and confronting risks
and uncertainties in climate variability across continents and regions. According to the World Development Report, the developing world will suffer about
80 percent damage due to climate change despite of
a third of Green House Gas (GHG) emission. Climatic changes refer to change in overall weather
conditions for longer period of time due to direct or
indirect impact of human activities [1]. The economies of the majority of developing countries are
based on agriculture sector which is vulnerable to
climate change; thereby causing reallocation of resources in agriculture sector and altering the national
and international supply pattern of agricultural produce [2].
Rapid urbanization, increasing socio-economic
inequality, growing population, heavily dependence
on scarce natural resources, institutional and governance failures, truncated economic growth coupled
with unsustainable economic development are main
factors contributing vulnerability vis-à-vis environmental changes in developing countries particularly
[3]. As against longer latitude, countries with low
latitude are more vulnerable to climate change [4].
Smallholders, who are dominating the agricultural
systems, have restricted capacity to adapt to climate
change [5].
In South Asia, where 75 percent poor are dependent on rain-fed agriculture system [6]. and
where the warming is expected to be higher than the
global mean [7], a yield reduction of 8 percent was
identified with significant reductions projected for
wheat (12 percent) [8]. According to National Centre
for Atmospheric Research, the subcontinent is witnessing abnormal increase in the monsoon rain
ZKLFKLVDWWULEXWHGWRWKHZDUPLQJRI,QGLDQ2FHDQ¶V
surface waters by 2 degree Fahrenheit during the last
40 years [9].
Pakistan, geographically located in South Asia,
is spreading over an area of 87.98 million hectare. It
is situated within the latitudes of 24° N and 37° N
and longitudes of 61°E and 76°E. A huge tract of
land is arid with low rainfall and higher solar radiation. The climatic diversity of the country is attributed to topography, altitude and season. Winter
(December to March) and summer monsoons (July

KEYWORDS:
Agriculture, Climate variability, Major crops, Net Farm
Revenue.
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people have been affected by drought over the past
seven years [13]. Since, it is highly likely that
drought may reoccur again in Pakistan, there is a dire
need of making additional efforts to enable the agricultural system to cope with it effectively.
Pakistan falls in the list of top ten countries,
which would be most severely affected and highly
vulnerable to climate change. Such situation may result in economic loses of 4.5 billion dollar due to
yield and productivity shortfalls owing to decreased
water and significantly higher temperature [14]. The
country loses around $4.5 billion annually due to environmental calamities [15]. Keeping the above context in view, Pakistan is an unusual region where
there are substantial policy gaps due to lack of standard research and vision among stakeholders. A comprehensive and empirical investigation is required to
trace the impact of climate change on agriculture so
as to formulate some workable policy matrix regarding adaptation and mitigation. The issue to be addressed in agriculture sector is particularly important
as a great chunk of population in the sector is confronting challenges of food security and poverty. No
national research has been pursued to address the impact of climate variability on major crop productivity. This research endeavour would be a new deliberation to help the policy makers in tracing the climate change impact on crop productivity in Punjab,
Pakistan.
The study is aimed at identifying impact of climate variability on the crop sector. Variability in
temperature and rainfall, availability of irrigation
water and socio-economic indicators are the focused
parameters determining the productivity and profitability. Some specific objectives are stated hereunder.
i.
To estimate the marginal impact of climate on Net Farm Revenue across the regions where
major crops are being cultivated.
ii. To identify the association of climate factors and Net Farm Revenue of small, medium and
large holders.
iii. To tender some policy input for avoiding
dangerous impact of climate variability on major
crops.

to September) are the typical rainfall seasons in the
country. There is insignificant rain in the transition
periods. There is continental type of climate substantially varying across region due to altitude and topology [10].
Punjab is the main contributor of Pakistan`s agriculture production. It has crucial role in meeting
food requirements of highly increasing population.
The province has 29 percent of the total land area, 57
percent of the total cultivated and 69 percent of the
total cropped area of the country. It contributes a
lion`s share in total agricultural production and economic development of Pakistan by providing 83 percent cotton, 80 percent wheat, 97 percent fine aromatic rice, 63 percent sugarcane and 51 percent
maize to the national food production system.
Among fruits, mango accounts for 66 percent, citrus
more than 95 percent, guava 82 percent and dates 34
percent of total national produce of these fruits [11].
Climatically, country lies in the tropic of cancer
DQGPXFKGLYHUVLILHGZLWKGLVWLQFWIRXUVHDVRQ¶VLH
summer, winter, autumn and spring. It lies in the subtropical region and is arid to semi-arid in nature. The
rainfall pattern varies in different parts of the country, e.g. the annual rainfall varies from 125 mm in
the extreme southern to 500 mm in the sub-mountainous and northern regions. 70 percent of the total
rainfall occurs in the summer monsoons (July to September) and the rest 30 percent occurs in the winter
(January ± February). Summers, except the mountainous region are very hot in the country with the
maximum temperature of more than 40oC. In winters, the minimum temperature is a few degrees
above the freezing point. Cultivation is mainly done
in the two distinct cropping seasons i.e. the Khraif
(summer) and Rabi (winter).
$JULFXOWXUH LV WKH EDFN ERQH RI 3DNLVWDQ¶V
economy. Around 45 percent of the employed labour
force depends on agriculture for their livelihood. The
sector has lost growth momentum as its growth
slowed down to 2.7 percent in the decade of 2000s
as against 4.4 percent in 1990s and 5.4 percent in
1980s. This downturn is attributed to the fact that
major crops have been victim of climate change [12].
3DNLVWDQ¶VDJUDULDQODQGVFDSHLVKLJKO\GLYHUVLILHGLQ
terms of access to natural resources. The sector is
mostly dependent on irrigation water as extracted
from surface and ground water resources. Punjab and
Sind provinces are highly agricultural in nature
while Khyber Pukhtun Khawa (KPK) and Balochistan are reflecting low level agriculture. The sector
is facing notable volatility in temperatures and precipitation overtime and across regions.
There has been weak monsoon rains in 1987
which caused reduction in production particularly
wheat crop. The country has confronted the worst
drought of history started in 1998 due to low rainfall.
The dangerous impact of drought can particularly be
found in Baluchistan and Sindh along with rain-fed
areas of the Punjab province. Around 2.4 million

MATERIALS AND METHODS
As far as the impact of climate variability on
the agriculture of Pakistan is concerned, there are a
variety of questions swinging in the minds of researchers. As for instance, is temperature and precipitation affect the net farm income in the long spectrum of time? How much the profitability of small
farms is vulnerable to climate change than that of the
medium and large commercial farms? Are rain-fed
areas more vulnerable to variation in temperature
and rainfall? How some of the crops are highly sensitive to the availability of irrigation water? These
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underestimation of damages and over-estimation of
benefits. The RM is an empirical tool to capture the
sensitivity of agricultural production to climate
change based on cross sectional data. No doubt these
are the significant limitations but not the fatal ones
[16].

questions have been addressed through the well recognized Ricardian Model (RM hereafter) while following a cross-sectional analysis in selected districts
of Pakistan. By employing RM we would be hypothesizing the fact that how with more the dangerous
climatic changes, there is change in Net Farm Revenue (NFR) per hectare.

Ricardian Regression: Econometric Specifications. In the RM, we regress net revenue per hectare on climate and other explanatory variables. As
revealed from various studies, there is non-linear relationship between NR and climate (temperature and
rainfall). So, a quadratic functional form is being
proposed to be operated in the Ricardian regression.
By specifying the following model, we would trace
WKHLPSDFWRIFOLPDWHFKDQJHRQ3DNLVWDQ¶VDJULFXO
ture keeping major crops in view e.g. cotton, rice,
sugar cane and wheat.
NFR Įȕ1 7ȕ2 T2 ȕ35ȕ4R2 ȕ5H +
2
ȕ6H ȈȖL=Lȝ
NFR is net revenue per hectare; T is the vector
of temperature for some specific critical months; R
is vector of rainfall for some critical periods; Zi
shows a vector showing all the control variables (inFOXGLQJVRFLRHFRQRPLFYDULDEOHV ȝLVHUURUWHUPĮ
LVWKHLQWHUFHSWFRHIILFLHQWȕ1 DQGȕ2 are coefficients
attributed to all the possible temperature specificaWLRQVZKLOHȕ3 DQGȕ4 are the coefficients attributed to
UDLQIDOO DQG UDLQIDOO VTXDUH UHVSHFWLYHO\ ȕ5 DQG ȕ6
stands for linear and non-linear coefficients of RelaWLYH +XPLGLW\ 7KH FRHIILFLHQWV ȖL DUH DWWULEXWHG WR
all the non-climatic variables that can be included in
the model. Schlenker and Roberts (2008) identified
a non-linear relationship (threshold pattern) between
crop yields and temperatures. They noticed that as
temperatures rise above empirical threshold, crop
yields decline drastically. On the other hand, the decline is little with a temperature drop below that specific threshold [20].
Change in NFR from a Marginal Change in climate variables
į15į7  ȕ1  ȕ2 * (Mean Temperature)
į15į5  ȕ3  ȕ4 * (Mean Rainfall)
į15į+
ȕ5  ȕ6 * (Mean Humidity)
In the RM, we regressed NFR per hectare on
climate and other explanatory variables. As revealed
from various studies, there is non-linear relationship
between NFR and climate (temperature and rainfall).
So, a quadratic functional form was operated in the
Ricardian regression. We are going to testify the fact
that change in temperature and or rainfall leads to
some changes in productivity and profitability of the
farms differently at different farm levels. It was also
tested that small household farms were vulnerable
differently than that of large farms to climate change.

Ricardian Model (RM). It is the fundamental
approach that explains the variation in land value per
hectare across climate zones [16]. Since Ricardian
function reflects the locus of the most profitable farm
enterprise with respect to both exogenous and endogenous variables, less profitable alternatives are
not included in the net income function. The Ricardian function inherently accommodates the adaptations that are profitable for each temperature or price
level. We can use NFR because land value is the present value of a future stream of net revenue. Thus,
we are using NFR per unit of land for determining
the value or rent of land on hectare basis as per academic practice [17].
In RM, we are supposing that the farmer pursues maximization of income subject to both exogenous and endogenous conditions of his farm. In this
way, the farmer being a rational producer opts the
crop and respective inputs that maximize profit (or
minimize cost).
0D[1)5 Ȉ3T4L ;L/L.L&6,: ±
Ȉ3[;L± Ȉ3O/L± Ȉ3N.L± Ȉ3I)M± Ȉ3LZ:
NFR is Net Revenue; Pq stands for market
prices of crop output i, Qi is the Production function for crop i ; Xi
= is vector of annual inputs used for growing of crops i; Li is vector of labour (both hired and household) for each crop i; Ki=
is vector of capital (tractor and farm equipments) for
crop i; C shows vector of climate variables: temperature and precipitation; S indicates soil type for the
growing of crops; IW reflects irrigation water available for the crops; Px. Xi shows vector of prices of
inputs for crops i; Pl. Li is vector of prices for each
type of labour employed for crop i, Pk. Ki is vector
of prices for each type of capital employed for crop
and Piw. W is vector of prices for irrigation water for
all the crops in a year.
Given the non-climatic variables, in order to
maximize NFR, we can express the outcome of NFR
in terms of climatic variables
NFR
= f(C)
In this way, by employing RM we hypothesized
the fact that how with more the dangerous climatic
changes, there is change in NFR per hectare. We can
filter out the welfare value of a change in climate
from one situation (Co) to another situation (Ci) by
employing the following expressions W = NFR land
(Ci) ± NFR land (C0)
One should be careful in developing generalization because RM neither takes into account the
cost of transition [18] nor price changes [19]. When
prices are kept constant, there may be likelihood of

Sampling Framework. A Multistage Purposive and Stratified Random Sampling Technique was
operated for conducting the field survey. It was ensured that a good chunk of farmers growing major
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crops become the part of sample. Moreover, a great
deal of variability of temperatures and precipitations
was deliberately maintained. From each agro-climatic zones, all such districts were selected with
such a specific purpose as each could fall in the region where weather stations were available and data
was accessible for a reasonable time period.
In order to maintain further variability in the
data, a few more districts were picked from left over
districts in each zone. In third stage, from the selected districts in first and second stages, tehsils/union councils were taken from two different geographic locations (East and West of the region for
instance). From each of such selected tehsils/union
councils, specific numbers of villages were taken as
a part of the sample on random basis. From each village, strata of small, medium and large farms were
made keeping the population strength in view and
from each strata, farmers were picked on random basis.

RESULTS AND DISCUSSION

Secondary Data of Climatic Variables. From
different Metrological Stations from Islamabad, Lahore and Karachi, some secondary data was collected on mean daily maximum and minimum temperature, amount of precipitation and relative humidity. For different stations, a time series of different
years is available. The averages of these years for
such climatic variables were taken from these Head
offices not only of districts where weather stations
are working but also of such districts which were
part of our sample.

Impact of Rabi and Kharif Data of Climatic
Variables on NFR. The median Ricardian regression results indicated that climate variables have significant influences on NFR in the Punjab province.
Rabi maximum temperature was linearly negatively
associated with NFR while its non-linear interaction
term was positively associated. Such results were
only significant for large and irrigated farmers. Similarly, Rabi minimum temperature depicted Ushaped NFR function while Kharif minimum

Ricardian Regressions. A variety of options
relating to climatic variables were treated to identify
the impact of climate variability on NFR. Initially
the examination was made by taking Rabi and Kharif
temperatures, rainfall and humidity along with nonclimatic variables. Similarly, the impact was also
further evaluated on the basis of winter, spring, summer and fall temperatures, precipitation and humidity. In some econometric specifications, temperature
and precipitations were also used as interaction term
so as to identify the collective impact of simultaneous change in precipitation and temperature in some
particular seasons. All such treatments were made
not only on overall data but on small, medium and
large farms as well. Irrigated and non-irrigated farms
were also taken into consideration while estimating
marginal impacts of climate and non-climate variables.

TABLE 1
Median Ricardian Regression: Rabi Maximum and Minimum Temperatures, Rainfalls,
Dummies and Socio-Economic Variables
Median regression
Raw sum of deviations 355165.2 (about 1769.9731)
Min sum of deviations
234984
NFR
Coef.
Std. Err.
Independent
Variables
RTEMPMX
-8187.137
6458.799
KTEMPMX
40509.86
10392.71
RTEMPMN
-10501.45
2920.92
KTEMPMN
365.2495
3909.529
RRAINFALL
336.4509
94.14888
KRAINFALL
-93.60748
32.4761
RTEMPMXsq
171.5495
122.727
KTEMPMXsq
-555.6536
140.0092
414.9405
127.3158
RTEMPMNsq
KTEMPMNsq
13.87648
80.83635
RRAINFALLsq
-9.861628
2.223584
KRAINFALLsq
0.7826005
0.2227868
SDUMMY1
-257.9562
136.4965
SDUMMY2
-191.9253
112.5232
DDUMMY1
-1448.473
317.9061
DDUMMY2
-233.9078
198.1264
18.09682
9.650748
Farmer_lit~y
FSIZE
14.45953
4.773947
FARMEXP
2.200612
3.247057
_cons
-591271.6
139713.4

Number OF Obs.
Pseudo R2

345

T

P>t

0.3384
[95% Conf.

Interval]

-1.27
3.9
-3.6
0.09
3.57
-2.88
1.4
-3.97
3.26
0.17
-4.44
3.51
-1.89
-1.71
-4.56
-1.18
1.88
3.03
0.68
-4.23

0.206
0
0
0.926
0
0.004
0.163
0
0.001
0.864
0
0.001
0.06
0.089
0
0.239
0.062
0.003
0.498
0

-20893.47
20064.39
-16247.74
-7325.929
151.2328
-157.4974
-69.89008
-831.0924
164.4733
-145.1521
-14.23606
0.3443142
-526.4844
-413.2911
-2073.887
-623.6799
-0.888997
5.067795
-4.187291
-866128.4

4519.193
60955.33
-4755.15
8056.427
521.6691
-29.7176
412.989
-280.215
665.4077
172.905
-5.48719
1.220887
10.57204
29.44048
-823.06
155.8643
37.08265
23.85127
8.588515
-316415
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with Brush pagan and Shapiro Wilk tests in all the
categories of farms. The statistics of Pagan test and
associated p-values indicate that data suffered from
hetroskedasticity. Wilk test was applied on the residual term and it was found that in all the models the
distribution was not normal. In order to have robust
results we operated the median Ricardian regressions for all the sample farms. This kind of regression not only addresses the issue of hetroskedasticity
but the impact of outliers is also diluted.
The results of Median Ricardian regression
showed that the linear term of winter maximum temperature was negative while quadratic term was positive; thereby the NFR function was U-shaped. On
the other hand, for all other three seasons (spring,
summer and fall), the function was found to be hillshaped. The linear terms of winter and spring rainfall
were positively associated with NFR while summer
and fall rainfalls were negatively associated with
NFR. This revealed that up to certain extent the winter and spring rainfall would be beneficial for
productivity while summer and fall rainfalls would
give positive NFR beyond a certain threshold.
The shapes of NFR functions were either hillshaped or U-shaped as appeared in most of the climatic studies [21]. Most of the results were statistically significant. There were varying results found
for the same model across small, medium, large, irrigated and non-irrigated farms. For instance, there
was positive impact of summer rainfall on small,
large and non-irrigated farms while NFR was positively associated fall rainfall in medium and large
farms (Table 3).
It was noted in the model that loamy, sandy and
silty soils were positively associated with NFR in the
overall model while clayey soil was negatively associated. But interestingly, for small, large, irrigated
and non-irrigated farms, presence of loamy soil
tended to increase the NFR. Sandy soil was not
found to be positively influencing medium and irrigated farms. Some of the soil dummies were not
found significantly workable in small, irrigated and
non-irrigated farms. The results of District dummies
showed that the presence of Barani districts (mostly
wheat is grown) decreases the NFR for overall, large,
irrigated and non-irrigated farms.

temperature was positively associated with NFR except for irrigated farms. Rabi and Kharif rainfall
showed hill shaped and U shaped functions respectively for all categories of farmers except under nonirrigated situation where there was negative association of Rabi rainfall to NFR and positive association
of Kharif rainfall with NFR. Sandy and clayey soils
were found to be negatively associated to NFR while
loamy soil is positively associated for large farming
community. The findings of Dummy of Barani districts and Southern districts showed that NFR would
go down as the region was diverted to arid and region
with high temperature. Years of schooling of the
farmers was found to be positively corresponded to
the NFR. Same was the association with size of
farms and farming experience though with low extent (Table 1).
Overall median results reflected that higher
Kharif maximum temperature and Rabi minimum
temperature could reduce the income from cultivation of these major crops. Similarly, collectively (linear and non-linear addition) Kharif rainfall was negatively linked to NFR except for small and non-irrigated farms. This is natural and understandable as
the small farmers have less excess to irrigation water
and as non-irrigated farms are confronting erratic
monsoon trends. Rainfall during Rabi season would
seem to be dangerous for small and non-irrigated
farming community as majority of such community
grow wheat in Rabi season, the excessive rainfall
particularly at the time of harvesting ruin the produce
and thus NFR is severely affected. A comparison of
irrigated and non-irrigated farms suggest that Rabi
rainfall is good for irrigated farms while bad for nonirrigated farms. On the other hand, Kharif rainfall is
beneficial for non-irrigated farms while it may be ruining for irrigated farms. Increase in Kharif minimum temperature is good news for both kinds of
farms as Rabi minimum temperature (Table 2).
Impact of Seasonal Data of Climatic Variables on NFR. Initially, the Maximum temperatures
of four seasons (Winter, Spring, Summer and Fall)
were taken along with rainfall in the respective seasons as independent variables along with socio-economic characteristics and soil/district dummies.
Simple Ricardian regression was operated along

TABLE 2
Median Ricardian Regression: Marginal Impact of Climate Change on Net Farm Revenue (US$/hectare)
Climatic Variables
Rabi Max Temp
Kharif Max Temp
Rabi Min Temp
Kharif Min Temp
Rabi Rainfall
Kharif Rainfall

Overall
654.67*
-775.59*
-1658.12*
1041.33*
69.20*
-32.72*

Small
Farmer
-185.02
176.93
-1688.61*
933.63*
-120.44*
19.80***

Medium
Farmer
117.04
-447.65
-1541.49*
864.75**
81.31*
-44.87*

5367

Large Farmer

Irrigated

923.62*
-1291.96*
-1772.74*
1229.28*
98.87*
-39.57*

954.50*
-1218.94*
-1449.85*
1228.75*
130.48*
-45.98*

Non-irrigated
-2583.18*
2635.56**
-2067.33*
687.89*
-434.79*
99.49*

© by PSP

Volume 27 ± No. 8/2018 pages 5363-5371

Fresenius Environmental Bulletin


TABLE 3
Median Ricardian Regression: Seasonal Maximum Temperatures, Rainfalls, Dummies and
Socio-economic Variables
Variables

Non
Irrigated

Overall

Small

Medium

Large

Irrigated

-105834.8*
23096.04*
127104.3*

-71881.5*
20139.49*
91317.43*

-42907.09*
3073.325*
56968.26*

-81126.43*
20409.25*
73568.85*

10727.23*

16192*

Winter Rainfall

-89721.2*
11328.45*
71956.98*
44366.18**
*
761.7561*

1609.766*

690.0063*

508.3477*

343.6201*

182.4042

83.71129*

218.3209*

Summer Rainfall
Fall Rainfall
Winter Maximum Temperature
Squared
Spring Maximum Temperature
Squared
Summer Maximum Temperature
Squared
Fall Maximum Temperature Squared
Winter Rainfall Squared
Spring Rainfall Squared
Summer Rainfall Squared
Fall Rainfall Squared
Dummy of Soil 1
Dummy of Soil 2
Dummy of Soil 3
Dummy of Soil 4
Dummy of Barani Districts
Dummy of Southern Punjab (cotton
belt)
Years of Schooling of Farmer
Size of the Farms in Hectares
Farmer Experience
Family Size
Constant
Characteristics of the Models
No. of Observations
No. of Iterations
Pseudo R-sq
Sum of Deviations

-158.464*
-352.894*

-276.7575*
-484.2403

-192.497*
148.0166*

-198.3932*
196.8133*

612.3362**
249.9133**
*
-144.7373*
-204.2528

421.5289***

Spring Rainfall

2054.217*

2420.281*

1640.172*

996.2434*

1864.584*

-71.38417*

-159.13*

-329.0943*

-287.006*

-40.40505*

-294.1352*

21.44663*

-960.106*

-1692.184*

-1188.37*

-775.3242*

-974.9618*

-3.229081

-660.2***
-21.9016*
-4.57278*
0.30169
19.29104*
-270.858***
-122.856
118.0049
108.6894
-778.428*

36.04322*
-40.06456*
-3.11082
0.0317566
40.7477*

-133.586*
-6.696134*
-2.248729*
0.465434*
-0.416328*
205.9695*
213.0374*
882.782*
906.0756
-1992.434

-229.8244
-17.92995*
-3.353509
0.403809
13.19914
-391.23**
-368.8221**
75.07474

25.88621
-4.663761
-0.6964579
-3.581988*
73.95501*
-63.47757***
175.4516*

Winter Maximum Temperature
Spring Maximum Temperature
Summer Maximum Temperature
Fall Maximum Temperature

-487.2217*
175.1458
-693.8039*

-1104.501*

3.591456***
-21.9724*
-1.1383*
1.044659*
1.993531
-131.506*
-83.232**
70.36405***
-289.809*
879.8754*

-630.1981

-1001.299

7.491614

-481.6902*

-469.682*

-191.163

-506.6892**

8.413163

19.66031*
13.0861*
1.551755
16.0737**
-1312275

-3.655704
-13.06489
6.943684*
-71.68693*
-1669449

13.91771*
-127.77*
2.382185*
-33.3098*
-1321150

49.99818
2.149378
8.58515
51.41997
-847322.5

25.24122**
15.49786*
10.4941
-1140331

-4.897432***
11.42199*
1.658142***
-5.399506***
-12583.81

345
49
0.3442
232920.3

119
24
0.3349
75742.74

122
27
0.437
67467.2

104
16
0.401
64176.92

251
23
0.262
186565.4

94
10
0.497
35019.39

584.9376*
183.4401**

TABLE 4
Median Ricardian Regression: Marginal Impact of Climate Change on Net Farm Revenue (US$/hectare)
Climatic Variables
Winter Maximum Temperature
Spring Maximum Temperature
Summer Maximum Temperature
Fall Maximum Temperature
Winter Rainfall
Spring Rainfall
Summer Rainfall
Fall Rainfall

Overall
-1608.49*
453.22*
-1479.24*
1742.16*
166.54*
196.81*
-121.89*
194.46*

Small
-3243.78*
856.12*
-1065.13*
3916.70**
-1009.61*
-379.92
-479.96*
3695.29*

Medium
-1220.77*
427.23*
6.98*
232.76***
137.66*
48.13*
-77.44*
199.49*

Large
182.17*
292.87*
-2678.33*
2056.24*
330.09*
146.61*
-143.20*
185.14*

Irrigated
-381.33*
68.36*
-1611.20**
1239.29
230.98*
154.92
-105.90**
92.52

Non Irrigated
-2983.57*
1419.12*
-241.61
1636.77
221.22
-516.61*
-498.59*
2567.41*

except in the model of irrigated farms from where
the variable has to be dropped. The reasonable values of Pseudo R-Square., in each of the models for
all categories of farms clearly reflected the fact that
climate variables left significant impact on NFR.
The results of marginal impact of climate
change reflected that if there is 1 0C increase in winter and summer maximum temperature, NFR (per
hectare) would go down by $ 1608.49 and $ 1479.24
respectively. Small and non-irrigated farms seem to
be severely hit by this change of winter maximum
temperature while large farmers would be getting

Small farmers and medium farmers of these
districts are getting benefit under the present climatic
situations. Medium and large farms of southern Punjab (cotton belt) suffered as against overall, small,
irrigated and non-irrigated farms (Table 3 and Table
4).
It was further noted (Table 5) that there was
positive impact of education as the years of schooling is increased except in the category of small
farms. Similarly, with the increase in size of farms,
there was increase in NFR except in case of small
and medium farmers. Farming experience has significantly impacted on NFR in all categories of farmers
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benefits due to increase in summer maximum temperature. On the other hand, the same increase in
spring and fall maximum temperatures would increase NFR at the rate of $ 453.22 and $ 1742.16 per
hectare. Small farmers would be getting highest advantage in terms of increase in NFR due to increase
in fall maximum temperature (Table 6).
An increase of summer rainfall at the rate of
one mm/month would decrease the NFR in all the
categories of farms. This decrease is highest in case
of non-irrigated farms and small farms. These results

suggest that increase in winter and fall rainfall is
more important for the farmers cultivating under
non-irrigated situation probably due to the fact that
most of them grow wheat crops. Winter rainfall is
good for all farmers except that of small holders (Table 5). This might be associated to the fact that small
farmers of irrigated regions were less tending towards adaptation to erratic rainfall pattern. Most of
the findings of these marginal effects are statistically
significant as per F-test treatment.

TABLE 5
Median Ricardian Regression: Seasonal Minimum Temperatures, Rainfalls, Dummies and
Socio-Economic Variables
Variables
Winter Maximum Temperature
Spring Maximum Temperature
Summer Maximum Temperature
Fall Maximum Temperature
Winter Rainfall
Spring Rainfall
Summer Rainfall
Fall Rainfall
Winter Maximum Temperature
Squared
Spring Maximum Temperature
Squared
Summer Maximum Temperature Squared
Fall Maximum Temperature
Squared
Winter Rainfall Squared
Spring Rainfall Squared
Summer Rainfall Squared
Fall Rainfall Squared
Dummy of Soil 1
Dummy of Soil 2
Dummy of Soil 3
Dummy of Soil 4
Dummy of Barani Districts
Dummy of Southern Punjab
(cotton belt)
Years of Schooling of Farmer
Size of the Farms in Hectares
Farmer Experience
Family Size
Constant
Characteristics of the Models
No. of Observations
No. of Iterations
Pseudo R-sq
Sum of Deviations

Overall
-89721.2*
11328.45*

Small
-105834.8*
23096.04*

Medium
-71881.5*
20139.49*

Large
-42907.09*
3073.325*

Irrigated
-81126.43*
20409.25*

71956.98*

127104.3*

Non Irrigated

91317.43*

56968.26*

73568.85*
16192*
612.3362**
249.9133***
-144.7373*
-204.2528

421.5289***
-487.2217*
175.1458
-693.8039*

44366.18***
761.7561*
343.6201*
-158.464*
-352.894*

1609.766*
182.4042
-276.7575*
-484.2403

690.0063*
83.71129*
-192.497*
148.0166*

10727.23*
508.3477*
218.3209*
-198.3932*
196.8133*

2054.217*

2420.281*

1640.172*

996.2434*

1864.584*

-71.38417*

-159.13*

-329.0943*

-287.006*

-40.40505*

-294.1352*

21.44663*

-960.106*

-1692.184*

-1188.37*

-775.3242*

-974.9618*

-3.229081

-660.2***

36.04322*

3.591456***

-133.586*

-229.8244

25.88621

-21.9016*
-4.57278*
0.30169
19.29104*
-270.858***
-122.856
118.0049
108.6894
-778.428*

-40.06456*
-3.11082
0.0317566
40.7477*

-6.696134*
-2.248729*
0.465434*
-0.416328*
205.9695*
213.0374*
882.782*
906.0756
-1992.434

-17.92995*
-3.353509
0.403809
13.19914
-391.23**
-368.8221**
75.07474

-4.663761
-0.6964579
-3.581988*
73.95501*
-63.47757***
175.4516*

-1104.501*

-21.9724*
-1.1383*
1.044659*
1.993531
-131.506*
-83.232**
70.36405***
-289.809*
879.8754*

-630.1981

-1001.299

7.491614

-481.6902*

-469.682*

-191.163

-506.6892**

8.413163

19.66031*
13.0861*
1.551755
16.0737**

-3.655704
-13.06489
6.943684*
-71.68693*

13.91771*
-127.77*
2.382185*
-33.3098*

49.99818
2.149378
8.58515
51.41997

25.24122**
15.49786*

-4.897432***
11.42199*
1.658142***

-1312275

-1669449

-1321150

-847322.5

-1140331

-12583.81

345
49
0.3442
232920.3

119
24
0.3349
75742.74

122
27
0.437
67467.2

104
16
0.401
64176.92

251
23
0.262
186565.4

94
10
0.497
35019.39

584.9376*
183.4401**

10.4941

-5.399506***

TABLE 6
Median Ricardian Regression: Marginal Impact of Climate Change on Net Farm Revenue (US$/hectare)
Climatic Variables

Overall

Small

Medium

Large

Irrigated

Non Irrigated

Winter Maximum Temperature
Spring Maximum Temperature

-1608.49*
453.22*

-3243.78*
856.12*

-1220.77*
427.23*

182.17*
292.87*

-381.33*
68.36*

-2983.57*
1419.12*

Summer Maximum Temperature

-1479.24*

-1065.13*

6.98*

-2678.33*

-1611.20**

-241.61

Fall Maximum Temperature
Winter Rainfall
Spring Rainfall
Summer Rainfall
Fall Rainfall

1742.16*
166.54*
196.81*
-121.89*
194.46*

3916.70**
-1009.61*
-379.92
-479.96*
3695.29*

232.76***
137.66*
48.13*
-77.44*
199.49*

2056.24*
330.09*
146.61*
-143.20*
185.14*

1239.29
230.98*
154.92
-105.90**
92.52

1636.77
221.22
-516.61*
-498.59*
2567.41*
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on agriculture. Amer. Econ. Rev. 84, 753±771.
[17] Ricardo, D. (1817) On the Principles of Political
Economy DQG7D[DWLRQ5RG+D\¶V$UFKLYHIRU
the History of Economic Thought. McMaster
University,
Canada.
http://www.marxists.org/reference/subject/economics/ricardo/
tax/index.htm.
[18] Kelly, D.L., Kolstad, C. and Mitchell, G.T.
(2005) Adjustment costs from climate change.
J. Environ. Econ. Man. 50(3), 468±495.
[19] Cline, W. (1996) The impact of global warming
on agriculture: Comment. Amer. Econ. Rev.
86(5), 1309-1312.

CONCLUSION AND RECOMMENDATION
This study has clearly identified the impact of
climate variability on selected set of population of
farmers cultivating across small, medium, large, irrigated and non-irrigated range of farms in 25 districts
in the Punjab province of Pakistan. It has been traced
in the study that under different arbitrary econometric specifications, the marginal impacts are negative
under Kharif maximum and Rabi minimum temperatures, Kharif rainfall, winter and summer maximum
temperatures, summer rainfalls. For most of the situations, the absence of irrigation matters a lot as
farmers operating under non-irrigated environment
were the extreme sufferers. Similarly, it was further
identified that increase in temperature was more serious than the increase in rainfall.
Some of the possible adaptation measures may
include new cropping patterns, use of heat and
drought resistant varieties of major crops, following
the water harvesting techniques under adverse water
shortage periods of time. ICT based advisory along
with standard extensions services can be mobilized
and strengthened to successfully implement adaptation strategies. There is also need to explore new
ways of knowledge diffusion either through well established NGOs or branded companies and their
dealers doing business in input markets like that of
fertilizer, and pesticide. Government agencies and
research institutes including experts working in academia can join together to work on climate impact
studies both at micro and macro levels and arrive at
some unanimous agenda to follow either mitigation
in some regions or observing adaptation in other
cropping systems. There is need to launch water conservation management practices in addition to making improvements in the existing irrigation system
[22].
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EE, which is very important in each period of
life, is generally considered to start in the family. Afterwards it can be influenced by the peer circle and
school education [5- 6]. As a result of EE, attitudes
and behaviours of the students towards the environment become clearer. EE is a major issue and an indispensable tool for universities [7-10]. It is important that university students gain environmental
awareness, as they will be decision makers of the future. Environmental awareness requires them to be
given environmental knowledge.
In previous academic research, it was determined that environmental knowledge has a positive
effect on awareness, attitudes and behaviours [1116]. Link between environmental knowledge and environmental behaviour is important. Environmental
behaviour can be guaranteed if the link between
knowledge and behaviour is strengthened [17]. In order to strengthen the link between knowledge and
behaviour, outdoor environmental education programs are considered as necessary [18-20]. Some
studies have found a significant increase in the environmental knowledge of participants in outdoor programs [13, 15].
EE and human-nature programs are designed to
draw attention to sustain natural life [21]. Natural
life awareness programs are sometimes passive and
sometimes performed on the field. Passive programs
inform people without contact to the nature [22]. Although such passive programs give real information,
very seldom do they change people's environmental
attitudes [23, 24]. Knowledge can affect students’
behaviour indirectly [11, 25, 26] but these passive
programs are generally ineffective [27].
Students are involved with the material their
surroundings in field activities [28, 29]. This education style is more effective in changing attitudes and
behaviour [30, 31], and these activities strengthen
the EE [32].
Students’ behaviour can both be improved and
changed with EE. EE has an interdisciplinary nature.
Some researchers have argued that environmental attitudes are often formed by field activity [33], and
others claim that EE improves environmental awareness and behaviour [34-36]. Students may adopt environmental values through field activities [37-38].
The main objective of EE is to ensure a sustainable

The purpose of this article is to determine the
Environmental Attitudes of University Students
(EAUS). Research data were obtained by questionnaire method from 737 university students, mainly
Hitit University, from April through May 2017. A
previously validated Likert Scale was used to determine the factors affecting EAUS. The validity of the
scale was statistically tested with a KMO and Bartlett Test (0.842). The factors affecting EAUS were
determined through an Exploratory Factor Analysis
(EFA). As a result of the EFA, three factors explained 57.92% of the total variance and revealed 12
variables. These factors were named as ‘attitude’,
‘field activity’, and ‘intention’. Cronbach's Alpha,
indicating internal consistency, was calculated as
.781. The measurements were investigated through
Confirmatory Factor Analysis (CFA). According to
the CFA; CMIN/DF: 2.115, NFI: .958, CFI: .977,
GFI: .979, IFI: .977, TLI: .969, and RMSEA is .039.
The results indicate that not only theoretical education, but also field activity, should be done together
with the students. Students should be given practical
training that will raise environmental awareness, and
environmentally friendly behaviours should be encouraged.
"! 
Environment, Attitude, Behaviour, Education, Student


The factors of production are land, labour, capital, and entrepreneurship. Land is referred to as the
environment or nature. In this regard, nature is the
main root of other factors. Except for extraordinary
conditions, there will be no deterioration as long as
there is no human intervention in nature. Factors that
degrade the environment are urbanization, uncontrolled industrialization, over-consumption incentives, excessive population growth, and inadequate
environmental education (EE). EE is an important
starting point for understanding environmental issues [1-4].

5372

$#

! %     







!"  ! 


environment and sustainable development. In a survey conducted in Turkey, the interaction among university students' environmental attitudes, responsibilities, concerns, environmental information, and
field activities were investigated. In the study, it was
determined that there is a significant relationship
among variables [39].
A number of theoretical studies were conducted
to explain EAUS [40-43]. It is suggested that intentions are the cause of behaviour, [44-48] and attitudes influence intentions [49].
The purpose of this study is to test the validity
and reliability of the attitudes, intentions, and field
activities of university students on EAUS in Turkey.
The study consists of three steps:
• Step 1: The EFA was performed to determine the EAUS.
• Step 2: The reliability of the study was calculated using Cronbach's Alpha.
• Step 3: The CFA was conducted to test the
accuracy of the factors.


   

lier research [50-52]. The EAUS represents a popular format for a Likert-type scale, which consists of
five possible responses. These are ‘Strongly Agree,
Agree, Indifferent, Disagree, and Strongly Disagree’. 

&3)/%The EFA was performed with SPSS.
The EFA consists of methods to explain associations
among variables in terms of more fundamental variables called factors. In order to determine the suitability of the samples, KMO and Bartlett’s Test of
Sphericity were experienced [53]. A KMO value less
than 0.50 shows inadequacy of data for the EFA.
KMO values between 0.5 and 0.7 are medium, values between 0.7 and 0.8 are good, values between
0.8 and 0.9 are excellent, and values above 0.9 are
the best [54].
All the items of the EAUS were used into the
Principal Component Analysis (PCA) with Varimax
rotation. The variables with communality scores of
less than 0.5 were extracted. So that primary factors
were determined and the EFA was performed with
the remaining items.
Structural Equation Model (SEM) is a very
popular model in recent years, providing a graphical
representation and understanding of the obtained
factors [55, 56]. The maximum likelihood method
was preferred for the estimation of the parameters related to the structural equilibrium model. The CFA
was used to measure the fitness of the factors obtained by the EFA. Robust statistics fit indices have
been used in the psychometric literature. These fit
indices are the Normed Fit Index (NFI), the Goodness of Fit Index (GFI), the Comparative Fit Index
(CFI), the Incremental Fit Index (IFI), the Tucker
Lewis Index (TLI) or Non-Normed Fit Index (NFI),
Root Mean Square Error of Approximation
(RMSEA), minimum discrepancy function (CMIN),
and Degrees of Freedom. These fit Indices Criteria
are given in Table 2.

The main material of the study was obtained
from students of Hitit University and Gaziosmanpaşa University Faculty of Agricultural. Hitit
University does not have a Faculty of Agricultural.
For this reason, a questionnaire was conducted by
the students at Gaziosmanpaşa University. The
questionnaires were conducted with students between April–May 2017. The research data were obtained from 737 university students in Hitit University and Gaziosmanpaşa University (Table 1).
.2314-&.3EAUS scale of the students were
used in the research. The scale had been used in ear

 
#*.#3&1*#,/'3)&34%6
Faculty or Vocational School
Vocational School
Faculty of Economics and Administrative Sciences
Faculty of Agriculture (Gaziosmanpaşa University)
Engineering Faculty
High School of Physical Education and Sports
Other
Faculty of Arts and Sciences
Total

Frequency
147
139
137
99
80
72
63
737

Percent
19.9
18.9
18.6
13.4
10.9
9.8
8.5
100

 
*3.%*$&21*3&1*#
Fit Statistic
NFI
[57]
GFI
[55]
CFI
[58, 59]
IFI
[60]
TLI or NNFI
[61-63]
RMSEA
[64]
 [65]

Criteria
.90 ≤ NFI <1
.90 ≤ GFI <1
.93 ≤ CFI <1
.90 ≤ IFI <1
≥.90
≤.08
2< <5
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&24,32/'3)& 
Factors and Items

Factor Loadings

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6

.800
.774
.762
.753
.708
.694

Item 7
Item 8
Item 9

.772
.766
.744

Initial Eigenvalues % of
Variance Explained
Attitudes

Rotation Sums of Squared Loadings
% of Variance Explained

30.808

28.693

Field Activities
17.944

15.654

Intention
Item 10
.730
9.163
13.568
Item 11
.649
Item 12
.638
Extraction Method: PCA. Rotation Method: Varimax with Kaiser Normalization. Rotation converged in 5 iterations



The EFA was performed in three steps. The
first step of the EFA is testing the adequacy of the
sample. For this, the KMO and Bartlett’s Test of
Sphericity were used. The Bartlett’s Test of Sphericity shows the significance of the study and indicates
the validity and suitability of the responses [66].
KMO measure of sampling adequacy in the study
was .842 and the Bartlett’s Test of Sphericity was
2396.18 (P<0.01). These results show that the sample size is adequate for EFA. At the second step of
the EFA, all items which explain the EAUS were determined by extracting 8 variables with communality
scores of less than 0.5 and the EFA was performed
with the other 12 items.
A scree plot displays the eigenvalues associated
with a factor in descending order versus the number
of the factors. The scree plot shows that three of

those factors explain most of the variability because
the line starts to straighten after Factor 3. The remaining factors explain a very small proportion of
the variability (Graph 1).
The factors obtained in the third step were
named as attitude, field activity, and intention. As a
result of the EFA; three factors explaining 57.92%
of the total variance were obtained. As seen on Table
3, the results of the item loadings, the eigenvalues
and the variance that explains the percentages of the
factors confirm the three-factor structure. Varimax
rotation method was used in the study. Factor loadings less than .30 are not reported in the Table 3.
The ‘Attitude’ factor, the first of these factors,
contains six items. These items of Attitudes account
for 28.693% of the total variance. These items are
unfavourable statements. These are respectively; ‘In
order to have a more technologically developed society, I am willing to tolerate noise caused by vehicles (Item 1)’, ‘Environmental education activities
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are only useful for children (Item 2)’, ‘The benefits
of modern consumer products are more important
than the contamination caused by their production
and use(Item 3)’, ‘If I have to choose between the
construction of a motorway and the protection of a
plant species, I choose the motorway(Item 4)’, ‘Field
activities are a waste of time, the most important
thing is class work (Item 5)’, and ‘I believe that environmental problems are exaggerated, nature balances out over time (Item 6)’.
‘Field Activities’ account for 15.654% of the
total variance. Field Activities consist of three items.
These items are; ‘Field activities help to increase
awareness of environmental matters (Item 7)’, ‘I like
to participate in field activities because it is a good
way of understanding the environment in which I
live (Item 8)’, and ‘I believe that information is increasingly necessary to be aware of the effects our
actions have on the environment (Item 9)’.
‘Intention’ describes 13,568% of the total variance. The intention consists of three items. These
items are; ‘When I buy a product, I assess the type of
packaging and choose one that is recyclable
(Item10)’, ‘I try to choose subjects that deal with
matters related to the environment because I feel that
I do not know enough (Item11)’, and ‘I am willing
to consume less and go without some comforts if it
helps to protect the environment (Item12)’.
For strengthening the goodness of fit, it was
created the covariance between some items under the
same factor. In order to measure goodness of fit,
NFI, GFI, CFI, IFI, TLI (NNFI), RMSEA, and X2 /
df values were calculated, and fit values were reported in Table 4It is clear that a  ; 2.115 and

RMSEA; .039 represents an adequate fit. In addition
to NFI, GFI, CFI, IFI, and  are acceptable All
factors are statistically significant, and results of the
fit indices showed that the model had a perfect fit. At
the end of the study, the EAUS path diagram was
drawn. The path diagram of EAUS was shown below
Path Diagram (Diagram 1).
 
The obtained findings were compared with previous researches. Validity and reliability of the scale
were calculated with 12 items that were relevant with
attitudes. The value obtained for Cronbach’s Alpha
was a good result as 0.781. According to DeVellis
[67] research, scales between 0.70 and 0.80 are respectable. This Cronbach’s Alpha value was lower
than the value (0.84) obtained with undergraduate
students in the study of Fernández-Manzanal [51].
Cronbach's Alpha value is the same as the study of
Rodrigez et al. [52]. The Cronbach's Alpha value of
EAUS scales investigated at the study is reliable.
As a result of this study, it was determined that
the factors explained 57.915% of the total variance.
In addition, goodness of fit indices values were obtained by using the SEM. According to the Structural
Equality Model, fit indices results are meaningful.
All factors were statistically significant and results
of the fit indices showed that the model had a perfect
fit.

 
*3.%*$&21*3&1*##.%&24,3
Fit Indices
NFI
GFI
CFI
IFI
TLI or NNFI
RMSEA
X2/df

Criteria
.90 ≤ NFI <1
.90 ≤ GFI <1
.93 ≤ CFI <1
.90 ≤ IFI <1
≥.90
≤.08
2< X2 <5

Finding
.958
.979
.977
.977
.969
.039
2.115

  
#3)*#(1#-/' 
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Environmental awareness of university students increases with education [68]. A study suggests arranging environmental education according
to the needs of the regions [69], another study suggests that [70] compulsory environmental courses
put into the programs of the departments in order to
increase the environmental literacy of the students.
All of these are necessary in education; the more important thing is to turn the obtained knowledge into
practice. Field activities allow for the application of
the training given in the class. Therefore, field activities are more effective than class education.
Turkey is a developing country and there are
some problems in the education system of Turkey,
like developing countries. Turkey makes regulation
in many areas such as education, agriculture and environment as it works to become a member of the
European Union [71]. Especially the main problem
of education is the lack of application in the Turkish
Education System.
Since the relationship between intention and
behaviour is important, field activities that
strengthen the link between intention and behaviour
should be increased. In order to increase the quality
of EE, it is important to increase the number of field
activities. In addition, field activities should be supported with theoretical training. As a result of these
findings, A holistic curriculum is necessary not only
for environmental education but also for Turkish education system.

[4] Olsson, D., Gericke, N. and Chang Rundgren,
S.N. (2015) The Effect of Implementation of
Education for Sustainable Development in Swedish Compulsory Schools –Assessing Pupils
Sustainability Consciousness. Environmental
Education Research. 22(2), 176-202.
[5] Ernst, J. and Theimer, S. (2011) Evaluating the
Effects of Environmental Education Programming on Connectedness to Nature. Environmental Education Research. 17(5), 577–598.
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The rules for this reaction have been described
in some literature reports [3, 4], and the rate constant for reaction (1) have been derived by laser
photolysis [5, 6]. However, many uncertainties remain with regard to this conversion process. The
rate constants of the SO4-·conversion to ·OH are not
consistent and they are not even in the same order
of magnitude [7, 8]. Very little research has been
conducted on the conversion of ·OH to SO4-. Consequently, the mutual conversion of SO4- and ·OH
has not been verified.
This current work was initiated to demonstrate
the mutual conversion of these two chemical species through a chemical reaction at ambient temperature and pressure. The experimental results provide a basis for a better understanding of advanced
oxidation processes, and help to partially reveal the
mechanisms involved in the hydroxyl and sulfate
radical degradation of pollutants. Moreover, the
results are significant in guiding the development of
processes for improving and optimizing advanced
oxidation technologies.

ABSTRACT
Sulfate radicals and hydroxyl radicals are important chemical species in wastewater treatment.
Therefore, studying their chemical conversion rules
is useful for understanding the mechanisms that
control contaminant degradation. In this paper, various chemical tests were used to verify the mutual
conversion of SO4-·and OH. First, using ultraviolet
spectroscopy, it was confirmed that H2O2 was present in the TiOSO4+PMS (peroxomonosulfate)
acidic system. Next, using the KMnO4 method, it
was shown that PMS could not generate H2O2 by
hydrolysis at ambient temperature and pressure.
Thus, it was deduced that PMS was converted into
H2O2
via
the
reaction
PMS+TiOSO4ĺ624-āĺāOHĺ+2O2,
where
SO4-· was converted into ·OH. Secondly, using ultraviolet spectroscopy, with the bi-titration, chlorpromazine and Ni(OH)2 methods, it was confirmed
that PMS was generated in a system comprised of
halogen tungsten lamp + sulfate + H2O2. This result
confirmed that H2O2 was converted into PMS via
the reaction H2O2ĺā2+ĺ624-āĺ306 ZKLFK
proved that ·OH was converted into SO4-·.

MATERIALS AND METHODS
Materials. Titanium oxysulfate solution (TiOSO4, 15wt.% in dilute sulfuric acid), potassium
peroxymonosulfate (2KHSO5·KHSO4·K2SO4) and
0.1mol/L standard cerous sulfate solution (Ce(SO4)2)
were supplied by SIGMA-ALOAICH Co. Ltd,
China. Ferroin indicator solution(FeC36H24N6SO4)
was purchased from aladdin Co. Ltd. All other
chemicals used were purchased from Tianjin
Chemical Reagent Co. Ltd, China: hydrogen peroxide (H2O2,30%), sulfuric acid (H2SO4,98%), sodium sulfate (Na2SO4), potassium iodide (KI), dichloromethane (CH2Cl2), nickelous hydroxide
(Ni(OH)2), soluble starch, sodium thiosulfate
(Na2S2O3), potassium sulfate (K2SO4), potassium
bisulfate (KHSO4), acetylacetone (C5H8O2), potassium permanganate(KMnO4), ethanol (C2H5OH),
and
chlorpromazine
tert-butanol
(C4H10O)
(C17H19ClN2S), all of these chemicals were of analytical reagent grade apart from hydrogen peroxide
and sulfuric acid. Doubly-distilled deionized water

KEYWORDS:
Hydroxyl radical, Sulfate radical, Hydrogen peroxide,
Peroxomonosulfate

INTRODUCTION
Sulfate radicals (E0=2.5-3.1V) and hydroxyl
radicals (E0=1.8-2.7 V) are strong oxidants. As such,
they have attracted significant research interest in
chemistry [1], environmental science and the life
sciences. For instance in the environmental field,
the degradation of organic pollutants by
SO4-·and·OH is of fundamental importance. In previous work, it has been found that these reactions
are similar to reactions of organic contaminants [2].
Based on previous analysis, it was found that
SO4-·and OH could experience mutual conversion.
HSO4-+ ·OH֖SO4-·+ H2O
(1)
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After 6 hours, 5 ml of deionized water, 1 drop
of concentrated sulfuric acid and 2 drops of ferroin
indicator solution were added to a 1 ml sample of
the illuminated solution in an iodine flask, and the
solution turned orange. By immediate titration with
0.1 mol/L of standard cerous sulfate solution, no
H2O2 was found in the system when the titration
reached its light blue point. Then, 0.005 g of potassium iodide was added to the iodine flask. The solution was shaken and placed in the dark for 30 min.
Afterwards, 2 ml of a starch indicators (1%) were
added to the solution and the solution turned dark
blue. The solution was titrated with 5 mmoL/L sodium thiosulfate solution until the solution turned
light orange, and the volume of sodium thiosulfate
that was consumed was denoted as V2.
Meanwhile, these same steps performed using
1 ml of the solution from the dark group, where the
volume of consumed sodium thiosulfate was denoted as V1. If V2 >V1, this demonstrated that
persulfate was generated by the illumination system.
Proper amounts of chlorpromazine and
Ni(OH)2 was added to the illuminated Na2SO4/H2O2
solution in order to find what kind of persulfate
(peroxomonosulfate or peroxydisulfate) had generated.

was used to prepare all solutions.
Halogen tungsten lamp (20W, PHILIPS, China), UV-Vis spectrophotometer (UV2600, Shimadzu, Japan), constant temperature magnetic stir bar
(Feb-85, Jieboseng, China) were used as well.
Experimental
procedures.
Verifying
SO4-· conversion to ·OH. Hydrogen peroxide
detected by UV-Vis spectrometry in PMS+ TiOSO4 system. A 50 ml aqueous PMS saturated
solution and a corresponding 50 ml aqueous H2O2
(0.1 mol/L) solution were prepared, by adding 1 ml
of concentrated sulfuric acid and 1 ml of TiOSO4
(15%). After 10 min, each solution was extracted
using acetylacetone and the upper portion of the
extracts were used for analysis. Acetylacetone was
used as a reference, and the UV-Vis spectrum of the
extract was obtained to determine if the products of
the PMS and H2O2 solutions were the same. If a
match was found then it was concluded that that the
PMS had been transformed into H2O2.
Meanwhile, 10 ml PMS solutions of concentrations, 0.1 mol/L and 0.01 mol/L were prepared to
which 1 ml of concentrated sulfuric acid was added.
After waiting for 120 min, these solutions were
titrated using a 0.01 mol/L potassium permanganate
solution. If H2O2 was not found, this suggested that
PMS cannot be hydrolyzed into H2O2 at ambient
temperature and pressure.

UV-Visible
spectrum
analysis
of
Na2SO4/H2O2 system. Two duplicate sodium sulfate (2g) were individually dissolved in two solutions containing 50 ml of deionized water and 1.5
ml of hydrogen peroxide (30%). One of the two
identical solutions was placed in the dark and the
other solution was illuminated by a halogen tungsten lamp (at approx. 10cm distance; 25°C) for 6
hours. Using the solution from the dark group as the
reference solution, the ultraviolet-visible spectrum
of the illumination group was obtained.
A solution was prepared of 0.1 mol/L of potassium peroxymonosulfate (2KHSO5·KHSO4
K2SO4) and a mixed solution of KHSO4 (0.1mol/L)
and K2SO4 (0.1mol/L) was prepared as well. Using
the mixed solutions as the reference, the ultraviolet-visible spectrum of the pure potassium peroxymonosulfate solution was obtained.
If the two ultraviolet-visible spectra were similar, it was concluded that persulfate was generated
in an illumination system.

Detection of active intermediates in PMS+
TiOSO4 system. Three aliquots of Congo Red soluWLRQ POȝPRO/ ZLWKa pH of 2.0 were prepared, by adding 2 ml of pure water to one solution,
1.2 ml of ethanol and 0.8 ml of pure water to the
second solution, and 2 ml of tert butyl alcohol to
the third solution. After mixing, the solutions were
sampled and their light absorbance was recorded
using a spectrophotometer at 572 nm (maximum
absorption wavelength) wavelength with pure water
as a reference. The initial light absorption values
were obtained, denoted by A0. Next adding 1mL of
PMS(0.02mol/L) and 0.1mL of TiOSO4(15%) for
each sample, the light absorption values of each
sample is determined per 20 minutes, denoted by At.
The chroma removal rate R of the solutions was
calculated as follows: R= (A0-At)/A0×100%.
Verifying OH conversion to SO4-·. Detection
of persulfate in Na2SO4+H2O2 system by
bi-titration. Two solutions were prepared by dissolving 2 g sodium sulfate into 50 ml of deionized
water and then 1.5 ml of hydrogen peroxide (30%)
was added to the solution, and the solution pH was
adjusted to 5.6 (control experiments were conducted where pH was 4.4, 3.0, 1.0) using concentrated
sulfuric acid. One of the two identical solutions was
placed in the dark (25 °C) and the other solution
was illuminated for 6 hours, using a halogen tungsten lamp (at approx. 10 cm distance, 25°C).

RESULTS AND DISCUSSION
SO4-·conversion to OH. Verification of the
conversion from SO4-· into ·OH. Under acidic
conditions the TiOSO4 generated a stable yellow
complex with hydrogen peroxide [9], which indicated that TiOSO4 could not catalyze the generation
of ·OH from H2O2. However, in this experiment, it
was found that TiOSO4 could catalyze PMS. If
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H2O2 and SO4-·can be detected in the acidic system,
meanwhile, TiOSO4+PMS and PMS could not generate H2O2 through hydrolysis at ambient temperature and pressure, it can be confirmed that PMS was
converted into H2O2 and SO4-· transformed into ·OH via the reaction
PMS+TiOSO4ĺSO4-·ĺā2+ĺ+2O2.
The ultraviolet-visible spectrum of the products generated in the reaction of TiOSO4 with hydrogen peroxide in acidic condition is shown in
Figure 1(a), where 360nm is the characteristic absorption peak of H2[Ti(O2)(SO4)2] [9]. This is the
light yellow complex that was generated in the reaction of titanyl sulfate with hydrogen peroxide, in
the acetylacetone solution. The equation for this
reaction is shown in (2).

Table 1, after adding ethanol and tert-butanol to the
TiOSO4+PMS system, this action exhibited an obviously inhibitory effect in comparison to the contrast group, where the chroma removal rate of
Congo Red decreased from 33.43% to 5.99% and
14.14%. These results proved that SO4-· was present in the TiOSO4+PMS system [12, 13].
TABLE 1
The influences to the degradation of Congo red
when ethanol and tert-butanol added
time/min
0
20
40
60
80
100

contrast
group
0.685
0.636
0.589
0.538
0.493
0.456

ethanol
group
0.668
0.653
0.642
0.637
0.632
0.628

tert-butan
ol group
0.679
0.647
0.622
0.607
0.596
0.583

It can be concluded that the following reactions occurred in the PMS/TiOSO4 system:
TiOSO4 + HSO5-ĺSO4-·+ H22 ĺ ·OH ĺ
(4)
H 2O 2
Furthermore, it was speculated that
SO4-·converted H2O into ·OH by capturing the hydrogen atoms from the H2O.

FIGURE 1
UV-Vis spectra of H2O2/TiOSO4 system and
PMS/TiOSO4 system

·OH conversion to SO4-·. Verification of
conversion from ·OH into SO4-·. It has been reported that UV radiation at a wavelength of <400
nm can decompose H2O2 to generate ·OH [14] and
persulfate can also be used to generate SO4-· using
UV radiation at <295nm [15,16].
400 nm
H2O2 UV
(5)
˘
o 2·OH

TiOSO4 + H2O2 + H2SO4 ĺ +2[Ti(O2)(SO4)2]
+ H2O (2)
The ultraviolet-visible spectrum of products
generated in the reaction of TiOSO4 with PMS in
acidic condition is shown in Figure 1(b). Figure 1(a)
is the same as Figure 1(b), which demonstrated that
the products of the systems of PMS/TiOSO4 and
H2O2/TiOSO4 were the same. Therefore, PMS was
converted into H2O2. However, it is known that
H2SO5 can also be hydrolyzed into H2O2 [10].
H2SO5+ H2O֖H2SO4+ H2O2
(3)
As a result, it was necessary to verify if PMS
can be converted into H2O2 at ambient temperature
and pressure. To do this, the PMS solution was titrated with potassium permanganate solution. After
addition of 1 drop of potassium permanganate solution [11], all of the colorless PMS solutions immeGLDWHO\WXUQHGSXUSOLVKUHGDQGWKLVFRORUGLGQ¶WIDGH
for 30 minutes. This result indicated that under
acidic conditions the PMS solution could not generate H2O2 by hydrolysis over time.
The H2O2 in the system was not the result of
hydrolysis of PMS, but was generated by SO4-.
Thus, it was necessary to determine if there was any
SO4-·in the TiOSO4+PMS system. As shown in

PMS  o SO4-·
(6)
These results suggest that H2O2 is decomposed
by UV light, but PMS is stable under UV light at
wavelengths greater than 295 nm. A halogen tungsten lamp emits 340-400 nm ultraviolet light. When
H2O2 and sulphate solution are illuminated by a
halogen tungsten lamp, PMS can be detected overtime. This proves that H2O2 can be converted into
PMS via H2O2ĺ·OHĺSO4-·ĺ306 LQGLFating
that ·OH can be converted into SO4-.
The principle for determination of H2O2 and
persulfate (peroxomonosulfate and peroxydisulfate)
is as follows [17]. First, the H2O2 content of the
solution was measured by titrating the solution with
cerous persulfate. In acidic conditions, cerous sulfate can oxidize hydrogen peroxide, but cannot oxidize persulfate. After the complete reaction of the
H2O2, the persulfate content of the solution was
measured by iodometry.
Table 2 shows amounts of sodium thiosulfate
used for titration of the illuminated and dark sulfate
+ H2O2 systems, and 1 drop of sodium thiosulfate
constitutes 0.03 ml. According to the results listed
in Table 2, the dark sulfate + H2O2 V\VWHP GLGQ¶W
generate any new oxidizing agents, while the illuminated system generated new oxidizing agents.
UV˘295 nm
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in H2O; and hydroxyl radicals convert SO42- into
SO4-· by seizing the electrons around the oxygen
atom in SO42-. Based on these results it is possible
to predict that the similar conversions might occur
in others oxyacid free radicals, such as phosphate
radicals, carbonate radicals, nitrate radicals and so
on.

Only SO42- and hydrogen peroxide were present in
the original solution. As hydrogen peroxide was
completely reacted with the cerous sulfate, the illuminated group generated persulfate. According to
the results shown in Table 1, the yield of persulfate
was related to pH of the solution. Thus, it was concluded that ·OH was converted SO42- mainly by
capturing the electrons around the oxygen atom in
SO42-.

ACKNOWLEDGEMENTS
TABLE 2
Comparison of consumption of sodium
thiosulfate between illumination group
and dark group
pH
illumination group v2
dark group v1

5.6
0.23
0.03

4.4
0.25
0.03

3.0
0.21
0.03

The authors are grateful to the financial support by the Open Project of the State Key Laboratory of Urban Water Resource and Environment,
Harbin Institute of Technology (QAK20103).

1.0
0.20
0.03

REFERENCES

Persulfates include peroxomonosulfate and
peroxydisulfate. As shown in Figure 2, the illuminated Na2SO4/H2O2 system generated peroxomonosulfate. After adding chlorpromazine to the
illuminated Na2SO4/H2O2 solution [18], the color of
the solution did not turn to pink when Ni(OH)2
(which is red) was added to the solution [19]. Black
nickel oxide (IV) hydrate was detected in the solution, which indicated that the system generated
peroxomonosulfate. The reaction of the generated
peroxomonosulfate allowed it to react with Ni(OH)2
which can be expressed as follows:
OH·+ SO4-āĺ+625(7)
Ni(OH)2+
HSO5ĺ
1L2 2+ 2Ļ
+SO42-+H2O+Ni2+
(8)

[1] Wang, X.L., Wang, C.X., Fan, J.C., Shi, P.H.,
Wu, J.F. (2017) Natural grape polyphenols for
preparing spherical Co3O4 nanoaggregates as
heterogeneous catalysts for catalytic oxidation
of Orange II with sulfate radicals. Fresen. Environ. Bull. 26, 1637-1645.
[2] Liu, H.X., Zhang, N.D., Zhu, Z.J. (2012) Response characteristics of sulfate radicals in water treatment. Chinese Science Bulletin. 57,
3493±3499.
[3] Buxton, G.U., Greenstock, C.L., Helman, W.P.,
Ross, A.B. (1988) Critical Review of Rate
Constants for Hydrated Electrons, Hydrogen
Atoms and Hydroxyl Radicals(·OH/O-·) in
Aqueous Solution. Journal of Physical and
Chemical Reference Data. 17(2), 513 - 886.
[4] Khoei, S., Fakhri, H., Canbolat, C.B.,
Olmez-Hanci, T., Keskinler, B. (2017) Treatment of Medium Density Fiberboard
Wastewater
by
Fe2+/persulfate
and
Fe2+/persulfate Enhanced Hydrodynamic Cavitation Process. Fresen. Environ. Bull. 26,
483-489.
[5] Herrmann, H., Reese, A., Zellner, R. (1995)
Time-resolved UV/VIS diode array absorption
VSHFWURVFRS\RI62[í [  UDGLFDODQions in aqueous solution. Journal of Molecular
Structure. 348(2), 183±186.
[6] Bao, Z.C., John, R.B. (1996) Temperature and
Ionic Strength Effects on Some Reactions Involving Sulfate Radical [SO4-(aq)]. Journal of
Physical Chemistry. 100(23), 9780-9787.
[7] Peyton, G.R. (1993) The free-radical chemistry
of persulfate-based total organic carbon analyzers, Marine Chemistry. 41(1-3), 91-103.
[8] Neta, P., Huie, R.E., Ross, A.B. (1988) Rate
Constants for Reactions of Inorganic Radicals
in Aqueous-Solution. Journal of Physical and
Chemical Reference Data. 17(3), 1027-1284.

FIGURE 2
Comparison of UV-Vis spectra between the
products of illuminated Na2SO4/H2O2 system
and HSO5- solution

CONCLUSIONS
Sulfate and hydroxyl radicals have a high
electrochemical potential which makes them having
strong oxidizing agents. These two radicals can be
mutually converted in water, where sulfate radicals
convert H2O into ·OH by capturing hydrogen atoms

5383

© by PSP

Volume 27 ± No. 8/2018 pages 5380-5384

Fresenius Environmental Bulletin


[17] Chen, D.C., Wu, J.F., Liang, Y.Q, Ye, S.L., Li,
W.F. (2011) Preparation of cerium oxide based
environment-friendly chemical conversion
coating on magnesium alloy with additives.
Transactions of Nonferrous Metals Society of
China. 21(8), 1905-1910.
[18] Qiao, S.B., Wang, B.Y. (1999) New methods
for the detection of S2O82- using chlorpromazine. Chemical World. 12, 655-657.
[19] Luan, W.L., Zhang, N.D., Zhu, Z.J. (2012)
Degradation Behaviors of Congo Red in Two
Anodes and Sunlight/ Derivative Persulfate
Composite System. Journal of Chemical Industry and Engineering (China). 63(4), 1234-1242.

[9] Li, J., Dasgupta, P.K. (2003) Selective measurement of gaseous hydrogen peroxide with
light emitting diode-based liquid-core waveguide absorbance detector. Analytical Sciences
the International Journal of the Japan Society
for Analytical Chemistry. 19(4), 517-523.
[10] Mascheroni, E., Rampazzo, R., Ortenzi, M. A.,
Piva, G., Simone, B., Luciano, P. (2016) Comparison of cellulose nanocrystals obtained by
sulfuric acid hydrolysis and ammonium persulfate, to be used as coating on flexible
food-packaging materials. Cellulose. 23(1),
779-793.
[11] Richardson, J.N. (2003) Microscale Quantitative Analysis of Hard Water Samples Using an
Indirect Potassium Permanganate Redox Titration. Journal of Chemical Education. 80(80),
65-67.
[12] Muller, J.G., Hickerson, R.P., Perez, R.J., Burrows, C.J. (1997) DNA damage from sulfite
autoxidation catalyzed by a nickel(II) peptide.
Journal of the American Chemical Society. 119
(7), 1501-1506.
[13] Stemmler A.J, Burrows C.J, Guanine V.S.
(2001) deoxyribose damage in DNA oxidation
mediated by vanadium(IV) and vanadium(V)
complexes. Biol. Inorg. Chem. 6, 100-106.
[14] Ali, S., James, R.B., Stephen, R.C. (1997) Ferrioxalate-mediated photo degradation of organic pollutants in contaminated water. Water
Research. 31(4), 787-798.
[15] Maurino, V., Calza, P., Minero, C. (1997)
Light-assisted 1,4-dioxane degradation. Chemosphere. 35(11), 2675-2688.
[16] Malato, S., Blanco, J., Richter, C. (1998) Enhancement of the rate of solar photocatalytic
mineralization of organic pollutants by inorganic oxidizing species. Applied Catalysis B.
17(4), 347-356.

Received:
Accepted:

04.12.2017
13.06.2018

CORRESPONDING AUTHOR
Nai-Dong Zhang
College of Environmental Science and Engineering,
Dalian Maritime University,
Dalian, Liaoning, 116026 ± China
e-mail: dongnzh@126.com

5384

$#

! %   

  





!"  ! 




"('%'#" ) (&##(%%+)'
%#' )%'&%#*"("%
!'%%""")%#"!"'

,5545/084D 649. 5-,<9==,48 C7,86&,-,23
1

Igdir University, Agricultural Faculty, Department of Field Crops, Igdir, Turkey
2
General Directorate of Agricultural Affairs, AR-GE, Ankara, Turkey
3
Wheat Research Center, Bangladesh Agricultural Research Institute, Dinajpur, Bangladesh
4
Department of Agronomy, Faculty of Agriculture, Kafrelsheikh University, Egypt

&'%'

fertility in Mediterranean environments [1]. The forage can either be grazed, or cut for hay or straw production [2]. Its seed is usually used for poultry diets
and animal feed as an alternate source of protein [3].
While,    commonly known as hairy
vetch, and now present in all continents worldwide.
It is considered as native to southern and central Europe, North Africa, West and Central Asia, but its
native range is difficult to ascertain because of its
wide naturalization after cultivation for fodder production and as a cover crop [4]. It is considered a
hardy species. However, genotype–environment interactions might be indicated the performance of
genotypes to cultivate in various environments [5]. It
is a cool season and creeping growth habit legume,
grown for pasture, hay, silage, and grain production
for livestock feed, as well as green manure and cover
crop for weed control and also improvement of soil
productivity [1]. It can tolerate cold weather than
common vetch and it is also more suitable for grazing, because of its long vegetative growth, high forage production, and low harvest index [6]. Furthermore, hairy vetch is playing an important role to improve soil physical properties and soil fertility for the
supply of essential nutrients [1]. In identifying the
differences between feeds, it is important to identify
the chemical composition of feed and energy and digestible nutrients
In Turkey, the insufficiency of quality roughage is a major difficulty for animal husbandry as a
result number of cattle are decreasing day by day [7].
Plant specialists are trying to mitigate this shortage
by developing and introducing higher productivity
and quality of forage cultivars [8]. Despite the importance of common and hairy vetches are popular
as a feed resources of cattle in dryland mixed farming systems, while a little information exists on intraand inter-species variations in quality determinants
of hairy vetches. This study is part of a research
aimed to evaluate the nutritive value of different varieties of hairy vetches grown under two Mediterranean environments regarding nutrient content for animal nutrition.

The experiment was conducted in Mediterranean environments of Turkey (Agricultural Station
of Ceylanpınar, Turkey) with four hairy winter
vetch’s varieties (i.e., ‘Aday’ (‘Ceylan’), ‘Efes-79’,
‘Menemen-79’ and ‘Selçuklu-2002’ during 2011-12.
The main objective of the study was to compare varietal performance of quality parameters under Mediterranean environmentof Ceylanpınar, Turkey. All
the quality parameters of four winter hairy vetch varieties were influenced significantly (p≤0.05) by the
environmental conditions. Among the quality parameters, water content varied 7.9 to 12.3%, dry matter varied 87.7 to 92.6, crude ash varied 3.60 to 4.35
%, crude protein varied 26.27 to 28.17%, crude oil
varied 0.30 to 0.51%, crude cellulose varied 0.19 to
0.23, neutral detergent fiber (NDF) varied 34.78 to
40.09), acid detergent fiber (ADF) varied 12.22 to
15.16% and acid detergent lignin (ADL) varied 2.81
to 3.65% respectively. Considering on the four hairy
winter vetch varieties, variety ‘Aday’ (‘Ceylan’) was
promising in terms of water content (12.3%), crude
oil (0.51%), crude protein (28.17%), ADF (15.16%)
and ADL (3.65%). While, variety ‘Menemen-79’
was promising for dry matter (92.6%) and ADL
(3.48%). Whereas, variety ‘Selçuk-2002’ was promising for crude cellulose (0.23%) and ‘Efes-79’ was
for NDF (40.09 %). Therefore, variety ‘Aday’
(‘Ceylan’) seemed to be the most suitable for the
Mediterranean environmentsof Turkey as a promising variety regarding their nutrient content and nutritional value for animal nutrition.
+*#%&
    , winter vetch, agronomic traits, nutritional
values
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Common vetch     is a multipurpose,
cool season, annual and erect growth habit legume,
grown for livestock feed and for improvement of soil
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B:0<4708>,6=4>0=The experiment was conducted in Mediterranean environments of Turkey
(Agricultural Stations of Ceylanpınar, Turkey) with
four hairy winter vetch’s varieties (i.e., ‘Aday’
(‘Ceylan’), ‘Efes-79’, ‘Menemen-79’ and ‘Selçuklu2002’ during 2011-12. The main objective of the
study was to compare the varietal performance of
quality parameters under Mediterranean environment of Ceylanpınar, Turkey. The experimental
methodologies have been followed as described previously by [9]. The sites of the experiment in
Ceylanpınar, Turkey, consist of soil water saturation
was 78%, soluble salts was (EC) was 0.69 dsm-1,
high CaCO3 was 25.40%, organic matter was 2.26%,
and pH was 7.81, respectively. Considering on available nutrients, phosphorus (P2O5) was 83.5 to 84.2
(kg ha-1) and potassium (K2O) was 1125.0 (kg ha-1),
respectively (Table 1).
The average atmospheric temperature, rainfall
and relative humidity of Ceylanpınar, Turkey during
the experimental period (2011-12) are presented in
(Table 2) [10].

plot with top dressing of some portions of the fertilizers. Weed control was performed manually as required. Vetch genotypes were harvested at 5 cm
above the ground level on 24 May 2012.
8,6C=4= 91 ;?,64>C :,<,70>0<= Total nitrogen was determined by [11]. Crude protein (CP) was
calculated as Nx6.25. Ash was determined by complete burning of the feed samples in a muffle furnace
at 500°C overnight according to the procedure of
[12]. Neutral detergent fiber (NDF), acid detergent
fiber (ADF) and acid detergent lignin (ADL) were
analyzed using ANKOM Analyzer [13].
&>,>4=>4.,6 ,8,6C=4= The data was evaluated
separately and combined, using SAS statistical package program. The LSD test was used to compare the
difference between the averages [13].
%&( '&"&(&&#"

3074.,6 .97:9=4>498  The chemical
composition (%) of the four hairy vetch varieties significantly (p≤0.05) varied in Mediterranean environments of Ceylanpınar, Turkey. Among the quality
parameters, water content varied 7.9 to 12.3%, dry
matter varied 87.7 to 92.6, crude ash varied 3.60 to
4.35 %, crude protein varied 26.27 to 28.17%, crude
oil varied 0.30 to 0.51%, crude cellulose varied 0.19
to 0.23, neutral detergent fiber (NDF) varied 34.78
to 40.09), acid detergent fiber (ADF) varied 12.22 to
15.16% and acid detergent lignin (ADL) varied 2.81
to 3.65% respectively, in the environmental condition of Ceylanpınar (Table 3, Figure 1 and 2).

B:0<4708>,6/0=428,8/0B:0<4708>,6:<9
.0/?<0 The treatments were arranged in a completely randomized block design with four replications. Plot size was 7.5 m2, with 0.25 cm width and
5 m length. Seeding rate was 100 kg ha-1. The four
varieties of vetch were ridge-sown in 0.7 cm interval
on 2 November 2011 and fertilized basically with 50
kg ha-1 for each of N, P2O5 and K2O by a chemical
compound fertilizer. Each plot was fertilized with
P2O5 and K2O at 100 kg ha-1 were applied in each
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35.9
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8.1
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70.7
66.4
,8?,<C
5.1
4.8
66
47.5
82.8
68.3
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6.1
7.5
26.8
43.8
66.7
70.7
!,<.3
9.1
12.2
16.4
46.1
56.6
63.8
:<460
18.6
16.2
7.2
47.2
50.9
57.3
!,C
22.7
22.8
5.2
19.3
49.2
44.4
?80
29.1
29.6
0
3.9
31.5
31.7
'9>,6 !0,8
10.9
12.1
179.5
286.9
62.7
60.9
*: Anonymous 2012. Ceylanpınar Meteorology station directorate data
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Considering on four hairy winter vetch varieties, ‘Aday’ (‘Ceylan’) was found promising in terms
of water content (12.3%), crude oil (0.51%), and protein content (28.17%), ADF (15.16%) and ADL
(3.65%). While, variety ‘Menemen-79’ was found
promising in term of dry matter (92.6%) and ADL
(3.48%). Variety ‘Selçuk-2002’ was promising in
term of Crude cellulose (0.23%) and ‘Efes-79’ was
in term of NDF (40.09 %). Many authors have reported that crude protein ratios vary between 9.08 to
22.30% among the common vetch varieties [14, 15].

[16], reported that the concentrations of DM and
ADIN-N did not differ among the vetch varieties, but
varied significantly of OM, CP, NDF, and ADF.
Based on the averages two years results, [17], opined
that the seed yield ranged from 1160 to 1459 kg
ha-1, CP content ranged from 24.94 to 27.86%, ADF
content ranged from 5.81-8.45%, NDF ranged from
9.89 to 11.42% and CF content ranged from 1.16 to
3.23%. Environment conditions might lead to the
significant variation on seed quality traits of different
crops [18-27].
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0.19b
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15.16 a
11.97 b
12.22 b
11.55 b
12.73

38.85b
40.09a
37.97b
34.78b
37.92

3.65a
2.81b
3.48a
3.02b
3.24

abc = means with different superscripts within row are significantly different p (0.05). ADF, Acid detergent fiber;
NDF, Neutral detergent fiber and ADL, acid detergent lignin
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0.591
0.838**
-0.068
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0.354
0.421
0.788*
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1
-0.512
-0.783*
0.290
0.356
-0.397
-0.495
-0.834**

1
0.608
-0.351
-0.186
0.416
0.111
0.641

1
-0.340
-0.686
0.086
0.143
0.666

1
0.224
-0.106
0.025
-0.528

1
0.641
0.459
-0.093

0.850**
0.574

1
0.442

1

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

&47:60 .9<<06,>498 .90114.408>=   ,7982
=970.3074.,6.98>08>=91@0>.3@,<40>40=Correlation coefficients among the studied variables were
found positive association (Table 4). These results of
ADF was positively correlated to NDF (r = 0.850),
which is similar to the finding of [28]. While the results of ADF was negatively correlated to CP ( =0.99) and DDM ( = -0.98) and positively correlated
to NDF ( = 0.96). [15], reported that genotypic differences were determined to significant in terms of
other characters except for ADF ratio. Therefore,
year x genotype interaction was also found to be significant for most of the characteristics except for
crude protein ratio, NDF ratio and crude ash ratio.
[29], suggested that according to the crude protein
content in the plant above ground mass, the stem,
leaf and inflorescence ratio in the plant mass of 
  and some samples of    were
more valuable than in that of cultivated    .
Whereas, [30] concluded that at plant maturity, dry
matter digestibility (DMD), crude protein (CP) and
leafiness were decreased, while neutral-detergent fiber (NDF) and acid-detergent fiber (ADF) were increased. Maximum digestible dry matter (DDM) and
CP yields were more or less attained at 50-100% at
podding. In addition to these findings, seed yield and
chemical compounds of common vetch lines can be
affected by adverse environmental conditions [31].
Contrary to the results of the present study, [32] concluded that CP ranged from 15.15 to 20.69%, 40.63
to 47.27% for NDF, from 28.94 to 35.71% for ADF,
from 4.39 to 7.06% for ADL. [33], indicated that forage dry matter yield was positively associated with
days to forage and seed harvests, plant height, crude
protein and digestibility.

2002’ was promising in term of crude cellulose
(0.23%) and ‘Efes-79’ was in term of NDF (40.09
%). Therefore, variety ‘Aday’ (‘Ceylan’) seemed to
be the most suitable for the locations as a promising
variety regarding their nutrient content and nutritional value for animal nutrition.
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In order to quantitatively understand the ecological environment and social conditions in Yinchuan, this study established a regional environmental fragility assessment system based on topography, climate and socio-economic data. Based on
the geographic information system (GIS) and remote sensing (RS), Using spatial principal component analysis model, changes in environmental fragility were analyzed for Yinchuan, China, from
2002 to 2016. The results reveal fragile grade of
Yinchuan District changed from level III to level II,
but fragile grade of Lingwu City changed from IIto
III level. Over the past 10 years, the ecological fragility of Yongning County and Helan County has
been at the level I. The environmental fragility index of the Yinchuan District and Lingwu City was
significantly higher than environmental fragility
index in Yongning County and Helan County. It
reflects that the ecological stability in Yongning
County and Helan County is better than that in
Yinchuan District and Lingwu City, and the urbanization was one of the important factors in economically underdeveloped regions.

reasonable destruction of the socio-environment
due to the effects of human activities.
Yinchuan is the capital of Ningxia Hui Autonomous Region of China and has a long history.
It is the political, economic and cultural center of
Ningxia. Meanwhile, the complex landscape has the
characteristics of low natural bearing capacity and
high ecological sensitivity. Due to the complexity,
diversity and fragility of urban natural ecological
environment, the spatial structure of Yinchuan is
different from that of ordinary plain cities. As a city
under the restriction of the fragile ecological environment in Northwest China, Yinchuan has a theoretical reference and practical significance for the
study of urban spatial evolution in Northwest China
[2, 3].
The evaluation of environmental fragility is a
comprehensive evaluation, and the object of study
is the resource and environment system under the
influence of external natural conditions and human
activities [4]. Environmental fragility is the sensitivity of the environmental environment and its
components to adverse reactions to external interference [5]. That is, the speed and extent of the reaction to interfering activities, the magnitude of
which is called the degree of fragility [6, 7]. There
are many ways to evaluate the environmental fragility [8-11]. For example, scoring superposition
method, comprehensive index method, cluster
analysis method, landscape ecology method. There
are three steps to evaluate the environmental fragility: selecting the evaluation index system; determining the index system in the weight of each factor; the use of mathematical analysis and calculation. This paper selected spatial principal component analysis (SPCA) to evaluate the environmental
fragility of the Yinchuan region.
Geographic information system (GIS) has become an effective spatial data analysis tool to support environmental fragility assessments [12]. Satellite images are particularly valuable because they
provide maps of areas or regions that are difficult to
reach in rapidly changing terrain [13-14]. The integration of traditional data analysis with GIS provides an excellent framework for data storage, synthesis, measurement, and analysis, all of which are
essential to environmental analysis [1]. An evaluation system includes natural environmental factors,
social factors and human factors, and in this study,

('"#
Environmental fragility index, Geographic information
system (GIS), Spatial principal component analysis,
Yinchuan area

$"%$
Environmental fragility is the sensitive reaction and self-recovery ability of the ecosystem in a
specific time and space scale relative to the external
disturbance, and is an inherent attribute of the ecosystem. Evaluate the regional environmental fragility, is of great significance not only to protect the
regional environment, but also to reasonable use of
regional resources and regional sustainable development also has important theoretical and practical
significance [1]. In other words, a comprehensive
environment evaluation would be the basis for taking effective measures to control the deterioration
of the environment and effectively prevent the un-
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GIS was used in the eco-environmental evaluation
model to provide an objective assessment of environmental fragility [15-17]. Based on the analysis
of the causes of fragile ecological environment, this
paper selects the sensitive factors that cause environmental fragility and constructs the evaluation
index system. Collect relevant data, including topography, meteorology and socio-economic aspects, analyze and evaluate the impact of various
factors on the ecological environment, and assign
grading according to their role. Using GIS to preprocess and standardize the data, and adopt the
main components of space analysis method to determine the weight of each factor.
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annual rainfall of about 200 mm, frost-free period
of 185 days. Yinchuan City contains three municipal districts, two counties and one county-level city,
including Yinchuan District, Yongning County,
Helan County and Lingwu City.
*:* The core data consisted of Landsat-5
TM remote sensing images from a specific time in
June of 2002, 2007, 2012, 2016, which have a spatial resolution of 30 meters, and serial numbers
130,34; 130, 34 and 128, 34, respectively. The remote sensing data were obtained from the USGS
(United States Geological Survey), and the map
projection coordinates were in UTM (Universal
Transverse Mercator). Meanwhile, in addition to
the remote sensing data, we also acquired natural,
economic and social data from the 2002, 2007,
2012, 2016 Statistical Yearbooks and relevant government departments.
DEM was interpreted from Landsat resource
thematic mapper (TM) images, and agricultural
output, natural population growth rate, population
density, per capita GDP were obtained from the
Statistical Yearbook of the corresponding year
(Statistical Yearbook of Yinchuan City and Ningxia
province). Moreover, rainfall, evaporation, mean
wind speed, relative humidity, strong wind days,
hours of sunshine and average annual temperature
were obtained from the Statistical Yearbook of
Yinchuan City and Ningxia province.
$#
<*3;*:265 /*,:689 *5- *:* 9:*5-*8-2?*
:265In the environmental fragility assessment system, the choice of evaluation criteria is crucial; criteria should be representative and adaptable.
Meanwhile, the Environmental environment is a
dynamic, balanced system that is constantly affected by changing energy and material cycles. Therefore, the factors used for assessment in the qualitative study should consider natural environmental
factors and the impacts of human activity. The
evaluation system in this study included 12 factors:
land use, rainfall, hours of sunshine, average annual
temperature, population density, per capita GDP,
altitude, vegetation cover, forest area, industrial
output, agricultural output, and soil erosion area.
Data normalization is the scaling of the data to
a small specific interval. In some comparison and
evaluation index processing are often used, remove
the unit of data limitations, transformed into nondimensional pure numerical, facilitate different
units or level index to compare and weighted. The
most typical of these is the normalization of data,
which is mapped to the [0,1] interval. Because of
the different units used for the values of the assessment factors, it is difficult to directly evaluate
the status of the eco-environment as these values

%"  
$1.36,*:2656/:1.9:;->*8.*

#$%("$ 
#:;->*8.*Yinchuan is located in the hub of
the two major structural belts in East and West of
China. (see Fig. 1). Its geographical range is between 37 ° 29'-38 ° 53'N and 105 ° 49'-106 ° 53'E.
Yinchuan City and its counties (cities) are located
in a temperate continental climate. The main climate features are: four seasons, large temperature
difference between day and night, scarce rain and
snow, strong evaporation, dry climate and more
sandstorms. The annual average temperature of
about 8.5 °C, the annual average sunshine hours of
2800 hours to 3000 hours, is China's solar radiation
and sunshine hours one of the regions. The average
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any predetermined form but are developed as
unique functions from the data matrix. This is particularly useful if nothing is known in advance
about the existence or nature of the patterns of the
components [21], so SPCA was used to evaluate
environmental fragility in this study.
The higher the environmental fragility index
value, the more fragile the Environmental environment is. The environmental fragility index is environmental fragility index as the sum of a couple of
weighted principal components as shown below:

must be standardized to reflect a uniform measurement system across all factors. The original values
of each factor were standardized by the following
equation:

 =



×10

(1)
where Yij represents the standardized value of
factor j of grid i and varies from 0 to 10; xij represents the measured value of factor j of grid i, and
xmin,j and xmax,j represent the minimum and maximum values of factor j of grid i.

 = 11 + 2  2 + ... +   m

(3)

where environmental fragility index is the
eco-environmental synthetic evaluation index; n is
the contribution ratio of the principal component; C
is the principal component, and m is the number of
principal components retained.

<*3;*:265 46-.3 The principal component
analysis obtains the relationship between the factor
variable and the original variable through the rotation of the factor matrix, and then gives a comprehensive evaluation value based on the variance
contribution rate of the m principal components as
the weight. The idea is to reduce dimensionality by
simplifying the structure of variance and covariance. Under certain constraints, the first few variables are selected to replace the original variables to
reduce the dimensionality, and the multi-indicators
are transformed into a few comprehensive indicators. Converting the factors into an integrated evaluation index is a key step in environmental evaluation and remains difficult [18]. Generally, the observed data for each variable presents a problem in
that certain variables will correlate, i.e., the observation data and the information they reflect will
have a certain amount of overlap [19, 20]. Through
different dimensions of data standardization, principal component analysis (PCA) can compress the
data set and transform the index data into a variety
of representative, comprehensive data. The characteristics of each variable that reflect this comprehensive feature can then be analyzed. The principal
components provide information about the most
meaningful parameters, which are those that describe the whole data set and allow for data reduction with minimal loss of the original information.
PCA can be expressed as follows:

 =



(4)



∑
 =1



where ri is the contribution ratio of the ith
principal component, and i is the eigenvalue of the
ith principal component.
"#%$##%## 
*3,;3*:265 6/ .5<28654.5:*3 /8*0232:> *9
9.994.5: /684;3* 6/      *5-  
According to the correlation analysis, all 12 of the
factors selected for the environmental fragility assessment represent important aspects of the environment, and the SPCA identified four principal
components. The cumulative contribution results of
the principal components are shown in Table 1.
As derived from Table 1 and formulas (3) and
(4), the environmental fragility assessment index of
the Yinchuan region is environmental fragility index as the sum of a couple of weighted principal
components as follows:
EFI 2002 = 0.5018X 1 + 0.4125X 2 + 0.0856X 3 (5)

EFI 2007 = 0.4403Y1 + 0.4248Y2 + 0.1350Y3 (6)
EFI 2012 = 0.5479 Z1 + 0.2537 Z 2 + 0.1984 Z 3 (7)
EFI 2016 = 0.0.4845S1 + 0.3565S 2 + 0.1589S3 (8)

 = 1 1 + 2  2 + ... +   m

(2)
where Y is the component score; n is the
component loading; x is the measured value of a
variable; i is the component number, and m is the
total number of variables.
This study used an environmental fragility
evaluation model based on the SPCA method. Spatial principal component analysis (SPCA) transforms the attributes in multiband spatial data into a
new multivariate attribute space whose axes are
rotated with respect to the original space so that the
axes in the new space are uncorrelated. The result
of SPCA is a new multilane spatial data set with the
same number of bands as the original data. SPCA
has certain advantages over conventional orthogonal functions because the resulting data are not of

In the formulas, the environmental fragility
index is the environmental fragility evaluation index, and X1 ~ X3 are the three principal components from the twelve initial spatial variables in
2002. Likewise, Y1 ~ Y3 are the three principal
components in 2007, Z1 ~ Z3 are the three principal
components in 2012 and S1 ~ S3 are the three principal components in 2016.
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Eigenvalue 

Contribution ratios%



Cumulative contribution
(%)

Principal component
I
II
III
I
II
III
I
II
III

2002a
6.022
4.950
1.028
43.186
32.249
8.566
43.186
75.435
84.001

2007a
5.283
5.097
1.620
41.022
36.474
12.504
41.022
77.496
90.000

2012a
6.575
3.044
2.381
51.491
25.365
14.841
51.491
77.156
91.697












2016a
5.815
4.279
1.907
45.457
31.654
13.888
45.451
84.112
90.993



 










%"  
$1..5<28654.5:*3/8*0232:>6/(25,1;*525   *5-  
5*3>929 6/ 5<28654.5:*3 /8*0232:> 25-.=
1*50.9 65 :24. #,*3. Using formulas 5-8, the
environmental fragility index of the study area was
calculated (see Fig. 2). In 2002, the environmental
fragility index of Yinchuan District was larger than
the environmental fragility index of the other counties, and environmental fragility index value is
0.8901. In 2004, the environmental fragility index
of Lingwu County was larger than the environmental fragility index in the other counties, then its environmental fragility index value is 0.8205. In the
latter two periods, including 2012 and 2016, the
environmental fragility index of Lingwu County
was the largest in these counties. This trend was
similar to environmental fragility index of 2007;
their environmental fragility index values are
0.7855 and 0.4584, respectively. From 2002 to
2016, the environmental fragility index of Helan
City was smaller than the environmental fragility
index in the other counties, and the environmental
fragility index value were -0.5506,-0.6643,-0.6876
and -0.6128, respectively.

study area into three grades: I (EFI≤-0.34), II (-0.34
EFI≤0.19) and III (0.19EFI≤0.98). The results
of the assessment and grading can be used to reflect
the actual local environmental conditions in Yinchuan using ArcGIS 9.3 software (see Fig. 3). The
environmental fragility in most of the counties was
at the level of potential, slight or light, but some
counties were at medium or heavy levels. In 2002,
the III fragile zone was mainly distributed in the
Yinchuan District, the II fragile areas were mainly
distributed in Lingwu City and the I fragile areas
were mainly distributed in Helan County and
Yongning County. In 2007, the III fragile zones
were mainly distributed in the Yinchuan District
and Lingwu City, the II fragile area was mainly
distributed in Yongning County and the I fragile
area was mainly distributed in Helan County. In
2012, the III fragile zone was mainly distributed in
the Lingwu City, the II fragile areas were mainly
distributed in Yinchuan District and Yongning
County, and the I fragile area was mainly distributed in Helan County. In 2016, the III fragile zone
was mainly distributed in the Lingwu City, the II
fragile areas were mainly distributed in Yinchuan
District, and the I fragile areas were mainly distributed in Helan County and Yongning County.

5*3>929 6/ 5<28654.5:*3 /8*0232:> 08*-.
,1*50.9 The natural breaks classification method
divided the environmental fragility data from the
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2002 to 2016. In developing regions, the environmental fragility index of Yongning County and
Helan County is far below Yinchuan District and
Lingwu City’ environmental fragility index. In
general, the regional environmental fragility index
of urbanization with higher degree of development
is higher than that of environmental fragility index
with low urbanization. Environmental fragility index in urban areas are directly proportional to the
level of urbanization in the urban areas.


%## 

From 2002 to 2016, fragile grade of Yinchuan
District changed from level III to level II, but fragile grade of Lingwu City changed from II to III
level. It reflected that Environmental environment
of Yinchuan District was getting better, however
Lingwu's Environmental stability is gradually reduced. In the past 10 years, the Environmental fragility of Yongning County and Helan County has
been at the level I.
5*3>929 6/ :1. ,1*50.9 25 5<28654.5:*3
/8*0232:> From 2002 to 2016, the overall environmental fragility index decreased in Yinchuan District and Helan County, which means that the Environmental environment was gradually stabilizing,
but the environmental fragility index gradually increased in Yongning County and Lingwu City.
The environmental fragility index of the Yinchuan District and Lingwu City was significantly
higher than environmental fragility index in
Yongning County and Helan County. It reflects that
the Environmental stability in Yongning County
and Helan County is better than that in Yinchuan
District and Lingwu City.
The environmental fragility index of Helan
County was the lowest, which illustrates the Environmental security and stability of the region. In the
research region, the environmental fragility index
of Yinchuan District and Lingwu City was higher
than that of the other counties, and the urbanization
was one of the important factors in economically
underdeveloped regions.
In the Yinchuan area, the environmental fragility index gradually decreased in Yinchuan District and Helan County, which reflects that
eco-environmental quality improved in these areas.
However the environmental fragility index of
Yongning County and Lingwu City increased from














Taking Yinchuan as the research area, this
paper analyzed long-term (from 2002 to 2016) environmental fragility. The environmental fragility
index of the Yinchuan District and Lingwu City
was significantly higher than environmental fragility index in Yongning County and Helan County. It
reflects that the Environmental stability in
Yongning County and Helan County is better than
that in Yinchuan District and Lingwu City. The
environmental fragility index of Helan County was
the lowest, which illustrates the Environmental security and stability of the region. In the research
region, the environmental fragility index of Yinchuan District and Lingwu City was higher than
that of the other counties, and the urbanization was
one of the important factors in economically underdeveloped regions.
From 2002 to 2016, fragile grade of Yinchuan
District changed from level III to level II, but fragile grade of Lingwu City changed from II to III
level. In the past 10 years, the Environmental fragility of Yongning County and Helan County has
been at the level I.

EVI2002

EVI2007

EVI2012
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Helan
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EVI2015
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Finally, this study considered multiple factors
in its assessment of regional environmental fragility
and used an SPCA model to closely reflect the real
situation of the study area. Compared to traditional
estimation methods, this approach allows us to integrate various types of spatial information and
socio-economic data. However, due to limited data
and technical problems, this study did not evaluate
the environment in specific energy exploitation
areas. Therefore, more attention should be paid to
this region in future research to provide reasonable
suggestions for Environmental recovery and sustainable development in this Environmental fragile
region.
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This experimental research investigates
changes in the mechanical properties of plaster under
the influence of high temperature. To achieve this
objective, four types of plaster—cement, lime, gypsum, and hybrid mortar (cement + lime) were manufactured. Prism samples with dimensions of
40×40×160 mm were kept in a laboratory from 28 to
90 days. Mortar samples were exposed to 20, 125,
250, 500, 600, and 900°C. Half of the samples were
air-cooled (under laboratory conditions), while the
other half were cooled through the sprinkler (spray
water) method. After cooling the samples, the bending, tensile, and compressive strength tests were performed. Test results were examined statistically to
determine the influence of high temperature on the
mortar, which revealed that at a temperature of
125°C, an increase was observed in bending strength
and pressure resistance of all air-cooled mortar
types; meanwhile, a decrease in bending strength and
pressure resistance was found under the other temperatures. For the water-cooled mortar types, bending strength and pressure resistance values could not
be identified because of the occurrence of fusion in
all the mortar samples.

Starting from primitive building elements that
attempt to keep up with technological development,
humans have tried to produce more and more suitable structural elements. However, housing, schools,
factories, and businesses remain subjected to high
temperatures. According to Khoury [7], fire is one
cause of such a condition. Moreover, structural elements lose their properties under different mechanical, physical, chemical, and atmospheric effects over
time. Also, in structures subjected to external impact, distortion has been observed in the long run.
However, as Demir [8] states, fire occurs suddenly
and within a short period of time, and therefore, its
impact on the plaster mortar requires an urgent reduction [9–14].
The plaster includes both recyclable material
and not only ecological but also technical elements,
providing wall compatibility, reversibility, and comfort. It shows the need to define ecological requirements. The plaster should not be stiffer than the support surface on which it is applied—as seen in cement plots. Lime plaster absorbs carbon dioxide
(CO2) during its lifetime and thus balances the CO2
released during production. Gypsum itself is much
less ecological than most gypsum plasters because
the gypsum used in producing plaster is usually a byproduct. An ecological effect is associated with the
use of such plots depending on the heat source used.
For ecological reasons, applying high-temperature
plasters is much more beneficial.
The main materials in plaster consist of chemicals and are used for years with recycling for create
an ecological environment. They are reused on
buildings, blocks, pavements, and sustainable environment engineering materials. Plaster is a material
that can be used with recycled plaster after demolition to rebuild the ecological area. Nowadays, plaster
is used for agriculture (5%), industrial purposes
(15%), and material civil engineering (80%). The
reason for specifically and increasingly using plaster
is that mixing it with water combines their properties


-,$'(
Plaster mortars, high temperature, mechanical characteristics


#)'$*)$#
One of the major causes of durability issues in
physical structures is high temperature. Aydin and
Baradan [1] observed that permanent structure damage and service downtime could lead to loss of life
and property. The effect of high-temperature fire
conditions has been the subject of research for many
years [1–6].
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after reuse. Using residual materials in plaster recycling protects the environment, minimizes the use of
natural and economic resources, and reduces environmental pollution as well as chemicals that harm
human health. Recently, recycling in Turkey has led
to the reuse of approximately 2 billion tons of plaster
in buildings. Today, 5% of gypsum stone is used for
agriculture purposes, 15% for industrial purposes,
and the rest for construction. The major benefit to
using plaster in construction is that it can be utilized
as a building material that resolves when mixed with
water. Repeated use of plaster as waste is beneficial
for the environment, as it consumes less natural resources, is more economical, and prevents chemical
wastes which are harmful to human health. Recognizing the benefits of recycling, Turkey has been using declaimers in recent years for about 2 million
tons of plumbing in current conditions. [15–20].
Plasters have increased their day-to-day functions in the construction sector and have an important place in all areas of construction. Correspondingly, the quality and durability of today’s
construction applications are increasing. Moreover,
the development of new products and services can
easily solve certain problems, and plasters have also
been influenced positively by these advancements.
Generally, plasters increase wall durability against
external factors and should be used properly to
achieve planar surfaces. In this respect, plasters have
been the subject of interest with regard to outcomes
of their exposure to high temperatures. In that respect, Durmus and Aslan [21] observed a decreasing
trend in flexural, tensile, and compressive strength
when cement mortar samples were subjected to 100,
300, 500, 700, and 900°C. Similarly, fly ashes in the
mortar samples have been used by Topcu and Demir
[22] at 0%, 10%, 20%, and 30%. Samples prepared
according to Turkish Standards Institute 1363-2 [23]
were held in an atmospheric environment for 3 h at
20, 150, 300, 400, 600, and 900°C. Although fly
ashes gave the concrete satisfactory properties under
the influence of fire and high temperatures up to
600°C, flexural and tensile strength were also reduced. In addition, Gulce [24] has found no significant impact on four different types of Portland cement mortar samples heated at five different temperatures: 150, 300, 450, 600, and 900ºC. Although
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some minor changes were observed, they suffered
significant strength losses at 450 to 900°C.
The present study has two objectives. First, it
aims to investigate the effects of high temperatures
on mortars during a fire. This forms the backbone of
the research. In this process, tensile bending and
cooling effects on the mortar were analyzed. Second,
it aims to evaluate the changes in compressive
strength, as it plays a significant representative role.

")'!(#")$(

".@2>6.8? To fulfill the objectives and analyze
the effects of high temperatures on the mortars, five
types of materials were used, namely, standard sand,
lime, gypsum plaster, water, and Portland cement as
a binder. These produced PA mortar (plaster in the
air), CA mortar (cement in the air), LA mortar (lime
in the air), HA mortar (hybrid in the air), CW mortar
(cement in the water), and HW mortar (hybrid in the
water). 

292:@ To prepare the mortar samples, Portland cement PO 42.5 R (CEM I) was used according
to Turkish Standards Institute 197-1 standards [25].
The chemical and physical properties of the cement
are shown in Table 1 below.

!692 To produce mortar in appropriate experimental studies based on Turkish Standards Institute
459-1 standards [26], slaked lime was used. The
chemical composition of lime is shown in Table 2.

%8.?@2>  Plaster was used in accordance with
Turkish Standards Institute 13279-1 [27] / Turkish
Standards Institute 13279-2 [28] standards for mortar preparation. The properties of gypsum used in the
experiment are in Table 3.

(@.:1.>1 ?.:1  To prepare the samples according to Turkish Standards Institute 196-1 standards [29], RILEM – Cembureau Pinarhisar (the name
and type of sand) sand was used. Properties of sand
used in the experiment are shown in Table 4.
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SiO2

20.41

Al2O3

5.35

Fe2O3
CaO
MgO
SO3
Na2O3
K2
Clan
HCl

3.3
63.5
1.65
2.93
0.15
0.71
0.01
0.28
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Physical
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Specific
surface, cm2/g
Volume
expansion, mm
Water demand, g
Setting times, min
Outlet expiration, min
Density, g/cm3
40 (m) above the rest (%)
90 (m) above the rest (%)

+.8A2
3,320
1.2
28.5
163
240
3.12
8.3
0.5
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B2>.42B.8A2?
85%
1.5%
0.8%
5%
1%
0.2%
0%
5%
460 g/l
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+.8A2?
6–6.5 l water to 10 kg
> 20 minutes
60 minutes
25 kgf/cm2
10k gf/cm2
100%
60%
750–800 kg/m3
950–1,000 kgf/m3
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'29.6:6:4
5.23
33.02
65.74
86.21
99.12
0.11
0.57


)!
52960.8<>;<2>@62?;3C.@2>A?216:@522D<2>692:@
%.>.92@2>
)A>/616@E#)*A:6@?
58;>61294 8
;:1A0@6B6@EJ? 09
99;:6.94 8
#6@>6@294 8
>;:94 8
<

:.8E?6?>2?A8@?

)( 8696@

0.58
0.6
17.87
0.06
0.006
<3
6.5

5
600
250
0.5
0.5
200
6.5–9.2

,.@2> Ankara drinking water, which was used
to produce the mortars, did not contain any potentially harmful organic matter and mineral salts in the
production of cement, which was done according to
Turkish Standards Institute 196-1 standards [29].
The characteristics of the water used in the study is
shown in Table 5.

2@2>96:.@6;: ;3 @52 9;>@.>H? C.@2> 12
9.:1 American Society for Testing and Materials
(ASTM) C1437-07 [30] is a test method used to determine the flow of hydraulic cement mortars, but
flow is not usually included in hydraulic cement
specifications. Instead, it is commonly used in active

"6:6?@>E;32.8@5>24A8.@6;:?
B.8A2?
1
at most 0.5
250
0.5
0.5
200
6–8 ± 0.5

standard tests that require the mortar to have a water
content that provides a specific flow level. The flow
table used in this test must be clean and dry. The
spreading rate according to Turkish Standards Institute 1015-3 standards [31] must be 110±5% of flow.
The experiment was repeated several times based on
the standards, and the optimum water rate for the desired flow value was determined.

%>2<.>.@6;: ;3 @52 9;>@.> ?.9<82  Cement
mortar was produced using 450 g cement and 1,350
g standard sand. Lime mortar was produced using
450 g sodium hydroxide and 1,350 g standard sand.
Hybrid mortar was produced using 450 g cement,
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pressure tester determined compressive strength.
The loading speed of the device for all test samples
was 2,400±200 N/s. The compressive strength of all
mortar samples was calculated using the following
equation:
Fc
2
(2)
Rc =
1,600
These were defined as follows:
Fc: maximum load at the time of refraction (Newton)
Rc: compressive strength (N / mm 2)
1,600: area of plaques (40 mm * 40 mm) (mm2)

(@.@6?@60.82B.8A.@6;: In the data analysis section, the data obtained from the samples were evaluated. Repeated measures analysis of variance was
performed. This analysis involved two cooling factors (air- and water-cooling), two periods (28 and 90
days), and six temperature levels (20, 125, 250, 500,
600, and 900°C). Duncan’s multiple comparison test
was used to determine the difference between the
cooling and temperature averages.


'(*!)(#(*(($#

The experimental results show the samples’ resistance to high temperatures. Values from data calculations were examined statistically and analyzed
according to temperature increase. The gypsum and
lime mortar was water-cooled, and dissolution occurred in any temperature during cooling. On the
other hand, lime mortar was exposed to 900°C on
day 28 during air-cooling. Dissolution occurred only
in this situation, and therefore, no calculations were
made for this process. 

112.5 g lime, and 1,350 g standard sand. Gypsum
mortar was produced using 1,240 g gypsum. The
procedure of adding water was repeated until these
four mortar groups achieved a smooth consistency.
To determine the strength of each group, 288 prismatic test specimens were used. These were prepared with CEN (Comité Européen de Normalisation) standard sand (the name of standard sand _ ISO
standard sand), producing three samples for each
temperature. After production, removal from the
mold took 48 h for the samples. Afterward, they
were kept at 21±2°C. The experiments took place on
the 28th and 90th days. Humidity was maintained
within 50–60% in a windless laboratory. The mixing
ratios were then calculated based on the plaster
types. Binder/sand ratio values were specified in accordance to Turkish Standards Institute 13914-2
standards [32].

<<8E6:45645@29<2>.@A>26:@;@529;>@.> 
Application of high temperature into the mortar was
carried out in accordance with British Standards Institution 13501-1 standards [33]. Before exposure to
high temperatures, mortar samples completed the 28
and 90 days of curing time. Again, they were kept in
an oven (105±5°C) for 24 hours. Samples were
placed in a laboratory-type furnace with a capacity
of 1,800°C. The oven’s rate of temperature increase
was determined at 10°C/min. Moreover, samples
were exposed for 180 minutes at 20, 125, 250, 500,
600, and 900ºC. Twenty-four samples were used for
each temperature value. Twelve samples were aircooled. The others faced sudden cooling via sprinkler (water spray) at 21±2°C. After these procedures,
they were heated until 20°C depending on the
weather conditions. For each method, certain test periods between 20–150 minutes and 20–80 minutes
were allocated, respectively.

2:16:4 @2:?682 .:1 0;9<>2??6B2 ?@>2:4@5
@2?@  Bending and compressive strength tests were
carried out in accordance with Turkish Standards Institute 196-1 standards [29]. An ELE (the name of
cement pressure tester) cement pressure tester determined bending strength. The loading speed of the device for all test samples was 50±10 N/s. The flexural
strength of all mortar samples was calculated using
the following equation:
1.5*Ff*l
1
(1)
Rf =
b3
These are defined as follows:
Ff: force applied as soon as the middle of the prism
is broken (Newton),
b: edge length of the square cross section of the
prism (mm),
l: distance between support rollers (mm),
Rf: bending strength (N/mm2)
Mortar samples were divided into two parts by
bending and tensile strength tests. The ELE cement

6:16:4? ;: @52 9;>@.> ?.9<82?  )2:?682
?@>2:4@5 ;3 /2:16:4  In this experiment, bending
strength values were obtained on the 28th- and the
90th-day samples shown in Table 6.
The tensile strength of bending values of 28thand 90th-day samples are in Figures 1 and 2.
The findings on the 28th-day air-cooling indicated that flexural strength was achieved for gypsum, cement, lime, and hybrid mortar samples. The
lowest and highest strengths were compared, and
maximum and minimum strengths were observed at
125 and 900°C, respectively. Moreover, gypsum
mortar samples cooled with air for 28 days were subjected to 125, 250, 500, 600, and 900°C. For the
20°C reference temperature, the flexural strength
coverage ratio was, respectively, ~117%, ~96%,
~78%, 75%, and 50%. As a result, the 20°C (reference) mortar samples were responsible for a 28-day
flexural strength. Accordingly, the second highest
strength was obtained at 250°C. It was also observed
that cement mortar samples cooled with air for 28
days were exposed to 125, 250, 500, 600, and 900°C.
For the 20°C reference temperature, the flexural
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As for the water-cooling procedure of the 28day samples, it was observed that flexural strength
was achieved for the cement and hybrid mortar sample. Maximum and minimum strengths were observed at 125 and 900°C, respectively. The flexural
strength for the 28-day water-cooling was not computable for gypsum and lime mortar sample in the
entire temperature range. For the cement mortar,
samples were produced in water for 28 days in the
range of 125, 250, 500, 600, and 900°C. For the 20°C
reference temperature, the flexural strength coverage
ratio was ~96%, ~80%, ~36%, ~27%, and ~10%, respectively. As a result, the 20°C (reference) mortar
samples were responsible for a 28-day flexural
strength. Accordingly, the second highest strength
was obtained at 125°C. Hybrid mortar samples were
produced in water for 28 days at 125, 250, 500, 600,
and 900°C. For the 20°C reference temperature, the
flexural strength coverage ratio was ~96%, ~79%,
~34%, ~25%, and ~9%, respectively. As a result, the
20°C (reference) mortar samples were responsible
for a 28-day flexural strength. Accordingly, the second highest strength was obtained at 125°C.

strength coverage ratio was, respectively, ~104%,
~95%, ~67%, ~49%, and ~23%. As a result, 20°C
(reference) mortar samples were responsible for a
28-day flexural strength. Accordingly, the second
highest strength was obtained at 125°C. Similarly,
lime mortar samples produced in the air for 28 days
were subjected to 125, 250, 500, and 600°C. For the
20°C reference temperature, the flexural strength
coverage ratio was, respectively, ~120%, ~79%,
~57%, and ~29%. Lime mortar was produced in the
air at 900°C. However, flexural strength was not
computable. Thus, 20°C (reference) mortar samples
were responsible for a 28-day flexural strength. Accordingly, the second highest strength was obtained
at 125°C. Finally, hybrid mortar samples produced
in the air for 28 days were subjected to 125, 250, 500,
600, and 900°C. For the 20°C reference temperature,
the flexural strength coverage ratio was, respectively, ~105%, ~95%, ~66%, ~47%, and ~22%. As
a result, 20°C (reference) mortar samples were responsible for a 28-day flexural strength. Accordingly, the second highest strength was obtained at
125 and 250°C.
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Analysis of the 90-day water-cooling method
showed that flexural strength was obtained for the
cement and hybrid mortar samples. Maximum and
minimum strengths were observed at 125 and 900°C,
respectively. The flexural strength of the 90-day water-cooling was not computable for gypsum and lime
mortar sample for the entire temperature range. Cement mortar samples were produced in water for 90
days at 125, 250, 500, 600, and 900°C. For the 20°C
reference temperature, the coverage ratio of flexural
strength was ~95%, ~83%, ~58%, ~46%, and ~6%,
respectively. As a result, the 20°C (reference) mortar
samples were responsible for a 90-day flexural
strength. Accordingly, the second highest strength
was recorded at 125°C. Finally, hybrid mortar samples were produced in the water for 90 days at 125,
250, 500, 600, and 900°C. For the 20°C reference
temperature, the flexural strength coverage ratio was
~94%, ~82%, ~56%, ~43%, and ~6%, respectively.
As a result, the 20°C (reference) mortar samples
were responsible for a 90-day flexural strength. Accordingly, the second highest strength was achieved
at 125°C.
Variance analysis of tensile strength of bending
is shown in Table 7. Differences at a significance
level of 0.05 were found among tensile strength of
bending data.
To determine the difference between the averages of the mortar sample, Duncan’s test was used
and the test results summarized in Table 8.

;9<>2??6B2 ?@>2:4@5  The compressive
strength values of the 28- and 90-day samples are
shown in Table 9 and in Figures 3 and 4.
Compressive strength of the 28-day air-cooling
was realized for gypsum, cement, lime and hybrid

Analysis of the 90-day air-cooling indicated
that flexural strength was obtained for gypsum, cement, lime, and hybrid mortar samples. Maximum
and minimum strengths were observed at 125 and
900°C, respectively. Gypsum mortar samples were
produced in the air for 90 days in the range of 125,
250, 500, 600, and 900°C. For the 20°C reference
temperature, the flexural strength coverage ratio was
~113%, ~98%, 85%, ~83%, and ~59%, respectively.
As a result, 20°C (reference) mortar samples were
responsible for a 90-day flexural strength. Accordingly, the second highest strength was recorded at
250°C. Also, cement mortar samples were produced
in the air for 90 days in the range of 125, 250, 500,
600, and 900°C. For the 20°C reference temperature,
the flexural strength coverage ratio was ~102%,
~102%, ~89%, ~71%, and ~26%, respectively. As a
result, the 20°C (reference) mortar samples were responsible for a 90-day flexural strength. Accordingly, the second highest strength was recorded at
125 and 250°C. Lime mortar samples were produced
in the air for 90 days at 125, 250, 500, 600, and
900°C. For the 20°C reference temperature, the flexural strength coverage ratio was respectively ~107%,
~87%, ~70%, ~35%, and ~21%. As a result, the
20°C (reference) mortar samples were responsible
for a 90-day flexural strength. Accordingly, the second highest strength was achieved at 125°C. Finally,
hybrid mortar samples were produced in the air for
90 days at 125, 250, 500, 600, and 900°C. For the
20°C reference temperature, the flexural strength
coverage ratio was ~102%, ~102%, ~88%, ~69%,
and ~26%, respectively. As a result, the 20°C (reference) mortar samples were responsible for a 90-day
flexural strength. Accordingly, the second highest
strength was obtained at 125 and 250°C.
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mortar sample. Minimum and maximum strengths
were observed at 125 and 900°C, respectively. Gypsum mortar samples were produced in the air for 28
days at 125, 250, 500, 600, and 900°C. At the reference temperature of 20°C, the compressive strength
coverage ratio was ~109%, ~107%, ~90%, ~71%,
and ~47%, respectively. As a result, the reference
temperature produced a 28-day compressive strength
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of the mortar samples. Accordingly, the highest
strength after the reference was recorded at 250°C.
Cement mortar samples were produced in the air for
28 days at 125, 250, 500, 600, and 900°C. At the reference temperature of 20°C, the compressive
strength coverage ratio was ~106%, ~99%, ~84%,
~70%, and ~35%, respectively. As a result, the 20°C
reference temperature was responsible for a 28-day
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compressive strength of the mortar samples. Accordingly, the highest strength after the reference was obtained at 250°C. Lime mortar samples were produced in the air for 28 days at 125, 250, 500, and
600°C. For the 20°C reference temperature, the coverage ratio of compressive strength was, respectively, ~121%, ~111%, ~104%, and ~75%. Lime
mortar was produced in the air at 900°C; however,
compressive strength was not computable. As a result, the 20°C (reference) mortar samples produced
a 28-day compressive strength. Accordingly, the
second highest strength was achieved at 500°C. Finally, hybrid mortar samples were produced in the
air for 28 days at 125, 250, 500, 600, and 900°C. For
the 20°C reference temperature, the compressive
strength coverage ratio was, respectively, ~108%,
~99%, ~81%, ~66%, and ~32%. As a result, the
20°C (reference) mortar samples were responsible
for a 28-day compressive strength. Accordingly, the
second highest strength was obtained at 250°C.
Compressive strength of the 28-day watercooling was achieved for the cement and hybrid mortar samples. Maximum and minimum strengths were
observed at 125 and 900°C, respectively. The compressive strength of the 28-day water-cooling in the
entire temperature range was not computable for the
gypsum and lime mortar samples. Cement mortar
samples were produced in water for 28 days at 125,
250, 500, 600, and 900°C. For the 20 °C reference
temperature, the coverage ratio of compressive
strength was ~89%, ~82%, ~53%, ~39%, and ~18%,
respectively. As a result, the 20°C (reference) mortar
samples were responsible for a 28-day compressive
strength. Accordingly, the second highest strength
was obtained at 125°C. Hybrid mortar samples were
produced in water for 28 days at 125, 250, 500, 600,
and 900°C. For the 20°C reference temperature, the
compressive strength coverage ratio was ~86%,



~78%, ~42%, ~28%, and ~13%, respectively. As a
result, the 20°C (reference) mortar samples were responsible for producing a 28-day compressive
strength. Accordingly, the second highest strength
was recorded at 125°C.
The compressive strength of the 90-day aircooling method was achieved for the gypsum, cement, lime, and hybrid mortar samples. Maximum
and minimum strengths were observed at 125 and
900°C, respectively. Gypsum mortar samples were
produced in the air for 90 days at 125, 250, 500, 600,
and 900°C. For the 20°C reference temperature, the
compressive strength coverage ratio was, respectively, ~108%, ~104%, 90%, ~74%, and 49%. Thus,
the 20°C (reference) mortar samples produced a 90day compressive strength. Accordingly, the second
highest strength was achieved at 250°C. Cement
mortar samples were produced in the air for 90 days
at 125, 250, 500, 600, and 900°C. For the 20°C reference temperature, the coverage ratio of compressive strength was ~104%, ~104%, ~93%, ~83%, and
~39%, respectively. As a result, the 20°C (reference)
mortar samples were responsible for a 90-day compressive strength. Accordingly, the second highest
strength was recorded at 125 and 250°C. Lime mortar samples were produced in the air for 90 days at
125, 250, 500, 600, and 900°C. For the 20°C reference temperature, the compressive strength coverage
ratio was ~115%, ~111%, ~96%, ~76%, and ~54%,
respectively. Therefore, the 20°C (reference) mortar
samples were responsible for a 90-day compressive
strength. Accordingly, the second highest strength
was obtained at 500°C. Hybrid mortar samples were
produced in the air for 90 days at 125, 250, 500, 600,
and 900°C. For the 20°C reference temperature, the
compressive strength coverage ratio was ~105%,
~104%, ~91%, ~79%, and ~38%, respectively. As a
result, the 20°C (reference) mortar samples produced
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a 90-day compressive strength. Accordingly, the
second highest strength was achieved at 250 °C.
The compressive strength of the 90-day watercooling was realized for the cement and hybrid mortar samples. Maximum and minimum strengths were
observed at 125 and 900°C, respectively. The compressive strength of the 90-day water-cooling was
not computable for the gypsum and lime mortar samples in the entire temperature range. Cement mortar
samples were produced in water for 90 days at 125,
250, 500, 600, and 900°C. At a 20°C reference temperature, the compressive strength coverage ratio
was, respectively, ~102%, ~92%, ~72%, ~54%, and
~8%. As a result, the 20°C (reference) mortar samples were responsible for a 90-day compressive
strength. Accordingly, the second highest strength
was recorded at 125°C. Hybrid mortar samples were
produced in the water for 90 days at 125, 250, 500,
600, and 900°C. For the 20°C reference temperature,
the coverage ratio of compressive strength was ~%
99, ~87%, ~64%, ~39%, and ~6%, respectively. As
a result, the 20°C (reference) mortar samples were
responsible for a 90-day compressive strength. Accordingly, the second highest strength was obtained
at 125°C. Variance analysis of compressive strength
is shown in Table 10. To determine the difference
between the averages of the mortar samples, Duncan’s test was used and the test results summarized
in Table 11.
Recent studies show that the thermal conductivity and durability of plaster yield very different results. The correlation of plaster’s thermos physical
properties demonstrates that they have no variance.
The maximum temperature was not important. Using
different materials also results in different correlations for plaster [34]. Plaster materials with thermal
conductivity are significantly important according to
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the latest research, as it has strong durability, energystoring ability, and thermal performance. It reduces
thermal energy in buildings with energy storage systems. Corrosion and contamination of walls and material areas also do not occur during plaster thermal
conductivity studies. [35].
Metal pollution, according to recent research,
poses a high risk of ecological effects to health and
living organisms. Using active carbon is beneficial
in the chemical and physical activation of building
materials. Thus, cement with sulphoaluminate has
the advantages of holding time, influence factors,
sintering temperature, and alkalinity. Recent studies’
results show the feasibility of innovation for cement,
as it has comprehensive strength, alkalinity, stability,
and conductivity [36]. Some techniques such as radon exhalation using wall covers are used with cement plaster and marble and results in health problems. This technique follows the air flow direction
of building materials such as walls [37]. Plaster is a
hugely important material in civil engineering that
also possesses important advantages of accuracy and
fruity materials. When plaster is heated, its volume
increases by approximately 20 times and its density
decreases. Plasters are used in walls, roofs, pavements, and sails for heat and noise insulation and are
important for energy storage, benefiting the country’s economy. One of the important elements in the
construction sector is also important to the energy
efficiency of the plaster. When gypsum is heated, it
increases its volume about 20 times and its density
becomes very light. Some gypsum plaster walls provide great added value to the economy of the country
in terms of energy efficiency in terraces, bases, and
ceilings—in short, where heat and sound insulation
are required.
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The effects of plaster were investigated for
compressive and flexural tensile strength in high
temperatures. This study reached the following conclusions: (1) The flexural and compressive strength
of some mortar samples increased compared to those
under the 20°C reference temperature. This was observed in all air-cooled samples at 125°C and 28 and
90 days. As a result, a temperature increase of up to
125°C had a positive effect on the flexural and compressive strengths of mortar samples. The same effect was observed in all air-cooled samples at 250°C
and 90 days. (2) Hybrid and cement mortar were observed for 28 and 90 days in the whole temperature
range. Higher flexural and compressive strength was
observed for air-cooled samples but not for watercooled samples. (3) Water-cooled lime and gypsum
mortar samples at 28 and 90 days were exposed to
the sprinkling method at any temperature. The dissolved samples were observed throughout the entire
process, and mechanical strength was not in question. Flexural and compressive strengths were not
calculated.
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in the lakes that have been subjected to eutrophication.
Indices of benthic flora and fauna have been
historically used to assess the organic contamination
in lake sediment [8]. The most important indicators
are amphipods and polychaetes. This group can be
found abundantly in the areas of high concentrations
of organic substances, and can be favored by the
amount of suspended particulate matter [9]. However, the sampling and analytical procedures for benthic organisms are very complicated. For instance,
some benthic organisms may die after being removed from the water. Algae are also considered as
a good indicators of organic contamination in lake
sediments [10]. However, this method is based on
the qualitative (rather than quantitative) assessment
of the algal communities. In addition to that qualitative methods were established to assess algal communities in clean waters. In phytoplankton dominated hypereutrophic waters, the deposition and accumulation of biomass (e.g. harmful algae) are the
important sources of organic substances in sediments. Therefore, it is necessary to test whether such
quantitative assessments of algal communities are
suitable for the identification of organic contamination in lake sediments containing hypereutrophic
waters with frequent algal blooms.
Carbon is the main constituents of organic matter, which contributes to organic contamination of
sediments. In natural aquatic systems, carbon
sources are mainly derived from dissolved organic
matter [11, 12], which mainly controls the bacterial
activity [13]. Because of this reason, the rate of organic matter mineralization is the limiting factor in
nutrient regeneration in a benthic system. Previous
work have indicated that organic contamination can
be assessed by measuring total organic carbon content in sediments [14]. Nitrogen is also a main component of organic compounds, which can affect biogeochemical cycling of organic matters [15]. Additionally, the absorption of nitrogen by phytoplankton
and the decomposition of these organisms can affect

We developed a quantitative model for assessing organic contamination in lake sediments
containing hypereutrophic waters. The organic carbon (OC) and total nitrogen (TN) contents in the sediments and chlorophyll-a (Chl.a) content in the water
of Lake Waihai, China were measured between April
2004 to March 2005. The data showed that Lake
Waihai could be divided into four regions based on
the level of algal blooms. Linear relationships were
observed between OC and Chl.a concentrations as
well as TN and Chl.a concentrations during the study
period. The organic indices showed sediment contamination, which was well correlated with the Chl.a
concentrations. The linear relationship between organic index and Chl.a contents was compared with
the data collected from Lake Caohai, China. The result suggests that linear model can be effectively
used as a quantitative indicator for the organic contamination in lake sediments of similar environmental settings.
'&!"
Sediments, Organic contamination, Organic carbon, Organic nitrogen, algal blooms
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Inflow of organic substances in excess, such as
sewage and/or fertilizers, to the lake often leads to
organic contamination of sediments underneath [1,
2, 3]. Increase in organic contamination also increases number of decomposers, which generally
grows rapidly using dissolved oxygen. Thereby depleting oxygen level in the lake, subsequently killing
aquatic organisms [4, 5]. One of the most typical instances of organic contamination around the world is
lake eutrophication, which often leads to harmful algal blooms [6, 7]. Therefore, a reliable scientific
method is necessary to assess organic contamination
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"(36204.(4+(4(2?:0*(2:,*/407;,9The location of the sampling sites (n = 40) was based on
the distribution of Chl.a content in lake water (Fig.
1). There were significant differences in the Chl.a
concentrations in different regions of the Lake
Waihai, except for the centre and south regions (Table 1). For comparison, the samples have been collected from three different locations in Lake Caohai.
The sampling in Lake Waihai was carried out during
April 2004 to March 2005, while during March and
August 2007 and 2008 for Lake Caohai.

the organic nitrogen content in sediments. Phytoplankton can easily absorbs dissolved organic nitrogen as a nutrient, as opposed to dissolved inorganic
nitrogen [16]. Therefore, organic contamination in
sediments can also be quantified using total nitrogen
content in the sediments [17].
The aim of this study is to determine the levels
of algal blooms (expressed by the chlorophyll-a
(Chl.a) content) accurately and quantitatively to assess organic contamination in the lake sediments. To
assess organic contamination in sediments, we have
measured organic carbon (OC) and total nitrogen
(TN) concentrations in the sediments (top 0-10 cm)
of Lake Waihai, China and compared with the nutrient and Chl.a concentration in the overlying water.
We have also tried to establish the relationship between harmful algal blooms and the organic index
using mathematic model. Finally, the model has
been verified with the data collected from Lake Caohai, China. We hope that the findings of this investigation will provide a quantitative model to assess the
levels of organic contamination in lake sediments of
similar environmental conditions.

#!"#"

":;+?(8,(The study area, Lake Dianchi (latitude: 24°40'-25°02'; longitude: 102°02'-102°47';
and altitude: 1889 m), is a eutrophic lake on the Yunnan-Guizhou Plateau [18]. The Lake Dianchi has
been divided into two parts (Lake Waihai and Lake
Caohai) by a dyke. Lake Waihai has an area of ~ 301
km2 with an average water depth of 4.4 m, while
Lake Caohai has an area of only 14 km2 with an average water depth of 2.2 m [19]. The Dianchi watershed is characterized by subtropical climate where
average temperature varies from 5.6 to 25°C with an
annual average temperature of 15°C. The mean annual precipitation is 783 mm, where rainfall mainly
occurs during May to October [20]. 
The sediment deposition rate in Lake Dianchi
was 0.29 cm a-1 during 1996, which recorded the sedimentary period from the 1970s to the 1990s [21].
Since 1990, frequent cyanobacterial blooms had occurred in Lake Dianchi, mainly due to increased economic development. It was estimated that ~ 8×105 t
of cyanobacterial biomass (dry weight) produced
every year [22].

$! 
09:80);:0545-:/,9(36204.90:,904(1,
0(4*/004*2;+04.(1,&(0/(0(4+
(1,(5/(0

The collected water sample was a mixture of
three subsamples (surface to the bottom of the lake
at an interval of 0.5 m). The water samples have been
measured for Chl.a content using acetone extraction
method [23]. The sediment samples (0-10 cm) were
collected from the lakes using a KC sediment core
sampler (Model B AISI 316, Denmark). The samples
were kept at 4°C ice box during transport to the laboratory. Initially, sediment was oven-dried at 60°C
and thereafter stored at room temperature. The total
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#/,3,(4+0--,8,4*,+,:,8304,+)?(54,=(?%:,9:5-:/,/2(*54:,4:904-5;88,.05495-(1,
&(0/(0
North-I
North-II
Centre
South

North-I
1
0.05256*
0.08813*
0.09603*

North-II

Centre

South

1
0.03557*
0.04346*

1
0.0790

1

*  < 0.05
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nitrogen (TN) content was measured using persulfate digestion method [24]. The total phosphorus
(TP) was measured after burning the samples at
500°C and/or using acid dissolution method
(HF+HNO3) [25]. The moisture content (105°C for
24h) and loss-on-ignition (LOI) (550°C for 6h) of
the sediments were also determined. The OC content
was calculated based on the relationship between
LOI and OC established for Lake Dianchi [26].
Statistical analyses were performed using the
software package SPSS version 12.0. The statistical
methods: ANOVA with a post-hoc test and Pearsonr correlation analysis were done with the measured
data set. The results were considered to be statistically significant when p < 0.05.
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soils/sediments by the available organic matter from
primary production, which is mainly biodegraded by
microorganisms [27]. According to the extensive investigation of medium- and large- size water bodies
in southern China, the amount of organic contamination in sediments is often expressed by the organic
index based on organic carbon and organic nitrogen
content because carbon and nitrogen are the primary
elements of organic contamination.
The organic index (Eq. 1) and its corresponding
assessment criterion have already established (Table
2) [28, 29].
Organic index = Organic carbon (%) × organic nitrogen (%)
Eq. 1
Where, organic nitrogen is the 95% of TN, which
represents the amount of nitrogen pollution in sediments. Both OC and TN are expressed as g/100 g.

99,993,4: 5- 9,+03,4:*54+0:0549 Organic
contamination refers to the contamination of


Organic index
Pattern
Pollution level

# 
#/,58.(40*04+,>*80:,80(-582(1,9,+03,4:9
< 0.05
0.05-0.20
0.20-0.50
Very clean
Clean
Moderately clean
I
II
III

# 
8.(40**(8)54*54:,4:04=:(4+:5:(240:85.,4*54:,4:3..
Apr-04
Mean±SD
9.6±2.3
Max
13
Lake Waihai
Min
6.7
Mean±SD
11±2.0
North-I
Max
13
Min
9.2
Mean±SD
9.3±0.85
North-II
Max
10
Organic carbon
Min
8
Mean±SD
8.8±2.7
Centre
Max
13
Min
6.7
Mean±SD
9.2±2.2
South
Max
13
Min
7.1
Mean±SD
2.0±0.73
Lake Waihai
Max
3.4
Min
0.27
Mean±SD
2.6±0.68
North-I
Max
3.3
Min
2
Mean±SD
2.2±0.70
Total nitrogen
North-II
Max
2.1
Min
1
Mean±SD
1.4±0.29
Centre
Max
2.1
Min
0.27
Mean±SD
2.0±0.36
South
Max
3
Min
1
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≥ 0.50
Organic contamination
IV

04+0--,8,4:8,.05495-(1,&(0/(0
Aug-04
Nov-04
Mar-05
11±4.1
11±4.2
12±2.2
18
16
14
5.2
6.3
6.2
16±2.4
13±2.9
13±1.0
18
15
14
13
9.6
12
12±2.4
11±2.9
12±2.9
14
12
13
8
6.3
7.3
7.6±4.4
9.8±3.5
9.4±2.8
18
16
12
5.2
7
6.2
10±1.7
11±2.3
12±4.2
13
16
13
7.8
6.6
8.8
2.9±0.86
2.9±0.82
3.2±0.71
5.1
5.1
4.1
0.57
1.1
1.2
3.7±0.49
3.2±0.70
3.6±0.61
4.2
3.9
3.8
3.3
2.5
2.6
3.1±1.3
2.8±0.70
3.4±0.59
5.1
5.1
4
1.8
1.1
3
2.2±1.5
2.7±0.75
2.5±0.70
3.2
4.1
4.1
0.57
1.5
1.2
2.5±0.38
2.8±0.70
3.1±0.66
3.9
3.8
3.1
1.7
1.4
2.8
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8.(40**(8)5404:/,9,+03,4:9The measured OC content in different regions of Lake Waihai
is presented in Table 3. The data shows that mean
OC content in sediments was increased from 9.6 to
12% between April 2004 and November 2005. The
mean OC content was found to be spatially variable
and was observed in the following decreasing order:
North-I > North-II > South > Centre (Table 1). The
North- I & II region was used to receive urban
wastewater during the study period, which might result in the deposition of high OC in sediments. The
centre region was used to receive cropland drainage
containing low OC. However, slight increase in OC
content in the south region were mainly due to aquacultural activities, where young fishes were used to
introduced annually during February to April [30].
Similar observation of the influence of marine cages
on the OC content in sediment was found in the Mediterranean Sea [31].
The distribution of OC was very similar to the
Chl.a content in the water. The Chl.a content were
observed to be highest in North-I region, while lowest in the Centre region (Fig. 2). There were statistically significant relationship between OC in the sediments and Chl.a in the water of Lake Waihai during
August 2004 (R2 = 0.66, p < 0.05) and March 2005

(R2 = 0.60, p < 0.05). Previous studies have shown
that most harmful algal blooms had occurred during
June and September (Li et al., 2007). Algal bloom
generally accelerates the mineralization of OC from
biomass [33, 34]. This was the reason behind the observed linear relationship between OC in sediments
and Chl.a in water. In phytoplankton dominated
aquatic ecosystem organic carbon generally dominates the biogeochemical cycles [35]. In this study,
the organic carbon might be originated from the accumulation and decomposition of excessive algal biomasses expressed by the high annual Chl.a concentrations. Phytoplankton degradation has previously
shown to be an important source of particulate and
dissolved organic matters that contribute to the carbon budgets of both coastal and lake waters [35, 36].
There was a significant positive correlation between
dissolved organic matter absorption and Chl.a content, indicating that phytoplankton accumulation and
decomposition contributed to dissolved organic matter [37].
0:85.,404:/,9,+03,4:9The TN content in
the sediments was gradually decreased from the
north to the centre of the lake, however slightly increased in the south (Table 3). Moreover, TN content
in Lake Waihai was temporally increased from 2.0
mg g-1 to 3.2 mg g-1 between April 2004 and March
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99,993,4: 5- :/, 9,+03,4: *54+0:0549The
organic index was calculated to assess the level of
organic contamination in the sediments. The results
showed that organic index were highest in North-I
(organic index: 4.1), followed by North-II (organic
index: 3.0), South (organic index: 2.6) and Centre
(organic index: 1.9) of the Lake Waihai. This observation was consistent with the mean Chl.a concentrations in the water during August 2004 and March
2005. Linear relationship between organic index and
Chl.a concentration was also observed (R2 = 0.57, p
< 0.05) in the lake. The straight line equation of the
observed relationship between organic index and
Chl.a content is as follows:
Organic index = 15.7233 × Chl.a + 0.9701
Eq. 2
The study area received wastewater from the
catchment between August 2004 and March 2005,
and the nutrients in the wastewater were suggested
to be the catalyst for the excessive algal growth.
Therefore, biomass deposition and frequent algal
blooms were important drivers for organic contamination in the sediment. However, in the south region,
excessive algal blooms did not occur due to filter
feeding fishes foraging on the algae [42]. Thus, the
organic contamination in the sediments of the south
region was likely resulted from sustained caged pisciculture.

2005 (Table 3). Similar to the OC content in sediments, the TN content also showed similar distribution pattern (North-I > North-II > South > Centre)
(Fig. 3). High TN content in the northern side was
mainly due to heavy industrial and municipal pollution [38]. While, high TN content in the south could
be associated with intensive aquacultural activities.
On the other hand, high algal biomass expressed by
the Chl.a content can accelerate the fixation of nitrogen from the atmosphere.
The distribution of TN content was very similar
to Chl.a content in the water. There was a strong correlation between TN in the sediment and Chl.a in the
water during August 2004 (R2 = 0.71, p < 0.05) and
March 2005 (R2 = 0.62, p < 0.05). Generally, algal
blooms were favorable during summer (mean Chl.a
concentration ≥ 0.12 mg L-1), leading to the unrestrained phytoplankton growth [39, 40]. However,
during winter, algal blooms was low (mean Chl.a
concentration 0.035 mg L-1), therefore, nitrogen
loading in the sediment might have derived from the
decomposition of algal biomass. In addition, a variety of proteins and amino acids were produced and
adsorbed by the sediments during phytoplankton decay [41]. These might be the reasons for positive linear relationship between Chl.a and TN during March
2005.
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%(20+(:054 5- :/, 58.(40* 04+,> 35+,2 The
linear relationship model between Chl.a content and
organic index of the sediment was tested for Lake
Caohai during March and August of 2007 and March
and August of 2008. The frequency and intensity of
algal blooms in Lake Caohai were much more than
Lake Waihai [22]. Figure 4 shows the variation of
the observed and the simulated organic indices at different sampling sites at Lake Caohai. The observed
organic indices were calculated based on the Eq. 1,
while simulated values were calculated according to
the linear relationship model shown in Eq. 2. Goodness-of-fit of the observed and the simulated organic
indices were tested using coefficients of determination (R2), and was found to be 0.76, 0.82 and 0.95 for
sampling sites 1, 2 and 3, respectively. This suggests
that the linear model of organic contamination (Eq.
2) in lake sediments can be effectively used to understand organic contamination in other lakes such
as Lake Caohai.

This work was jointly supported by the Scientific research and service platform fund of Henan
Province 2016151) and the fund of scientific and
technological innovation team of water ecological
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South-to-North Diversion Project of Henan Province.
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ABSTRACT

INTRODUCTION

The species identification of flies is a difficult
problem, especially for species of flies, which are
very close to the species. Because of the difference
of morphology, the traditional morphological identification method is difficult to distinguish. The gene
sequence molecular identification method was developed in recent years provides a new way to solve
this problem. But sequencing technologies exist
time-consuming, workload is big, the higher equipment technology requirement. At present we need
simple, fast, low cost technology and methods as a
species identification auxiliary means. The high-resolution melting curve (high resolution melt, HRM)
can meet the demand of new technology and methods. In this study, the analysis of the mitochondrial
COI region and the COII region DNA of HRM was
used to accuracy class and all kinds of flies and by
using animal model to collect the common carnivorous flies in Haikou area. The results showed that the
HRM test of two mt-DNA genetic regions can be
achieved to distinguish the different species of flies.
Even though the species can be distinguished from
the species, the results showed that the results were
confirmed by sequencing. According to the results of
the above studies, we mapped the HRM molecular
identification of 14 common species of the genus
HRM in Haikou region. The species of the genus
were identified, and the results were obtained. This
study first proposed the idea and method of insect
species identification by HRM molecular mapping.
The results showed that the HRM technology has advantages of simple, fast, direct and low cost, and can
be used as an important assistant tool for insect taxonomy and species identification.

Sarcophagical flies is closely related to human
life. It has important value in disease transmission,
environmental protection, resource utilization, food
and drug development, forensic practice. Therefore,
the focus of the research is to study and observe the
flies activity. The classification is the base. If the accuracy of insect classification is not guaranteed, the
relevant research results will be lost[1-3]. Traditional insect species identification methods, mainly
through against various insect morphology to careful
distinguish and observation, and then according to
morphological characteristics to identify the insect
species in the genus. The most defects of this method
is theory and experience requirements very high,
need to specially trained personnel to carry out. The
results are often affected by the appraiser's level of
experience and knowledge. The results are not objective, and difficult to spread [4-6].
The carnivorous flies in forensic entomology in
applications as example, in the judicial practice,
death (postmortem interval time, PMI) inference is
one of the important problems in forensic science to
solve. It's accurate judgment is a key indicator of the
direction of investigation of cases. So it is always forensic detection and the focus of criminal cases is
difficult. The previous use of postmortem phenomena estimating death time only after the death of 24h
effectively, then extend to death after 2 days to 2
weeks, even several years the bodies of forensic entomology. It uses the inference of carnivorous insects on the body of the succession law research for
assisting forensic study time of death. In recent
years, because of the special significance of the time
of the death of the carnivorous insects, especially the
corrupt and the remains of the dead, it is more and
more concerned [5-7].
In order to break through the morphological
identification method professional, affecting by experience, difficult to spread etc., in recent years,
scholars began entomology species and genus identification. A large number of studies on the molecular level, sequencing method are used which is relatively simple and straightforward. Therefore, it is

KEYWORDS:
Sarcophagical flies, Species identification, Morphological
classification, DNA sequencing, High Resolution Melt
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gradually become forensic entomology science molecular species identification of the main auxiliary
method. But sequencing method also has its limitations and shortcomings such as inherent error rate,
time-consuming and detection process in multiple
links prone to cause pollution, low flux, resulting in
the in the application of insect species identification
is still in an important supplement to the morphological method and proof. Based on it, entomologists at
the world over the years has pursued, looked for a
low cost, high throughput, fast, and no affecting by
site limited detection method [6-9].
High resolution melting curve (HRM) analysis
is Gundry et al. 2003 proposed originally used in
SNP detection analysis new technology. The technique is according to the base sequences of different
nucleotide fragment melting at different temperatures, at the end of the polymerase chain reaction in
the same container directly high resolution melting,
and the saturation dye monitoring nucleotide fragment of the melting process, melting characteristic
curve, then according to the morphological changes
of the melting curve to determine differences in the
nature of the nucleotide fragments (fragment length,
nucleotide sequence and CG content). By HRM
analysis containing the mutation loci, due to mutation in mismatch will lead to double stranded DNA
in the heating process to unlock and fluorescent dyes
from local solution of double stranded DNA chain
release. According to the fluorescence intensity versus time curve peak shape differences can determine
the presence or absence of the mutation, and different mutations, heterozygous and not will affect melting curve shape. Therefore, high-resolution melting
curve analysis has accurately and effectively in different sites and different genotype mutation. Among
them, the melting temperature of DNA (Tm) as a fluorescence 50% reduction temperature directly reflects the difference [10-13] target DNA sequence.
With the main auxiliary method, sequencing
method also has considerable limitations and shortcomings of its error rate inherent time-consuming
and detection process in multiple links prone to
cause pollution low, flux resulting, in the in the application species identification insect of is still an important supplement to the morphological method and
identification PROO
In recent years, HRM analysis technology has
been used in a number of areas began to attract much
attention. HRM has the advantages of simple operation, low cost, rapid and high throughput, good specificity and repeatability, suitable specimens range,
non destruction technology, which can well satisfy
needs of the entomological classification practice.
However, at present the HRM exploration of insect
species identification of the article is few. This study
was first conceived by COI mtDNA [14-16], and
COII, which is widely used in the identification of
insect species. The results of DNA sequencing were
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used as a reference for the study HRM, and to explore the new way of identification.
MATERIALS AND METHODS
Samples were collected and morphological
genus identification. A piece about 1000g fresh bovine liver was placed under the shade of a tree in a
quiet Haikou. Collecting flies arrived in bovine liver,
acetic ether anaesthetized, morphological method
classification, after drying the sample classification
storage inspection equipment.
DNA extraction. The insect DNA Extraction
Kit (Guangzhou Jiepei Bio-tech company). The different kinds of carnivorous flies were obtained by
morphological classification. One of them was extracted DNA each time. The extraction product was
confirmed by 0.2% agarose gel electrophoresis, and
was determined by spectrophotometry.
HRM molecular species identification. Primers design. According to the GenBank related sequences of COI and COII, the PRIMER 5.0 software
was used to design primers. The PCR was used to
validate and optimize. Finally, the length of the amplified product was 196bp and 237bp, respectively.
The length of the amplified product was COI-237
(237) and (196):
COI-237 )¶-CAGATCGAAATTTAAATACTTC-¶
R¶-GTATCAACATCTATTCCTAC-¶
COII-196F¶-ATTAGATGTTGATAATCG-¶
R¶-ACAAATTTCTGAACATTG-¶澞

Establishment of HRM detection method.
PCR primers above were synthesized by Sigma Oligo (Sigma-Aldrich, China). Type-it HRM PCR Kit
was used and purchased from Qiagen (Qiagen,
GER). Each PCR reaction mix was prepared using
approximately 1±3 ng of genomic DNA in a total reDFWLRQ YROXPH RI  ȝ/ FRQVLVWLQJ RI  ȝ/ [
HRM PCR Master Mix (with fluorescent dye
(YD*UHHQ ȝ/ȝ0SULPHUPL[VHW IROORZLQJ
WKHUHFRPPHQGDWLRQV IURP PDQXIDFWXUH¶V PDQXDO 
PCR cycling and HRM analysis were carried out in
one step using a Rotor- Gene Q thermal cycler (Qiagen, GER), which has a thermal uniformity of
±0.01°C and the resolution ±0.02°C.
The thermal program consisted of an initial denaturation step of 94°C for 10 min followed by 40
cycles of 94°C for 30 seconds, annealing for 45 seconds, and 72°C for 45 seconds, the annealing temperature was 51°C and 50.5°C for COI-237bp and
COII-196bp respectively. After 32 PCR cycles had
been completed, melting curve data were generated
by increasing the temperature from 60°C to 95°C at
0.1°C per second and recording fluorescence. HRM
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drawn. The DNA analysis was carried out on the different species of carnivorous flies which were
known to belong to the species of the genus. The applicability of the HRM species identification standard map was evaluated.

curve analysis was performed using the software Rotor-Gene 2.3.1, and the HRM algorithm was provided.
DNA and molecular species identification.
DNA sequence. Samples containing either same or
different species, identified by Morphological classification and HRM, were chosen and sent to SinoGenoMax Co., Ltd for sequencing.

RESULTS
In order to guarantee the reliability of the genus
identification, we extracted DNA from the individual flies. The DNA concentrations of different species of the genus were successfully extracted from
different species of the genus (0.16ug.ul1~1.99ug.ul-1). But basis on specially designed primers and optimized PCR program, all of the different species of flies in all the studied species have successfully achieved the amplification gene fragments
(Fig. 1).

BLAST species identification. The DNA sequence obtained by the NCBI database to BLAST
online inquiries, to find a matching species of the genus of the standard DNA sequence, so as to determine the species of all specimens.
DNA sequence alignment and analysis. DNA
sequence alignment and phylogenetic tree analysis
using star DNA analysis software to analyze the differences of the DNA sequences of the various classes
of carnivorous flies, and draw the evolutionary tree.
The production Identification map of HRM
species of carnivorous flies. Classification of fly
species HRM species. The morphological method
can be used to identify species of flies. DNA extracted from the sequencing method confirmed that
the morphological classification and molecular classification. DNA was detected by HRM, and the
HRM curves of different flies were obtained. DNA
classification was performed by HRM in the same
species with different distribution of individual species, and the repeatability and stability of the same
species were tested.

FIGURE 1
The results of the COI and COII amplified
products of 14 common species of carnivorous
flies in Haikou region
A: COI product; B:COII product; Number order 1-7 as following: Sarcophaga peregrine,
Chrysomya megacephala, Chrysomya nigripes,
Ophyra chalcogaster, Chrysomya rufifacies,
Hemipyrellia ligurriens, Chrysomya pinguis,
Musca larvipara, para-Sarcophaga dux, Hermetia illucens, Musca domestica, Lucilia sericata, Synthesiomyia nudiseta, Muscina stabulans

Difficult classification of HRM species of the
genus flies. The classification results of the molecular species of the genus DNA were extracted by the
methods of morphological classification and identification of the flies.
For the identification of the species by morphological classification of difficult or error type of flies,
extraction of DNA by sequencing method was used
to obtain the classification results. On the basis, it is
confirmed by morphological method. The classification of HRM is carried out, and the curve of different
type is compared with known type.

In the collected Haikou area carnivorous flies
classification, morphology method obtained 11 maggot accurate classifications of the genus, and 6 accurate types of flies. 17 kinds of flies by morphological
classification and BLAST sequence analysis of the
DNA, by mutual confirms the results of this study
design COI-237 and COII-196 regions and again by
morphological method to confirm, finally 14 species
of carnivorous flies were found:
Sarcophaga peregrine, Chrysomya megacephala, Chrysomya nigripes, Ophyra chalcogaster,
Chrysomya rufifacies, Hemipyrellia ligurriens,
Chrysomya pinguis, Musca larvipara, para-Sarcophaga dux, Hermetia illucens, Musca domestica, Lucilia sericata, Synthesiomyia nudiseta, Muscina stabulans. The primary morphological and molecular sequencing method results in the Table1. The results
showed that the molecular identification of molecular species was better.
The sequences of 14 species of the genus DNA

Correction of morphological classification.
The same species of flies were randomly selected by
morphological methods. DNA was detected by
HRM. To decrease of morphological classification
of flies in the classification of some species of flies,
the results compare were compared.
Mapping of the identification of common
species of carnivorous flies in Haikou area. Based
on the results of molecular and morphological classification, the HRM species identification standard
of common carnivorous flies in Haikou area was
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TABLE 1
Comparison of the initial and final classification results of the morphological and molecular technological
method in Haikou
Samples NO
Morpho

1

2

3

4

5

6

7

8

Sarcophag
peregrine

Chrysomya
megacephala

Chrysomya
nigripes

Ophyra
chalcogaster

Lucilia
sericata

Hemipyrellia
ligurriens

Synthesiomyia
nudiseta

Musca
larvipara

Sequencing

Sarcophag
peregrine

Chrysomya
megacephala

Chrysomya
nigripes

Ophyra
chalcogaster

Lucilia
sericata

Hemipyrellia
ligurriens

Synthesiomyia
nudiseta

Musca
larvipara

Final

Sarcophag
peregrine

Chrysomya
megacephala

Chrysomya
nigripes

Ophyra
chalcogaster

Lucilia
sericata

Hemipyrellia
ligurriens

Synthesiomyia
nudiseta

Musca
larvipara

logical
(first)

Samples NO
Morphological
(first)

10
Hermetia
illucens

Musca
domestica

11
-

12
-

13
-

14

Sequencing

Hermetia
illucens

Musca
domestica

Chrysomya
megacephala

Chrysomya
megacephala

Chrysomya
rufifacies

Final

Hermetia
illucens

Musca
domestica

Chrysomya
megacephala

Chrysomya
megacephala

Chrysomya
rufifacies

15
Synthesiomyia
nudiseta
Synthesiomyia
nudiseta

9
paraSarcophaga
dux
paraSarcophaga
dux
paraSarcophaga
dux

16

17

-

-

Muscina
stabulans

Sarcophag
peregrine

Muscina
stabulans

Sarcophag
peregrine

1RWH³-´PHDQVXQFHUWDLQE\ILUVWMorphological identification.

FIGURE 2
Comparison of gene sequences (A) and phylogenetic tree construction (B) in 14 species of common
species of carnivorous flies in Haikou area
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FIGURE 3
Comparison of CO-II gene sequences (A) and phylogenetic tree construction (B) in 14 species of common
species of carnivorous flies in Haikou area

FIGURE 4
COI (A) and COII (B) mapping of 14 species of HRM species in Haikou area
(Different colors of the curves represent different species of flies. 1-14 number is Sarcophaga peregrine,
Chrysomya megacephala, Chrysomya nigripes, Ophyra chalcogaster, Chrysomya rufifacies, Hemipyrellia
ligurriens, Chrysomya pinguis, Musca larvipara, para-Sarcophaga dux, Hermetia illucens, Musca domestica, Lucilia sericata, Synthesiomyia nudiseta, Muscina stabulans.)
were determined by star DNA sequence software.
This study applied the COI-237 and COII-196 to find
the different flies COI and COII sequence and evolution tree. The results are shown in Figures 2-3.
Morphology and gene sequence blast two

methods for accurate classification of 14 maggots
were given HRM analysis. Collected the Haikou area
of 14 kinds of common flies in the HRM results was
analyzed. 14 kinds of common flies in HRM species
identification map were made (Figure 4).
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intraspecific variation for the atlas, it is necessary by
sequencing for further analysis.
3 curves represent 3 individuals with different
gene. Their HRM patterns showed some differences,
and their differences were proved by sequence similarity analysis.
We had finished morphological and molecular
sequencing well-defined species the classification of
flies. The blind sampling was used to select 60 fly's
body, which belong to different species. The DNA,
HRM of them were extracted and analyzed. This
study results in Haikou area 14 species of carnivorous flies HRM species identification map was compared, flies species and genus were identified.
Among them, 54 patients obtained the accurate classification. 6 cases were classified which received the
sequencing confirmed and showed the consistent results with the previous research.
The classification accuracy of the 3 methods involved in the study of Haikou meat flies was summarized and compared in this study. The final classification results of molecular sequencing, HRM

We found Chrysomya rufifacies, Chrysomya
and nigripes basis on the HRM in CO-I and CO-II
region mapping. The HRM of the COII region were
difficult to be distinguished for the nearest distance,
while CO-I region was found the good distinguish.
We found the sequence similarity between them, it
is 90.4%. The evolution tree of two methods is very
close. The result showed that amplification segments
of carnivorous flies COI area is higher than that of
the COII for the identification.
In this study, the HRM patterns of almost all of
the same species (Hemipyrellia ligurriens) were in
the same position (Fig. 5). HRM showed good repeatability and stability, which could be used as an
effective method for classification and identification
of flies.

FIGURE 5
Ophyra detection results of 3 samples of
chalcogaster HRM were detected in COI and
COII regions.
Different curves of different individual DNAHRM patterns of chalcogaster Ophyra. The first peak
was the COI region. The second peak is the COII region. The HRM in the COI region and the COII region of the HRM region were detected by 3 different
chalcogaster Ophyra and the HRM has the same dissolve temperature.
But Chrysomya rufifacies fly study found the
different stability for fly individual HRM pattern is
different. Although the same type of them, between
the individual parts of the sequence appeared some
differences (Figure 6). It is found species identification in the HRM map, to fly close to the map position
of the individual shall consider the influence of the

FIGURE 6
Individual HRM patterns of different species of
rufifacies hrysomya in COI region

Ophyra
chalcogaster

Chrysomya
rufifacies

Hemipyrellia ligurriens

Chrysomya
pinguis

Musca
larvipara

para-Sarcophaga dux

Hermetia
illucens

Musca
domestica

Lucilia sericata

Morphological
Sequencing
HRM

-

-

+

-

+

-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Note: all other species of the genus can be identified as "+" and, "-" can not be accurately identified.
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Synthesiomyia
di t
Muscina
stabulans

Chrysomya
nigripes

+

Sarcophaga
peregrine

Chrysomya
megacephala

TABLE 2
14 carnivorous flies precise identification in Haikou region by morphology, sequencing and HRM.
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ity sequence is 97.6%. So the little changing of sequence is the base of little morphological changing.
But to test the sequence and to give the HRM classification, then we can get the accuracy result. Therefore, our results show that morphology only gives
the generic classification. This research work used
the sequence test and HRM classification methods
have higher precision and can have the ability to
class the generic.
In the comparison of DNA sequencing and
HRM methods, we found that there is no difference
between the two methods in the accuracy of species
identification. HRM method for different species of
insects can be clearly distinguished by the species
identification map. The difference of individual can
also be distinguished, so it has the same accuracy for
classification with the sequence method. But compared with the DNA sequencing method, the HRM
detection process is simple, fast, low cost, and the
results are obvious, different species of flies are
clear. The detection results can be obtained from the
PCR sample, which can be obtained by using the
HRM standard curve, and the results can be achieved
by using a simple curve comparison. DNA sequencing can be achieved. As a result, the identification
method of HRM can be used as a quick classification
method for the identification of insect species, which
can be used as an effective complement to the morphological classification method and DNA sequencing method.
We have investigated the using of the HRM
technique in the case of multiple repeats of the same
species. In the case of a few cases, the HRM technique has a good reproducibility and stability; at the
same time, in order to ensure the reliability and stability of the HRM sources, we have individual as the
sample organization. In order to ensure the reliability
and reliability of the DNA source, we gave the single
fly to extract the DNA. The experimental results
show that, although various species of flies are different, the various fly species are different from size
and organ. Therefore, the identification method of
HRM is a good classification method for the identification of insect species and can be as the base for
insect identification.
In conclusion, this paper provides a new
method for the identification of the species of genus
HRM, which is based on the HRM standard curve of
Haikou area. This work established the base of simple, low cost, higher efficiency and fast species classification method. It is also providing a new thought
for insect species classification method by HRM. It
is a new method for the identification of HRM. It is
still in the verification and exploration phase, especially in different instruments, different products,
different products and different experimental results.
As far as this paper is concerned, it is not enough to
study the species and quantity of flies. It is only the
exploration and attempt of this method. Therefore,
its effectiveness needs to be further studied.

technology and morphological features were used to
identify. The results were compared the original
morphological insects. Some of the species are not
accurate classification because of the original morphological classification, which can be explained
from the molecular sequences. Such as Chrysomya
megacephala and Chrysomya pinguis have the error
classification, mainly for the high similarity of the
sequence. In the sequence alignment, the similarity
is 97.6%. Small difference in gene sequence is the
genetic basis of morphological differences. The accuracy of morphological methods, sequencing and
HRM classification are shown in table 2.

DISCUSSION
The method of species identification is to distinguish the species of different species from different species by some index, such as in insect species
identification, morphological classification method
is by the insect cuticle of certain structural features
(somites, wings, mouthparts, etc.). The sequencing
as the main method of molecular identification is
based on DNA sequence similarity classification
[17-20]. HRM as a technology is basis on the insect
DNA barcode sequence. HRM test according to the
Tm of HRM pattern that is the different species with
the different dissolve curve. The detection result is
intuitive, vivid and easy to distinguish. Therefore, it
is very important to study the stability and reliability
of the insect species, which can be realized in the
classification of insects. and it also makes the identification method of insect species belonging to the
HRM technology more suitable for practical work,
and it will be more suitable for the HRM technology.
In this study, we found that the accuracy of
HRM technique can be verified by the results of
HRM curves and the results of sequencing and morphological results were confirmed by the results of
different species. At the same time, the species of the
genus HRM are classified by HRM, and the species
of the genus are classified as the same species. The
results showed that the morphological characteristics
were similar to that of the same genus, and the morphological characteristics were similar to that of the
genus. In the present study, it was found that some
species of flies can only be classified into the genus
level, and HRM and sequencing methods, which can
be easily distinguished, can reach the level of species. It also shows that the molecular species of
HRM technology and sequencing method have more
accurate classification level in insect taxonomy.
In this study, we found that in the classification
of Chrysomya megacephala, Chrysomya pinguis,
Chrysomya nigripes and Chrysomya pinguis can
have the error. To study the DNA sequence was
found the higher similarity sequence. If we gave the
sequence alignment, some species have the similar-
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[11] /DYURYD 2, $O YDUHV )LJHURYD 09
7YRURJRYD0*  7KH+50QHZPROHF
XODU WHFKQLTXH RI GHWHFWLRQ RI SKDUPDFHXWLFDO
UHVLVWDQFH RI PLFREDFWHULD RI WXEHUFXORVLV.OLQ
/DE'LDJQ  
[12] +HUQiQGH]+*7VH0<3DQJ6&$UER
OHGD+)RUHUR'$  2SWLPL]LQJPHWK
RGRORJLHV IRU 3&5EDVHG '1$ PHWK\ODWLRQ
DQDO\VLV%LRWHFKQLTXHV  
[13] 7DERDGD(1&ODUNL&*6SURVWRQL(/&DU
ULOORL&'  &XUUHQWPHWKRGVIRUPROHFX
ODU W\SLQJ RI &DPS\OREDFWHU VSHFLHV - 0LFUR
ELRO0HWKRGV  
[14] *LO$UULRUWXD 0 6DORxD%RUGDV 0, &DLQp
/0 3LQKHLUR ) 0 GH 3DQFRUER 0  
7HFKQLFDO 1RWH 0LWRFKRQGULDO DQG QXFOHDU
'1$ DSSURDFKHV IRU UHOLDEOH LGHQWLILFDWLRQ RI
/XFLOLD 'LSWHUD &DOOLSKRULGDH  VSHFLHV RI IR
UHQVLFLQWHUHVWIURP6RXWKHUQ(XURSH)RUHQVLF
6FL,QW
[15] 0XKDPPDG 7DKLU + $NKWDU 6   6HU
YLFHVRI'1$EDUFRGLQJLQGLIIHUHQWILHOGV0L
WRFKRQGULDO'1$
[16] /LQ ; 6WXU ( (NUHP 7   ([SORULQJ
*HQHWLF 'LYHUJHQFH LQ D 6SHFLHV5LFK ,QVHFW
*HQXV8VLQJ'1$%DUFRGHV3/R62QH
  H
[17] $PRUD*+DPDGD1)XVDUL/0$QGUDGH
6RX]D9  $Q$VLDWLF&KLURQRPLGLQ%UD
]LOPRUSKRORJ\'1$EDUFRGHDQGELRQRPLFV
=RRNH\V
[18] 0RQWDJQp1GH)RXFKLHU$1HZFRPE5'
-DFTXLQ-RO\(  $GYDQFHVLQWKHLGHQWL
ILFDWLRQDQGFKDUDFWHUL]DWLRQRIROIDFWRU\UHFHS
WRUVLQLQVHFWV3URJ0RO%LRO7UDQVO6FL 

[19] 6L]KX=-LDOLQ/<LKDQ:<XDQ**XR
KXL = ;LDRMXQ<<XQIDQJ &   '1$
EDUFRGLQJLGHQWLILFDWLRQRI'HUPHVWLGDHVSHFLHV
0LWRFKRQGULDO'1$
[20] 6FKPLGW 6 6FKPLG(JJHU & 0RULQLqUH -
+DV]SUXQDU*+HEHUW3'  '1$EDU
FRGLQJ ODUJHO\ VXSSRUWV  \HDUV RI FODVVLFDO
WD[RQRP\LGHQWLILFDWLRQVIRU&HQWUDO(XURSHDQ
EHHV +\PHQRSWHUD$SRLGHDSDUWLP 0RO(FRO
5HVRXU  
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food industry to determine the added proportion of
flavour substances in food, while the environmental
field mostly focuses on the detection threshold,
which is the basis for determining the presence of
foul substances. The recognition threshold values of
odor compounds are usually 2-10 times higher than
the detection threshold values [2]. Generally, in industrial production, the odor threshold refers to the
former threshold, which has an important role on the
rectification of in-car odor, the analysis of key odor
contribution compounds, in-car odor standard sample preparation and so on. There are a series of criteria are used to evaluate whether the characteristics of
a new car reach the desired standards or not. The
comparison of the detected concentration of the
odorant compounds with their odor thresholds is a
direct approach for the evaluation of the air quality
inside a vehicle.
Similar to the visual, auditory, tactile and other
human senses, olfactory sense is an important way to
experience external stimuli that have been extensively and systematically reported in the literature
since the 1960s and 1970s [3-6]. To date, thousands
of odor threshold data have been accumulated in the
literature from the reports on alkane, olefins, aromatic hydrocarbons, halogenated hydrocarbons, alcohols, aldehydes, acids, esters, ethers, ketones and
other compounds, involving various research areas
mainly concentrated in food production, pollution,
healthcare and so on, whereas the odor thresholds
and especially the in-car odor are still rarely reported
in the automotive industry.
With the rapid development of the automotive
industry, an increasing amount of plastic, rubber,
leather, adhesives and other chemical products are
used in automotive interior production, owing to
their excellent mechanical properties and low cost.
These products improve the safety and comfort of
the vehicles in the visual, auditory and tactile aspects, but at the same time, their usage lead to the
yield of volatile organic compounds, which resulted
in air pollution inside vehicle. Owing to the relatively airtight environment inside the vehicle, the occupants are directly exposed to odors [7]. Air pollution inside-vehicle is divided into two kinds, with the
first kind giving rise to health hazards caused by an
excessive concentration of benzene, formaldehyde

Odor in a new car is caused by a complex mixture of various volatile organic compounds evolved
from parts and materials. A QSAR for the prediction
of unknown odor thresholds of volatile organic compounds in vehicles is developed using the Partial
Least Squares technique. The QSAR is based on
odor thresholds of 520 compounds that have been retrieved from the literature. They are modeled by a
series of calculated descriptors from the most used
molecular descriptors calculation software. 19 descriptor classes including constitutional indices, ring
descriptors, topological indices, drug-like indices
and so on were selected. Hierarchical clustering
analysis was carried out to characterize the odorant
compound classification and 91 vehicle odorant
compounds turned out to be the optimum choice with
high robustness and good predictive performance.
The reliability and stability of the model were investigated by cross-validation and unknown sample
tests, showing good fitting results. The result model
showed that Number of aldehydes (aliphatic) (nRCHO),
Atom-centred fragments (C-040), and 2D Atom
Pairs (B02[C-O], B06[C-O], F01[C-N]) were the
most important five factors those had great influences on the odor thresholds of volatile organic compounds in vehicles. Our results provide a promising
technical means of odor threshold prediction of
odorant compounds in vehicles.
)'"#
In-car odor, odor threshold, QSAR, prediction model
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The odor threshold is defined as the lowest concentration of a certain odor compound that can be
perceived by human olfaction. There are two kinds
of odor thresholds, with the first threshold known as
the detection threshold for being barely able to feel
the odor and identify the nature of the smell, and with
the second threshold known as the recognition
threshold for being able to accurately identify the
smell [1]. The recognition threshold is used in the
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+;/93+4: The odor thresholds of 520 compounds have been retrieved from the literature [1, 3,
4, 18, 24]. The main databases included the databases of the United States Environmental Protection
Agency [24], the National Library of Medicine, and
the Japan Environmental Health Center [1]. The results of the analysis of 154 odor compounds were obtained by two types of experimental methods:
namely, "HJ/T 400-2007 determination of volatile
organic compounds and determination of aldehydes
and ketones sampling" and "HJ 759-2015 the determination of volatile organic compounds in the air
tank sampling/gas chromatography-mass spectrometry".

273-/70./:-938;79:The molecular weight,
elemental composition, molecular polarity, functional group composition and molecular topology of
561-676 molecular physical structure independent
variables were evaluated by the molecular descriptor
computing software DRAGON (Kode srl, Pisa, Italy) [25]. All descriptors are listed in Table S1. Initially, all 19 descriptor classes (all available descriptors except for 3D descriptors) provided by
DRAGON 7 were selected, excluding those with the
pair correlations ≥0.95 and constant and near-constant values to avoid multiple collinear problems
[26]. The descriptor values of all compounds are
listed in Table S2.

41793;25: Regression analysis is the most
common modelling method in the QSAR, including
single linear regression [27], multiple linear regression [28], and partial least squares regression [29,
30]. Partial least squares regression (PLS) was proposed by the Swedish statistician Herman Wold in
1975 [31]. This method is representative of chemometric multivariate calibration techniques, which
can simultaneously achieve regression modelling
(multiple linear regression), data dimensionality reduction (principal component analysis), and correlation analysis between two sets of variables (canonical correlation analysis). Partial least squares regression not only considers the data in the predictor but
also considers the data in the dependent variable
when it extracts the components and generates the
maximized correlation between the extracted predictive variable data and the dependent variable data.
The partial least squares regression analysis is used
to synthesize and filter the original data, so that the
multicollinearity between the variables is effectively
solved; in addition, the explanatory effect of the extracted components on the dependent variables is
fully considered. This leads to the high robustness
and good predictive performance of the obtained
model [30, 32, 33].
Partial least squares regression was used to establish the odor threshold prediction model by using

and other toxic and hazardous substances, and the
second kind being the sensory stimulation of occupants caused by in-car odors. Among these, the incar odors have received extensive attention due to
the noticeable nasal or respiratory discomfort. Especially in a new car, pollution is more remarkable [8].
Therefore, in-car odors have become of highest public concern from 2015 to 2016. Thus, automobile enterprises have begun to pay great efforts to the control of in-car odors. Historically, pungent odors were
considered as warning signs and indicators of potential risks to human health but not necessarily as direct triggers of health effects [9]. In recent years,
Americans have complained that odors may not
simply be a warning of potential risks but that the
odor sensations themselves may cause health symptoms [10]. However, because the reported literature
does not cover all odor thresholds of the compounds
inside a vehicle, this means that in-depth studies of
issues such as rectification of in-car odor, the analysis of key odor contribution compounds and in-car
odor standard sample preparation are difficult.
In terms of the air quality inside a vehicle,
Blaschkee et al. [11] developed a microelectromechanical system of metal oxide sensors to monitor
the air quality inside a vehicle. Electronic nose devices are also used for odor analysis, but these have
not been widely used due to their inappropriate size
and high price [12]. Generally, the odor thresholds
of odorant compounds not reported in the literature
can be provided by both experiment and model prediction [13]. The experimental test is mainly based
on the "GB/T 14675-93 air quality determination by
triangle odor bag method", which requires the purchase of pure odor compounds, dilution preparation
in different concentrations of test products, production of quantitative work curve and team subjective
evaluation, making it rather costly and time-consuming. Methods based on the quantitative structure-activity relationship (QSAR) in chemometrics can be
used to rapidly calculate the molecular physical
structure information using the data for the compounds with known odor thresholds [14, 15]. In this
case, there is no need to buy compounds and perform
the preparation and team subjective evaluation, making the QSAR method convenient and relatively
low-cost [16-18]. The US EPA Toxic Substances Office has already used structure-activity relationships
as a means to obtain the basic data on toxic substances [19, 20]. The EU REACH regulations also
use the QSAR as a preferred alternative for the evaluation of the toxicological properties of unknown
compounds [21-23]. The present paper focuses on
the prediction model of odor thresholds, including
the model establishment and optimization of the
odor thresholds based on the statistics reported in the
literature, the searchability analysis of the odor
thresholds of in-car odors, and the application of the
odor threshold prediction model.
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weighted average distance method was used as the
connection method [37].

the ChemPattern software (Chemmind Technologies
Co., Beijing, China). The independent variables
were 561 or 675 molecular descriptors (data matrix
561 * 91 or 675 * 520) of 91 or 520 odor compounds,
and the specific number of variables was determined
by the type of compounds and the values of the respective variables of each compound calculated in
the DRAGON software. The model dependent variables were the logarithm of the odor thresholds (log
μg/m3). The normalization of the variables was carried out prior to the determination of model parameters [34], and 7-fold cross-validation was used to ensure the reliable stability of the model [29, 35].
The characterization of the odorant compound
classification was carried out using hierarchical clustering analysis. The original data consisted of 676
molecular descriptors (data matrix 676 * 579) of 579
odor compounds using the normalization data for
variables, the European distance was used for the
cluster calculation of the cluster analysis [36] and the

"#%$##%##
The PLS prediction model of odor threshold
based on the reported 520 odorant compounds was
established. The regression fitting effect is better
when the model latent variable is 10, R2=0.656, and
Q2=0.990. Figure 1 is the scatter plot with the actual
observation value as the abscissa and the model fitted value as the ordinate. The difference between the
fitted values and the actual observation values,
namely, the fitting residuals, is also calculated. It can
be seen from Figure 1 that the fitting residuals are
between -3.4 and 3.4, that is, the deviation between
the predicted value and the actual observed value is
between ±3.4 orders of magnitude.
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odor thresholds can be calculated by using the prediction model previously developed using 520 odor
thresholds from the three clusters on the right side of
Figure 3, we can see that there are some compounds
with different physical structure parameters among
the 520 odorant compounds such as hydrogen bromide, iodine and nitric oxide. Their contributions to
the prediction model of odor thresholds appear to be
of increasing the noise, reducing the prediction accuracy and other negative effects.
Based on the properties of the predicted compounds, the odor threshold prediction model can be
optimized to refine the prediction results of the odor
thresholds of 59 odor compounds. To this end, 91
compounds (Table S3) with similar physical structures to the predicted compounds are selected from
the 520 compounds, with the results of the cluster
analysis in Figure 3 used for screening and making
sure that the number of known odor threshold compounds should be greater than the number of the
compounds to be predicted; the compound search
ranges should be predicted from the beginning of the
compound to the same level of classification across
a grade principle. The odor threshold prediction
model was once again established by partial least
squares regression. The regression fitting was better
when 7 latent variables were used in the model, obtaining R2=0.793 and Q2=0.920. This result was better than that of Abraham et al. [17, 18]. Figure 4
shows a scatter plot with the actual observation values as the abscissa and model fitted values as the ordinate.
To evaluate the advantages of the model established by the 91 selected compounds relative to the
model of the 520 compounds, the residuals of the
two models for the prediction of the odor thresholds
of the 91 selected compounds are plotted in Figure 5.

The analysis of the 342 compounds that have
different odor thresholds in the reported 520 odorant
compounds shows that for 10% of the 342 compounds, the range in Figure 2 is between 3-4 orders
of magnitude, owing to the influence of the compounds purity, experimental technique and personnel
differences [4]. Considering the large deviation in
the odor threshold values reported in the literature,
these results still have some reference value even
though the fitting residuals of the odor threshold prediction model shown in Figure 1 are rather large.
The results of the qualitative and quantitative
analyses of 154 odor compounds in a vehicle were
obtained experimentally. Comparing the 154 odor
threshold data to the known odor thresholds, it was
found that 95 odor thresholds of odorant compounds
could be obtained directly, accounting for 61.7% of
the dataset, while the odor thresholds of the remaining 59 odorant compounds (Table S2) were not obtained by the literature search, accounting for 38.3%
of the dataset.
To analyse the classification relationship between the above 59 odorant compounds and the 520
odorant compounds that were investigated in the literature, the two groups are combined to form the
data matrix of 579 odorant compounds (Table S2) to
perform cluster analysis of the compound system.
The compounds are numbered as abscissa, and the
weighted average distance of the classification is the
ordinate. The systematic cluster diagram is shown in
Figure 3.
As seen from Figure 3, 59 odorant compounds
with unknown odor thresholds (expressed as lighter
green lines in the cluster diagram) are classified in
different positions and have similarity or similar
compounds associated with them. Therefore, the
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As seen from Figure 5, the residual distribution
range of the odor threshold prediction model established with 91 selected compounds is -1.9 to 1.5,
which is significantly better than that of the model of
520 compounds, that is, the accuracy of the 91 compounds model increased by 1.3 orders of magnitude
or more than that of the 520 compounds model. Thus,
model optimization was achieved.
The optimized model of the odor threshold prediction model of odorant compounds in a vehicle is
as follows (owing to space limitations, only the first
five independent variables based on weight are
shown):
Y = 5.5716 - 0.9359XnRCHO + 0.6669XC-040 0.5957XB02[C-O] - 0.5127XB06[C-O] + 0.4577XF01[C-N] (1)
0.4295 XCATS2D_05_DL
Among these, some of the independent variables obtained using the molecular descriptor computing software are as follows:
XnRCHO: Number of aldehydes (aliphatic)
XC-040: R-C(=X)-X / R-C#X / X=C=X (Atomcentred fragments)
XB02[C-O]: Presence/absence of C - O at topological distance 2 (2D Atom Pairs)

XB06[C-O]: Presence/absence of C - O at topological distance 6 (2D Atom Pairs)
XF01[C-N]: Frequency of C - N at topological distance 1(2D Atom Pairs)
For a compound with an unknown odor threshold from a new qualitative in-car air sample, the general procedures for the calculation of the odor threshold using the prediction model established in this paper are as follows: 1) obtaining the molecular structure of the compound in a conventional compound
database or in a conventional molecular editing software; 2) loading the molecular structure of the compound into the molecular descriptor calculation software to obtain the molecular descriptor data of the
compound; and 3) providing the molecular descriptor data into the prediction model and obtaining
the odor threshold. For example, six compounds
with known odor thresholds that are not involved in
the model were used to predict the odor thresholds
as the sample to be tested, and the results are shown
in Table 1. It can be seen from Table 1 that the predicted residuals of indole are large, and the predicted
effect of other compounds are comparable to that of
the optimized model (equation (1)).
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#+584/9/:<4;:70;2/7.79;29/:274.89/.3-;37657./4
Compounds
Benzene
Indole
Chloropicrin
Dichloroacetic acid
Cyclopentadiene
Citral

Observation values log µg/m3
3.65
3.95
3.74
3.08
3.70
2.57

%##

Predicated values log µg/m3
2.63
6.90
3.05
1.53
2.66
0.54
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The linear correlation model between the molecular physical structures and the odor thresholds of
the odorant compounds in a vehicle was established
by the partial least squares regression method. After
modelling sample optimization and 7-fold cross-validation, the model showed good fitting results of
R2=0.793 and Q2=0.920. The odor thresholds of six
randomly selected compounds were calculated using
the model, and it was found that the predicted effects
for five compounds were better and that those for one
were worse. Further studies may be carried out to establish odor threshold prediction models for different
types of compounds, such as alkanes, aromatic hydrocarbons, alcohols and aldehydes, to improve the
precision of odor threshold prediction of any compound.
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Various agricultural and industrial chemicals
have been extensively applied in croplands since a
past several decades. Organochlorine pesticides
(OCPs) and polychlorinated biphenyl (PCBs) were
investigated and collected from the sum of 50 surface soil samples divided into five types of land use;
agricultural polluted soil (AP); urban soil (US);
paddy soil (PS); abandoned agricultural soil (AA);
and agricultural soil (AS). The highest residue
levels of ∑22OCPs were dominated in PS, a mean
value of 58.26 ng g-1dry weight (dw). The residue
levels of dichlorodiphenyltrichloroethane (DDTs)
and hexachlorocyclohexane (HCHs) detected in 80
to 100% soils ranged from 10.61 to 55.64 and 1.57
to 3.88 ng g-1dw, respectively. Hexachlorobenzene
(HCB), aldrin, β-heptachlor epoxide and βendosulfan were low concentration ranged from
non-detectable to 0.84 ng g-1dw but showed a high
detection frequency (64 to 93%). DDTs in paddy
soil and HCHs in agricultural soil were significantly higher than urban soil ( <0.05). The residue
levels of DDTs and HCHs probably derived from
DDTs and HCHs usage in the past time. In addition,
the residue levels of ∑14PCB congeners were
ranged from 2.1 to 6.46 ng g-1dw with a detection
rate of 100%. The highest concentration of PCBs
was dominated in agricultural soil. Positive significant correlations between DDTs, HCHs, Drins
(ALDs) and total organic carbon (TOC) were found
( < 0.05). The OCPs adjusted for TOC (-DDE,
-DDT, α-HCH) were significant after disregard
covariates/confounders.



Arable lands in developing countries are characterized by intensified farming activities. The
pressure to support a growing population with staple food is considerable. To enhance the efficacy of
crop yield, pesticides and synthetic fertilizers are
used [1]. China is one of the largest pesticides
manufactures and consumers in the world. The per
hectare consumption of pesticides in China (14 kg
ha-1) lies on a high level compared to many other
countries, e.g. Japan (12 kg ha-1), the Netherlands
(9.4 kg ha-1), USA (7 kg ha-1), Korea (6.6 kg ha-1),
and UK (5 kg ha-1) [2]. Hexachlorocyclohexane
(HCH) and dichlorodiphenyltrichloroethane (DDT)
were widely used in China historically. It was
found that less than 5% of HCH and 15% of DDT
of the applied pesticides played an active role in the
rice plant, whereas 30 - 50% accumulated in the
soil [3]. Only a limited amount of the applied pesticides can be effectively used by the crops, and
several kind of organochlorine pesticides (OCPs)
are also accumulated in the soil. Variety of pesticides applied in agricultural crops for insect and
disease control are still detected in the environment
of China, despite of being officially banned by the
Stockholm convention (2001) [4]. As a representative group of chemicals along with industrial development, polychlorinated biphenyls (PCBs) could be
widely found in the industrial and urban environment areas [5, 6]. PCBs have been extensively used
worldwide as a dielectrics fluids in capacitors and
transformers, as a plasticizers in paints and joint
sealants, and in many other applications [7]. In
China, 90% PCBs are mostly used as capacitors and
10% as a paint additives [8]. Southeastern China
had relatively greater levels of OCPs and PCBs
than the central and northwest region of China [9,
10]. In particular, Shanghai is located at the eastern
edge of the Yangtze River Delta, where the economy growth has been increasing rapidly over several
decades [11]. Both agricultural and industrial ac-

.,$'(
Surface soil, Organochlorine pesticides (OCPs), Polychlorinated biphenyls (PCBs), Residue level, Agricultural
land
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(>8;B0<?;8=6A sum of 50 surface soil samples (0-20 cm. depth) was collected to cover the
mainland of Shanghai, China from February to
April, 2012. The sampling locations were classified
into five types of land use, namely; polluted soil
(AP)(n=12); urban soil (US)(n=7); paddy soil
(PS)(n=8); abandoned agricultural soil (AA)(n=7);
and agricultural soil (AS)(n=11). Polluted soil (AP)
was defined as agricultural soil adjacent to pollutant
sources such as factories and main roads. Agricultural soil (AS) was defined as growing short-lived
crops. In addition, five samples from other types of
land use (OT) like road, factories, and grassland
were not included in the statistical analyses. The
sampling locations of Shanghai soils denoted in the
map covers 9 districts including Baoshan (BS),
Fengxian (FX), Jiading (JD), Minhang (MH), Nanhui (NH), Pudong (PD), Qingpu (QP), Songjiang
(SJ), and Jinshan (JS) (Figure 1). Different graphic
symbols show different land use types in the map.
Each sampling site covers a grid spacing of approximately 11×11 km2.

tivities have a substantial effect on Shanghai’s
environment. Hence, OCPs and PCBs could be the
potential chemical indicators in surface soil.
Even small amounts of OCPs and PCBs in environment have menace to human health owing to
their properties; high toxicity, semi-volatile, bioaccumulation, hydrophobicity and persistence [12].
The accumulated contaminants in soil up taken by
plants (rice, cereals, and vegetables) [13], consumed by terrestrial biota (earthworms, coleopteran
larvae, collembolan and mites [14] and contaminants in soil can also end up in aquatic organisms
(crustaceans, fish) [15, 16]; through leaching and
run-off into the water system [10, 17]. Inevitably,
the OCPs and PCBs in the soil absorb into the wildlife food web (tadpole, dragonfly, golden apple
snail, great bandicoot rat) and eventually affect
human wellbeing [17, 18]. The characteristics of
OCPs and PCBs exposed to carcinogen and endocrine disruptors that affect to human health in long
term [19, 20].
In this study, three objectives were set: 1) to
determine the composition and residue levels of
OCPs and PCBs in various types of land use from
Shanghai, China ; 2) to examine the transformation
source of OCPs and PCBs pesticide residues; and 3)
to elucidate the correlation between the concentrations of contaminants (OCPs, PCBs) and total organic carbon (TOC).


*' 
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increased to 190 at a rate of 4 min-1, then
ramped to 220  at 1 min-1, finally ramped to
300 at 40 min-1 and held for 2 min. The detector and injector temperature were 300 and 270 ,
respectively. Nitrogen gas (99.99%) was used as a
carrier gas at a constant flow rate of 1 mL min-1.
Injection volume of 1 μL was used. The total carbon (TC), inorganic carbon (IC) and total organic
carbon content (TOC) were analyzed by TOC-Vcpn
Shimadzu Analyzer (SSM-5000A, Shimadzu).

&D0;8CH 0BBDA0=24 0=3 @D0;8CH 2>=CA>;
& & Soil samples were collected and stored
properly according to the sampling procedures. The
correlation coefficients (R2) for all target compounds were greater than 0.99. The limit of detection (LOD) and limit of quantification (LOQ) were
set as signal-to-noise ratio of 3 times (LOD) and 10
times (LOQ), respectively. A method blank, duplicate sample, and spiked blank were analyzed with
each set of ten samples. All samples were analyzed
in triplicate and the relative standard deviations
were fewer than 3%. CB-53 and CB-200 were added as surrogate standards prior to sample extraction.
The recovery rates of CB-53 and CB-200 ranged
from 70 to 105 % and 72 to 96 %, respectively
were within acceptable range [21]. Furthermore, the
internal standards (CB-30 and CB-189) were spiked
prior to GC-ECD analysis.

0C0 0=0;HB8B The distribution of DDTs and
PCBs in soil from Shanghai has been visualized by
using ArcGIS (Ver. 10.0; ESRI). The descriptive
statistics was used to describe the difference of
DDTs and PCBs residue levels in soil samples
included the maximum, minimum, mean, and
standard deviation by using SPSS software (Ver.
20.00 IBM). The correlation between the concentrations of OCPs and the soil physicochemical
property (TOC) was analyzed using both of loglinear regression and the non-parametric MannKendall trend test. The concentrations of individual
OCPs in various types of land use were analyzed by
Kruskal-Wallis and Mann-Whitney U tests ( <
0.05). A significance level of 5% was applied for
all tests.


'(*!)(

!4E4; >5 $%B The basic descriptive statistics of mean values including standard deviations
and detection frequencies of the 22 OCPs in soil
among various types of land use are shown in Table
1S. Although the usage of most of the analyzed
OCPs has been officially banned, the OCPs residues were still detected in these surface soils. DDTs
and HCHs of soil samples were dominated pesticides from various types of land use, accounted for
87-100%, and 62-100%, respectively. The highest

Five subsamples in the four corners and from
center were collected and then pooled together to
constitute a composite sample of approximately ½ 1 kg. The samples were dried at ambient air, grinded and passed through 180 µm sieve. Subsequently,
these samples were packed into clean aluminum
/polyethylene bags with zippers and stored in a
freezer (-20 ) before analysis.

74<820;B 0=3 A4064=CB A mixed standard
of 19 OCPs included HCHs (α-HCH, β-HCH, γHCH, δ-HCH), DDTs (-DDT, -DDT, DDE, -DDE, -DDD, -DDD), the drins
(Aldrin, Dieldrin, Endrin), α-,β-Endosulfan, , the
Chlors (Heptachlor, α-Heptachlor epoxide, βHeptachlor epoxide), and Methoxychlor. Mixed
standard of 14 PCBs congeners included CB-18,28,-31,-44,-52,-101,-118,-138,-149,-153,-170,180,-194,-209. In addition, 8 single standards included Hexachlorobenzene (HCB), Pentachloroanisole (PCA), ε-HCH, PCB congeners (CB-30,-53, 183, -189, -200). All the aforementioned standards
were purchased from AccuStandard (New Haven,
USA). In the present study, all the chemicals and
solvents were used for analysis in pesticide analysis.

(0<?;4?A4CA40C<4=CThe homogenized soil
samples (10 g) were extracted with 150 mL of cyclohexane and acetone (1: 1, v/v) at 70  for 48
hours using Soxhlet extraction. The surrogate
standards (CB-53 and CB-200) were spiked in each
of the samples prior to the extraction. The extract
was added an activated copper and settled in a
freezer (-4) overnight to remove the impurities of
sulfur element. The pooled supernatant was concentrated (1mL) by using a rotary vacuum evaporator
at 40. The sulfur-free extract was then cleaned up
through the combination of florisil and silica-gel
column. The multiple-layer silica-gel column was
packed using neutral alumina (6 cm), neutral silica
gel (2 cm), alkaline silica gel (5 cm), neutral silica
gel (2 cm), acidic silica gel (8 cm) , and anhydrous
sodium sulfate (1.5 cm). A commercial florisil
column was put on the top of the silica-gel column
for clean-up. The extract was passed through this
combined column and eluted with 100 mL of cyclohexane and acetone. The eluted fraction was
collected and concentrated to 100 μL under a gentle
nitrogen stream prior to analyze by Gas Chromatography-Electron Capture Detector (GC-ECD).

=BCAD<4=C0;0=0;HB8BQuantitative and qualitative analysis of OCPs and PCBs residues were
operated by using a gas chromatograph (Agilent
7890A) equipped with a 63Ni-ECD. Separation of
pesticides was achieved by a fused silica capillary
column DB-5 (30 m × 0.25 mm × 0.25 μm thickness). The oven temperature was programed from
initiated temperature of 80  and held for 2 min,
increased to 150  at a rate of 20 min-1, then
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levels of ∑22OCPs (the sum concentration of 22
OCPs) were found in paddy field soil (PS), followed by abandoned agricultural soil (AA), agricultural polluted soil (AP), agricultural soil (AS) and
urban soil (US), with an arithmetic mean value of
58.3, 49.4, 48.0, 36.4 and 13.8 ng g-1 dry weight
(dw), respectively.
With respect to land use, the sum of ∑6DDTs
(-DDT, -DDT, -DDE, -DDE, DDD and -DDD) were detected in soil, appeared as follows: PS > AA > AP > AS > US, with
arithmetic means of 54.6, 46.2, 42.0, 30.5, and 10.6
ng g-1 dw, respectively. The individual levels of
DDT and its metabolites, in most land uses, followed a descending order of: -DDE > DDD > -DDT > -DDD > -DDE > DDT. The only exception was that -DDT was
greater than -DDD in AA (Figure 2). The detection frequencies of all DDT congeners were as high
as 90 to 100%. The maximum residue levels of
∑6DDTs (> 50 ng g-1 dw) in 20% of soils was located in paddy soil with an average of 55 ng g-1 dw.
The sum of HCH isomers (∑4HCHs) comprised of β-HCH, α-HCH, γ-HCH and δ-HCH in
various land uses showed decreasing order: AS >
AP > PS > AA > US, with arithmetic means of 3.88,
2.63, 2.16, 1.74, and 1.57 ng g-1 dw, respectively.
HCH isomer levels in most types of land use declined in the following order: β-HCH > δ-HCH > αHCH > γ-HCH > ε-HCH with a detection rate of
100%, 91%, 100%, 89%, and 69%, respectively.
Exception, α-HCH was found equal to δ-HCH in
US (Fig 2). The maximum residue levels of
∑4HCHs was located in agricultural soil with an
average of 3.88 ng g-1 dw.
Among other target OCPs, HCB, aldrin, βheptachlor epoxide and β-endosulfan were detected
in a high frequency that ranged from 67 to 98%
(Table 1S). The mean values of sum of Chlors
(heptachlor, α-heptachlor epoxide, and β-heptachlor
epoxide), the sum of drins (aldrin, dieldrin, and
endrin), HCB, PCA, and methoxychlor were detected in a range from non-detectable to 0.84 ng g-1
dw. Although the concentrations of these compounds in soils were much lower than DDTs and
HCHs, the detection frequencies were as high as 80
to 100%.
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CB-149 (0.99 ng g-1dw), followed by CB-118 (0.75
ng g-1dw), and CB-170 (0.58 ng g-1dw). The second
highest residue level of PCBs composition was CB118 observed in all types of land use, unless urban
soil with high residue level of CB-153 (0.60 ng
g-1dw).
The different PCB composition patterns were
found in different types of land use including: AP,
53% hepta-CB, 26% hexa-CBs, 11% penta-CBs,
and 5% tri-CBs; US, 45% hepta-CBs, 28% hexaCBs, 12% tetra-CBs, and 9% tri-CBs; PS, 43%
hepta-CBs, 25% hexa-CBs, 17% penta-CBs, and 7%
tri-CBs; AA, 33% hepta-CBs, 29% hexa-CBs, 16%
penta-CBs, and 12% tetra-CBs; AS, 44% heptaCBs, 19% tri-CBs, and 17% hexa-CBs (Fig 3). This
result demonstrated that several heavier weighted
PCB congeners were abundant. For heavier PCBs,
hepta-CBs were the dominant congeners in all types
of land use, followed by hexa- and penta-CBs.
Meanwhile, urban soil was dominated by heptaCBs, followed by hexa-CBs. For lighter PCBs, the
highest concentration of tri-CB accounting for 19%
of ∑14PCBs was located in AS.



!4E4;>5%BThe sum of 14 PCBs residue
levels (∑14PCBs) in various land use soils ranged
from 2.24 to 6.46 ng g-1 dw, with a detection frequency of 100%. The mean residue levels of ∑14
PCBs was dominated in AS (6.43 ng g-1 dw), followed by AP, US, AA, and PS with an average of
5.8, 4.42, 2.24, and 3.5 ng g-1 dw, respectively
(Table1S). The residue levels of hepta-CB (CB-170)
was the major PCB congener in all types of land
use, with a descending order of AP (3.02 ng g-1dw) >
AS (2.04 ng g-1dw) > US (1.70 ng g-1dw) > PS
(0.60 ng g-1dw), except for AA was in the major of


*' 
><?>B8C8>=>5)2>=64=4AB;45C0=3
8B><4ABA867C1H?4A24=C0645>A38554A4=CCH?4B
>5;0=3DB406A82D;CDA0;?>;;DC43B>8;%DA
10=B>8;*(?033H584;3B>8;%(010=3>=43
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)740E4A0642>=24=CA0C8>=>5>A60=>27;>A8=4?4BC82834B8=B>8;5A><E0A8>DBCH?4B>5;0=3DB4=66 3F
$%B

α-HCH
β-HCH
γ-HCH
δ-HCH
HCHs
-DDD
-DDD
-DDE
-DDE
-DDT
-DDT
DDTs
Heptachlor
α - heptachlor
epoxide
β - heptachlor
epoxide
ΣChlors
Aldrin
Diedrin
Endrin
ΣDrins
α-endosulfan
β-endosulfan
ΣEndos
HCB
PCA
Methoxychlor
OCPs
PCBs
TOC(mg/kg)

%
# 
0.49 ± 0.33
1.14 ± 0.72
0.18 ± 0.14
0.75 ± 0.612
2.63 ± 1.66
2.90 ± 3.29
8.42 ± 7.28
0.44 ± 0.48
23.32 ± 19.7
0.26 ± 0.24
6.61 ± 6.1
41.95 ± 34.27
ND
0.33 ± 0.19

)H?4B>5;0=3DB48=BDA5024B>8;=66 3F
*(
%(

#
#
#
0.15±0.15
0.43 ± 0.22
0.23 ± 0.13
1.13 ± 0.63
1.09 ± 0.92
0.86 ± 0.35
0.1±0.13
0.19±0.12
0.19 ± 0.24
0.16±0.19
0.61± 0.33
0.41 ± 0.21
1.57 ± 0.46
2.38 ± 1.08
1.74 ± 0.39
0.81 ± 0.58
3.82 ± 2.78
2.1 ± 2.1
2.63 ± 2.8
9.58 ± 4.96
11.05 ± 13.6
0.61 ± 1.54
0.86 ± 0.95
1.1 ± 2.31
3.95 ± 2.81
30.5 ± 19.09
18.18 ± 14.09
0.16 ± 0.29
1.11 ± 2.14
1.12 ± 2.68
2.46 ± 2.81
7.38 ± 3.39
12.68 ± 15.47
10.61 ± 8.74
54.64 ± 27.5
46.24 ± 43.72
ND
ND
ND
0.37 ± 0.16
ND
0.31 ± 0.20

(
# 
0.59 ± 0.51
1.77 ± 1.07
0.23 ± 0.16
1.18 ± 1.42
3.88 ± 2.56
2.22 ± 1.59
8.22 ± 9.56
0.32 ± 0.36
14.93 ± 13.75
0.37 ± 0.51
4.43 ± 6.1
30.48 ± 28.58
ND
ND

4C42C8>=
A0C4
80
100
76
87
86
100
98
62
93
60
98
85
0
56

0.21 ± 0.22

0.41 ± 0.40

0.20 ± 0.27

0.32 ± 0.36

0.32 ± 0.34

67

0.61 ± 0.39
0.49 ± 0.25
ND
ND
0.49 ± 0.25
ND
0.2 ± 0.15
0.2 ± 0.15

0.83 ± 0.43
0.49 ± 0.3
ND
ND
0.49 ± 0.3
ND
0.20 ± 0.23
0.20 ± 0.23

0.20 ± 0.27
0.44 ± 0.17
ND
ND
0.46 ± 0.17
ND
ND
ND

0.63 ± 0.36
0.36 ± 0.23
ND
ND
0.36 ± 0.23
0.16 ± 0.12
ND
0.16 ± 0.12

0.32 ± 0.34
0.50 ± 0.24
ND
ND
0.50 ± 0.24
ND
0.17 ± 0.14
0.17 ± 0.14

41
93
0
0
31
56
64
60

0.84 ± 0.69
ND
0.24 ± 0.16

0.45 ± 0.4
ND
ND

0.49 ± 0.51
ND
0.25 ± 0.15

0.37 ± 0.33
ND
0.17 ± 0.13

0.47 ± 0.5
0.45±0.62
0.14 ± 0.13

93
27
73

47.77 ± 36.42
5.80 ± 3.80
13.98 ± 6.72

13.80 ± 9.20
4.57 ± 3.33
10.19 ± 3.74

58.26 ± 27.15
2.10 ± 2.7
14.99 ± 4.54

49.40 ± 43.76
3.45 ± 3.85
13.97 ± 5.03

36.43 ± 30.26
6.46 ± 5.77
15.54 ± 7.43

62
100
100

Note: Mean value ± standard deviation, ND : not detectable, HCHs hexachlorocyclohexane (HCHs);
dichlorodiphenyltrichloroethane (DDTs), hexachlorobenzene (HCB); pentachloroanilline (PCA); Total organic
carbon (TOC); Polychlorinated biphenyl (PCBs)

*' 
><?>B8C8>=>5%2>=64=4AB1H?4A24=C064
5>A38554A4=CCH?4B>5;0=3DB406A82D;CDA0;
?>;;DC43B>8;%DA10=B>8;*(?033H584;3
B>8;%(010=3>=4306A82D;CDA0;B>8;0=3
06A82D;CDA0;B>8;(

(*(($#

)74>22DAA4=24>5$%B8=E0A8>DBCH?4B>5
;0=3 DB4 Box-plots of organochlorine pesticides
(OCPs) in the soil samples plotted on a log-scale of
the individual OCPs concentration showed that
DDTs had the highest residue levels among all
OCPs (Fig 1S). The median residue concentration
of dichlorodiphenyltrichloroethane (DDTs) in PS
was approximately 5.0, 1.8, 1.3, and 1.2 times
compared to land use types of US, AS, AP, and AA,
respectively. The median residue concentrations of
hexachlorocyclohexane (HCHs) in AS were approximately 2.5, 2.2, 1.6, and 1.5 times, compared
to land use of US, AA, PS, and AP, respectively.
DDTs residue levels were much higher than HCHs
and the others OCPs. DDTs is more stable than
HCHs due to the low water solubility, low polarity,
and low vapor pressure [22]. In addition, particle
affinity of HCHs may causes rapid biodegradation
compared to DDT [23]. DDT and its metabolites
were widespread in the present study. This is probably a result of large quantities of DDTs applied
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study. Regarding to types of land use, the highest
residue levels of sum of DDTs found in paddy soil
in the present study, and they were relatively higher
than paddy soil in the Taihu Lake region, China
[34], and Northeast of China [35]. Whereas, it was
comparatively lower than paddy soil in Nagaon
(903, ng g-1dw) and Dibrugarh, India (757 ng g-1dw)
[27]. The DDT residue levels in urban soil in the
present study was relatively lower than urban soil
in Pakistan, that ranged from 17.1 to 39.2 ng g-1dw
[36]. The residue levels of DDTs in agricultural soil
were relatively higher than comparable samples at
the Tibetan Plateau, China [37], whereas lower than
those from the Yangtze River Delta [11], the alluvial region of Beijing [30], and the Campanian plain,
Southern Italy [38] (Table 2S).
For the other trace OCPs compounds, the concentrations of aldrin residue ranged from 0.38 to
0.50 ng g-1 dw in various types of land use. Dieldrin
was below in detection limit, which may due to the
fact that aldrin degrades slowly in this area. In
general, aldrin is known to be able to convert into
dieldrin. As a comparison, a high residue levels of
aldrin was detected in PS (28.6 mg/kg) from Thailand [17], which was much higher than the present
study. In General, HCB comes from industrial and
agricultural uses and incomplete combustion of
waste, coal, fuel, and biomass [39]. The maximum
residue levels of HCB were observed in AP among
all types of land use (0.84 ng g-1 dw), resembling
the maximum residue levels of HCB in agricultural
soil from Kathmandu, Nepal (1.56 ng g-1)[40], but
relatively lower than soils from Wuhan (up to 17.77
ng g-1) and Shanghai China (up to 3.62 ng g-1) [41,
42]. The concentration of the sum of endosulfan (αand β-endosulfan) were very low (ND - 0.2 ng g-1
dw) (Table1S). It was reported that endosulfan is
still being used in some part of China and contribute to high detection frequencies of this compound,
which accordance with agricultural soils in
Zhejiang and Shanghai of China [43]. Although
residue levels of these trace OCPs compounds were
negligible concentrations, their existences indicate
a potential secondary emission to the atmosphere
into the environment [44, 45].

(also in an improper way) by farmers in the past in
China [24, 25]. In the present study, the maximum
DDTs residue level was detected in paddy soil and
agricultural soil, accounted for 91% of total detected OCPs. The maximum HCHs residue level was
detected in urban soil and agricultural soil, accounted for 11% of total detected OCPs. As for the
OCPs residue levels in various types of land use,
urban soil was lower than paddy soil significantly
( <0.05) regarding to -DDT ( < 0.009), DDTs
( < 0.001), α-HCH ( < 0.006), δ-HCH ( < 0.004),
HCHs ( < 0.004), -DDD ( < 0.006), DDD ( < 0.004), -DDE ( < 0.001). Likewise,
urban soil was lower than agricultural soil significantly ( <0.05) regarding to δ-HCH ( < 0.044),
-DDD ( < 0.044), -DDE ( < 0.044), DDT ( < 0.015). These results reveal that metabolites of DDT and HCH are very persistent and more
difficult to degrade. In addition, the pesticide application and soil properties in various types of land
use were considered [26, 27].


*' (
>G?;>CBB7>F8=6C74<4380=2>=24=CA0C8>=BL
>538554A4=C>A60=>27;>A8=4?4BC82834BKB
K)BK!BK!BK=3>BD;50=
0=3?>;H27;>A8=0C4318?74=H;K%B8=B>8;
B0<?;4B38BCA81DC8>=>DC;84A>DCB8340A0=64>5
<4380=J .&'0A434?82C431H*BD<>5
7>AB!BBD<>5A8=BK!B74G0
27;>A>14=I4=4

)74CA0=B5>A<0C8>=B>DA24B>5$%B8=B>8;
Technical DDT originally contains 75% -DDT,
15% -DDT, 5% -DDE and 5% rest of the
metabolites [46]. In the present study, soil samples
comprised of 37-57% -DDE, 13-27% -DDT,
and 1-2% -DDT, that a high proportion of
DDTs was remarkably degraded to -DDE. It is
implied that the - and-DDT were reductively dechlorinated into - and-DDD in anaerobic soil and into - and DDE in aerobic
soil conditions by microbial degradation. The isomeric ratio of -DDT/( DDE + -DDD)
may indicate to what extent that DDTs and its metabolites have been transformed since the fresh

In the present study, -DDE residue levels
were abundant in samples from all types of land use
followed by β-HCH. Previous studies were in accordance with AS in Hongze lake of China [28], the
Yellow River Delta [29], alluvial region of Beijing
[30] and Pearl River Delta of South China [31], and
studies from other countries; Tripura and Manipur,
Northeastern of India [32]. In Northern Vietnam
(Minh Dai and Hoang Liet), a deviating pattern of
HCHs dominating in agricultural soil followed by
DDTs [33] were found, also the HCH concentrations were much higher than that in the present
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torical). A ratio of approximately 11.8 reflects a
usage of technical HCHs in the past [37]. In the
present study the mean values of α-/γ-HCH and α/β-HCH ratios under different types of land use
were 2.12, 0.43 in AP, 1.05, 0.13 in US, 2.70, 0.56
in PS, 2.9, 0.27 in AA, and 2.27, 0.34 in AS. These
ratios indicated that no obvious historical or fresh
usage of lindane and the technical HCHs were
primarily from historical usage in this area. The
previous studies of surface soil from Hongze Lake
and Yangtze River Delta of China coincide with the
present study, which had originated from historical
use of technical DDT and HCHs [11, 28]. Regarding a various types of land use, the calculated ratio
of α-/γ-HCH in paddy soil (2.7) of the present study
resemble to that of paddy soils at the Pearl River
Delta, South China (2.6) [31]. In general, γ-HCH
degrades quickly and can be transformed to α-HCH
and subsequently to β-HCH due to hydrolysis and
microbial mediated oxidation-reduction reactions
[12, 22].
The mixture of 64-67% α-endosulfan and 2932% of β-endosulfan were commercial technical
endosulfan [50]. In the present study the soil samples comprised of 41-65% α-endosulfan and 35-59%
of β-endosulfan. A ratio of α-/β-endosulfan would
indicate the time duration since endosulfan was
applied. A ratio much less than 2.3 would advocate
historical use of endosulfan, while a ratio larger
than 2.3 would suggest recent use [40]. The α-/βendosulfan ratio in all types of land use in the present study, were below 2.3 suggesting historical use
except the urban soil located in PD1 (6.5), MH1
(3.5), and PD3 (3.1).

technical DDT was applied. A large ratio (>1) may
suggest fresh input of technical DDT, while ratios
less than 1 suggest historical use of DDT [45]. In
the present study, this ratio was less than 1 in all
types of land use, implying historical use of DDT.
Additionally, the ratio of -DDT/-DDT is
often used to distinguish the original source distribution of dicofol or aged technical DDT. Generally,
-DDT is one of the major intermediates used in
the production of dicofol and can degrade more
quickly than -DDT in an altering environment
[31].
The ratio of -DDT/-DDT ranging from
0.2 to 0.3 suggest the source of technical DDT,
while ratios ranging between 1.3 and 9.3 or greater
suggests dicofol [47]. In the present study, DDT/-DDT ratio in every sampling site ranged
from 0.04 to 0.14, suggesting historical use of technical DDT.
The technical HCH constitutes of 60-70% αHCH, 5-12% β-HCH, 10-12% γ-HCH, 6-10% δHCH, and 3-4% ε-HCH and additionally lindane is
mainly γ-HCH (accounting for approximately 99%)
[48].
In the present study, the HCHs in soil samples
comprised of 38-72% β-HCH, 9-30% δ-HCH, 1021% α-HCH, 6-11% γ-HCH, and 2-4 % ε-HCH.
The relatively largest proportion of HCHs was βHCH. A α-/γ-HCH ratio is commonly used to speculate the source of HCHs from the study areas [49].
A α-/γ-HCH ratio is relatively a constant value
which ranged from 4.65 and 5.83 suggests technical
grade of HCH and nearly zero for lindane [42]. A
ratio of α-/β-HCH is another useful indicator to
ascertain the ages of technical HCHs (fresh or his-



)! (
><?0A8B>=>53827;>A>38?74=H;CA827;>A>4C70=4)B0=374G027;>A>2H2;>74G0=4B=66 3F
8=06A82D;CDA0;B>8;B0<?;4B5A><B4E4A0;;>20C8>=B8=C74F>A;3
!>20C8>=B
Shanghai (mainland) , China
Hongze lake, China
The Yellow River Delta, China
alluvial region of Beijing, China
Pearl River Delta of South China

Tripura and Manipur, India
Nowshera, Pakistan
India (Nagaon, Dibrugarh)
Vietnam (Hoang Liet, Minh Dai
commune)
Taihu lake, China
Northeast, China
Tibetan Plateau, China
the Yangtze River Delta, China
Campanian plain, Sourthern Italy
Shanghai, China

)B=66 3F
10.61 – 46.24
ND – 184.02 (24.82)
3.3 – 3819 (191)
(77.18)
0.52 – 414 (median: 20.1)
cropsoil, 2.23 – 232 (median:
24.7) paddy soil
17–1,910 pgg−1 (Manipur)
1.04 – 12.3 (4.66)
166 – 2288 (903), 75 – 2296
(757)
1 – 51 (17), 1.8 – 132 (29)

B=66 3F
1.57 – 3.88
ND – 42.59 (8.85)
–
–
0.05 – 24.1 (median:2.94)
crop soil, ND – 10.5 (median:
3.01) paddy soil
–
1.90 – 2.63 (2.15)
98 – 1945 (825), 178 – 1701
(705)
4.8 – 134 (47), 9.1– 239 (58)

A454A4=24B
This study
Gao et al., 2013
Xie et al., 2012
Zhang et al. 2007
Li et al., 2006

3.1 – 166.55 (50.23)
(4.81 ng g-1 dw)
BDL – 41.6 (1.36)
0.13 – 3515 ( 56.2)
0.08 – 1231 (GM: 14.4)
0.77 – 247.45 (16.14)

0.73 – 60.97 (28.53)
–
BDL – 8.36 (0.349)
ND – 29.4 (2.8)
0.03 -17.3 (GM: 0.05)
ND – 10.38 (2.41)

Wang et al., 2007
Zhang et al., 2016
Wang et al., 2016
Sun et al., 2016
Qu et al., 2016
Jiang et al., 2009

Devi et al., 2013
Zehra et al., 2015
Mishra, 2012
Hoai et al., 2015

Note: BDL: below detection limit, ND: non-detectable, parentheses ( ): mean value, GM: Geometric mean, –: no
data
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><?0A8B>=>5?>;H27;>A8=0C4318?74=H;=66 3F8=06A82D;CDA0;B>8;B0<?;4B5A><B4E4A0;
;>20C8>=B8=C74F>A;3
!>20C8>=B

%B=66 3F

'454A4=24B

Shanghai, China
Bahia Blanca, Argentina
Sweden
Yangtze river delta, China
Southern Jiangsu, China
Slovakia
peninsula, Antarctica
Zhejiang, China
Yellow River Delta
Chao river, China
the Yangtze River Delta

ND – 15.95 (0.38) ∑14PCBs
0.04 - 1.67 ∑7PCBs
(1.6) ∑13PCBs
<0.1 – 130
ND – 32.83 (4.13)
0.21 – 46 ∑6dl-PCBs, 44% on average of CB-118)
2.23–27.2 pg g-1 Σ12PCBs, 38.4% (CB-118)
7.50-263 (45.4)
ND – 87 (2.6)
0.0039 – 0.0365 (0.015) ∑12PCBs
48 – 60% Σ4PCBs

This study
Tombesi et al., 2017
Armitage et al., 2006
Sun et al., 2016
Zhang et al., 2007
Dömötörová et al., 2012
Wang et al., 2012
Gao et al., 2006
Xie et al., 2012
Yu et al., 2014
Zhou et al., 2016

Note: ND: non-detectable, ( ): mean value, dl-PCBs: dioxin-like PCB congener

)!(
)742>=C0<8=0=CBE0A801;4BF8C72>=5>D=34A039DBC435>A)$
2>=C0<8=0=CB
α-HCH
β-HCH
γ-HCH
-DDE
-DDT
Drins

B0<?;4B8I4=
45
45
42
45
45
45

2>AA4;0C8>=2>4558284=CA
.524
.175
.250
.413
.0622
.272

B;>?41
.0321
.0230
.0074
1.1613
.2287
.0268

%A>1018;8CH)
.0000***
.0898
.0198*
.0001 ***
.2287
.0084**

Note: *** ( < 0.001), ** ( < 0.01), * (< 0.05)
)74 >22DAA4=24 >5 %B 8= 38554A4=C CH?4B
>5 ;0=3 DB4 PCBs can enter into the environment
through product containing PCBs contaminate
surface soil by accidental spill or leakage from
electrical transformers and/or municipal and industrial hazardous waste. In the present study, PCBs
were detected at every sampling site with a high
detection frequency (Table 1S). The predominant
residue levels and the major constituent in various
types of land use soils were hepta-CB (CB-170),
with residue levels of 3.02 and 1.70 ng g-1 dw in
polluted soil and urban soil, respectively. The results of the present study coincided with both of the
soil samples around the industrial area and urban
area of Bahia Blanca, Argentina (up to 1.67 and
0.31 ng g-1 dw) [51] (Table 3S). The sum of heavier
PCBs (fractions of hepta-, hexa-and penta-CBs)
dominated in all types of land use accounted for 78
- 90% of the total ∑14PCBs in the present study.
This result was in comparative with soil samples
from Sweden with heavier PCBs accounted for 8595% of the total ∑13PCBs and the samples at the
Pearl River Delta, South China with 80% of heavier
PCBs in the total ∑30PCBs [52, 53]. In contrast, soil
from Central Tibetan Plateau, China contributed
only 25% of the total PCBs (the sum of penta,hexa-, and hepta-CBs) [54]. In the present study,
the highest residue levels of the lighter chlorinated
PCB (19% tri-CB) congener were found in agricultural soil compared to other land use types. This
result was relatively lower than soils in the Yangtze
River Delta that contained lighter chlorinated PCB
congeners (40% tri-CBs, 31% tetra-CBs)[11]. The
highly chlorinated PCB congeners have a larger

tendency to be retained by the soil compared to the
lighter ones due to the biodegradation process,
physiochemical properties (vapor pressure and
water solubility), and soil characteristics [8]. The
amount of lighter chlorinated PCBs residues possibly originated from wet and dry atmospheric deposition was negligible in this study area [55].
A mono-ortho dioxin-like PCB congener (dlPCBs) is one of the 12 world health organization
identified PCB congeners that exhibit mutagenic
activities [56]. The most abundant dl- PCB congener was CB-118 in the present study, which was
substantially found in soil samples from Slovakia
[57], peninsula, Antarctica [58], Southern Jiangsu,
China [8], Yellow River Delta [29] and Chao river,
China [59]. In addition, all wildlife samples at the
Yangtze River Delta, China contained CB-118,
suggesting the commercial source to be Aroclor
1242 and Aroclor 1254 [60].

=5;D4=24 >5 C>C0; >A60=82 20A1>= C> C74
$%B2>=24=CA0C8>=Total organic carbon (TOC)
play a very substantial role in the physico-chemical
property of soil. It has been found to be a significant factor to affect the concentrations of organic
contaminants in soils [27]. In the present study, the
influence of total organic carbon (TOC) associated
with the OCPs concentration in surface soil was
evaluated. The significant positive correlations
between DDTs, HCHs, Drins (ALDs) and TOC
were found ( < 0.05) (Fig.4). TOC enhance absorption of these compounds due to their lower
vapour pressure, high octanol/water partition coefficient (Kow) and high chlorine atoms [61]. No
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%>;;DC8>=0BB4BB<4=CTo assess the contaminations status, the high residue concentrations of
DDT and HCH were evaluated and compared with
the soil quality guidelines of China, the Netherlands,
Canada and USA [62-65]. The Chinese National
Soil Quality Standard mentioned the reference
values of both DDTs and HCHs were in grade I and
grade II, with a maximum values of 50, and 500 ng
g-1, respectively. In the present study, total DDTs
concentrations in 29% of total soil samples fell into
grade II and the rest 71% fell into grade I, indicating that the DDT pollution was low or no contamination. The concentrations of HCHs in soil samples
from this study existed all below the limit of grade I,
indicating that the HCH pollution was classified as
no contamination. The residue levels of total OCPs
at all sampling sites in this study area were lower
than intervention value of the Netherlands and the
Canada. However, γ-HCH and DDTs in 89% and
78% of total samples, exceeded the target value of
0.05 ng g-1 and 10 ng g-1, respectively. The β-HCH
exceeded the target value of 1 and 0.05 ng g-1, respectively, in 40% of the total samples and for γHCH in 89% of the total samples, according to the
USA environmental guideline for contaminated soil.
The residue levels of PCBs were below the limit of
the Dutch, the Canada, and the USA target values.

significant correlations between HCB, PCBs,
Chlors (CHLs) and TOC were found, indicating
some other factors such as the land management
practices, land use types and vicinity to sources
might rather influence on the spatial distributions of
these contaminants than the soil organic carbon [11,
36].
Several previous studies, of correlation among
each pairs of OCPs disregard potential covariates/confounders. A variable that affects the concentrations of several substances in the same way
may cause spurious positive correlations between
these substances. Some of the variation in some
contaminants of the OCPs (α-HCH, γ-HCH, DDE, Drins) was explained by TOC (Table 1). A
correlation analyses based on OCPs adjusted for
TOC showed results with fewer significant correlations. In fact, the number of significant associations
decreased from 10 to 3 (such as -DDE versus αHCH, -DDT versus α-HCH, and -DDT
versus -DDE) after adjusting the OCPs for TOC
(Table 4S). Potentially other confounding can also
affect the measured concentration of OCPs such as
land use, particle size of soil, pH, and explain some
of the variation. Therefore, results from correlations
analyses disregarding potential confounders should
be interpreted with caution.


*'
!>6;8=40AA46A4BB8>=>5KBK)B0=3BD<>57;>ABK!BK %BBD<>5A8=B
K!B0=3)$2>=24=CA0C8>=<6 :6G0G8BA43;8=40=3"0==- 4=30;;)748;B;>?4B1;D4-;8=4B)
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><?0A8B>=B14CF44=$%BD=039DBC430=3039DBC435>AC>C0;>A60=8220A1>=)$
1HC74"0== 4=30;;MBCA4=3C4BC
OCPs correlations
β-HCH vs. α-HCH
γ-HCH vs. α-HCH
-DDE vs. α-HCH
-DDT vs. α-HCH
Drins vs. α-HCH
-DDE vs. γ-HCH
-DDT vs. γ-HCH
Drins vs. γ-HCH
-DDT vs. -DDE
Drins vs. -DDE

Unadjusted OCPs
Mann-Kendall Tau
0.258
0.512
0.546
0.320
0.333
0.354
0.270
0.338
0.552
0.279

-value
0.013
0.000
0.000
0.002
0.001
0.001
0.009
0.001
0.000
0.007

OCPs adjusted for TOC
Mann-Kendall Tau
p-value
0.305
0.003
0.250
0.016
0.468
0.000
-

Note: versus (vs.), no significant correlation (-)
$#!*($#

[3] Jayashree, R., Vasudevan, N. (2007) Persistence and Distribution of Endosulfan under
Field Condition. Environmental Monitoring
and Assessment. 131(1), 475-487.
[4] Liu, L-Y., Ma, W-L., Jia, H-L., Zhang, Z-F.,
Song, W-W., Li, Y-F. (2016) Research on persistent organic pollutants in China on a national scale: 10 years after the enforcement of the
Stockholm Convention. Environmental Pollution. 217(Supplement C), 70-81.
[5] Cetin, B., Ozturk, F., Keles, M., Yurdakul, S.
(2017) PAHs and PCBs in an Eastern Mediterranean megacity, Istanbul: Their spatial and
temporal distributions, air-soil exchange and
toxicological effects. Environmental Pollution.
220(Part B), 1322-1332.
[6] Sánchez-Osorio, J.L., Macías-Zamora, J.V.,
Ramírez-Álvarez, N., Bidleman, T.F. (2017)
Organochlorine pesticides in residential soils
and sediments within two main agricultural areas of northwest Mexico: Concentrations, enantiomer compositions and potential sources.
Chemosphere. 173(Supplement C), 275-287.
[7] Škrbić, B.D., Marinković, V., Antić, I., Gegić,
A.P. (2017) Seasonal variation and health risk
assessment of organochlorine compounds in
urban soils of Novi Sad, Serbia. Chemosphere.
181, 101-110.
[8] Zhang, J-y., Qiu, L-m., He J., Liao, Y., Luo, Ym. (2007) Occurrence and congeners specific
of polychlorinated biphenyls in agricultural
soils from Southern Jiangsu, China. Journal of
Environmental Sciences. 19(3), 338-342.
[9] Gao, J., Luo, Y., Li, Q., Zhang, H., Wu, L.,
Song, J., Qian, W., Christie, P., Chen, S. (2006)
Distribution patterns of polychlorinated biphenyls in soils collected from Zhejiang province, east China. Environ Geochem Health.
28(1-2), 79-87.
[10]Yang, D., Qi, S-H., Zhang, J-Q., Tan, L-Z.,
Zhang, J-P., Zhang, Y., Xu, F., Xing, X.L., Hu,
Y., Chen, W., Yang, J.H., Xu, M.H. (2012)
Residues of Organochlorine Pesticides (OCPs)
in Agricultural Soils of Zhangzhou City, China.
Pedosphere. 22(2), 178-189.

This study provides essential data to elucidate
the residue level, composition, transformation
source and pollution assessment of OCPs and PCBs
among various types of land use in Shanghai soil,
China. The results revealed that low toxic OCPs
levels compared to global. DDTs and HCHs were
the most abundant of total OCPs, mostly from past
usage. However, some soil samples have paid attention to sum of endosulfan that a recent use in urban
soil. In addition, 78% of total samples exceeded the
Dutch target value of DDTs. β-HCH in 40% of total
samples exceeded the USA environmental guideline, and γ-HCH in 89% of the total samples exceeded the Netherland and USA environmental
guidelines. The investigation of the use of pesticides is an option to monitor areas that have been
severely contaminated for sustainable agricultural
production.
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One of the flavonoids, Hesperidin might be
beneficial in the treatment of burn injuries. In this
study, it was aimed to investigate the effect of Hesperidin in the treatment of burn injuries.
In this study, 32 male Spraque Dawley rats
were randomized to four groups after local burn development: Group 1(Control ); rats were left to secondary healing without treatment, Group 2 (Bacitracin group); rats were treated with pomade locally
(Bacitracin neomycin sulfate), Group 3(Hesperidin)
were treated with Hesperidin for 14 days without
Bacitracin, and Group 4(Bacitracin+Hesperidin); local pomade treatment and Hesperidin 50 mg/kg were
administered by gastric gavage once a day for 14
days. Skin biopsies and blood samples were collected on days 3, 7,14 relative to burn induction. IL1 beta and TNF-α studies from blood samples and
histopathological inspections from tissue biopsies
were performed.
In Hesperidin + Bacitracin group, 3rd, 7th and
th
14 days significant reduction in necrosis in the epidermis and dermis, in the 3rd and 14th days little mononuclear cell infiltration that were detected. In this
group, on day 14, mononuclear cell infiltration decreased significantly and fairly small amount of vascular congestion was observed on day 7. On day 14
of Hesperidin+Bacitracin group, no congestion or
hemorrhage was observed. According to histopathological inspection, it was observed that Hesperidin is
effective in burn injury treatment but the best results
were observed in Hesperidin+Bacitracin group. It
was detected that the most significant decrease in IL1 beta and TNF-α levels in time was in Hesperidin+Bacitracin group.
In conclusion, Hesperidin was effective on
burn wound healing. Moreover, the effect could be
amplified when combined with topical antibiotics in
the early stage of burn wound healing.



#!$#

Wound recovery is the achievement of tissue
integrity as a result of tissue recovery. This process
consists of a set of biochemical and cellular events
triggered following a trauma. Wound recovery takes
place in 4 stages. These are hemostasis, inflammation, proliferation and maturation stages [1].
TNF-α is produced by active macrophages.
They are one of the most important mediators that
lead to systemic inflammation and multiple organ
dysfunction. They regulate the production of other
cytokines and increase endothelial cohesiveness for
leucocytes. In patients with burn, there is a temporary TNF-α increase in circulation and this is an indicator of bad prognosis. This is also related to occurrence of hypertrophic scars after burns and badly
recovered graft donor areas [2].
Interleukins, which are other effective mediators in wound recovery (IL-1, IL-2, IL-6, IL-8) are
produced by macrophages, mast cells, keratinocytes
and lymphocytes. Among these, IL-1, which is covered in our study, leads to increase in body temperature, stimulates secretion of adrenocorticotrophic
hormones, increases the activity of TNF-α and interferon, activates granulocytes and endothelium cells,
and stimulates hematopoiesis [2, 3, 4].
Transition from the early stage to the late stage
of wound inflammation occurs via reduction of neutrophil infiltration and increase in macrophages in
the wound area. Macrophages also coordinate the
formation of granulation tissue by releasing some
growth factors and lead the transition of wound recovery into the proliferation phase. IL-1 also has an
important place among these released mediators.
Relevant studies have reported increases in IL-1 and
TNF-α levels [2, 3, 4].
In severe burns, caffeic acid phenethyl ester, alpha-tocopherol, ascorbic acid, ceruloplasmin, desferrioxamine, allopurinol and N-acetylcysteine were
tried and their activities were demonstrated [5]. Flavonoids are polyphenolic compounds that are found

'&!"
Burn, Hesperidin, Experimental

5446

$#

! %      





!"  ! 


sulfate) Rats in group 3 (HP group) were treated with
HP for 14 days without Bacitracin. In group 4, the
rats were treated with Bacitracin and Hesperidin
(Bacitracin + Hesperidin Group) together. Tissue
samples were collected on day 14 of CP treatment.
The animals were killed under ether anesthesia and
tissues (skin) were immediately removed and dissected over ice-cold glass. Tissue samples were
stored at 86 0C deep freezer until analysis.

in plants as secondary metabolites which occur naturally and have low molecular weight. In this study,
we covered hesperidin, which is one of the compounds in this group. Hesperidin is a flavonoid that
is primarily found in oranges and lemons. It was reported that, in experimental animals, hesperidin reduced the occurrence of cardiovascular diseases and
showed inhibiting effects against colon, breast and
bladder cancers [6-8].
Various studies showed different effects of topical antimicrobial agents in wound care. In this
study, it was also aimed to investigates the effects of
bacitracin, which is the most frequently used topical
antibacterial agent for wound care in Turkey, on
wound recovery. Bacitracin is an antibiotic effective
on gram positive bacteria which is obtained from Bacillus Subtilis. It disrupts cell wall synthesis [9].
In this study, we aimed to investigate the levels
of IL-1 and TNF-α among the mediators that vary
based on inflammation in the experimental burn
model as well as the effects of bacitracin-hesperidin
that are topically applied on wound recovery in different days, and whether they are usable in patients
or not.
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,9,7304(90545-<95104,,;,28Cytokine
production was determined by enzyme-linked
immunosorbent assay (ELISA) using commercial
kits according to the manufacturer’s instructions.
TNF-a and IL1b levels were measured using anti-rat
ELISA kits from Krishgen Biosystems International
(CA. 90603 USA). The plates were read at 450 nm
using the CA-2000 ELISA microplate reader and
washer (CIOM Medical Co., Ltd. in China).
Cytokine quantities in the samples were calculated
from standard curves of recombinant cytokines
using a linear regression method.
089525.0*(2,;(2:(9054For light microscopic
evaluation, skin samples were fixed in 10% formalin
and embedded in paraffin blocks. Paraffin embedded
liver tissue were cut into 5 µm thick sections,
mounted on slides and stained with HematoxylenEosin. Tissue samples were examined using a Leica
DFC280 light microscope and a Leica Q Win Image
Analysis system (Leica Micros Imaging Solutions
Ltd., Cambridge, UK).

Four burned areas and three unburned areas adjacent to the burned areas were generated [10, 11].
In this model, a brass comb with four 10×20 mm rectangular prongs separated by three 5 mm notches,
which produces four distinctive burns sites separated
by three interspaces of unburned skin, was used. All
the rats were anesthetized intraperitoneally with a
mixture of 80 mg/kg ketamine and 5 mg/kg xylazine.
The backs of the rats were shaved, the brass comb
was heated in a boiling water bath for 5 min, and then
the brass comb was contacted to the shaved area of
rat dorsum for 30 s without pressure. After reheating
the brass comb, it was contacted to the other adjacent
shaved region of the dorsum. Hence, two comb burns
on either side of each rat were formed (Figure 1).
A total of 28 healthy adult male Spraque Dawley rats (aged between 2 and 3 months and weighing
250–300 g) were obtained from the Experimental
Animal Institute, Malatya, Turkey, for this experiment. Animals were housed in sterilized polypropylene rat cages, in a 12-h light–dark cycle, at an ambient temperature of 210C. Diet and water for them
were given ad libitum. Experiments were performed
based on animal ethics guidelines of the Institutional
Animals Ethics Committee.
Rats were randomly divided into four equal
groups (n:7 in each group). Group 1 (control) served
as negative control and was given isotonic saline (intraperitoneal) and corn oil (orally) as vehicles. Group
1, rats were left to secondary healing without treatment; In group 2 (Bacitracin Group), rats were
treated with pomade locally (bacitracin neomycin

"9(90890*(2(4(2<808All values were presented
as mean+SEM. Significant differences (p < 0.05) are
given in tables. A computer programSPSS18.0
(SPSS Inc. Chicago, Illinois, USA) was used for statistical analysis.
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05*/,30*(27,8:298
Group 1: Control Group (3rd day, 7th day, 14th day)
Group 2: Bacitracin Group (3rd day, 7th day, 14th day)
Group 3: Hesperidin Group (3rd day, 7th day, 14th
day)
Group 4: Bacitracin + Hesperidin Group (3rd day, 7th
day, 14th day)
In control 3rd (Figure 1, B) and 7th day (Figure
1C) marked necrosis areas of the epidermis and dermis, Control 3rd day a few mononuclear cell infiltrations, 7th day quite intensive mononuclear cell infiltration (Figure 1C) and hemorrhage (Figure 1D) was
observed. In control 14th day, (Figure 1E, F) a small
amount of necrosis areas and significantly reduced
mononuclear cell infiltration was observed. In addition to this, hemorrhage was not observed.
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In Bacitracin 3rd (Figure 2, B) 7th (Figure 2C
and D) and 14th days (Figure 2 A, F) marked necrosis of the epidermis and dermis, in 3rd day small
amount of mononuclear cell infiltration of the day
(Figure 2A, B), In Bacitracin 7th day intensive mononuclear cell infiltration (Figure 2C), vascular congestion (Figure 2D), and 14th day intense hemorrhage (Figure 2F) was observed.

In Hesperidin 3rd (Figure 3, B) 7th (Figure 3C,
D) and 14th days (Figure 3, F) marked necrosis of
the epidermis and dermis, in 3rd day distinct vascular congestion of the day (Figure 3B) were determined. In the 7th and 14th day of Hesperidin mononuclear cell infiltration (Figure 3C, E, F), in 14th day
fairly small amount of vascular congestion (Figure
3) was observed.

$! 
549752 7+(<5497529/(<549752 9/(<
Significant areas of necrosis in the epidermis and dermis in control 3rd and 7th day, in 3rd day little mononuclear
cell infiltration and hemorrhage, in 7th day quite intense mononuclear cell infiltration and hemorrhage were observed. In 14th day of control group, small amount of necrosis, significantly reduced mononuclear cell infiltration
was observed. Hemorrhage was not observed in 14th day control group. A: H-E; 4, B, C, D, E, F: H-E; X10.
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In Bacitracin and Hesperidin group, 3rd (Figure
4, B) 7th (Figure 4C, D) and 14th days (Figure 4 E,
F) significant reduction in necrosis in the epidermis

and dermis, in the 3rd and 14th days, little
mononuclear cell infiltration (Figure 4B, D) that
were detected.

$! 
(*097(*04 7+(<(*097(*049/(<(*097(*04 9/(<
Bacitracin 3rd, 7th and 14th day marked necrosis of the epidermis and dermis layer. Small amount of mononuclear
cell infiltration was observed in Bacitracin 3rd day, intensive mononuclear cell infiltration, vascular congestion
were observed in Bacitracin 7th day, intense hemorrhage was observed on day Bacitracin 14th. A, B, C, D, E, F: HE; X10.
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Distinct areas of necrosis in the epidermis and dermis in 3rd, 7th and 14th Day of Hesperidin group. Prominent
vascular congestion in Hesperidin 3rd day, mononuclear cell infiltration in Hesperidin 7th and 14th day, relatively
small amounts of vascular congestion were observed in Hesperidin 14th day. A, B, C, D, E, F: H-E; X10.
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(<
Significant reduction in necrotic areas in the epidermis and dermis in Bacitracin + Hesperidin 3rd, 7th, 14th Day.
and a small amount of mononuclear cell infiltration were observed in Bacitracin + Hesperidin 3rd, 14th Day. A, B,
C, D, E, F: H-E; X10.
(*097(*04,86,70+04

7+
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a
a
Group 1 (control)
2.90 ± 0.10
2.80 ± 0.13
0.70 ± 0.15a
Group 2 (Bacitracin)
2.70 ± 0.15a
2.30 ± 0.15b
2.50 ± 0.17b
b
c
1.40 ± 0.16
1.50 ± 0.17c
Group 3 (HP)
2.00 ± 0.15
c
d
Group 4 (Basitrasin+HP)
1.00 ± 0.15
0.80 ± 0.13
0.60 ± 0.16a
!$ "
#!#
7+
9/
'
9/'
'
a
a
Group 1 (control)
0.70 ± 0.15
2.70 ± 0.15
1.20 ± 0.13a
Group 2 (Bacitracin)
0.80 ± 0.13a
1.90 ± 0.18b
1.40 ± 0.16a
Group 3 (HP)
1.00 ± 0.21a
1.70± 0.21bc
1.50 ± 0.22a
a
c
1.30 ± 0.15
0.60 ± 0.16b
Group 4 (Basitrasin+HP)
1.20 ± 0.13
!$ "
!!"#
7+
9/
'
9/'
'
a
a
Group 1 (control)
0.30 ± 0.15
2.60 ± 0.16
0.20 ± 0.13a
Group 2(Bacitracin)
0.20 ± 0.13a
0.80± 0.13b
1.60 ± 0.16b
b
bc
Group 3 (HP)
1.20 ± 0.20
0.50 ±0.22
0.20 ± 0.13a
a
c
Group 4 (Basitrasin+HP)
0.40 ± 0.16
0.30 ± 0.15
0.20 ± 0.13a
The mean differences the values bearing different superscript letters within the same column are statistically significant. (p≤0,0001) (Mean ± SE) SE: Standard error
7+

# 
 7(98,7:3;(2:,
7+
'
9/'
Groups
a*
Group 1 (control)
241.5±2.05
240.7±2.28a*
a*
Group 2 (Bacitracin)
233.7±4.11
231.3±3.39b*
Group 3 (HP)
229.3±3.07ab*
203.8±2.18c♯
Group 4 (Bacitracin+HP)
205.3±3.65c*
176.4±2.34d♯
The letters a, b, c and d show the statistical differences in the same column.
*, ♯ and ≠ show the statistical differences in the same row.

9/

'
239.5±1.88a*
226.5±3.76b*
176.3±2.76c≠
151.5±3.85d≠

# 
#?7(98,7:3;(2:,
Groups
3.gün
7.gün
14.gün
a*
a*
Group 1 (control)
34.54±1.43
34.5±1.23
33.98±1.38a*
Group 2 (Bacitracin)
35.42±1.95a*
33.24±2.18a*
28.38±1.52b♯
Group 3 (HP)
32.63±2.39a*
30.45±1.67b*
23.18±1.98c♯
a*
c♯
Group 4 (Bacitracin+HP)
33.76±1.52
27.54±2.76
24.39±2.39c≠
The letters a, b, c and d show the statistical differences in the same column.
*, ♯ and ≠ show the statistical differences in the same row.


In terms of the IL-1 value, there was no differIn terms of the TNF-α values, there was no staence between the control and Bacitracin groups
tistically significant difference between the control
based on the 3rd, 7th and 14th days. In the compariand Bacitracin groups in the 3rd and 7th days. In the
son of the control and the hesperidin groups, there
comparison of the control and the Hesperidin
was a statistically significant difference in terms of
groups, there was a statistically significant differthe reduction of IL-1 values in the 7th and 14th days.
ence in the 3rd and 7th days in terms of a reduction
In the comparison of the Bacitracin and Hesperidin
in TNF-α values. In the comparison of the Bacitracin
groups, there was a statistically significant differand Hesperidin groups, there was a statistically sigence in favor of the Hesperidin group in terms of renificant difference in favor of the Hesperidin group
duction of IL-1 values in the 7th and 14th days. The
in terms of a reduction in TNF-α levels in the 7th and
maximum IL-1 reduction through time took place in
14th days. The maximum TNF-α reduction through
Group 4.
time took place in Group 4.
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Just as in an organ, a recovering wound is a
highly complex and dynamic tissue. A normal
wound recovery consists of hemostatic inflammatory phase, proliferative and cellular phase, maturation phase and restructuring phase. Any delay or
negativity that may occur in any of these phases results in a failure in the retrieval of the wounded tissue
and delay in recovery [1, 10, 11].
In treatment of patients with burns, the main
purposes are preventing local and systemic infections, reducing edema and loss of fluids from the
damaged tissue, and speeding up the recovery process. For this, various medicines and applications
have been tried through the years. Antibiotics and
antiseptic agents used for preventing infections provided some improvements in wound recovery; however, limited success was achieved in more regulated
organization of collagen fibers and wound recovery
[12, 13]. Products such as plant extracts, propolis
were used for achieving burn injury recovery processes with fewer complications and better cosmetic
results [1, 12, 13].
Patients with broad burns are in an immunosuppressive state due to change neutrophil activities, Tlymphocyte function disorders and disruption of cytokine production [14, 15]. Bacteria colonization in
the burn eschar tissue seems inevitable. Burns also
destruct important barriers in terms of tissue invasion with transition of bacteria to lymphatics through
dermis and fibrous septa.
Cytokines such as TNF-α and interleukin-1 and
other inflammatory substances disrupt microcirculation by being released from leucocytes and causing
damage in endothelium cells [14, 15]. It was found
that the production of TNF-α, which is also known
as a neutrophil and endothelial cell activator, is reduced effectively by application of melatonin, N-acetyl cysteine and serum nitrate [4, 6, 17]. In another
study, it was observed that TNF-α decreased significantly in lung and kidney tissues in comparison to
the control group in rats given Epigallocatechin Gallate [5]. In our study, a significant reduction was
found in the hesperidin + bacitracin group in comparison to the other groups.
In cases of invasion, microorganism may proliferate especially in necrotic tissues and attack
blood vessels by forming secondary bacteremia. In
this sense, investigation of the effects of topical antibacterial agents on wound recovery has always
been a matter of concern. Topical antibiotics are immediately started in the early stages of burn patients.
Topical antibiotics prevent reasons for usage of systemic antibiotics. They increase epithelization in patients and prevent infection development. In some
cases, colonized bacteria may be resistant to topical
antibiotics. Thus, it is recommended that topical antibiotics are used in rotation and wide-spectrum an-

tibiotics are preferred [12]. In our study, we preferred bacitracin in treatment of partial superficial
burns due to its low cost. While there was no significant decrease in comparison to the control group in
using bacitracin by itself, the most significant results
were obtained in the combined usage of bacitracinhesperidin.
Hesperidin (flavanone) is a member of the
group of bioflavonoids. It is a potent antioxidant
which has similar effects to those of Vitamin E. It
has various biological effects on several mammalian
cell systems. In vitro and in vivo studies showed its
antimicrobial, antiviral, antihypertensive, hypolipidemic, antiulcerogenic, antineoplastic, anti-inflammatory, antioxidant, antihepatotoxic effects
[18]. In the inflammation models of flavonoids in
mice, it was found that inflammation is effective in
the proliferative and exudative phases [19].
Hesperidin is used in treatment of various vascular disorders including vulnerability and permeability complaints that result in easy bruising and
varix. Hesperidin’s effects of elimination free oxygen radicals have been reported in the literature. It
also plays a role in synthesis of ascorbic acid [18].
Today, hesperidin is used in varices and hemorrhoids as a microcapillary regulator [20]. It was
found that hesperidin has noticeable anti-inflammatory and analgesic effects. It is thought that this effect is related to inhibition of histamine secretion
from basophils by hesperidin or metabolites [21].
In the statistical comparison of the findings of
histopathological analyses, while there was no significant difference among the groups in terms of fibrosis, there was a significant difference in the 7th
day measurements between the Hesperidin and Hesperidin-Bacitracin groups in terms of existence of
cellular infiltration. This difference was also noticeable in congestion.


$"

The effectiveness of hesperidin in wound recovery was observed, while its effects were increased in combined usage with a topical antibiotic.
Although we only showed the inhibitory effect of
Bacitracin-Hesperidin on levels of TNF and IL-1 in
this study, other important inflammatory mediators
should be determined. This was the limitation of this
study. Considering the analysis of wound recovery
in the light of these findings, while there was a statistically significant difference between the control
group and the Bacitracin-Hesperidin group, further
studies are needed to reproduce this difference and
put it into practice.
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(As), chromium (Cr), copper (Cu), cobalt (Co), zinc
(Zn), manganese (Mn), aluminum (Al) and mercury
(Hg). Among these heavy metal(loid)s, As, Pb, Cd
and Hg are included in the top 20 Hazardous Substances of the Agency for Toxic Substances and Disease Registry [4] and the United States Environmental Protection Agency (US EPA).
Excessive build-up of heavy metal(loid)s in agricultural soils results in increased heavy metal(loid)
uptake by food crops and vegetables, which in turn
may induce serious health risks to human beings
[5,6]. Heavy metal(loid)s are reported to cause several disorders in humans including cardiovascular
diseases, cancer, cognitive impairment, chronic anemia, damage of kidneys, nervous system, brain, skin,
and bones (Jarup, 2003). Owing to potential toxic effects associated with heavy metal(loid) exposure,
there is a global concern to comply that the heavy
metal(loid) content of agricultural soil and the crops
cultivated on these soils do not exceed the allowable
regulatory limits. Moreover, people are becoming
more aware of the inferences of heavy metal(loid)
contaminated soils on human and environmental
health, resulting in the improvement and development of technologies for clean-up of heavy
metal(loid) contaminated sites.
Contrasting to organic contaminants, heavy
metal(loid)s are somewhat unique by the fact that
they are highly resistant to either biologically or
chemically induced degradation. Therefore, total
heavy metal(loid) contents of soil persist for a long
time after being introduced into the soil. For example, Pb has a soil persistence period of 150–5000
years, and has been reported to persist in soil for >
150 years after sludge application [7]. Similarly, Cd
has a biological half-life of > 18 years [8]. Soil being
most essential component of ecological system is
highly contaminated worldwide by heavy metal
(loid)s. Excessive accumulation of heavy metal
(loid)s in the soils may cause deterioration of the soil
ecosystem and create other environmental issues.
Soil physico-chemical properties such as pH, electrical conductivity, cation exchange capacity, soil mineralogy, microbial and biological conditions and
presence of soil inorganic and organic ligands
greatly influence the bioavailable and mobile heavy
metal(loid)s in soil [9-13]. Numerous studies have
reported heavy metal (loid)s build up in soil and associated risks to soil fertility/quality and biochemical

Soil contamination with persistent and potentially (eco)toxic heavy metal(loid)s is ubiquitous
around the globe. Concentration of these heavy
metal (loid)s in soil has increased drastically over the
last three decades, thus posing risk to the environment and human health. Some technologies have
long been in use to remediate the hazardous heavy
metal(loid)s. Conventional remediation methods for
heavy metal(loid)s are generally based on physical,
chemical and biological approaches, which may be
used in combination with one another to clean-up
heavy metal(loid) contaminated soils to an acceptable and safe level. Biochar is a stable carbon-rich byproduct synthesized through pyrolysis/carbonization
of plant- and animal-based biomass.
This review addresses: (1) the functional properties of biochar, and microbial cycling of nutrients
in soil; (2) bioremediation, especially treatment of
metal and organic contaminants in soils using biochar, and restoration of degraded land. (3) the mechanism involved in soil heavy metal remediation, environmental impacts. (4) the potential risk of being
chemical precursors as well as the potential of being
load material.


,*"%&
Biochar, heavy metal, soil remediation, load material

!'%"('"!
Heavy metal(loid)s refer to a group of toxic elements which are both biologically and industrially
important. The widespread contamination of soil
with heavy metal(loid)s represents currently one of
the most severe environmental problems that can seriously affect environmental quality and human
health. Heavy metal(loid)s are released into the soils
by both natural and anthropogenic sources. Although
environmental contamination of heavy metal(loid)s
started in ancient times, the problem provoked after
the industrial revolution owing to dramatic increase
in the use of heavy metal(loid)s in various modern
technologies. The current worldwide mine production of heavy metal(loid)s is considerably huge [13]. Heavy metal(loid)s commonly present in soils include nickel (Ni), lead (Pb), cadmium (Cd), arsenic
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activities (enzymes and microbes). Heavy
metal(loid)s at the higher concentration are known to
influence the microbial population of soil and their
associated activities which may directly affect soil
fertility. Pattnaik and Equeenuddin [14] reported that
soil enzyme activities are significantly negatively
correlated with metal contents of Ni, Cu, Cr, Co, Mn
and Zn. The decrease in the activities of enzymes follows the following order: urease > acid phosphatase
≥ dehydrogenase > β-glucosidase ≥ alkaline phosphatase.
Therefore, it is imperative to deploy innovative
and site-specific remediation technologies which
could feasibly and efficiently remediate heavy
metal(loid) contaminated soils. Numerous soil remediation techniques have been developed during the
last two decades [15]. These techniques aim to reduce the total and/or bioavailable fractions of heavy
metal(loid)s in soils and their subsequent accumulation in the food-chain [16]. Conventional techniques
to remediate heavy metal(loid)s from contaminated
soils are based on physical, chemical and biological
methods (Fig. 1), which may be used in combination
with one another to remediate contaminated sites.
Despite high efficiency, majority of these techniques
are costly, environmentally-destructive and time
consuming.
Biochar can participate in soil processes such
as organic matter decomposition as it takes part in

the direct extracellular electron transfer (DEET) between soil organic matter (or soil minerals) and microbial cells, as well as in the direct interspecific
electron transfer between microbial cells (DIET)
[17-19]. The identification and quantification of the
reactive components of biochar particles that are responsible for the electron transfer between the biochar and soil microbes are essential to investigate biochar-involved elemental cycling. The electron
transfer between biochar particles and soil minerals,
organic matter, pollutant molecules, and microbial
cells, as well as in response of the microbial community to the reactive components of the biochar, is an
emerging research field that seeks to further clarify
the effects of biochar on soil biogeochemical processes.
Several studies in the past decade extensively
discussed the structure, physiochemical properties,
and structure-function relationships of biochar with
respect to the apparent effects of biochar on soil [2023]; however, an understanding of biochar-microbe
interactions is a research gap that would link biochar
properties with many soil processes, e.g., carbon
storage and contaminant degradation. With regard to
the newly found electron transfer and free radical activation functions of biochar, the mechanisms of biochar effects can be more clearly identified [24,25]
Therefore, this review aims to seek answers for the
following questions:

(% 
:8;-=5>:9:205221=19?>:57/71-9@;81?4:0>&:57=18105-?5:981?4:0>/-9.1.=:-07D05A501059?:
?4=11/-?13:=51>;4D>5/-7/4185/-7-90.5:7:35/-7#4D>5/-7=18105-?5:981?4:0>59/7@01
 >:57=1;7-/1819? >:575>:7-?5:9 A5?=525/-?5:9-90 171/?=:6591?5/.5:7:35/-781?4:0>3191=-77D
59/7@01 ;4D?:>?-.575E-?5:9;4D?:1A-;:=-?5:9-90;4D?:1C?=-/?5:9-90/4185/-781?4:0>
/:9?-59588:.575E-?5:9-90>:57B->4593
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(1) the functional properties of biochar, and microbial cycling of nutrients in soil;
(2) bioremediation, especially treatment of
metal and organic contaminants in soils using biochar, and restoration of degraded land.
(3) the mechanism involved in soil heavy metal
remediation,
environmental impacts
(4) the potential risk of being chemical precursors as well as the potential of being load material.

biomass, whereas hydrochar is produced as a slurry
in water by hydrothermal carbonization of biomass
under pressure. The two chars differ widely in chemical and physical properties [33].

:8;:>5?5:9-90/4-=-/?1=5>?5/>:25:/4-=
Biochar prepared by different preparation techniques
has different characteristics and functions. Because
of the complex composition of biochar and the variability of the surface binding sites that interact with
soils and plants, it is currently not possible to establish a clear correlation between its physicochemical
properties and its availability as a soil remediation
agent [34]. Due to these variability, the best materials and technologies for the preparation of biochar
with specific application benefits can only be found
in individual cases [35]. For example, Cao et al. [36]
showed that the reduction of phosphate ions in soil
TCLP extract had a good correlation with the decrease of Pb with the simultaneous adsorption of soil
lead and pesticide Altimeterine by bovine biochar.
The analysis showed that the content of phosphoric
acid Some of the ions originated from cow dung biochar. The study also found that there is a high correlation between organic carbon content in cow dung
biochar and the content of altretine in the calcium
chloride solution. Therefore, in order to comprehensively understand the correlation between biochar
preparation conditions, character characteristics and
function, researchers must clarify the preparation
conditions of biochar with the best modification or
restoration function and accelerate the process of biomass resource utilization.

0>:=;?5:9-9025C819?:241-AD81?-7>A5-
5:/4-=Biomaterials have been greatly used in recent years to immobilize heavy metal(loid)s in soil
due to their easy availability and low-cost. Among
biomaterials, the use of biochar has received significant attention to immobilize heavy metal(loid)s in
soil. Biochar is a carbon rich, porous, purpose-produced charcoal manufactured during the pyrolysis of
organic residues such as municipal waste, animal
wastes, wood, crop residues, and biosolids. Several
studies revealed that addition of biochars to soil
greatly enhanced the sorption of heavy metal(loid)s
and significantly reduced their mobility and phytoavailability [37]. Addition of biochar to soil changes
chemical, physical, and biological properties of soil.
Changes in the soil properties especially increase of
pH can cause their precipitation and thereby heavy
metals immobilization in soils.

#=1;-=-?5:9 -90 /4-=-/?1=5>?5/> :2 .5:/4-=
The origin of biochar is connected to the ancient Amerindian populations in the Amazon region, locally
known as Terra Preta de Indio, where dark earth was
created through the use of slash-and-char techniques
[26]. Research on Terra Preta soils (Hortic Anthrosols) in Amazonia has revealed the effects of biochar on functionalization of soils. Especially, because the biochar has been known as an excellent soil
amendment for soil fertility and sustainability, many
researchers and farmers worldwide are paying attention to its hidden secrets. Biochar is also recognized
as a very significant tool of environmental management [27].
Biochar is a newly constructed scientific term.
According to Lehmann and Joseph, it is defined as
“a carbon (C)-rich product when biomass such as
wood, manure or leaves is heated in a closed container with little or unavailable air” [31]. Shackley et
al. [28] defined biochar more descriptively as the
porous carbonaceous solid produced by the thermochemical conversion of organic materials in an oxygen depleted atmosphere that has physicochemical
properties suitable for safe and long-term storage of
carbon in the environment”. Verheijen et al. [29] also
defined biochar as “biomass that has been pyrolyzed
in a zero or low oxygen environment applied to soil
at a specific site that is expected to sustainably sequester C and concurrently improve soil functions
under current and future management, while avoiding short- and long-term detrimental effects to the
wider environment as well as human and animal
health”. The International Biochar Initiative (IBI)
standardized its definition as “a solid material obtained from the thermochemical conversion of biomass in an oxygen-limited environment” [30]. All of
these definitions are directly or indirectly related to
the biochar production condition and its application
to soil. Lehmann and Joseph [31] distinguished biochar operationally from charcoal. Primarily, the difference between these two terms lies in the end use.
The charcoal is a source of charred organic matter
for producing fuel and energy whereas the biochar
can be applied for carbon sequestration and environmental management. The term hydrochar is closely
related to biochar; however, it is distinguished by
different condition like the hydrothermal carbonization of biomass [32]. In general, biochar is produced
by dry carbonization or pyrolysis and gasification of

:91C/4-931The cations adsorbed on the surface of the material exchange with the cations in the
solution, including the soil solution. Biologically active surface active groups such as hydroxyl (-OH),
carboxyl (-COOH) or basic groups such as amino (NH2) on the surface of oxygen-containing functional
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groups on biochar exchange with the electrolyte cations or anions in aqueous solution as follows:
-OH + M + + X-  -OM + H + + X-OH + M + + OH-  -OM + H2O
-NH2 + M + + X- + H2O  -NH3X + M + + OHThis kind of reaction has a low adsorption capacity and belongs to non-specific adsorption.

-/?:=>221/?593?41&?-.575E-?5:9:21-AD
1?-7> .D 5:/4-= Biochar adsorption of heavy
metals Stabilization efficiency is affected by the following factors:
(1) the amount of application. Studies have
shown that increasing the amount of biochar applied
can significantly increase the removal efficiency of
heavy metal ions. Dong et al. [38] showed that when
the concentration of biochar in solution increased
from 0.2 g/L to 8.0 g/L, the removal rate of Cr ()
increased from 19.8% to 8.5% Increasing the dosage
of biochar will reduce the biochar adsorption amount
correspondingly. For example, the adsorption capacity of Cu () decreases from 11.0 mg/g at 1 g /L to
1.18 mg/g at 50 g/L, which may be due to the high
concentration of biochar particles forming tiny aggregated particles, resulting in the effective adsorption of biochar reduced Cu () surface area.
(2) Biochar pH value. pH can largely affect the
removal efficiency of heavy metals, depending on
the type of heavy metal elements. It showed that Cr
() had the best adsorption and removal efficiency
when p H was 2; the adsorption efficiency of Pb ()
increased significantly when p H increased from 2 to
5. The adsorption of Cu (II) decreased gradually as p
H increased from 6 to 9. Biochar p H prepared at
high temperature is generally high, with large cation
exchange capacity and specific surface area, while
low temperature biochar has more active sites and
stable C-O complex [39].
(3) other factors. In general, activated biocokes
have a larger specific surface area, such as pecan
shell biochar activated by potassium hydroxide vapor, which can adsorb excess Cu (II) from aqueous
solution. However, the biochar activation process
correspondingly increases the cost of biochar preparation. The pore distribution of biochar can also affect the movement characteristics of heavy metals.
Macropores, micropores and nanoporous structures
are conducive to reducing the diffusion behavior of
heavy metals dissolved state, the surface micropores
may act as adsorption and redox two important sites,
micropores on the pollutants have a strong adsorption force and can be used as an electron Donors
transfer electrons to contaminants [40].

221/?:25:/4-=:95:-A-57-.575?D:21-AD
1?-7>59&:57 Biochar can reduce the bioavailability of heavy metals by increasing soil pH and soil
organic matter content, changing soil redox potential
and soil microbial community composition. Biochar

itself contains large amounts of alkaline substances
such as carbonates (potassium carbonate, sodium
carbonate, etc.) and oxides (calcium oxide, magnesium oxide, etc.), which promote the exchange reaction of alkali ions, neutralize soil acidity. Soil column leaching experiments showed that due to the addition of biochar, soil pH increased and the amount
of Cd in the eluent was reduced to 1/300. Soil p H
increased soil acid extractable heavy metal content
decreases with increasing p H, thereby reducing the
bioavailability of heavy metals. Yuan Jinhua et al.
[41] studied the improvement effect of rice husk
charcoal on acid red soil and yellow brown soil
through indoor culture experiment. The results
showed that after adding rice husk charcoal, the pH
values of red soil and yellow brown soil were increased to some extent compared with the control
without the treatment of rice husk. Meanwhile, rice
husk charcoal reduced exchangeable and exchangeable aluminum content in red and yellow brown soils,
and significantly reduced the content of toxic forms
of aluminum in red and yellow brown soils.
Biochar reduces the toxicity of heavy metals to
plants by improving and enhancing soil fertility
Many studies have shown that the use of biochar on farmland (such as sawdust, mowed lawn
grass, straw) can maintain soil fertility and improve
fertilizer use and increase crop yields. The application of biochar can promote the improvement of soil
organic matter level. On the one hand, biochar can
adsorb soil organic molecules and promote the formation of SOM through the catalytic activity of
small organic molecules. On the other hand, biochar
itself decomposes very slowly and contributes to the
formation of humus, Promoting soil fertility through
long-term effects [42].
The porosity and surface properties of biochar
can provide attachment sites and large space for the
survival of microorganisms, regulate the physicochemical properties of soil microenvironment, and
promote the propagation and activity of beneficial
microorganisms. Microbial-driven C, N, P and other
mineral elements cycle and morphological changes
have an impact, thereby improving soil fertility force
[43].
Biochar application significantly increased soil
pH, thereby reducing the exchangeable content of
metals such as Al, Cu, Fe and at the same time increasing the availability of plant essential elements
such as N, P, K, Ca and Mg [44]. 1% wheat charcoal
with 21% K, 1.5% P, 0.64% N and other trace elements. Polluted soil was modified with untreated
sludge and biochar made from sludge. The soil properties, the solubility of heavy metals and bioavailability were compared. The results showed that total
organic carbon Content, soil CEC, soil p H were
higher than the control, the use of biochar treatment
of the soil Cu, Ni and Zn.
The leaching was significantly lower than the
direct sludge treatment. The bioavailability of Cu, Ni,
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Zn and Pb in soils treated with biochar was also significantly lower than that of sludge-amended soils,
and the contents of Cu, Ni, Zn and Pb were significantly decreased [45].
Different sources of raw materials, biochar produced by different pyrolysis process nutrient content
varies widely, so the response of the crop is also different. On the one hand, the application of biochar
reduced the damage of harmful elements to the
growth of crops, and on the other hand, increased the
uptake of nutrients by plants and promoted the
growth of plants; however, the application of biochar
in high-fertility soils sometimes inhibited the growth
of plants [46]. Therefore, the application of biochar
to consider the level of soil fertility, fertility levels of
heavy metal contaminated soil is usually more
Low, but also pay attention to the annual biochar application rate and the difference between the
improved results.
In summary, the unique physical, chemical and
biological properties of biochar and the related research findings in recent years show that biochar can
change the bioavailability of heavy metals in soil and
has the potential to repair heavy metal pollution in
soil. However, in the process of remediation of
heavy metal contaminated soils, bio-charcoal has
different effects on the remediation of different types
of heavy metals and different types of soils. Therefore, a great deal of research work still needs to be
done in the future.

can the trade-offs between various environmental effects of biochar be balanced? (2) Why, mechanistically, is a given biochar beneficial in some soils but
not in other soils? (3) How can the biological effects
of biochar be better predicted? Focused on certain
key functions of biochar, this review synthesizes the
biochar-microbe interaction mechanisms pertinent
to those questions.
(1) Environmental behavior of biochar in soil
and its trend. Biochar has high environmental stability, large specific surface area and large pores. It may
interfere with the material flow, energy flow and nutrient flow, and microbial community structure of the
soil niche after application into the soil. However,
these studies are relatively rare at present, therefore
Environmental behavior and fate of biochar in soil
are one of the directions of future research.
(2) Mechanism and environmental effects of biochar stabilization of heavy metals. At present, researchers have made some researches on the mechanism of different biochar adsorption and stabilization
of heavy metals. However, these studies are often
limited to pot experiments or short-term field trials
and lack of long-term field observations and effects
studies. The mechanism of biochar stabilization of
heavy metals tend to emphasize the specific surface
area of biochar, while the mechanism of biochar contamination of heavy metals is less studied. Therefore,
it is clarified that the mechanism by which biochar
stabilizes heavy metals and the long-term environmental effect on soil after stabilization are A field to
be studied.
(3) biochar modification. In view of the special
properties of biochar, at present, some researchers
modified biochar, such as increasing the specific surface area or porosity, alkaline modification to improve p H; at the same time as a carrier for different
heavy metal contaminated soils prepared iron, selenium. It is an important research direction to use biochar, such as aluminum and silicon, for remediation
of heavy metal contaminated soils and improve the
stability of biochar.

"!(&"!&
Heterogeneous effects on soil remediation are
found from the complex combination of biochar and
soils with various properties. Through the massive
research with respect to biochar effects on soil physiochemical characters and microbial activities, the
most influential factors point to feedstock types and
pyrolysis temperature, which determine biochar
properties including surface properties, structures,
elemental composition, redox capacity, conductivity,
pH, CEC, and VOCs. Such properties play key roles
in microbial activity and soil process. According to
the specific purposes, different biochar types should
be considered. To improve soil pH, especially for
acidic soils, the utilization of wood biochar produced
under high temperature can be proper as it loses most
of the acidic functional groups during pyrolysis. To
enhance soil fertility, crop residue biochar and manure biochar with high pyrolysis temperatures have
the priority, because their high ash content can improve soil CEC, facilitating nutrient maintenance for
microbial and plant growth.
Understanding the key roles of biochar properties on microbial activity in different soil types is essential to answering the most challenging questions,
such as: (1) Under which conditions can the application of biochar reach the desired benefits, and how
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among individuals in a group are usually due to the
abnormal pairing of sister chromosomes or recombination, and these rearrangements can vary in size,
from just a few base pairs to millions. Use of DNA
variants has allowed the development of genetic
markers, and polymerase chain reaction (PCR) techniques are often used [1]. Since the end of 1980s, the
number of unique molecular markers and assays has
increased exponentially. Various molecular markers
have also become available in recent years, and they
have been produced to identify the most efficient and
cost-effective markers. Plant breeders can use them
for many plant-breeding projects. Moreover, molecular markers have been put to several other uses including genome mapping, DNA fingerprinting, the
study of genetic diversity and more. It has been seen
that PCR-based molecular markers (e.g., RAPDs,
SCARs, CAPS, STS, STMS, AFLPs, etc.) are preferred to hybridization-based markers like RFLPs
due to their advantages [2]. In numerous areas, improvements in polymerase chain reaction (PCR)
DNA amplification and sequencing has become
available and affordable. In the evaluation of polymorphism among individuals and populations, various molecular techniques can help to generate information. In addition, researchers are considering
which technology can provide the best information
for identification of varieties and genotypes based on
marker-assisted selection. Therefore, comparing
many markers together is very important when researchers are trying to decide the most useful marker
technique to choose. The use of molecular markers
to determine the similarities or dissimilarities in
plants is now effectively applied in many breeding
programs, and these techniques are invoked as often
as possible to recognize disease-resistant genes, tolerances to stress conditions and quality traits. Improvements in marker screening techniques are making it easier to keep track of genes, and effective
markers must be closely linked to the target locus
and be able to detect polymorphisms. Among these
PCR-based markers, microsatellites have been exploited in many ways, leading to the use of a variety
of terminology. SSR markers are tandem repeats that
consist of short nucleotide motifs, which are distributed throughout the genome. Polymorphisms obtained from SSRs are highly informative with co-

There are many molecular markers used by researchers to assess genetic relationships among species or intra-species in molecular studies. They use
most of them to determine the precise similarities or
dissimilarities. When researchers determine which to
use, they consider a number of criteria, such as infrastructure, finance, labor and purpose. In this study,
genetic diversity has been observed with using four
different marker systems such as: Simple Sequence
Repeat (SSR), Inter Simple Sequence Repeat
(ISSR), inter primer-binding site (iPBS) and sequence related amplified polymorphism (SRAP) and
all binary data set from these marker systems were
calculated with the objective of assessing the marker
system efficiency. The highest polymorphism percentages respectively were obtained from SSR
marker with 96.6% and SRAP marker with 95% and
the Cophenetic correlation coefficient respectively
was estimated for each marker system r=0.85; 0.84;
0.98; 0.97. In a combined analysis of these markers,
genetic similarities among all individuals ranged
from 0.51 to 0.84, with a mean similarity of 0.64.
However, correlations between the different molecular marker systems have shown that complementary
information produced by different markers (codominant and dominant) for genetic studies involving
polymorphism, and that the prediction of relationships is important.


%$ 
Genetic marker, ISSR, iPBS, SRAP, SSR

!"!
Most of the time, cultivar identification and determination of varieties has been based on different
data from morphological evaluations that are timeconsuming and are labor intensive. The use of molecular markers is possibly the best and most appropriate tool for cultivar identification and to observe
the differences between them. DNA marker techniques use different sequences among species or individuals within a species. Genetic differences
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0&281&8*6.&0This study was carried out with
different marker systems in order to compare them
to each other in distinguishing intraspecific differences in the same plant species regardless which
plant species. Therefore using the different varieties
of the same plant species was studied methodologically focusing the different type of marker systems.

 .730&8.32 Previously germinated fresh
leaves of all genotypes were taken from Petri dishes
and stored in 2 ml Eppendorf tubes and kept at
−80°C for a night. Then the samples from each tube
were ground to a fine powder using a polypropylene
pestle. Finely powdered leaf samples were used only
for isolation of genomic DNA. The genomic DNA
was extracted from approximately 2 g of leaf tissue
for each genotype. The extraction procedure was
performed as reported by Doyle and Doyle, [8].
DNA was quantified using NanoDrop 2000 version,
full-spectrum, UV-Vis spectrophotometers (Thermo
Scientific) by measuring A260/A280 to determine
DNA purity.

6.1*67(32).8.327&2),*0*0*(8634-3
6*7.7SSR markers were used from the Gatersleben
wheat microsatellite and Beltsville agricultural research center [9-10]. The ISSR markers from Singha
[11, 4 – 12]. The iPBS markers from Kalendar [8]
and the SRAP markers from Li [13–14]. The PCRreaction mixtures and electrophoresis conditions for
all methods were taken into consideration from previously mentioned references. Amplifications were
carried out over 35 cycles of 3 minutes at 94°C; 1
minute at 50°C for SSR; 1 minute at 54°C for ISSR,
1 minute at 47°C for SRAP, and 1 minute at 50 to
60°C for iPBS analyses, followed by a final extension of 5 minutes at 72°C before the program was
terminated by holding it at 4°C. The PCR products
(25 μl) were segregated onto 1.8 % (w/v) agarose gel
to be screened using ethidium bromide staining and
visualized by a Vilber Lourmat Quantum ST4 visualization system.

&8& &2&0;7.7 Bands having the same size
were assumed to provide a single locus. Amplification products were assumed to be absent (0) or present (1) in the band. Binary data were entered on the
computer as an excel sheet used for further analysis
by the NTSYSpc (Numerical Taxonomy Multivariate Analysis System) software package version 2.1
[15]. A Dice genetic similarity coefficient [16-17]
was used to construct a phylogenetic dendrogram
with distance matrices using the UPGMA (Unweighted Pair Group Method of Arithmetic means),
and the binary data were imported into NTSYSpc
software to build a similarity matrix. The goodness
of fit of the clustering compared to the basic data matrix was verified. Cophenetic values from all four

dominant inheritance [3]. However, the number of
SSR markers can be different in each chromosome,
and it makes them preferred markers for many applications in plant genetic research. When the ISSR
technique is compared to SSR, ISSR is fast and easy
since no knowledge of the sequences is needed, and
it can produce abundant polymorphic fragments [4].
ISSR markers consist of highly informative multi-allelic loci and they provide a great deal of distinctive
information with acceptable reproducibility, and are
relatively abundant [5]. Sequence-related amplified
polymorphism (SRAP) markers have higher reproducibility, and can be used more effectively for genetic diversity analyses and germplasm evaluation.
Sequence-related amplified polymorphism can be
considered as a simple and efficient molecular
marker technique because of its reasonable throughput rate that is revealed by numerous co-dominant
markers, its ease of isolation of bands for sequencing
and its greater reproducibility [6]. Retrotransposons
is a class of repetitive and mobile sequences of virtually all known eukaryotic genomes, and they can
constitute more than half of the repetitive DNA in
plants. They are generally variable and spread all
over the chromosome [7]. The retrotransposon integration regions represent the junctions between the
preserved long terminal repeat (LTR) ends and
flanks on genomic DNA, and PCR is mainly used to
amplify these genomic DNA fragments. Retrotransposons marker systems are used quite often in order
to determine genetic differences in evolutionary and
genetic diversity studies, as well as for marker-assisted selection. Consequently, the iPBS amplification method is based on the universal presence of a
tRNA complementing a reverse transcriptase primer-binding site (PBS) in LTR retrotransposons.
The knowledge obtained about polymorphisms in
plants with molecular markers is indispensable for
the implementation of conservation programs, as
well as for cultivation and breeding. The aim of this
study was to evaluate the value of SSR, ISSR, SRAP
and iPBS marker systems for their ability to distinguish genotypes, and their efficiency in estimating
genetic diversity parameters and polymorphic levels
per assay unit. Thanks to this study we observed how
fingerprinting can be better characterized through
the distribution of genetic diversity among genotypes of same species using all marker systems. In
addition, we tried to compare different marker techniques to understand how to use the techniques more
efficiently and investigated the effects of different
genotype identity and sampling.
In this study was aimed to observe regardless
of plant species the advantages of using the multimarker system and their advantages of combined for
genotypic assessment among individuals of the same
plant species.
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Also in this study, individual data sets were combined to examine consistency and inconsistency
among the results. For the dendrogram in Fig. E, the
cophenetic correlation coefficient was estimated to
be r = 0.87, corresponding to a very good fit. In a
combined analysis, genetic similarities among all individuals ranged from 0.51 to 0.84, with a mean similarity of 0.64.

30;1364-.( .2+361&8.32 (328*287. Selected
primers of different marker systems for polymorphism across the genotypes have been characterized
for molecularly after PCR amplification. Polymorphic Information Content (PIC) for dominant markers was determined as: PIC = 1-[f2+ (1-f) 2], meantime for the co-dominant markers as: PIC = 1 - Σpi2.
PIC value is calculated as where “f” is the frequency
of the marker in the data set. Maximum PIC values
were determined for each marker system and the
SSR marker is 0.4265, ISSR marker is 0.4444, SRAP
marker is 0.4753 and the İPBS marker is 0.4922
were found.

dendrograms were used to compare them using the
Mantel test of significance [18]. Also, Spearman’s
rank correlation coefficients were calculated to compare indices for genetic relatedness [19].


 "! 
In this study, four different markers were analyzed in order to compare marker systems and reveal
any significant genetic divergence among the same
plant genotypes. Usually, separate results are expected when using different marker systems to assess genetic distances. Therefore, this research particularly focused on comparing the analysis results
from different marker systems and assessing them
together.

*2*8.(.:*67.8;:&09&8.32The number of
bands varied between each marker system and used
a different number of primers. For 8 SSR primers,
178 bands produced 96.6% that were polymorphic,
and the mean number of polymorphic bands for each
primer was found to be 21.5. In order to assess genetic similarities, individuals ranged from 0.16 to
0.51, with a mean similarity of 0.33. For the SSR
dendrogram, the cophenetic correlation coefficient
was estimated to be r = 0.85, corresponding to a good
fit. Using 11 ISSR primers gave 266 scorable bands
that were 63.1% polymorphic, and the mean number
of polymorphic bands for each primer was found to
be 15.27. Genetic similarities ranged from 0.79 to
0.95, a mean similarity for the ISSR marker system
was 0.86 and the cophenetic correlation coefficient
was estimated to be r = 0.84. The calculations for the
11 SRAP and 16 iPBS primers were found to have
207 polymorphic bands, where 76.8% were polymorphic for SRAP primers and 121 polymorphic
bands, and 95% were scored as polymorphic for
iPBS primers. The mean number of polymorphic
bands for each primer was calculated to be 18.8 for
SRAP and 7.6 for iPBS; the SRAP and iPBS marker
system genetic similarities were found to range from
0.50 to 0.98 and from 0.25 to 0.88, respectively. Cophenetic correlation coefficients were estimated for
these marker systems; r = 0.98 for the SRAP marker
corresponded to a very good fit and the coefficient
was estimated to be r = 0.97 for the iPBS marker.

 " 

&6/*6&2&0;7*7The use of advanced modern
technologies in PCR amplification made it possible
for fast examination and screening activities [20]. To
make selections of individuals or breeding lines prior
to phenotyping and genomic selection uses genomewide molecular markers to predict breeding values
[21]. This study presents an evaluation of several
methods for the comparison of different marker systems. All four markers proved to be helpful in the
genetic assessment of the plant genotypes used in
this study, and all genotypes showed some similarities using these marker systems. Some differences
were observed in the association of these marker systems. In order to obtain a more accurate comparison,
a Mantel test was carried out to obtain the degree of
relationship among them, and it was used in matrices
of cophenetic values generated from the SSR, ISSR,
SRAP and iPBS dendrograms. As a reference, the
similarity matrix information of all markers was
used. The similarity matrix was based on the Dice
coefficient. The results for the correlation coefficients r among similarity matrices are presented in
Table 1.
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4*&61&2<76&2/(366*0&8.32(3*++.(.*287&132,).:*67.8;.2).(*73'8&.2*)97.2,
  &2). 1&6/*67
Marker systems
SSR
ISSR
iPBS

Marker systems
ISSR
0.22
-

iPBS
0.18
0.20
-

* 
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0.27
0.68*
−0.16
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other genotypes; the G5 and G6 genotypes were seen
to be the most similar genotypes at 96%. The G2 and
G5 genotypes were grouped together with 95% similarity like the SSR pattern. The similarity coefficient
among genotypes was changed to a range from 0.79
to 0.95. In contrast to the SSR pattern, ISSR primers
showed G5 and G6 as the closest genotypes, and they
were found to very similar genotypes to each other.
The randomly selected eleven SRAP primers
were applied to the same genotypes to determine the
genetic relationship among them. It was not observed to be in agreement with the other marker systems. SRAP gave two clusters (Fig C), where one of
them consisted of two major groups. The G1 and G4
genotypes were found to be the most different genotypes, unlike the SSR patterns, where they showed a
high degree of similarity. The most similar genotypes were found to be G5 and G6 with 96%, and the
similarity coefficient among genotypes changed to
be in a range from 0.50 to 0.98. However, this result
completely matched the ISSR patterns.

The correlation between ISSR and SRAP dendrograms was significant at 0.68, and this indicated
that there is a relationship between ISSR and SRAP.
The study points out that both ISSR and SRAP markers were effective and reliable for assessing the degree of genetic variation in accordance with other
scientific studies [22]. On the other hand, the correlation between iPBS and SRAP was low at −0.16.
All four-marker types showed a similarity in dendrogram topologies (Fig. A–D) with some differences in
the positioning of some genotypes. The UPGMA
clustering algorithm grouped the genotypes into two
clusters, and one of these clusters consisted of 4 genotypes for the SSR marker system. When the dendrogram is studied, the genotypes marked as G1 and
G4 are completely separate from the other group.
The most similar genotypes were G2 and G5 with a
51% similarity ratio; G1 was separated from G2, and
G5 is the most distant genotype (Fig A).
The same genotypes showed a different pattern
when examined with the selected ISSR primers (Fig
B). Genotype 3 was completely separate from the
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"
*2)63,6&173+8-*.2+361&8.32+631(31'.2*))&8&7*87
The iPBS marker system offered a distinctive
pattern; while G4 was placed in an unaccompanied
separate group, the other genotypes were placed under two separate clusters (Fig D). The G1 and G2
genotypes showed a very close similarity, and G3





was found to be similar to them. The iPBS primers
indicated that the most different genotypes were the
G4 and G5 genotypes, with a 25% similarity ratio,
and these two genotypes were similarly located under separate groups as in other marker systems.

5466

%$

" &      







 " #!"!


gous and heterozygous genotypes in an electrophoresis gel. On the other hand, dominant markers are
constantly used in these studies mainly because they
have some advantages, including economic ones
[29]. Genomic diversity knowledge among plant
populations is generally helpful for breeders. Genetic diversity is crucial to meet the various goals of
plant breeding, such as producing cultivars with increased yield, desirable quantity, and pest and disease resistance. Molecular methods are preserving
classical characteristics, such as morphological and
physiological traits, and these techniques have some
advantages in detecting genetic diversity at a higher
level of resolution than other methods. Different molecular methods have been applied for the estimation
of genetic diversity, such as restriction fragment
length polymorphisms (RFLPs), amplified fragment
length polymorphisms (AFLPs), simple sequence repeats (SSRs) and random amplified polymorphic
DNA (RAPD) in many crop species [30]. When the
SSRs have been compared to other systems, they
have always uncovered the highest levels of polymorphism [31]. ISSR is powerful, fast, reproducible,
simple and gives economic opportunities in evaluating genetic variation and detecting changes between
related germplasm in various plant species [31].
SRAP markers have previously been used in genetic
diversity analysis, genetic map construction and
QTL detection. In addition, SRAP markers could
well fill the gaps between SSR markers [32]. The
iPBS amplification technique is an effective instrument for DNA fingerprinting technology without the
need for prior sequence knowledge. Therefore, the
use of the iPBS marker is a simple and quick method
that can be utilized to directly screen primers and
study plants [33]. All marker systems have similar
discriminating power, but they have some differences to detect the similarities among different plant
genotypes. A few studies have compared using four
different marker systems using the results obtained
from individual versus combined molecular markers
datasets for the purpose of genetic diversity analysis
[31, 34].

The similarity coefficient among genotypes
changed in to a range from 0.25 to 0.88. There are
not many studies that compared the individual results of molecular markers, which then combined all
the marker datasets for the purpose of genetic diversity analysis. This study examined the consistency
and inconsistency among the results from each
marker and their combined data. Observations of this
dendrogram (Fig. E) and a combined analysis
showed genetic similarities among all individuals
ranging from 0.51 to 0.84, and the mean similarity
was determined to be 0.64. The combined analysis
demonstrated that Genotype 4 was separately positioned from other genotypes, as in the iPBS pattern.
When considering the combined data sets from all
marker systems, the G5 and G6 genotypes were
found to be the most similar genotypes – as in the
ISSR, SRAP and iPBS marker systems. G3 and G4
genotypes were found to be the most dissimilar genotypes as in the ISSR pattern and these genotypes
were found to be very different each other in all the
other marker systems too.
Selecting the molecular markers for genetic studies,
the plant genotype characteristics and laboratory
conditions, project found must be taken into account
[23].
314&6.2,8-*)*2)63,6&173+  
&2). 1&6/*67Molecular marker technology allows for the detection of genetic diversity
of an organism at the DNA level. This technology
does not involve gene expression and specific environmental conditions, and using this technology is
simple, quick and can be easily automated. Multivariate methods, such as cluster analysis, can make use
of qualitative and quantitative characters, or data
from biochemical analyses or molecular marker data
and their combinations [25]. If required, the more
comprehensible definition of genetic distance could
be interpreted as, “any quantitative measure of genetic difference even at the sequence level or the allele frequency level that is calculated between individuals, populations or species” [26]. There are two
things of considerable significance; one of them is
the “if multiple data sets are available, how could the
different data sets be combined in an effective way,
and the other one is that these analyses should be
based on individual or combined data sets [27]. Using dominant and co-dominant markers are generally
practiced in various diversity studies [28]. Molecular
markers are intensively being used in plant breeding
research. Because of the greater amount of information obtained, co-dominant markers are preferred
to dominant markers. A comparison of genetic similarities using different genetic materials is difficult
because most estimates are based on randomly detected polymorphic bands instead of all randomly
detected bands. A co-dominant molecular marker
presents indisputable distinction between homozy-


"  
The present study was conducted to investigate
the genetic diversity using DNA-based molecular
markers: SSR, ISSR, SRAP and iPBS markers. We
conclude that the polymorphism and fine marker attributes reported here can be reliably used for the selection of markers and their use together in any
breeding programs, maintenance of germplasm,
DNA fingerprinting and analysis of the evolutionary
path of cultivars of interest.
All marker systems used in the current study
showed a similar dendrogram, and a few slight differences in the positioning of genotypes in the main
cluster. The rapid increase in various marker systems
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has made comparisons between techniques inevitable. However, such comparisons are required in order to decide which technique is the best choice for
the issues being examined. Our data confirmed that
SSR, ISSR, SRAP and iPBS methods are useful tools
for determining the genetic relationships of the genotypes used. These molecular markers reveal the
phylogenetic relationships among diverse genotypes. Furthermore, the combination of these marker
methods and their pooled assessments also guarantees some additional benefits. Results clearly
demonstrated that all SSR, ISSR, SRAP and iPBS
markers were similarly efficient for phylogenetic
and diversity studies. However, different markers
have different specificities, and studies could show
inconsistent results, so it is sometimes necessary to
use supplementary methods together in combination.
Detection of polyploidy might be difficult for ISSRs
and iPBSs compared to SRAPs and SSRs because of
their co-dominant nature. A precise estimate of the
genetic relationships, ideal population sample size,
the number of samples, or the number of loci should
be taken into account. In addition to using a few
marker systems together, there are some factors that
can also assist marker selection, such as a small mapping population as well as a band missing as a result
of PCR amplification or electrophoresis.
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The study is about pyrolysis and gasification of
Fugu bituminous coal adding K2CO3-KCl according
to different proportion in a fixed bed reactor. The results show that the catalytic activities of raw coal
char and coal char adding with KCl are very low,
while the catalytic activity of coal chars adding with
K2CO3-KCl according to different proportion increase obviously. And the stereoscan photograph of
the gasification residue shows that the gasification
residue of 4# coal char is granular and well-distributed, so we can add KCL partially to inhibit the agglomeration of coal gasification.

over the world. Gu Zongqin, current director of the
Petroleum and Chemical Industry Planning Institute,
also made a speech at “Symposium on New Coal
Gasification Technology and Coal-based Natural
Gas Development” and also mentioned two new
ideas for the future development of coal chemical industry. One of them is direct coal catalytic technology [1].
The catalytic gasification of coal means that the
coal powder and the catalyst are evenly mixed together according to a certain proportion, and the contact between the coal and the gasification agent is increased by the erosion and grooving effect of the catalyst on the coal surface to speed up the gasification
reaction speed. Catalytic gasification has many advantages such as lower gasification temperature
(<1000 ° C) and higher gasification efficiency (Yasuo et al., Using Ca (OH)2 at 700 ° C, increases the
gasification reactivity of low rank coal by 40- 60
times [2]), expanding the adaptability of coal gasification, hydrogen-rich products have been obtained,
reducing the post-conversion process, reducing
equipment investment costs, is our country advocate
the development of “efficient and clean coal conversion” the preferred technology. Over the years,
scholars at home and abroad have made a great deal
of research on catalysts. Alkali metals, alkaline earth
metals, transition metal compounds and some wastes
have become the source of new catalysts. However,
the compounds of alkali metal compounds, especially K, have been most effective in the current research Excellent [3]. As early as 1975, DWMckee
and D. Chatterji [4] studied the catalysis of coal gasification with alkali metal carbonate. Pan Yingang,
Kang Shutuo and Fan Lixia et al. [5-7] also studied
potassium carbonate and sodium carbonate as Effect
of catalyst on coal gasification. Li Weiwei and other
potassium carbonate, Zhang Zekai and other potassium chloride, Jiang Youhua and other use of organic sodium, Wang Xianhua and other potassium
nitrate catalyst for catalytic catalytic gasification kinetic characteristics of [8-11], that the catalyst added
to the coal. The gasification effect is obvious. Yang
et al. [12] to alkali metal potassium and calcium as a
catalyst, Hong Shi Jie et al. [13] using industrial
waste alkali as a catalyst for catalytic gasification of
coal, have achieved good gasification effect. Liu
Cheng-nian [14] compared Alkali metal and alkaline

+)#%&
Coal adding K2CO3-KCl, pyrolysis, coal char, Catalytic
gasification
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Coal gasification technology is the core technology for clean and efficient conversion of coal,
and is the basis for the development of coal chemical
industry, such as coal-based chemical synthesis, liquid fuel synthesis, advanced IGCC power generation
system, polygeneration system, hydrogen production and other process industries. A strong support.
At present, the traditional coal gasification technology has achieved industrialization. The gasification
technology at home and abroad has been perfected
day by day, which has provided benefits and conveniences for the country's economic development and
people’s daily life. However, at the same time, there
are still many problems in the development of coal
gasification technology: high reaction temperature,
high energy consumption, high requirements on
equipment and low energy utilization rate. At the primary energy shortage in the country and the increasingly serious environmental problems, coal gasification Technology development has also encountered
great challenges, but also promoted a number of new
coal gasification technology has gradually embarked
on the stage of history, of which the most popular
catalytic coal gasification technology has become
the object of competing studies of scholars from all
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$B;96B<4< 0A:0;4708= The dried coal sample
was pyrolyzed in an anvil reactor at 700 ° C for
60min under constant pressure, with an N2 flow rate
of 30ml / min and a heating rate of 10 ° C / min to
obtain samples of gas, tar, water and semi-coke.
Fugu coal and coal industry analysis and elemental
analysis in Table 2, coal ash composition in Table 3.

earth metal salt monomer or mixture, industrial
waste and other catalysts of different characteristics,
that the catalyst can not only significantly improve
the coal gasification activity, but also can achieve
mild gasification.
In this paper, we investigated the catalytic effect of K2CO3-KCl loaded with different proportions
on the gasification reaction of steam coal with fixedbed pressurized coal char under experimental conditions. The purpose is to find a more efficient and
cheaper new catalyst, It may open a new way for the
catalytic gasification technology in the field of coal
gasification technology from the aspect of economy.


*$%!"' 

A:0;4708=,6 7,=0;4,6< ,8/ ;0,208=< The
raw materials used in this experiment are Fugu coal,
crushed to take 60-100 mesh coal, the catalyst used
in the experiment K2CO3 and KCl reagents were of
analytical grade. K2CO3 and KCl were dissolved
with appropriate amount of deionized water. The
proportion of coal samples loaded with different catalysts (# 1 to # 6) was compared with that of raw coal
samples (0 #) using the same volume impregnation
method. The mass ratio of catalyst to raw coal was
1:10 (to ensure the same quality of K), see Table 1
for details. The catalyst impregnated coal sample to
dry naturally, then placed in a vacuum oven dried 67 h, transferred to the oven for 2 h, let cool and put
into the dryer spare.

,<414.,=4980A:0;4708=,670=39/<,8/:;9
.0<<0<Weigh pyrolysis coke samples about 2.0 g, at
700 °C, 3.5 MPa conditions in a fixed bed reactor
with water vapor gasification reaction, the water
flow rate of 0.32 ml / min, N2 flow rate of 200ml /
min, gasification time 180min (total gas flow 600ml
/ min, eliminating the influence of internal and external diffusion on the gasification reaction).
The flow chart shown in Figure 1.

,< ,8,6B<4< ,8/ 0A:0;4708=,6 /,=, :;9
.0<<482This experiment includes two experimental
processes of pyrolysis of coal sample and steam gasification of pyrolysis of semi-coke, pyrolysis gas
product and gasification gas phase products were detected by GC-950 gas chromatograph produced by
Shanghai Haixin Chromatography Instrument Co.,
Ltd. Permanent molecular sieve using 5A molecular
sieve, CO2 using austenitic gas analyzer for measurement. CH4 and other hydrocarbon gases using
hydrogen flame ionization detector (FID) detection.
Solid samples of coal and char C, H, N, S content by
the German Vario EL III elemental analyzer detection, industrial analysis using GB / T212-2008 analysis, ash content analysis with reference to GB /
T1574-2007 analysis.

'  
79>8=91.,=,6B<=48.9,6<,7:60
No.
1#
2#
3#
4#
5#
6#

KCl
(x%)
0
20
40
62.4
80
100

KCl
(w%)
0
11.882702
26.449093
47.234585
68.33053
100

KCl (g)
0
0.1281915
0.2853348
0.5095703
0.737155
1.0788076

K2CO3
(x%)
100
80
60
37.6
20
0

K2CO3 (w%)

K2CO3 (g)

Total mass (g)

100
88.1172985
73.5509072
52.7654147
31.6694698
0

1
0.881172985
0.735509072
0.527654147
0.316694698
0

1
1.0093645
1.0208439
1.0372244
1.0538497
1.0788076

Note: By adding 1 g of potassium carbonate content of potassium.
'  
$;9A47,=0,8/(6=47,=0,8,6B<4<91.9,6,8/.3,;
coal
FG raw coal
FG Char

M
8.5
0.4

Proximate analysis (wad%)
A
V
FC
2.61
31.68
57.21
4.31
2.57
92.72

C
76.02
89.07

Ultimate analysis (wd%)
H
O*
N
4.72
17.94
1.13
1.87
7.71
1.24

S
0.19
0.11

*

:by difference
'  
<3.97:9<4=498,8,6B<4<91.9,6
SiO2
46.06

Al2O3
15.18

Fe2O3
4.41

MgO
1.97

GaO
17.6

Content (w%)
Na2O
K2O
0.55
0.72
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TiO
0.97

SO3
7.61

P2O5
0.39

others
4.54
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$;9.0<<91:;0<<>;4C0/14A0/-0/.,=,6B=4.2,<414.,=498
" .B648/0; .60,80; 146=0; 39::0;060.=;4.1>;8,.0.96/=;,:<>7:0?,:9;,=9;
:;030,=0; 14A0/-0/;0,.=9; @,=0; .9,6.3,; 146=0; @,=0;:>7: .60,80;
?96>70=;4.169@70=0; 2,<<,7:6482-,2

As can be seen from Figure 3, with the reduction of K2CO3 content in the sample coal, the yields
of H2 and CO2 decrease, while the yields of CO and
CH4 are similar. However, the yield of CO and CH4
for coal at 4 # coal, i.e., the eutectic point ratio of
K2CO3 to KCl, which is maintained at a relatively
high level and the gas products produced by 4 # coal
in pyrolysis in Figure 2 that are less. More and less
the amount of tar produced is also conducive to the
effective gasification of coal.

C conversion rate is calculated as follows:
12 ×  × (2 +  +  4 )%
273.15
 =
×
× 100%
22.4 × 0 ×  
273.15 +

Among them: V-The amount of gas during the
reaction time, l;
w0-The quality of char used in the experiment, g;
T-The experimental room temperature, °C;
FCad- Fixed carbon content in char, %;


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

110.=914110;08=$;9:9;=498,6,=,6B<=<98
=30$B;96B<4<$0;19;7,8.0919,6Fig. 2 and Fig.
3 show the yield curves of products and various gas
products produced by the pyrolysis reaction of different catalysts respectively. From Fig. 2, it can be
seen that the catalyst-containing coal will generate
more gas during pyrolysis, However, the gas production of 5 # and 6 # coal is the same as the yield of
pyrolysis gas of the raw coal, both of which are low.

$B;96B<4< <074  .950 <=0,7 2,<414.,=498;0
,.=498:0;19;7,8.0Figure 4 shows the change of
C conversion with time in the gasification experiment of semi-coke with different catalysts. It can be
seen from the figure that the catalytic effect of
K2CO3 coal charcoal (# 1) is the best, the conversion
rate can reach 92% after 108 minutes of reaction, the
conversion rate of KCl coal char (6 #) is 32% 0 #)
conversion rate was only 29%, 2 #, 3 #, 4 # and 5 #
load catalyst coal char gasification rates were 77%,
66%, 64% and 45%, that is, with the K2CO3. This
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due to gasification Damaged by the rapid increase of
micropore surface area; in the later period of gasification, micropore surface area is reduced due to
shrinkage of pore volume caused by the heating of
coal char. The high gasification rate of 6 # coal in the
figure is maintained for a long time, which is similar
to that of all chlorine alkali metal salt catalysts of
Veraa and Bell at the outset. As can also be seen
from Figure 5, with the addition of K2CO3 reduced,
the highest value in addition to gradually reduce the
shift toward the direction of the low C conversion,
which may indicate that due to fewer coal surface
active sites, the reaction rate is low and the reaction
Gradually tends to diffusion control, causing shrinkage of the pore structure at low C conversion rates.

shows that KCl has a poor catalytic effect when
charred at 700 °C with gasification of coal char and
steam, which is the same as that of Chen Fanmin et
al. [15]. The crystals of KCl are stable in the process
of pyrolysis and gasification and can not form active
reduced K, so their catalytic activity is poor. While
the proportion of 3 # and 4 # coal coke load KCl and
K2CO3 are different, but the conversion rate of C is
almost the same. Although the proportion of 4 #
coal-supported catalyst was formulated according to
the lowest eutectic point ratio of KCl and K2CO3, the
highest activity was not observed. However, the addition of KCl and K2CO3 can reduce the amount of
K2CO3, while maintaining the gasification rate at a
high level.
Figure 5 shows the trend of the gasification reaction rate with the gasification rate. As can be seen
from the figure, the gasification reaction rate and the
carbon gasification rate are in the form of "mountain", the gasification rate first increases and reaches
a maximum and then slowly Decreases because the
inner surface area of coal and char is generally 4 orders of magnitude larger than the external surface
area [16], so that the working micropores almost
completely fall in the micropore area, whereas the
cross-linking of the functional groups in the pores is

9,6 3,; <=0,7 2,<414.,=498 :;9/>.= 2,<
.97:9<4=498Figure 6 shows the product gas yield
of gasification of coal char by steam. It can be seen
from the figure that the yields of CO2, H2 and CH4
produced by the gasification reaction of gasification
of coal tar with different proportions of K2CO3 are
almost the same. Note that adding a certain percentage of KCl can also play the same effect as adding
all K2CO3. The product gas is rich in more than 60%
H2, 30% CO2, 2-3% CH4 and a small amount of CO,
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which results in 90% hydrogen-rich gas if CO2 is removed. This is in contrast to the results of studies
where the content of CO in catalytic products is
higher than that of CH4 in Su [17], etc. This is mainly
because the main reactions in the steam gasification
of coal are steam gasification, water gas shift and
methane. The reaction, the equation is as follows:
(1)
Steam gasification: 2C+2H2O=2H2+2CO

(2)
Water gas conversion: CO+H2O=CO2+H2
Methanation reaction: 3H2+CO=CH4+H2O
(3)
Su et al. [18] conducted a study at atmospheric
pressure, whereas the gasification reaction in this
study was carried out under a high pressure of 3.5
MPa. Increasing the pressure favors the methanation
of CO and H2 (Equation 3). So CH4 yields higher
than CO.
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D.950Figure 7 is a scanning electron micrograph
of 1 # and 4 # char gasification residues enlarged by
electron microscope. It can be clearly seen from the
figure that the conversion rates of gasification experiments C reached 99.0% (99.47% for 1 #, 4 #
99.22%), the gasification residue containing K CO
coal coalesces into one piece, which is in agreement
with the achievement of Lu Tao [19], while the gasification residue of 4 # coal coke is uniformly distributed in a granular form. This is probably because
the KCl-containing coal coke reduces the formation
of low-melting K2CO3 and KOH because it is difficult to form free K2O during gasification, thereby
preventing slagging.
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(1) In the catalytic gasification reaction of Fugu
bituminous coal and steam at 700 °C and 3.5MPa,
K2CO3-KCl binary catalyst has high activity on gasification reaction. With the increase of K2CO3 addition ratio, the conversion rate of C And the reaction
rate increases, while the activity of KCl is poor, and
the steam reforming C has low conversion rate and
low reaction rate.
(2) It can be seen from the scanning electron
microscopy of the pyrolysis gasification residue of
steam of semi-char that the gasification residue containing KCl char has no slagging, suggesting that
KCl reduces the formation of low-melting K2CO3
and KOH due to its difficulty in decomposition
When the slagging performance.
(3) In the catalytic gasification engineering
practice, in order to reduce the operating costs of the
catalyst and improve the easy-slagging performance
of the K2CO3 catalyst, it may be considered to add a
part of the KCl catalyst.
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A method of reduction of Cr(VI) to Cr(III) under visible light was developed by using Cu/Cu2O
core–shell submicro/nano crystals,which were carried out by BET, XRD, XPS and TEM. Results
showed that the catalyst was a complex composed of
Cu2O and Cu with Cu2O as the predominant substance. The TEM result exhibited a typical core–
shell structure with Cu–core and Cu2O-shell in dualcircinal shape. To reduce Cr(VI), an efficient photocatalytic cell (PC) was developed for using visible
light with Cu/Cu2O core-shell submicro/nano crystal. The experiment was implemented in a cathode
compartment with a fresh solution (150mL) of 10
mg/L Cr(VI) at three different pH values, 3.0, 7.0
and 12. At pH=3, around 91% of Cr(VI) was reduced
after 60 h of reaction. The particular core-shell structure and the metal-metal oxide interaction significantly enhanced the visible-light-driven photocatalytic efficiency of the Cu/Cu2O core–shell particles,
since localized surface plasmon resonance (LSPR)
of Cu may occur and radiate energy transfer from the
plasmon Cu states to the oxide shell, which enabled
the rate of electron excitation from the valence to
conduction band of the Cu2O shell. In all, the work
provides a potential way to reduce Cr(VI) to Cr(III)
under visible light.

processes, such as cooling towers, plating, leather
tanning, printing and dyeing, etc. [2, 3]. In order to
decrease the content of Cr(VI) in the effluents, currently many methods have been used, such as physical adsorption, ion exchange, membrane filtration,
and chemical precipitation. Compared with the physical methods mentioned above, chemical precipitation can directly reduce the toxicity of the effluents
by transform the Cr(VI) into the lees-toxic Cr(III)
with a few amount of reagents and thus produce little
byproducts. Nowadays, as one of the environmentalfriendly methods, photocatalytic reduction has been
paid attention for treatment of wastewater and the
majority of which were studied on Cr(VI) reduction
by using TiO2-based catalysts [4-6]. However, the
higher costs and lower reactivity under visible light
of TiO2-based catalysts should limited its’ industrial
application. Therefore, a economic-feasible visible
light photocatalyst is still urgently desired for the
treatment process of effluents contained Cr(VI). [711].
The idea of using transition metal oxide micro/nano catalyst for photocatalysis has attracted
many researches and applications in recent years
[12-15]. Researchers have designed submicro/nano
composite crystals to achieve superior performance
[16-18]. Metal-semiconductor hybrid submicro/
nano crystals such as Au/CdS, Pt/CeO2, Fe/TiO2
have been recently developed to show photocatalytic
activity under light illumination [19-20]. Among all
the metal modified semiconductors, copper (Cu)
based materials have received extensively research
attention in the last decade [21-23]. Previously, we
reported Cu2O, a p-type semiconductor, for photocatalysis using visible light [24]. The results show that
Cu2O/Cu particles present high photocatalytic activity by decorating Cu2O catalysts with Cu nanoparticles, as light-induced reduction of Cu atoms, which
provides a new idea of photocatalysis.
Herein, a visible photocatalytic method for
converting Cr(VI) to Cr(III) has been investigated
with using Cu2O/Cu core–shell submicro/nano crystals. The main focuses were on the preparation of
Cu/Cu2O core–shell catalyst and the effect of its

+)!$%
Cr, Cu/Cu2O, core-shell structure, reduction, photocatalysis
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Due to the properties of high virulence and mobility, Hexavalent chromium ions (Cr(VI)) can cause
some serious problems for both environment and human health, thus the concentration of which should
be strictly controlled to a negligible level [1]. Normally, the high-pollutant-load effluent contained
Cr(VI) are usually missioned from some industrial
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structure on the catalytic efficiency during Cr(VI) reduction.
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-@1>5-8? CuSO4·5H2O (99%), EDTA-2Na
(99%), NaCl (99.5%)K2Cr2O7 (99.5%) were obtained from Tianjin Jingdongtianzheng Precision
Chemical Reagent Factory. Hydrazine hydrate
(80%), KI (99%), NaOH (96%), KCl (99.5%),
H2SO4 (85%), boric acid (99.5%) were purchased
from Tianjing fengchuan Chemical Company. Fluorine-doped tin oxide (FTO)-coated glasses with an
electric resistance of 7 Ω/cm2 were commercially
bought. All water used in the experiments was provided by a Millipore filtration system that guaranteed an electric resistivity of 18.25 Ω of the effluent
water. K2Cr2O7 was used as the source of Cr(VI). All
the chemicals were of AR grade and used without
further purification.

">1<->-@5;: ;2 /-@-8D?@? -:0 181/@>;01?  
%D:@41?5?;2AA !/;>1?4188:-:;/>D?@-8?Cu
nanoparticles were obtained by the hydrazine hydrate reduction method. CuSO4▪5H2O aqueous solution (100ml, 0.04mol/L) was heated to 70 ◦C with
stirring before hydrazine hydrate solution (20ml,
0.5mol/L) was added quickly. The mixture was kept
at 70 ◦C for 20 min to produce a stable, deep-red dispersion of Cu nanoparticles before naturally cooled
down to room temperature for later dispose. The
products were collected by suction filtration with a
Buchner funnel, and rinsed well with distilled water
and ethanol to remove the remaining ions and impurities. The products were then kept in the aqueous
solution of EDTA-2Na (0.04mol/L, 10ml) for later
use.
The Cu nanocrystal decorated with Cu2O was
synthesized using a simple chemical reduction
method. A certain amount of Cu nanoparticles aqueous solution with EDTA-2Na was added to CuSO4
aqueous solution (0.04mol/L, 200ml) after 10 min of
ultrasonic dispersion, followed by the addition of



  !

NaOH solution (0.8mol/L, 20ml) and ascorbic acid
solution (0.16mol/L, 15ml) as the reducing agent.
The solution was stirred for 10 min at room temperature before a brick red colloidal solution of
Cu/Cu2O was obtained. The precipitates were separated from the solution by suction filtration, and
cleaned with ethanol and distilled water for at least
three times. Finally, the products were dried at 60 °C
for 4 h under vacuum.
 ">1<->-@5;:;2AA !@45:8-D1>&!
181/@>;01 The FTO glass sheets with a response
area of 3×3 cm2 were coated with Cu/Cu2O thin layer
by a simple droplet coating method. Firstly, the FTO
sheets were washed in sequence with acetone, alcohol and ultrapure water in an ultrasonic cleaner. FTO
sheets were then kept at 50 °C for 1 h. Then 0.3 g of
Cu/Cu2O powder particles were dispersed in 5 ml of
ethanol and 1 ml of nafion solution (5%) and stirred
for 0.5 h at room temperature. The mixed colloidal
solution was lastly dripped evenly to the pre-cleaned
FTO glass sheets, which were dried in a vacuum
oven at 60 °C for 1 h.
-@-8D?@?/4->-/@1>5E-@5;:BET surface area
were measured by Autosorb iQ Station. The N2 adsorption-desorption isotherms of the catalysts were
obtained in liquid N2 (-196°C), and the pore size distribution from the description branch by the Barrett–
Joyner–Halenda (BJH) method.
Transmission electron microscopy (TEM) images were taken by an FEITecnai G2 F20 transmission electron microscope with an accelerating voltage of 300 kV.
The X-ray diffraction (XRD) analysis was done
on a Bruker D8 Advance diffractometer system.
Along with Cu Ka radiation (1.5406 Å) and a graphite monochromator. To investigate the samples in the
2θ degree from 5° to 90° at a scanning speed of
6 °min-1.
The X-ray photoelectron spectroscopy (XPS)
was carried out on ULVAC PHI 5000 Versa ProbeII instrument. The binding energy scale was referenced to C1s at 284.6 eV.

1.CuSO4(aq)

Cu2+

hydrazine
hydrate
◦

70 C

2.NaOH(aq)

Cu



EDTA-2Na(aq)

Cu

10min

3.Ascorbic acid
10min

EDTA-2Na(aq)
% 
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"4;@;/-@-8D@5/ >1-/@5;: The photocatalytic
reduction experiments were implemented in an Hcell. Two similar quartz beakers connected by a proton exchange membrane were used as the two electrode reaction compartments. The beaker that housed
the FTO photoanode was called the anode compartment, and the other beaker that accommodated the Pt
sheet photocathode the cathode compartment. Both
compartments were 10 cm in height and 6 cm in diameter. The photoactive area of the working electrode of Cu/Cu2O coated FTO was 9 cm2, and the
active area of the counter electrode of Pt sheet was
9×10 mm2. The photoanode was illuminated by a
Xenon Light Source (200–2500 nm) from a 300 W
PerkinElmer xenon lamp in front of a quartz bulb
placed 10 cm from the photoanode. The light passed
through a UV cutoff filter (λ>420 nm).
When the Cu/Cu2O pair is irradiated with visible light, the electrons get stimulated to leap into the
conduction band and leave behind positively
charged holes in the valence band, generating the
electron-hole pairs. The photoelectrons in the conduction band of the photoanode move through the
external circuit to the Pt sheet photocathode due to
the chemical bias, H+ in the anode compartment

through the nafion membrane to the cathode compartment. Cr(VI) in the cathode compartment the
captures e- and H+ to produce Cr(III).
Photocatalytic performance of the catalysts was
tested by the reduction of Cr(VI) with visible-light
irradiation. In a typical reaction, the anode was a 150
mL aqueous buffer solution with a pH value of 8 that
contained 0.5 g NaCl and 0.5 g KI, and the cathode
was a 150 mL solution that contains 10 mg/L Cr(VI).
The acidity/basicity of the cathode solution was kept
at 3, 7, and 12 for different experiments. The pH values of the solutions were measured by a Corning 555
pH meter. Acidity/basicity, an important factor in the
experiments, was monitored by the addition of 0.1
mol/L NaOH or H2SO4 solution. The Cr(VI) content
was determined with the Photometry of Diphenylcarbazide method by measuring the absorbance of
sample solutions at 540 nm by a UV-vis spectrophotometer. The degradation rate of the Cr(VI) is defined by
Degradation rate% = (1 - Ct/C0)×100%,
where C0 is the initial concentration of Cr(VI)
and Ct the concentration of the Cr(VI) at a certain
time  (h).
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-@-8D?@/4->-/@1>5E-@5;:The characteristics
of Cu/Cu2O are investigated firstly. Fig. 1 shows the
nitrogen adsorption–desorption isotherms and the
pore diameter distribution of Cu/Cu2O. The BET
surface area of the sample is estimated to be 30.7634
m2/g. The isotherm curves accord with IUPAC type
IV isotherms. The hysteresis loops presented at the
range of 0.75–1 relative pressure (p/p0) conform to
H3 type hysteresis, indicating the existence of mesopores and macropores. This is also confirmed by
the pore diameter distribution. The pore diameters
estimated by the Barrett–Joyner–Halenda (BJH)
method are in a wide range of 29.16 to 116.62 nm.
The multiaperture structures are possibly caused by
the filling of the mesopores, the monolayer coverage

of the mesopores and the accumulation of the particles [25]. 
As shown in Fig. 2, the diffraction peaks centered at 29.568o, 36.423o, 42.307o, 61.374o, 73.516o
and 77.371o belong to primitive cubic Cu2O
(JCPDF#99-0041), and other peaks at 43.316o,
50.448o, 77.124o are the diffractions of face-centered
cubic Cu (JCPDF#99-0034). There are no obvious
diffraction peaks from other substances, such as
CuO, suggesting that the as-prepared product is
made up of mainly Cu2O and Cu, with Cu2O as the
dominant species on surface.
In Fig. 3, the XPS spectra show the valence
states of the elements in the materials surface. The
peaks are derived from (a) survey, (b) Cu2p, and (c)
CuLMM. Fig.3(a) shows the corresponding wide
spectrum, Cu2p, CuLMM, O1s and C1s spectra. To
analyze the valence states of Cu, the main peaks of
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Cu2p3/2 of Cu2p spectra are picked. There are three
phases of copper in the sample, i.e., elementary Cu
(Cu), cupric oxide (CuO) and cuprous oxide (Cu2O).
According to other report that the CuO surface exhibits a Cu2p3/2 peak at a binding energy of 933.5–
933.8eV [26] together with intense satellite peaks at
942.4 and 963.3eV [27], the result indicates the existence of CuO. Fig.3(b) shows that the binding energy (BE) of Cu2p3/2 is at 932.8 eV with an occurrence of small satellite feature observed in the 2p region at about 944 eV, confirming the presence of
small amount of CuO. The FWHM (1.7eV) is close
to corresponding reported value for Cu2O bulk 1.9
eV and 3.4 eV for CuO bulk [28]. Thus, a small
amount of CuO does exist on the surface of the sample. The amount, however, is too small to be detected
by XRD. Cu and Cu2O cannot be resolved by this
Cu2p peak, because their binding energies are too
close, which only differ by 0.1 eV. Their LMM-2 auger transition peaks in XPS spectra are 568 eV for
Cu and 570 eV for Cu2O [29], which are far enough
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to be identified. Fig 3.(c) shows the sample Cu LMM
peak at about 570.4 eV. In all, the surface of sample
is mainly Cu2O, and the amount of CuO is negligible. As the Cu cores cannot be detected by XPS on
surface, some indicating Core-shell structure.
The detailed crystallographic structure of the
samples is further investigated by TEM and HRTEM
images (Fig.4). The TEM image in Fig. 4.(a) shows
that these submicro/nano particles are distributed
without significant agglomeration. The smooth surface reveals a typical core–shell structure consisting
of a Cu core and a Cu2O shell in dual-circinal shape.
The size distribution of the particles is given by Fig
4.(b), showing a diameter of mm. The TEM image
in Fig.4(c) and HRTEM image in Fig.4(d) confirm a
core-shell structure by exhibiting three distinct sets
of lattice fringes at the interface of the core and the
shell. As marked in the image, the inter-planar distance of 0.209 nm corresponds to the Cu(111) facecentered cubic reflection, and the other two inter-planar distances of 0.212 and 0.248 nm agree well with
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with 0.5 g NaCl, 0.5 g KI. The pH value of the cathode solution was kept at 3.0, 7.0 and 12.0, and that
of the anode solution was at 8.
Fig. 6 shows that the degradation rate of Cr(VI)
increases with the acidity of the cathode solution.
The reduction reaction of Cr(VI) reaches equilibrium after about 60 h regardless of the pH value of
the solution. At the three pH values of the cathode
solution, the final degradation rates are 91%, 42%,
12%, and the average reaction rate constants are
1.01mg L-1 h-1, 0.47mg L-1 h-1 and 0.13 mg L-1 h-1,
respectively. The results suggest that the effective
photocatalytic degradation of the Cr(VI) can be
achieved by Cu/Cu2O core-shell submicro/nano
crystals.

the lattice spacing of the (200) and (111) planes of
primitive cubic Cu2O. The corresponding EDS spectrum of the area also confirms that the sample is
mainly composed of Cu and O elements, which is in
good agreement with the XRD and XPS results. The
element of C comes from the TEM sample carrier.
The consistency of the XRD, XPS, TEM, EDS and
HRTEM characterization confirms that the as-prepared product is of a core-shell structure with Cu as
the core and Cu2O as the shell.
-@-8D@5/ -/@5B5@D Optical absorption spectra
(Fig.5) show that the Cu/Cu2O pair noticeably absorbs lights of wavelength less than 800 nm, including UV and visible lights, showing that the Cu/Cu2O
compounds are characteristic of photocatalysts able
to respond to visible light.
Photocatalytic degradation of Cr(VI) in a solution with visible-light irradiation is studied with the
H-cell, whose cathode compartment contains 150
mL of 10 mg/L Cr(VI) solution, and whose anode
compartment contains 150 mL aqueous solution

5:1@5/? -:0 91/4-:5?9 Fig 7. is the
ln(C0/C) versus time curves at different pH values of
the cathode solution. The linear relation between
ln(C0/C) and time accords well with the Langmuir–
Hinshelwood (L-H) model as a pseudo first-order
model [30]. The model is defined by
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pH
3.0
7.0
12.0

K(h-1)
0.04036
0.0091
0.00217

r = d[C]/dt = -k[C],
where r is the reaction rate, C0 is the initial concentration of Cr(VI) and C the concentration of
Cr(VI) at a certain time t (h), and k is the first-order
kinetic reaction rate constant (h-1), which can be obtained from the slopes of the lines in Fig.6. Related
parameters are shown in Table 1. The rate constants
are 0.04036, 0.0091 and 0.00217 h-1 at cathode pH
values of 3.0, 7.0, 12.0, respectively. The value of k
decreases with rising pH value, suggesting the promotion of the degradation reaction by the acidity of
the solution.
The process can be explained by the following
equation

Pearson's R
0.98515
0.99096
0.98747

In addition, the Cu/Cu2O core-shell structure promotes the separation of the hole-electron pairs. The
component of Cu2O can be activated to produce electrons and holes by visible-light irradiation; and the
component of Cu can increase the existence time of
the electron-hole pairs by suppressing their recombination [33]. Furthermore, localized surface plasmon
resonance (LSPR) of Cu may occur and radiate energy transfer from the plasmon Cu states to the oxide
shell, which enhances the rate of electron excitation
from the valence to conduction band of the Cu2O
shell [24].
Although the catalytic efficiency is lower than
that of the titanium based catalysts, the Cu/Cu2O
core-shell photocatalyst uses only visible light. The
Cu/Cu2O core-shell photocatalyst provides a new
potential way for Cr(VI) removal.


! '%! %
The photocatalytic degradation of Cr(VI) to
Cr(III) by visible-light irradiation was successfully
achieved by using the Cu/Cu2O core-hell submicro/nano catalyst from a fast chemical reduction
method. The catalyst was characterized with BET,
XRD, XPS and TEM. The catalyst was composed of
Cu2O and Cu, with Cu2O as the dominant component. TEM images indicated a typical core–shell
structure consisting of a Cu core and a Cu2O shell in
dual-circinal shape, which was confirmed by
HRTEM images as three distinct sets of lattice
fringes at the interface of the core and the shell. The
photocatalytic degradation of Cr(VI) was performed
in the cathode compartment with a fresh solution
(150mL) containing 10 mg/L Cr(VI) and at three different pH values of 3.0, 7.0 and 12.0. At pH=3.0,
about 91% of Cr(VI) was reduced after 60 h of reaction. The generation of the chemical bias depends on
the electrochemical potential difference between the
two electrodes caused by the distinct pH values.
Acidic conditions facilitate the reduction reaction.
The particular core-shell structure and the metalmetal oxide interaction enhanced the visible-lightdriven photocatalytic efficiency of the Cu/Cu2O
core–shell particles, since localized surface plasmon
resonance (LSPR) of Cu may occur and radiate energy transfer from the plasmon Cu states to the oxide
shell, which enhances the rate of electron excitation
from the valence to conduction band of the Cu2O
shell.


Our previous work shows that the electron-hole
pairs in the Cu/Cu2O particles are generated due to
the excitement of electrons from their resting valance band to the conduction band by visible lights.
During this process, plasmonic energy transfers from
the excited plasmonic metal to the nearby semiconductor  dipole-dipole interactions between the Cu
metallic core and the Cu2O shell [24]. In this case,
the metallic Cu core essentially traps light, and locally amplifies its effect on the semiconductor.
Meanwhile, the photoelectrons in the conduction
band of the photoanode move through the external
circuit to the Pt sheet photocathode by the chemical
bias, and Cr(VI) in the cathode compartment captures e- and reduces to Cr(III). The generation of the
chemical bias depends on the electrochemical potential difference between the two electrodes caused by
the distinct pH values [31]. Acidic conditions facilitate the reduction reaction. Due to the pH affects, the
chemical equilibrium involves species of CrO42−,
HCrO4−and Cr2O72− formed for chromium(VI) in
aqueous medium [32]. At a pH value of 7.0, the
chemical equilibrium of Cr(VI) is

2 r4− → r2 O 72- +  2
with K =3.58×10. The form of Cr(VI) could be
reduced on cathode. while the pH7,

r4− → r42 − +  +
Ka1 =3.09×10-7. Thus, the chromate anion is
not electroactive, and hinders the cathodic reaction.
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MSWI plant exceeded the background of soil [9-11]
which made a heavy pollution and a high risk to the
creature [12]. It was proposed that the concentration
of heavy metal related to the distance between research area and the incineration plant, which confirmed an arisen of heavy metal was result from the
MSWI [13-15].
At present, few researches have been carried
on the inter-annual variation of heavy metals in soil
contaminated by municipal solid waste incineration
plant wet deposition [16]. The exhaust emissions
directly lead to the accumulation of heavy metals in
the soil throughout the year, which may constitute a
potential environmental risk [17]. Variation and
source apportionment of heavy metal in soil surrounding the MSWI plant may provide important
theoretical support for incineration plant exhaust
pollution control and environmental risk assessment.
It also has great practical significance for the site
selection, pollution prediction, and incineration
treatment of waste incineration plants.
Soil surrounding a large-scale MSWI Plant in
Chongqing was taken to study the distribution and
characteristics of heavy metals. Source apportionment of heavy metal was analyzed and potential
ecological risk index has been used to assess the
pollution.

This study demonstrated the variation of
heavy metal (Pb, Zn, Cr and Cu) in the soil around
a typical municipal solid waste incineration plant of
Chongqing, geo-statistics analysis method has been
applied to study the spatiotemporal variation of
heavy metal. Inter-annual variation of heavy meals
in the soil, correlation analysis and Kriging interpolation analysis showed that Pb, Zn and Cr in the
soil surrounding the incineration plant increased
mainly from incineration plant flue gas emissions
while Cu resulted from the use of pesticide. Based
on Grade II of Environmental Quality Standard for
soils, heavy metals in soil showed low potential
ecological risk to the creature while it was moderate
risk when based on the soil geochemical background value of the heavy metal in Chongqing.


(&!" 
MSWI Plant, Soil, Heavy Metal, Spatiotemporal Variation, Potential Risk Assessment.
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Incineration has played an important role in
municipal solid waste management with the pace of
urbanization continues accelerate [1-2]. Heavy metals contains in MSW will be distributed in fly ash,
slag, flue gas and will be discharged into the environment after incineration. When discharged into
the soil, heavy metals can lead to serious pollution.
With the characters of long-term, cumulative and
irreversible [3-5], the pollutants may cause soil
damage and decrease of soil productivity [6-7].
Waste incineration plants have changed to complex
sources of pollution for stacking with industrial
sources, agricultural sources and transportation
sources [8].
Researchers have found that the concentration
of heavy metals in soil surrounding the chimney of

#!"#"

"*584260*6-8:.<:.*<5.6<The Municipal
Solid Waste Incineration Plant is located in the
northwest of Chongqing. The dominant wind is the
northwest wind with an average annual wind speed
2.2m/s [18]. The municipal solid waste disposing
efficiency of plant is 1320 tons/d and a semi-dry
flue gas treatment system is applied to treat the flue
gas.
Taking waste incineration plant chimney as
the center, 10 topsoil samples were collected
around the incineration plant in September 2012
and 2013, the sampling area of each site was 40m ×
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"<*<2;<2,*4 *6*4@;2; *6- ,*:<70:*81@ All
statistical analysis, correlation analysis, principal
component analysis between heavy metals was
performed through the help of SPSS for Windows
software version 18.0 at significance level of 0.05
and 0.01. Software version ArcGIS 10.0 was used
to analyze the differential analysis of heavy metal
while software version Origin 9.0 was applied for
cartography.

7<.6<2*4 .,74702,*4 :2;3 Based on the characteristics and migration behavior of heavy metals,
Hakanson proposed a potential ecological risk index to get a further understand of contamination
degree resulted in heavy metals in the soil [19-21].
The value of RI can be calculated by the following formulas:
Cfi= Csi/Cni
Eri= Tri·Cfi
RI =ΣEri =ΣTri·Cfi
where RI is the sum of potential risk of individual heavy metal; Eri is the potential risk of individual heavy metal; Tri is the toxic-response factor
for a given heavy metal; Cfi is the contamination
coefficient; Csi is the present concentration of heavy
metals in soils; Cni is the pre-industrial record of
heavy metal concentration in soils[22]. The value of
Ti of Pb, Zn, Cr, Cu was 5, 1, 2, 5, respectively [23].
Table 1 shows the indices and grades of potential
ecological metals contamination.

40m. All soil samples were air-dried and filtered
through a 2 mm clean plastic sieve to remove
stones. Sieved soils were grounded in an agate
mortar. The powdered soils were then transferred to
a clean nylon membrane sieve (0.150 mm aperture)
and shaken to obtain a fine homogeneous powder.

6*4@<2,*48:7,.-=:.Samples were digested
in acid-cleaned microwave vessels containing 8 ml
of aqua regia and 2 ml ultra pure, concentrated hydrofluoric acid (HF). Each digestion batch included
at least one reagent blank and a representative
standard reference material. Samples were digested
for 1hour at the temperature of 180 °C. After cooling for 1 h, the digested sample was transferred to a
volumetric flask and diluted to volume of 50 ml
with ultrapure water.
Pb, Zn, Cr, and Cu in digestive solution were
measured by atomic absorption spectrometry (AAS,
Shimadzu). The digested samples were separately
diluted for analysis by AAS with 2% of nitric acid.
The instruments were calibrated daily using calibration standards. Results were quantified using an
external calibration curve generated from the responses obtained from multiple dilutions of a multi-element calibration standard that was prepared
from single-element standards. A 2% of ultrapure
nitric acid blank experiment was conducted for
quality control. The certified values were less than
10%.
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6-2,.;*6-0:*-.;7/87<.6<2*4.,74702,*45.<*4;,76<*526*<276
Eri

Grade of ecological risk of single metal

RI

Grade of potential ecological risk of environment

Eri <40

Low risk

RI<150

Low risk

40< Eri <80

Moderate risk

150< RI <300

Moderate risk

80< Eri <160

Considerable risk

300< RI <600

High risk

160< Eri <320

High risk

RI>600

Very high risk

Eri >320

Very high risk
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66=*4 ;<*<2;<2,; 7/ 1.*>@ 5.<*4 ,76<.6< 26
;724The contents of four heavy metals in soil surrounding the waste incineration plant were measured in lab and the annual statistical characteristics
of soil heavy metal content from 2012 to 2013 were
obtained in Table 2.
In 2012, the content of Pb, Zn, Cr and Cu in
the surface soil around the MSW incineration plant

was 20.35~97.15 mg/kg, 27.86~182.47 mg/kg,
49.00~314.00 mg/kg, and 23.49~44.25 mg/kg, respectively. The average content of heavy metals
varied widely which were 50.90, 86.88, 174.69 and
31.01 mg/kg. In 2013, the concentration of Pb, Zn,
Cr and Cu in the surface soil was 18.00~110.34
mg/kg, 29.50~198.55 mg/kg, 54.20~304.65 mg/kg
and 23.00~45.00 mg/kg and the average content of
heavy metal was 56.68, 92.25, 179.64 and 31.76,
separately.

# 
#1.*66=*4;<*<2;<2,;7/1.*>@5.<*4;26;724;=::7=6-2606,26.:*<7:;4*6<5030
Sampling Site

Sampling Time
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013
2012
2013

1#
2#
3#
4#
5#
6#
7#
8#
9#
10#
Average content
Standard deviation
Coefficient of variation (%)

Pb
49.68
53.00
92.45
101.5
20.35
18.00
22.90
23.00
66.50
83.00
35.10
38.00
97.15
110.34
41.30
45.00
57.80
66.00
25.73
29.00
50.90
56.68
27.59
32.60
54.20
57.52
17.93

Background value of the heavy metal in soil

Zn
95.26
102.50
98.80
108.00
27.86
29.50
32.13
33.40
128.63
132.00
65.50
68.00
182.47
198.55
71.45
79.00
121.75
125.00
44.97
46.50
86.88
92.25
48.58
52.24
55.92
56.63
73.39

Cr
185.27
187.00
108.85
114.00
88.40
88.00
49.00
54.20
262.50
272.50
98.55
102.00
279.46
296.00
314.00
304.65
270.13
283.00
90.75
95.00
174.69
179.64
98.74
100.09
56.52
56.73
64.45

Cu
29.60
30.75
27.45
28.00
44.25
45.00
31.80
32.00
23.49
25.70
42.18
44.00
27.36
28.00
29.42
30.00
31.07
31.15
23.50
23.00
31.01
31.76
7.03
7.24
22.67
22.80
22.87
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lution sources and Pearson correlation coefficient is
usually used to analysis the source of heavy metals
[24-25]. According the contribution of heavy metal
in soil, Table 3 shows the Pearson correlation coefficients of heavy metal.
The manifold correlations demonstrated the
various sources of heavy metals in soil. Pb, Zn, and
Cr showed significant positive correlations between
each other while Cu presented a significant negative correlation. There was a significant positive
correlation between Pb and Zn with correlation
coefficient reaching 0.900** at the level of 0.01
(two-tailed), and Zn-Cr were significantly correlated with the correlation coefficient of 0.742* at the
level of 0.05 (two-tailed), indicating that Pb, Zn and
Cr were likely to have similar sources or mainly
affected by similar factors, but Cu showed different
source to the other three heavy metals.

The concentration of heavy metals in the soil
around the MSW incineration plant was extremely
exceeded the soil background value of heavy metals
in Chongqing. The variation coefficients of heavy
metals were all increased in 2013 than that in 2012
which indicated that the external factor, especially
anthropogenic factor made the variation of heavy
metals in soil.
An inter-annual variation rate was applied to
evaluate the change of heavy metals in soil from
2012 to 2013, The equation for inter-annual variation rate was as follows:
 =

 2013 −  2012
 2012

where C2012 and C2013 represented the measured concentration of the heavy metal in soil in
2012 and 2013, severally. The inter-annual variation
of heavy metal concentration in soil was shown in
Fig 2.
As is seen from Fig 2, inter-annual variation of
Pb  Zn  Cr  Cu was -0.12~0.25, 0.03~0.13,
-0.03~0.13 and -0.02~0.09, separately, the content
of heavy metals mainly increased in 2013. The
content of Pb in sample site 3, content of Cr in site
3 and 8, content of Cu in site 10 showed depropagation which might be caused by the soil
self-purification capacity or anthropogenic activity.

"7=:,. 7/ 1.*>@ 5.<*4; 26 ;724 7::.4*<276
*6*4@;2;7/1.*>@5.<*4;The correlation between
heavy metal can reflect to some extent similar pol-

:20260 26<.:874*<276 *6*4@;2; Kriging interpolation is one of the important methods for
heavy metals in space valuation, by describing and
simulating the spatial distribution characteristics of
pollution factor and estimating the pollution level
on area which did not sampling, reflected the regularities of pollution factors distribution in space
[26]
.Using the Kriging interpolation method and
collecting the local pollution background data, the
spatial variation of heavy metals (Pb, Zn, Cr and
Cu) contamination is shown in Fig.3.


# 
.*>@5.<*4,7::.4*<2765*<:2?
Pb
Zn
Cr
Cu

Pb
1.000
0.900**
0.537*
-0.468*

Zn
—
1.000
0.742**
-0.441

Cr
—
—
1.000
-0.389

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

Cu
—
—
—
1.000

*Correlation is significant at the 0.05 level (2-tailed).
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# 
7<.6<2*4.,74702,*4:2;37/1.*>@5.<*4;26;724 
*;.-76:*-.7/<1.6>2:765.6<*4 =*42<@"<*6-*:-/7:;724;
Element

Number of sample sites

Pb
10
Zn
10
Cr
10
Cu
10
RI
Grade of potential ecological risk of
environment

Min

Max

0.36
0.15
0.43
1.29
53.38
Low risk

1.84
0.79
2.44
4.40


10.13
4.05
13.08
26.12

Grade of ecological risk
Low
Low
Low
Low

#
7<.6<2*4.,74702,*4:2;37/1.*>@5.<*4;26;724 
*;.-76<1.0.7,1.52,*4;724+*,30:7=6->*4=.7/<1.1.*>@5.<*42617609260
Element

Number of sample sites

Pb
10
Zn
10
Cr
10
Cu
10
RI
Grade of potential ecological risk of
environment

Min

Max

5.02
0.40
1.68
5.03
295.82
Moderate risk

30.77
2.71
9.45
9.84



158.07
12.57
55.74
69.44

Grade of ecological risk
Considerable
Low
Moderate
Moderate

it was found that the risk indices of heavy metals
were ranked in the order of Zn < Pb < Cr < Cu
while the grade of ecological risk of each metal was
low risk. The potential risk index of heavy metals
was 53.38 which showed a low risk to the soil environment. Based on the geochemical background
value of the heavy metal, the risk indices of heavy
metals were proposed in the order of Zn < Cr < Cu
< Pb and the grade of ecological risk of each metal
was ranked from low to considerable risk. The potential risk index of heavy metals was 295.82 which
demonstrated a moderate risk to the soil environment. The difference of heavy metal limiting value
in the Environmental Quality Standard for soils and
geochemical soil background led to the different
potential ecological risk index at the same time.

As can be seen from Fig 3, Pb, Cr and Zn
showed a same distribution from 2012 to 2013
which increased and accumulated in soil downwind
from solid waste incineration plant. Combined with
correlation coefficient analysis, it can be concluded
that the concentration of these three heavy metals in
the soil surrounding the incineration plant increased
mainly from incineration plant flue gas emissions.
Meanwhile, the concentration of Cr on sample site
8 demonstrated a significant high than that in the
other sites. Field investigation showed that there
was a large chromium salt production plant located
in the sample site of 8, the air storage of chromium
slag and eluviation by rain may lead to the serious
pollution of Cr in the soil. On the dominant wind
direction, concentration of Cu on sample site 3 and
6 showed higher level than that in the other site. As
is been shown in inter-annual statistical characteristics, there was no significant change of Cu from
2012 to 2013, so the pollution of Cu may resulted
from the use of pesticide contended Cu in the
farming process. The Kriging interpolation analysis
proposed a similar result as the correlation analysis
of heavy metals which indicated that Pb, Cr and Zn
in the soil around the MSWI incineration plant
mainly came from incineration plant flue gas emissions while Cu was result from agriculture.

$"
This study demonstrated that the concentration
of heavy metal (Pb, Zn, Cr and Cu) in the soil
around a typical municipal solid waste incineration
plant of Chongqing increased from 2012 to 2013,
anthropogenic factor has made the variation of
heavy metals in soil. Correlation analysis and
Kriging interpolation analysis showed that Pb, Zn
and Cr in the soil surrounding the incineration plant
increased mainly from incineration plant flue gas
emissions while Cu resulted from the use of pesticide. Based on Grade II of Environmental Quality
Standard for soils, heavy metals in soil showed low
potential ecological risk to the creature while it was
moderate risk when based on the soil geochemical
background value of the heavy metal in Chongqing.

7<.6<2*4:2;3*;;.;;5.6<7/1.*>@5.<*4;26
;724; Table 4 and 5 summarize the calculated values of Eri and RI for metals in soils based on Grade
II of Environmental Quality Standard for soils and
geochemical soil background the value of the heavy
metal in Chongqing, separately. Based on the Grade
II of the Environmental Quality Standard for soils,
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they can grow on arid lands, such as desert areas, or
saline soil, saving our farmland [5].
Two important technological barriers of commercial microalgae biofuel production are biomass
harvesting and dewatering for its small size(<50μm)
and similar density to water (mass concentration
lower than 1 g/L) [6-8]. Furthermore, microalgae
negatively charged surface makes it suspended stable in the medium which results in more difficult to
separate [9]. There are several effective harvesting
methods applied and each of them has their advantages and disadvantages. Centrifugation can harvest algal cells at a high cell density; however, this is
energy intensive, which makes it inapplicable for industry [10]. Filtration without chemical coagulation
can produce non-contaminated biomass but it is only
appropriate for filamentous, cylindrical microalgae
with pore size > 10μm [11]. Flotation efficiency is
high, but the chemical surfactant added may affect
the quality of biodiesel produced in next process.
Flocculation for harvesting microalgae is considered
excellent compared with other conventional harvesting methods such as centrifugation and floatation because it is feasible for most of algae species and produced in large quantities [11]. Bioflocculants have
recently received increased scientific and technical
attention because they are biodegradable and environmentally friendly [12]. Flocculation with bioflocculants can also be an effective pre-processing
method for flotation, which is greatly potential but
not applied for mass production yet [2, 13]. Lei et al.
[2] have reported that the flotation efficiency could
increase to 92.7% after adding a bioflocculant from
Cobetia marina. Therefore, flocculation is attracting
more and more attention in academia and industry
area.
Researchers have done lots of work on screening of flocculants, selection of the optimal condition
for flocculation. However, few scientific studies exist on the mechanism of how flocculants work on microalgae harvesting. In recent years, the development of interface theory and advanced surface-test
technology has made it possible to get insight into
this mechanism. Lin et al. [14] studied the adsorption
of functional graphene-based magnetic nanocomposites onto   , and demonstrated that something related to valence forces mainly controlled the

$%#%

Flocculation is a widely used method for harvesting microalgae at industrial-scale and also an effective means as a pretreatment for other methods.
However, the interaction mechanism between the
flocculant and the algal cell is not entirely clear. This
study chose the typical flocculants aluminum sulfate
(Al2(SO4)3) and chitosan to evaluate their interaction
and mechanism with    . The adsorption experimental results were analyzed via kinetic
and isotherm models. The results revealed that the
flocculants were adsorbed onto the algal surface in a
monolayer at uniform distribution. The adsorption
was feasible, spontaneous in nature, which reached
equilibrium in about 25min for Al2(SO4)3 and 50min
for chitosan, respectively. The electrostatic repulsion
of microalgae decreased after adsorbing flocculants,
especially for Al2(SO4)3. So, the coalition formed by
aluminum was more stable. Further associating with
DOM (dissolved organic materials) and microscopy
experiments, it could be found that the interaction
between Al2(SO4)3 and   comprised a compressed double layer and a net-sweep interaction,
while that of chitosan and   included neutralization and bridging. The flocculation efficiency
of Al2(SO4)3 ranged from 60-80% while chitosan
was below 20%, which indicated that the neat-sweep
interaction was more effective.
*(!#$
Algae harvesting, flocculant,    , flocculation mechanism

 %#!&%! 
Due to the increasing global demand for food,
health products, feed and fuels, microalgae has been
getting more and more attention as a new and reliable raw material [1, 2]. Compared with crops, microalgae is of enormous potential to large scale fuel oils
production due to shorter time for algae generation
and high oil content (up to 80% on dry weight) [3].
Moreover, the best possible use of this lipid is certainly its transformation into biofuel, especially biodiesel [4]. Another advantage for microalgae is that
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/<9;:=498 :;9.0/>;0 Adsorption experiments were conducted using the batch equilibrium
method. Each time, 100 ml  in stable stationary period and certain dose of flocculant were
mixed in a coverer conical flask, which was then
shaken in a thermostat shaker at 150 rpm. This study
used Al2(SO4)3 and chitosan as adsorbents. Concentrations of Al2(SO4)3 were measured via complexometric titration [16] and those of chitosan via the ninhydrin coloration method [16], respectively.

overall rate during adsorption process. Here, research on heavy metal adsorption and magnetic
beads resembles the relationship of surfactant and algae [15]. The objective of this study is to reveal the
mechanism on how aluminum sulfate and chitosan
works in algae removal via flocculation. For this purpose, adsorption experiments were carried out first.
Adsorption kinetic and isotherm model were used to
describe the process, and then the parameters of thermodynamics were calculated to evaluate whether the
adsorption was a spontaneous or non-spontaneous
reaction. Furthermore, the effects of flocculation on
algae cell surface structure and dissolved organic
materials (DOM) of samples were observed by microscopy and UV spectrophotometry, respectively.
Finally, two mechanism hypothesizes were established to explain the interaction of flocculants with
microalgae.

 /<9;:=4985480=4.<Kinetic studies were
performed following a similar procedure at 25°C
(298 K, pH 7.0). The initial concentration was set to
25 mg/L for each sample, and the samples were separated at predetermined time intervals using filter
membranes of 0.22 μm. Each experiment was duplicated under identical conditions and two replicate
samples were available for each time interval.
Blanks containing no flocculants were analyzed and
loss (generally quite low) was calculated. The uptake
of flocculant at time t,  (mg/kg), was calculated using the following equation:

%#$ %!$
>6=4?,=498 91 ,62,0 The microalgal strain
(    , FACHB-8) used in this study
was obtained from Freshwater Algae Culture Collection at the Institute of Hydrobiology (FACHB-collection, China) and was cultured in BG-11 medium.
A photobioreactor (PBR, Guangyu Biological Technology Co., Ltd. China) in Pyrex with base dimensions of 25 cm and a height of 100 cm was used for
algae cultivation.   was grown at 25 ± 3°C
under light intensities between 3000 and 3500 Lux
(12h/d) and feeding of air at 15L·h−1. The pH was
maintained at 7-7.5 by automatically supplying
1mol/L NaOH and HCl with a peristaltic pump.Microalgal cultures in the stationary growth phase (below 5% increase in cell numbers per day) were
washed twice with distilled water and then used to
prepare algal suspension samples for the following
measurements and experiments.

 =

 − )

(

0



(2)
where  and  represent the initial concentration of surfactant(mg/L) in the solution and the concentration at time , respectively, represents the
volume of the solution (L), and  represents the
weight of the sediment samples (g).
Two widely used kinetic models, the pseudofirst-order and pseudo-second-order kinetic models,
were employed to interpret the kinetics results. The
linearized form of the pseudo-first-order kinetic
model is given as follows [14, 17]:


ln( −  ) = ln  − 1

(3)
Where (mg/kg) and  (mg/kg) represent the
flocculant adsorption capacities for the sediment
samples at equilibrium and at any time t (h), respectively.  (1/h) represents the rate constant of the
pseudo-first-order kinetic model.

69..>6,=498 0A:0;4708= The effect of the
flocculant type and concentration on flocculation efficiency was investigated [15]. Briefly, an algae suspension (100 mL) was stirred at 250 rpm in a 100 mL
beaker [15]. After the flocculant was added, the stirring continued for 2 min. Then, the stirring stopped
and the suspension was allowed to set for 20 min at
which point, an aliquot of the supernatant was taken
2cm from the surface of the liquid and its absorbance
was measured at 540 nm in a 10-mm path length
plastic cuvette using a DU720 spectrophotometer
(Shimadzu Japan). Microalgal harvesting efficiency
was determined using the following equation:
(1)
       

 /<9;:=4984<9=30;7For adsorption isotherm studies, solutions with different initial concentrations were added, which ranged from 0.3 to 1.1
g/L (0.3, 0.5, 0.7, 0.9, and 1.1 g/L, pH 7.0). The equilibrium time was set according to the kinetic results,
ensuring sufficient time. The aqueous samples were
separated using filter membranes of 0.22μm. Each
initial concentration had two replicate samples. The
uptake of flocculant at equilibrium,
(mg/kg), was
calculated using the following equation:
 =

 − )

(

0



(4)
Where  represents the equilibrium concentration of the surfactant (mg/L) in the solution.
Langmuir models were used to fit the experimental data, which can be written as [18]:

where C1 represents the concentration of algae
still in the supernatant, and C0 represents the concentration of algae before the addition of the flocculant.
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acetate membrane filter. The absorbance of ultraviolet absorbance at 254 nm was determined. UVA at
254 nm was used in this study to indicate the variation of DOM in cultured solutions during different
treatment processes [19].

 +0=,:9=08=4,6The zeta potential of microalgae cells in the prepared samples was determined
using a Zetasizer (DelsaTM Nano Beckman Coulter,
USA). To minimize effects of settling, the sample
was kept undisturbed for 10 min, allowing the flocs
to settle; then, algae cultures were obtained for use
in measurements. A total of 3 mL of the algae culture
was placed in a test chamber and zeta potential measurements were performed for at least three times.



1
=
+ 
 max   max

(5)
Where  (mg/L) represents the equilibrium
concentration of flocculants in the solution,
(mg/kg) represents the flocculants adsorption capacity onto the sediment samples,   (mg/kg) represents the maximum flocculants adsorption capacity
onto the sediment samples, and  (L/mg) represents
the Langmuir isotherm constant related to the free
energy of adsorption. The values of   and  can
be calculated from the intercept and slope of the
straight line of the linearized form of the Langmuir
isotherm.

#$&%$ $&$$! 
/<9;:=4985480=4.<Fig. 1 depicts the uptake
of aluminum and chitosan  flocculant time at 25°C.
It is clear that   adsorbed aluminum faster
than chitosan, with 25 mins and 50 mins to reach the
max adsorption capacity, respectively. The equilibrium time of aluminum was a half shorter than chitosan; however, with regard to mass, the algae had
adsorbed nearly threefold aluminum than chitosan.
Despite the high molecular weight of chitosan (more
than 10000), aluminum was shorter in both molecular length and area, which meant that aluminum had
more adsorption sites. In other words, the small molecular and adequate adsorption site led to easy absorption of aluminum by  .
To further evaluate adsorption kinetics, both
pseudo-first order and pseudo-second order kinetic
model were employed to interpret the kinetic results,
as shown in Fig. 2. The generated data was fitted into
linearized pseudo-first-order and pseudo-second-order kinetic equations. For most of the investigated
conditions, the pseudo-first-order model was able to
describe the kinetic behavior of both flocculants
more accurately ( 2 = 0.928–0.953) as compared to
the pseudo-second-order model ( 2 = 0.679–0.69). It
was widely accepted that if the adsorption was described with the first-order model, and this adsorption was supposed to be physical interact, which
could be deduced as “bridging” or “sweep” flocculation [15].

&# 
110.=91.98=,.==47098=30,/<9;:=49891
,6>748>7,,8/.34=9<,8-
  %30;79/B8,74.< For thermodynamic
studies, the initial concentration ranged from 25 to
150 mg/L (25, 50, 100, and 150mg/L, pH 7.0) at
25°C (298 K), 30°C (303 K), and 35°C (308 K). Finally, the aqueous samples were separated using filter membranes of 0.22 μm.

/<9;:=498 4<9=30;7 Fig. 3 shows the relationship between the adsorption capacity of these
flocculants on   under different temperature. It seemed that   had a larger adsorption capacity for chitosan than for aluminum because
of the higher values in the vertical coordinate. However, considering that the vertical coordinate was
united in the mass, chitosan was far heavier than aluminum (more than 10,000 to 26.98 for relative molecular mass). Furthermore, chitosan was a high pol-

4.;9,62,6<>;1,.0.3,;,.=0;4<=4.< &6=;,
?4960= ,-<9;-,8.0 The scanning of ultraviolet absorbance was performed at wavelengths ranging
from 200 nm to 320 nm of untreated and treated culture samples after filtration with a 0.22 µm cellulose
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ymer, the magnitude of chitosan adsorbed to the algae was much smaller than that of aluminum. The
experimental data were fitted with the Langmuir
model, which is a two-parameter isotherm model.
According to this isotherm model, the flocculants
were supposed to be adsorbed onto the algal surface
in a monolayer at uniform distribution. Furthermore,
the Langmuir model constant  was calculated to
describe the stability of adsorption between flocculant and cell. The stability of aluminum increased,
while that of chitosan decreased with increasing temperature.
Unlike many studies that showed that the adsorption capacity onto algae increased with increase
(a)







 " #!"!

of temperature, Fig. 3 shows that temperature may
not be the essential factor to demonstrate the adsorption. To explore the adsorption thermodynamics in
more detail, thermodynamic parameters of two flocculants are shown in Table 1. It can be found that
there was little difference in  for both aluminum
and chitosan under three temperatures (-3.5 to 6.31
and -7.1 to 6.13, respectively), which indicated that
the process was not impacted by heat [20, 21]. The
negative value of indicated that these two flocculants adsorbed onto   were spontaneous,
and were considered as physisorption [20, 21].
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%30;79/B8,74.:,;,70=0;<19;,6>748>7,8/.34=9<,8,/<9;:=49898=9

Aluminum
Chitosan

H

S

152.22
-52.04

0.366
-0.097

298 K
-3.50
-7.10

G
303 K
-5.75
-6.50

308 K
-6.31
-6.13

298 K
4.11
17.58

 

KL
303 K
9.80
13.22

308 K
11.78
10.95


(a)

(b)

&# 
+0=,:9=08=4,691  >8/0;/4110;08=169..>6,8=/9<,20<,,8/:-
110.=<91169..>6,8=<98<>;1,.0<=;>.=>;091
,62,6 .066 Fig. 4 shows the Zeta potential of 
  under different flocculant dosages(a) and
pH(b). In the natural state(pH=7), the microalgae
were negatively charged and both flocculants improved the Zeta potential of the microalgae. The aluminum ions affected the Zeta potential apparently
and changed it from negative to positive compared
to chitosan. This was due to the higher charge and
larger adsorbed amount of aluminum ions on the microalgae. In contrast to the aluminum ions, chitosan
had limited effect on the Zeta potential owing to its
lower charge and smaller adsorbed amount on the
microalgae. According to the Zeta potential experiments, aluminum ions could increase the Zeta potential much stronger than chitosan although both of
them were positively charged, which suggested that
the coalition formed by aluminum was more stable
for its higher charge and larger amount on algae than
chitosan. As shown in Fig.4 (b), pH also had an obvious influence on Zeta potential. The Zeta potential
decreased with the increase of pH. There was a
plummeting when the pH increased from 6 to 8 after
the   weretreated by aluminum ions. This
phenomenon might be attributed to fact that the aluminum ions could form flocs and part of them got rid
of algal surface at pH>6. The chitosan would be hydrolyzed into smaller positively charged molecules
at pH<6 and it might be contributed to improve the
Zeta potential. This was the main reason that an obvious drop occurred to chitosan as the pH increased
from 6 to 7 too.
Ultraviolet absorbance was used to measure the
variation of concentration changes of DOM during



the process of flocculation, since DOM is one of the
most important factors of water quality to affect flocculation [22]. Fig. 5 shows the comparison of UVA
(ultraviolet spectrophotometer absorbance) at 254
nm with aluminum ions (a) and chitosan (b) at various time points. UVA at 254 nm of the samples decreased after adding aluminum ions during flocculation, and it varied slightly with passing time. This
may be attributed to that the flocs formed via aluminum ions have certain adsorption capacity as a result
of DOM adsorption. However, UVA increased after
adding chitosan during flocculation, and it also
changed slightly with the extension of time. It meant
that chitosan possibly increased the dissolved organic concentration of the cultured solution or
changed the chemical structure of DOM. In general,
the addition of both flocculants did not change the
DOM obviously, so the algal cells were not damaged
at all by flocculants.
8=0;,.=498 70.3,84<7 91 169..>6,8=< @4=3
74.;9,62,0There were two major reasons leading
to microalgae flocculation. The first one was that algae formed flocs themselves by reducing the repulsion (mainly the electricity neutralization) between
microalgae. Another one was that the algae were
captured by the structure formed with flocculant.
Aluminum sulfate was an inorganic salt, with light
molecular weight, and highly positive electric charge.
Since aluminum had a small molecular volume, a
large number of sites exist on the algal surface for
adsorption. These characteristics led to aluminum
deduction by electricity neutralization in low con-
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centration, and electrostatic force in high concentration [23], to be adsorbed onto  . Moreover,
addition of aluminum would compress the double
electrode layer and lower the repulsive in low concentration or pH. The evidence was the reverse property of the Zeta potential (Fig. 4). According to the
research of Jonathan and Ozkan [24, 25], both solid
particles should overcome the barrier during adsorption process. When two algal cells moved sufficiently close, the repulsion may turn to attraction, resulting in algal flocculation. Also, the highly positive
charge helped the aluminum compress the double
layer. Fig 6 shows the mechanism models for interactions between algae and flocculants in the aluminum-aided (a) and chitosan–aided flocculant (b). As
shown in Fig 6, aluminum hydrolyzed and polymerized in the solution; therefore, formatted flocs in the
core of algal colloid, and these flocs would capture
other algae to form lager spherical complexes. This
phenomenon resembled the neat-sweep function of
the feedwater treatment field.
Unlike the aluminum, chitosan was a macromolecule with a relative molecular weight above
10,000. One chitosan molecule would be adsorbed
on several cells at the same time. This indicated that
(a)





69..>6,=4980A:0;4708=The effect of different flocculant concentrations and pH on the flocculantion efficiency are presented in Fig. 7. The flocculation efficiency increased rapidly with the increasing dosages before 0.3 g/L, then gradually increased to 89.23% for Al2(SO4)3. Furthermore, for
chitosan, the efficiency of about 20% was achieved
and remained stable at experimental doses. Thus
Al2(SO4)3 exhibited superior collecting performances compared to chitosan. This may be attributed
to the different mechanisms between algae and surfactant, as shown in Fig. 6. Aluminum ions were
small in molecular weight, which was attributed to
the larger absorbed amount onto the microalgae surface. The Zeta potential improved significantly after
(b)
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the electricity neutralization would not appear individually even in low concentration or pH. Therefore,
as shown in Fig.6(b), the long chain of chitosan adsorbed onto one dispersive algae would adsorb onto
further algal surface as well, which could link many
algae particles like a bridge and finally lead to flocculation. This action was called sensitization. Moreover, chitosan also carried a positive charge [26],
which meant that it may also approach the algae via
electric force.











 
 
 





















&',=

















&# 
8791.>6=>;0/<96>=498,1=0;146=;,=498 D7:9;0<4C0707-;,80146=0;
,=;0,=0/-B,6>748>7498-=;0,=0/-B.34=9<,8

(a)
(b)


&#
0.3,84<779/06<19;48=0;,.=498<-0=@008,62,0,8/169..>6,8=<48=30,6>748>7,4/0/,,8/
.34=9<,8E,4/0/169..>6,=498-

5498

%$

" &   





(a)





 " #!"!

(b)



&#
69..>6,=4980114.408.B>8/0;/4110;08=169..>6,8=/9<,20<,,8/:-

(a)

(b)

&#
69.<>8/0;74.;9<.9:0  =;0,=0/@4=3,6>748>7498,,8/.34=9<,8-



croscope of two flocculants, Al2(SO4)3 (a) and chitosan (b). As shown in Fig.8, the integrity of the cells
was not damaged, which reconfirmed the conclusion
in 3.3. It can be seen that algae treated by Al2(SO4)3
gathered in mass quantity and formed reticular flocs,
while chitosan treatment led to multiple cells. These
two phenomena demonstrated that the mechanism
got in last section was reasonable.

aluminum ion adsorption, thus reducing the electrostatic repulsion between the cells (Fig. 4) and leading
to collision with each other. Furthermore, the aluminum ion could easily benefit from flocs if there were
granular materials in the solution. These flocs could
capture more microalgae and combine with others to
form group-flocs, resembling a net during the sinking process. However, the flocs formed by chitosan
mainly presented chains, and the ability of capturing
microalgae during the sinking process was inferior
to that of aluminum ions. At the same time, the molecular weight of chitosan was much larger. As a result, it was more difficult for the microalgae to form
a longer chain during the adsorption process. As
shown in Fig.7 (b), the flocculation efficiency remained stable at pH<7 and pH>8. However, an obvious change was observed when pH increased from
7 to 8 for aluminum ions. This could be explained by
fact that most of the flocs formed by aluminum ions
increased significantly at pH>8, and the efficiency of
neat-sweep improved markedly. Unlike the aluminum ions, the pH had little effect on the structure and
length of chain flocs formed by chitosan, so that the
effective remained stable at the present pH values.
Microscopy was used to provide additional essential information to further confirm the flocculation mechanism. Fig.8 shows the flocs under the mi-

! &$! $

This study investigated the mechanism of two
flocculants operating on   during flocculation. The flocculation efficiency of Al2(SO4)3 was
much higher than that of chitosan. Both flocculants
adsorbed onto    were spontaneous and
physisorption processes. The algae treated by
Al2(SO4)3 gathered in mass quantity, thus forming
reticular flocs, while algae treated by chitosan consist of multiple cells. According to the experimental
data, the mechanism of Al2(SO4)3 flocculants was a
compressed double layer and neat-sweep function,
which resembled the feedwater treatment process.
Chitosan presumably utilized charge neutralization
and bridging between algal cells via chains. This
study can serve as a theoretical basis for flocculation
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GROUNDWATER QUALITY AND ITS SUITABILITY FOR
DRINKING AND IRRIGATION IN THE XINJI COALFIELD,
ANHUI PROVINCE, CHINA
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National Engineering Research Center of Coal Mine Water Hazard Controlling, Anhui 234000, China

2

Groundwater is important for the economic development of the North China Plain [2], because near
56% of the water supply for more than 100 million
people is provided by groundwater, and most of the
area use groundwater for irrigation [3]. However, as
to the coal mines, groundwater is a double-edged
sword: firstly, it is important for the human activities
in the coal mining areas, because most of the water
used for drinking, irrigation and industrial purpose is
obtained from underground [4]. Secondly, it can also
be a threat to the safety of coal mining area, because
water is considered to be the most dangerous one
among the five typical disasters in coal mines (including water, fire, gas, dust and roof), as water inrush has brought to human with highest loss [5].
There are two main coalfields in the northern
Anhui province, China, which are located north and
south to the Huai River, namely the Wanbei coalfield
and the Huainan coalfield. During the last ten years,
the groundwater in the Wanbei coalfield have been
systematically studied [4, 6-9], whereas the groundwater in the Huainan coalfield, especially the quality
aspect has not been considered yet. Therefore, in this
study, a total of 57 groundwater samples from the
loose layer aquifer in the Xinji coalfield (one subcoalfield of the Huainan coalfield) have been collected, and their major ion concentrations have been
measured for the evaluation of its suitability for
drinking and irrigation, and then the mechanism controlling the water chemistry have been analyzed.

ABSTRACT
Groundwater is important for the coalfield in
northern Anhui Province, China, because of its importance for water supply. In this study, a total of 57
groundwater samples from the loose layer aquifer
(26 and 31 from the second and third aquifers, respectively) in the Xinji coalfield (one sub-coalfield
of the Huainan coalfield) have been collected, and
their major ion concentrations have been measured
for the evaluation of its suitability for drinking and
irrigation, and then the mechanism controlling the
water chemistry have been analyzed. The results indicate that the groundwater samples are neutral to
slightly alkaline with TDS similar to the fresh water
(< 1000 mg/l), and most of them are classified to be
HCO3- type, to a lesser extent, Cl- and SO42- types.
The groundwater samples have water quality index
(WQI) range from 14.9-207, and most of them can
be classified to be excellent quality. Comparatively,
according to the results of sodium adsorption ratio
and residual sodium carbonate, 88.5% and 19.4% of
the samples from the second and third aquifers can
be used for irrigation, respectively. Gibbs diagram
and the relationships between Na+, Ca2+, Mg2+ and
HCO3- imply that water rock interaction is the main
process controlling the groundwater chemistry, including the weathering of silicate minerals and dissolution of evaporite.

KEYWORDS:
Groundwater, loose layer aquifer, major ions, water quality index, irrigation, coal mine

MATERIALS AND METHODS
6WXG\ DUHD ;LQML FRDOILHOG LV ORFDWHG LQ WKH
PLGGOHQRUWK RI WKH$QKXL SURYLQFH &KLQD 7KHUH
DUHILYHFRDOPLQHVLQWKHDUHDWKHBanji coalmine,
Xinji coalmine, Yangcun coalmine, Kouzi coalmine
and Liuzhuang coalmine, which are located west to
the Fengtai County and north to the Yinshang
County, with a total area of 425 km2 (Fig. 1). The
designed production of coal of the field is more than
30 million tons per year. Water resources in the area
are rich, because the Huai River and its tributaries
flow through the area. The climate of the area is mild
and belongs to marine - continental climate with an

INTRODUCTION
Water is the most important resource in the
world, not only because of its essential nature for
life, but also, it is indispensable for the evolution of
this planet, including agriculture and industry.
Among all of the natural water suppliers, groundwater accounts for more than 90% of the total fresh water [1], and therefore, the quantity and quality of the
groundwater plays fundamental roles in the current
world.
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annual average temperature of 15.1 °C. The average
annual rainfall is 884 mm, and most of them concentrated in June to August. However, WKHJURXQGZDWHU
LVWKHPDLQZDWHUVRXUFHIRUWKHLQGXVWU\DQGGRPHV
WLFXVHLQWKHFRDOPLQHVEHFDXVHWKH\DUHORFDWHGIDU
DZD\IURPWKHULYHUV

$OORIWKHDQDO\VLVZDVFRQGXFWHGLQWKH(QJLQHHULQJ
5HVHDUFK &HQWHU RI &RDO 0LQH ([SORUDWLRQ$QKXL
SURYLQFH&KLQD

+\GURORJLFDOFRQGLWLRQVRIWKHJURXQGZDWHU
V\VWHP 3UHYLRXV LQYHVWLJDWLRQV UHYHDOHG WKDW WKHUH
DUHILYHPDLQDTXLIHUV\VWHPVLQWKHFRDOILHOGIURP
VKDOORZWRGHHSWKHORRVHOD\HUDTXLIHUV\VWHPWKH
3HUPLDQFRDOEHDULQJVDQGVWRQHDTXLIHUV\VWHPWKH
&DUERQLIHURXVOLPHVWRQHDTXLIHUV\VWHPWKH2UGRYL
FLDQ OLPHVWRQH DTXLIHU V\VWHP DQG WKH &DPEULDQ
QDSSHDTXLIHUV\VWHP$PRQJWKHVHILYHDTXLIHUV\V
WHPVWKHJURXQGZDWHULQWKH /$LVWKH PDLQ ZDWHU
VXSSOLHU IRU LQGXVWULDO DQG GRPHVWLF SXUSRVH
ZKHUHDVWKHZDWHULQWKHOLPHVWRQHDTXLIHUV\VWHPLV
WKH PDLQ WKUHDWHQ IRU WKH VDIHW\ RI FRDO PLQLQJ
0RUHRYHU WKHUH DUH IRXU VHFRQGDU\ DTXLIHUV LQ WKH
ORRVHOD\HUDTXLIHUV\VWHPIURPVKDOORZWRGHHSWKH
)LUVW )$ VHFRQG 6$ WKLUG 7$ DQGIRUWK )/$ 
DTXLIHUV$PRQJWKHVHIRXUDTXLIHUVWKHZDWHUIURP
WKH6$DQG7$LVWKHPDLQVRXUFHIRUDSSOLFDWLRQ

0DMRULRQFRQFHQWUDWLRQV7KHDQDO\WLFDOUH
VXOWVRIWKHPDMRULRQFRQFHQWUDWLRQVDUHOLVWHGLQ7D
EOH$VFDQEHVHHQIURPWKHWDEOHWKH1D&D
0J &O 62 DQG +&2 FRQFHQWUDWLRQV IRU WKH
JURXQGZDWHUVDPSOHVIURPWKHVHFRQGDTXLIHU 6$ 
DUH
DQGPJOUHVSHFWLYHO\7KHGHFUHDVLQJ
RUGHU RI PHDQ FRQFHQWUDWLRQV RI PDMRU LRQV DUH
+&2  PJO  ! 1D  PJO  ! &D 
PJO !&O PJO !0J PJO !62
PJO 7KH7RWDOGLVVROYHGVROLGV 7'6 YDULHG
IURPWRPJO PHDQ PJO DQGDOORI
WKHVDPSOHVKDYH7'6VLPLODUWRWKHIUHVKZDWHU 
PJO >@7KHS+YDOXHVRIWKHVDPSOHVUDQJH
IURP PHDQ  ZKLFKLPSOLHVWKDWWKH
JURXQGZDWHUVDPSOHVDUHQHXWUDOWRVOLJKWO\DONDOLQH
&RPSDUDWLYHO\WKHJURXQGZDWHUVDPSOHVIURP
WKH WKLUG DTXLIHU 7$  KDYH KLJKHU PHDQ 1D &O
62DQG+&2EXWORZHUPHDQ&DDQG0JFRQ
FHQWUDWLRQVUHODWLYHWRWKH6$VDPSOHVWKHLUFRQFHQ
WUDWLRQVDUH
DQGPJOUHVSHFWLYHO\7KHGH
FUHDVLQJRUGHURIPHDQFRQFHQWUDWLRQVRIPDMRULRQV
DUH +&2  PJO ! 1D PJO ! &O 
PJO !62 PJO !&D PJO !0J
PJO ,WFDQDOVREHQRWLFHGIURPWKH7DEOH
WKDWWKHVDPSOHVIURPWKH7$KDYH7'6UDQJHIURP
PJO PHDQ PJO DQGVHYHQRIWKHP
DFFRXQWHG IRU   KDYH 7'6 KLJKHU WKDQ WKH
IUHVKZDWHU PJO >@7KHS+YDOXHVRIWKH
JURXQGZDWHU VDPSOHV IURP WKH 7$ DUH 
ZKLFKDUHVLPLODUWRWKHVDPSOHVIURPWKH6$

RESULTS AND DISCUSSION

6DPSOLQJDQGDQDO\VLV$WRWDORIJURXQG
ZDWHUVDPSOHVZHUHFROOHFWHGIURPWKH6$ VDP
SOHV DQG7$ VDPSOHV LQWKHILYHFRDOPLQHV VHH
LQ 7DEOH   :DWHU S+ DQG WRWDO GLVVROYHG VROLGV
7'6  ZHUH PHDVXUHG LQ WKH ILHOG ZLWK D SRUWDEOH
S+ DQG 7'6PHWHU :DWHU VDPSOHV ZHUH ILOWHUHG
WKURXJKȝPSRUHVL]HPHPEUDQHVDQGFROOHFWHG
LQWRD/SRO\HWK\OHQHERWWOHVWKDWKDGEHHQFOHDQHG
LQWKHODERUDWRU\7KHQWKHVDPSOHVZHUHVHQWWRWKH
ODERUDWRU\ IRU DQDO\VLV RI PDMRU LRQV Na+, Ca2+,
Mg2+, Cl- and SO42- were measured by ion chromatography, whereas DONDOLQH LQFOXGLQJ +&2 DQG
&2 ZDVDQDO\]HGE\DFLGEDVHWLWUDWLRQ7KHTXDO
LW\FRQWUROZDVFDUULHGRXWE\VWDQGDUGVDPSOH WKH
FRUUHODWLRQFRHIILFLHQWEHWZHHQDFWXDOFRQFHQWUDWLRQ
DQGPHDVXUHGFRQFHQWUDWLRQZDVKLJKHUWKDQ 

FIGURE 1
Locations of the coal mines related to this study.
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TABLE 1
Major ion concentrations (mg/l) of the groundwater samples.
Sample ID
S01
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
T01
T02
T03
T04
T05
T06
T07
T08
T09
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20
T21
T22
T23
T24
T25
T26
T27
T28
T29
T30
T31

Location
BJ
BJ
YC
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
XJ
BJ
BJ
BJ
BJ
BJ
BJ
KZ
KZ
KZ
KZ
KZ
KZ
KZ
KZ
KZ
LZ
LZ
LZ
LZ
LZ
LZ
LZ
LZ
LZ
YC
YC
YC
XJ
XJ
XJ
XJ

pH
8.20
8.12
7.88
7.70
7.50
7.70
7.70
7.70
7.70
7.55
7.58
7.82
7.65
7.70
8.38
7.80
8.28
8.03
7.94
7.59
7.22
7.26
7.32
7.87
7.59
7.70
8.20
8.10
8.30
7.76
8.82
8.51
8.09
7.88
8.31
7.96
7.91
8.26
8.42
8.89
7.90
8.18
8.30
8.20
7.80
8.00
7.70
8.30
8.20
8.20
8.56
8.35
8.60
8.41
8.21
7.74
8.40

Na+
185
177
106
50.1
55.6
78.1
70.7
46.8
56.7
68.2
64.3
57.4
63.6
56.0
54.7
57.3
66.0
44.0
45.3
48.0
57.0
32.0
34.0
35.8
42.8
38.9
221
202
200
153
259
374
172
156
140
210
126
740
77.7
80.2
247
184
247
858
145
146
148
147
139
154
242
218
376
450
459
578
585

Ca2+
28.1
29.6
43.7
54.8
56.8
56.0
48.0
51.2
55.5
53.7
53.7
51.6
52.8
52.9
43.4
42.8
77.0
53.7
71.3
68.1
69.7
67.3
71.3
74.8
70.3
59.3
24.3
22.3
22.7
34.0
15.2
8.56
38.2
45.8
7.90
30.3
42.1
32.5
28.9
27.4
20.7
25.4
17.2
29.5
36.9
41.2
33.7
21.1
37.0
34.8
17.2
15.9
11.6
43.3
60.7
71.8
90.6

Mg2+
21.1
12.8
19.5
19.0
21.2
24.1
21.4
17.8
16.8
16.4
15.9
16.4
16.1
16.7
17.0
16.9
20.8
20.7
15.6
15.1
13.6
10.7
17.5
12.1
10.8
14.1
12.8
16.7
15.2
17.0
6.70
3.06
13.7
13.4
11.3
15.8
25.7
4.86
11.2
12.9
6.30
13.1
6.64
11.2
18.5
15.8
14.5
15.4
15.8
14.9
9.35
6.26
5.49
22.7
27.7
26.8
41.9

Cl54.5
52.1
24.9
23.2
7.29
45.9
21.0
6.99
12.3
17.6
15.8
15.5
16.5
14.5
13.7
15.4
44.0
14.2
16.3
31.9
42.5
14.2
10.6
24.8
26.6
10.6
56.7
64.7
53.9
20.2
79.8
221
47.9
42.5
40.6
106
46.2
917
31.9
30.3
45.1
55.5
130
1053
33.3
33.7
36.6
33.1
23.9
39.0
152
60.6
235
583
595
823
762

SO4270.0
49.9
21.8
4.53
18.5
9.06
6.17
4.12
4.38
1.75
0.88
4.40
2.04
3.85
3.91
4.17
28.8
19.8
45.2
7.68
13.5
5.76
36.5
6.24
7.68
6.30
56.8
62.6
56.0
46.3
108
127
56.4
47.8
51.5
66.7
46.9
156
23.5
21.6
288
57.6
79.4
220
39.1
46.5
37.5
38.3
27.6
35.8
7.41
65.6
154
133
136
65.6
257

HCO3500
471
442
349
390
408
397
353
383
392
383
361
384
349
310
318
336
322
319
336
330
305
323
325
317
337
556
498
465
514
392
405
487
487
296
462
452
310
251
252
294
463
361
272
483
476
460
364
437
439
404
462
432
242
346
369
189

CO320
7.25
0
0
0
0
0
0
0
0
0
0
0
13.6
18.6
13.2
24.0
0
0
0
0
0
0
0
0
0
0
0
23.1
0
37.4
24.2
0
0
10.4
0
0
0
7.20
6.95
6.15
0
28.8
29.7
0
0
0
31.2
24.0
19.2
33.1
6.27
14.5
12.9
0
0.56
42.0

TDS
609
565
437
326
355
417
366
303
337
353
342
326
343
332
306
309
428
313
353
339
361
283
332
316
317
298
650
617
603
527
703
961
571
549
410
659
513
2006
306
305
760
567
690
2337
514
521
500
468
486
518
663
604
1012
1366
1450
1749
1873

Note: BJ-Banji coalmine, XJ-Xinji coalmine, YC-Yangcun coalmine, KZ-Kouzi coalmine, LZ-Liuzhuang
FRDOPLQH6DPSOHVZLWK,'³6´DQG³7´DUHFROOHFWHGIURPWKHVHFRQGDQGWKLUGDTXLIHUVUHVSHFWLYHO\
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FIGURE 2
Piper diagram.
for evaluating the quality for drinking based on several key parameters of water chemistry according to
their different importance in the overall quality of
water for drinking purposes [15]: the assigned
weight ranges from 1 to 5. The maximum weight of
5 has been assigned for TDS, Cl- and SO42-, 4 for
Na+, 3 for Ca2+ and Mg2+. And the detailed processed
are as follows:
First step:
p weight calculation with equation
, where Wi is the relative weight,
wi is the weight of each parameter, n is the number
of parameters. Second step: quality rating with equation Qi=100×Ci/Si, where Qi is the quality rating, Ci
is the concentration of each chemical parameter
(mg/l), and Si is the World Health Organization
standard (Na+ 200 mg/l, Ca2+ 300 mg/l, Mg2+ 30
mg/l, Cl- 250 mg/l, SO42- 250 mg/l, TDS 1500 mg/l)
[13]. Third step: water quality
q
y index calculation with
equation WQI=
.
Based on results, the quality of the water for
drinking can be classified to be five classes (excellent < 50, good 50-100, poor 100-200, very poor
200-300 and unsuitable >300) [15]. The groundwater samples from the SA have WQI range from 14.9
to 42.4 (mean = 22.0), suggesting that these samples
are excellent for drinking when considering about
only their major ion concentrations. However, the
groundwater samples from the TA have WQI range
from 20.4-207 (mean = 63.2), and 22, 3, 5 and 1 samples can be classified to be excellent, good, poor and
very poor, respectively.

Hydrochemcial types. Classification of hydrochemical types for groundwater is important because
of the dominant anion species of water change systematically from HCO3-, SO42- to Cl- as groundwater
flows from the recharge zone to the discharge zone
[11, 12]. And therefore, the classification of the hydrochemcial types in this study can provide information for the understanding of the hydrological
evolution of the study aquifers. Classification of water in this study is based on the concentration of cations and anions by using Aquachem and Piper diagram, and the result is shown in Figure 2. The result
indicates that all of the water samples from the SA
are classified to be HCO3- type, including Ca-NaMg-HCO3 (9 samples), Ca-Na-HCO3 (7 samples),
Na-Ca-HCO3 (4 samples), Na-Ca-Mg-HCO3 (4 samples) and Na-HCO3 (2 samples) types. Comparatively, the samples from the TA are classified to be
HCO3-, Cl- and SO42- types, including Na-HCO3 (13
samples), Na-Ca-HCO3 (5 samples), Na-HCO3-Cl (5
samples), Na-Mg-Ca-HCO3 (1 sample), Na-Cl (5
samples), Na-Cl-HCO3 (1 sample) and Na-SO4HCO3 (1 sample) types. Such results suggest that the
hydrological condition of the TA is more complex
than the SA, because the groundwater samples from
the TA might have been affected by more kinds of
factors than the samples from the SA, especially the
evaporation or dissolution of the evaporate minerals
(e.g. halite or gypsum).
Quality evaluation for drinking. There are
several methods have been applied for the water
quality evaluation, and the most popular applied
ones are the comparison with the quality standard
(e.g. World Health Organization) [13] and the water
quality index (WQI) [14]. The latter was calculated

Quality evaluation for irrigation. There are
several parameters have been applied for the suitability evaluation of the groundwater for irrigation,
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such as the sodium absorption ratio (SAR), percentage sodium (%Na) and permeability index (PI), reVLGXDO VRGLXP FDUERQDWH 56&  .HOO\¶V UDWLR DQG
magnesium ratio [16, 17]. In this study, the most
popular applied parameters (SAR and RSC) have
been chosen for quality evaluation for irrigation.
The index used is the SAR that expresses the
relative activity of sodium ions in the exchange reactions with the soil [16]. This ration measures the
relative concentration of sodium to calcium and
Magnesium. SAR is an important parameter for determining the suitability of groundwater for irrigation. Excess sodium concentration can reduce the
soil permeability and soil structure. Irrigation using
water with high sodium adsorption ratio may require
soil amendments to prevent long-term damage to the
soil. SAR is a measure estimated by 2×Na+/(Ca2+ +
Mg2+) (in meq/l). The calculated values of SAR for
the groundwater samples from the SA and TA are
0.59-6.09 (mean = 1.48) and 2.60-47.92 (mean =
11.0). According to the criterion for irrigation (SAR
< 10), all of the samples from the SA and 71.0% of
the samples from the TA can be used for irrigation
purpose directly.
RSC exists in irrigation water when the carbonate (CO3) plus bicarbonate (HCO3) content exceeds the calcium (Ca2+) plus magnesium (Mg2+)
content of the water. An excess value of RSC in water leads to an increase in the adsorption of sodium
in soil [17]. The results of this include direct toxicity
to crops, excess soil salinity (EC) and associated
poor plant performance, and where appreciable clay
or silt is present in the soil, loss of soil structure and
associated decrease in soil permeability. RSC is a
measure employed by calculating (CO32- +HCO3-)(Ca2++ Mg2+). RSC value < 1.25 meq/l indicates
good water quality. If the value of RSC is between
1.25 and 2.5 meq/l, the water is slightly suitable
while a value >2.5 the water is considered as unsuitable for irrigation. RSC values of the groundwater
samples from the SA and TA are 0.30 to 5.43 (mean
= 1.86) and -3.47 to 6.85 (mean = 4.11), respectively.
Based on the criterion for irrigation, 88.5% of the
samples from the SA can be used for irrigation,
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whereas only 19.4% of the samples from the TA can
be used for irrigation.
Mechanism controlling water chemistry.
The Gibbs diagram proposed by Gibbs [18] can be
used for understanding the relationship of the chemical components of groundwater from their respective aquifer lithology [19]. Three factors controlling
groundwater chemistry can be classified by the diagram: precipitation, evaporation and water rock interaction dominance. As to the groundwater, these
factors are recharge, evaporation (or dissolution of
evaporates) and water rock interaction. The calculation functions of Gibbs ratios are Gibbs ratio I = Cl /(Cl-+HCO3-) and Gibbs ratio II= (Na++K+)/
(Na++K++Ca2+) (unit in meq/l). In this study, the
Gibbs ratio I values for the groundwater samples
from the SA and TA are 0.03-0.18 (mean = 0.09) and
0.06-0.87 (mean = 0.32), respectively, and the Gibbs
ratio II values for them are 0.29-0.85 (mean = 0.48)
and 0.70-0.97 (mean = 0.86), respectively. From the
Figure 3, it is shown that most of the samples from
the SA and TA are fell into the water rock interaction
area, indicating that the water rock interaction in the
aquifer systems play important roles, for controlling
the groundwater chemistry.
Moreover, it can be obtained from Fig. 4 that
the groundwater samples from the SA and TA have
Ca2+/Na+ ratios range from 0.17 to 2.41 and 0.03 to
0.43, respectively, and Mg2+/Na+ ratios range from
0.14 to 0.97 and 0.01 to 0.39, respectively, which
suggest that weathering of silicate minerals and dissolution of evaporate are the main types of water
rock interaction in the aquifer system. It is also supported by the correlation between Ca2+/Na+ and
HCO3-/Na+ (Fig. 4). However, it can also be obtained
from the figure that the groundwater samples from
the SA and TA have undergone different types of
water rock interactions, samples from the SA are
mainly controlled by the weathering of silicate minerals, to a lesser extent, the dissolution of evaporite,
whereas the samples from the TA are mainly controlled by the dissolution of evaporite.

FIGURE 3
Gibbs diagrams.
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FIGURE 4
Ca/Na-Mg/Na and Ca/Na-HCO3/Na diagrams.
CONCLUSIONS
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Based on the analysis of the major ion concentrations of the groundwater from two representative
aquifers of the loose layer aquifer system in the Xinji
coalfield, the following conclusions have been
made:
(1) The groundwater samples are neutral to
slightly alkaline with TDS similar to the fresh water
(< 1000 mg/l), and most of them are classified to be
HCO3- type, to a lesser extent, Cl- and SO42- types;
(2) The groundwater samples have WQI range
from 14.9-207, and 100% and 71.0% of the samples
from the SA and TA can be classified to be excellent
quality, respectively. Comparatively, according to
the results of sodium adsorption ratio and residual
sodium carbonate, 88.5% and 19.4% of the samples
from the second and third aquifers can be used for
irrigation, respectively;
(3) Gibbs diagram and the relationships between Na+, Ca2+, Mg2+ and HCO3- imply that water
rock interaction is the main process controlling the
groundwater chemistry, including the weathering of
silicate minerals and dissolution of evaporite.
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ABSTRACT

INTRODUCTION

Coruh River basin predominantly characterized
by its vast grasslands and by potential biodiversity
richness due to its climatic and topographic variation
throughout the basin. Despite its well-known ecological importance, there is not much work conducted
in the basin that deals with the estimation of biomass
and carbon storage of the grassland. Thus, the aim of
this study was to estimate belowground biomass
(BGB), aboveground biomass (AGB) and carbon sequestration in the grasslands of 11 sub-basins within
the Coruh River Basin using very high-resolution
(0.5 m) WorldView-2 satellite imagery and meteorological data. For BGB and AGB estimations, 1196
soil root samples and 49 harvested biomass (wirecage) samples, respectively, were collected from total of 299 sampling plots. The mean AGB and BGB
in the sampling plots were estimated to be 1.58 t
ha-1 and 4.02 t ha-1, respectively. As a result, mean
total biomass (TB) calculated as 5.60 t ha-1 in the entire study areas. The mean TB values showed significant differences among the sub-basins (p<0.05). It
was also found that 76% of TB contributed by the
belowground while the rest was from the aboveground biomass. In terms of carbon storage, mean
aboveground carbon (AGC), belowground carbon
(BGC) and total carbon (TC) were calculated to be
0.79, 2.01 and 2.80 t ha-1, respectively. The results
showed that both TB and TC were the highest in Bicakcilar sub-basin while they were the lowest in Tortum sub-basin. In conclusion, the study showed that
biomass and carbon storage of the grasslands can be
successfully mapped for a large basin by utilizing the
remote sensing tools and with the help other ecological factors. Planners and land-owners can use the
base-maps of the present study in their decisionmaking processes and their field management, as
well.

Grassland ecosystems are important components of the global carbon (C) cycle, as they cover
RIWKH(DUWK¶VWHUUHVWULDOVXUIDFH[1, 2]. With a
total grassland areas of 14.6 million ha in Turkey [3],
they accounted for 19% of country¶V land. Thus, accurate estimation of grassland biomass is crucial not
only for investigating their roles in climate change
but also for sustainable management of such valuable natural resources [4, 5, 6, 7, 8].
Many studies have been carried out to estimate
gross grassland biomass from landscape to global
scale with different data sources and techniques [9,
10]. For the most part, direct field measurements are
basic for its estimation. Biomass harvesting, for example, is a common method for quantifying aboveground biomass (AGB) in grassland. However, it has
limitations both at spatial and temporal extent due to
the heterogeneity of land cover and its high temporal
dynamism, as well [6, 11]. Combined with highly
correlated meteorological parameters, on the other
hand, it is possible to upscale field data to a larger
scale.
The use of remote sensing has provided a costeffective way for modeling biomass over broad areas
in the last decades [12, 13]. The relationship between
satellite-based vegetation indices (e.g. NDVI) and
absorbed photosynthetic active radiation (PAR) provides a robust basis for estimating AGB [11, 14].
Moreover, remote sensing data can be used for monitoring the changes in biomass. Thanks to its high
temporal resolution, some researchers have carried
out specific studies to detect changes in grassland
[15, 16, 17, 8] while the others have focused on estimation of vegetation productivity at regional and
global scales [18, 19, 20, 21]. Recently, there has
been increased attention on biomass studies because
decrease in biomass is the main triggering factor for
land degradation processes [8, 22]. Moreover, atmospheric CO2 concentration is associated with biomass amount in vast grasslands on Earth. Therefore,
it is frequently utilized by conservationists as a useful indicator in determining the ecological value of

KEYWORDS:
Grassland biomass, aboveground biomass (AGB), belowground biomass (BGB), carbon storage, NDVI, Coruh
River Basin.
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[32], it has been poorly studied among researchers
[24]. Despite the knowing fact that in China the BGB
ratio increases as the temperature decreases [12], our
knowledge regarding this fact in Turkey was very
limited. Specifically, up to date there was no known
study focused on grassland BGB neither in Coruh
River Basin nor in Turkey.
The Coruh River basin (22100 km2), containing
vast grasslands (almost half of its total area), suffers
from severe land degradation processes [33, 34].
Therefore, many rehabilitation projects has been undertaken to protect and monitor the biomass allocation within the basin [33, 35, 36, 37, 38]. In this regard, accurate estimation and mapping of grassland
biomass in the Coruh River Basin were crucial to
sustainable management of these precious natural resources.
The main purposes of the present study were;
(i) to estimate JUDVVODQG¶V BGB, AGB, TB, B/A in
11 sub-basins within Coruh River Basin based on
field measurements, meteorological data and remote
sensing techniques, (ii) to map gross grassland biomass for the sub-basins within GIS environment, and
(iii) to calculate grassland C storage from these subbasins. $OVR LW¶V LPSRUWDQW WR SRLQW RXW WKDW WKLV
study is first to estimate belowground biomass
(BGB) in the grasslands of Turkey.

terrestrial ecosystems [22]. Its accurate estimation is
highly needed for any land rehabilitation projects especially in the semiarid areas. As such, land planners
can easily prioritize the areas which are the most vulnerable to degradation and requiring rehabilitation.
On the other hand, up-to-date knowledge about the
ZRUOG¶VWRWDOELRPDVVVWRFNVLVFRQVLGHUHGDVQDWXUDO
capital which make human life possible [23]. Therefore, comprehensive biomass estimation studies, like
the present one, are of great importance for both the
researchers and the practitioners.
Aside from total biomass estimation, its partitioning, which is characterized by aboveground
(AGB), belowground (BGB), total biomass (TB) and
the ratio as BGB to AGB (B/A), reflects the plant
strategy and fraction of photosynthesis at AGB and
BGB tissues [24]. Thus, it is another important factor
to understand how this mechanism response to the
land degradation and climate change effects [25].
Unfortunately, the majority of previous studies have
focused on only AGB [26, 27] rather than BGB is
also an important part of the TB in the grassland ecosystems [28, 29]. Recent study by Dinc [30] has
showed that about 76% of TB in grassland comes
from BGB. Similarly, Jackson et al. [28] and Schenk
et al. [31] reported that, the BGB accounting for approximately 80% of TB. Due to the lack of a simple
and effective method to accurately estimate BGB

FIGURE 1
Location of the study areas (sub-basins) and the sampling sites within Coruh River basin
in northeastern Turkey.
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TABLE 1
Area coverage and interpolated climate data for the study areas.
Sub-basins
Taht
Masat
Ispir
Uzundere
Oltu
Olur
Ispir-North
Tortum-North
Bicakcilar
Kilickaya
Velikoy
Total

Area (ha)
28517
21395
31925
30864
36641
42105
38483
39365
25926
24428
44975
364624

Grassland area and its % (ha - %)
14983 - (52.5)
9192 - (43.0)
14303 - (44.8)
10783 - (34.9)
17235 - (47.0)
21323 - (50.6)
10350 - (26.9)
24371 - (61.9)
10998 - (42.4)
8090 - (33.1)
12670 - (28.2)
154298 - (42.3)

Precipitation (mm) *
594
636
809
338
607
696
904
595
1274
918
1340

Temperature (϶C) **
6.5
6.2
8.0
9.9
7.3
7.8
7.1
6.0
7.0
6.5
6.4

* Mean annual precipitation between 1980 and 2015
** Mean annual temperature between 1980 and 2015
Field data collection. In order to measure the
grassland biomass, 299 sampling plots were randomly distributed across to study areas (sub-basins)
using data management tool of ArcGIS 10.1 software [43]. They were stratified based on their elevation ranges (1000-1500, 1500-2000, 2000-2500 m)
and aspect (shaded, sunny) classes. The consideration was that each class had an equal number of sample plots. Of the total, 49 sampling plots were then
selected for field measurements of AGB in four subbasins including (Bicakcilar, Kilickaya, Oltu and
Uzundere). Each sampling plots for the measurement of AGB was visited once during the peak growing period (July-August) in 2014. The grassland vegetation was harvested from 1 x 1 m2 square-shaped
wire cages on the soil surface (Fig. 2a). The harvested materials were put into polyethylene bags and
taken to soil laboratory. After removing their sand
and gravel, the samples were oven-dried at 80 °C for
48 hours, then be weighed. Regarding for the BGB,
1196 root samples were collected from soil depths of
0-30 cm in 299 sampling plots between 2014 and
2016. The depths of 0-30 cm was selected due to
most of the BGB occurred at this distance from the
soil surface [32, 44, 45]. The steel cylinder with the
diameter of 6.4 cm and the length of 30 cm was
pounded into soil for the root sampling (Fig. 2b).
Each root samples were taken to soil laboratory and
transferred to plastic bottles for further processes.
After adding water, they were waited over one night
for the separation of the soil particles from the roots.
Then, they were washed out by water in order to remove the soil using a 0,2 mm-sieve. Subsequently,
the dead pieces and other tissues rather than the roots
were removed with the help of a tweezers (Fig. 2c).
As a final step, the samples were oven-dried at 80 °C
(24 hours) then be weighed (Fig. 2d). The carbon
content within these biomass samples was calculated
by using the related conversion coefficients found in
the literature [46].

MATERIALS AND METHODS
Study area. The study areas, which were located in Coruh River Basin, consisted of 11 sub-basins named as Taht, Masat, Ispir, Uzundere, Oltu,
Olur, Ispir-North, Tortum-North, Bicakcilar, Kilickaya and Velikoy (Fig. 1). They stretches from
4448100-4593893N to 604154-800962E (UTM
Zone37-38N) in Northeastern of Turkey with a total
area coverage of 364624 ha (Table 1). The topography was mountainous with 41% mean slope and the
elevation was ranged from 550 to 3397 m above
m.s.l. The area was covered with grassland (42%),
forest (33%), agriculture (16%), bare rock (8%) and
residential (1%). Most of the vegetation was degraded especially in the lower southern parts of the
basin. Moreover, land degradation processes were
accelerated by human activities such as illegal logging, improper land use and overgrazing in the last
decades. The grassland area and its percentage to total area by the sub-basins were given in Table 1. The
grassland area in these sub-basins ranged from 8090
to 24371 ha. Dominant species in the grasslands
were Achillea sp., Veronica sp., Ajuga sp., Muscari
sp., Cardimine sp. and Thymus sp. [39].
Coruh River Basin shows the characteristics of
transition climate between the Black Sea and continental. The interpolated mean annual precipitation
and temperature data for 11 sub-basins are shown in
Table 1. The temperature in these sub-basins ranged
from 6 to 9.9 0C and precipitation ranged from 338
to 1340 mm. The basin is located in semiarid region,
and most of the precipitation occur in spring season.
Seasonal precipitation has significant contribution
on total precipitation amount in semiarid ecosystems
and water is a limiting resource for plant growth in
these areas [40]. Regarding lithology, the study area
consists of various volcanic and metamorphic rocks
and quaternary mineral deposits (copper, lead, zinc,
iron and gold) [41]. The common soil types were
brown forest soil, brown soil, chestnut soil and high
mountain grassland soil within the basin [35]. Most
of the soils are suffered from water erosion processes
at different levels, especially on steep slopes [42].

Remote sensing resources. Very-high-resolution WorldView-2 satellite imagery, Digital Elevation Model (DEM) and forest stand maps were used
in this study. The spatial resolution for satellite data
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According to that categorization, Uzundere, Taht
and Tortum-North sub-basins formed the first group
having annual precipitation of less than 600 mm.
Masat, Ispir, Oltu and Olur formed the second group
with 600-900 mm annual precipitation while Kilickaya and Ispir-North were the third group (900-1200
mm). The last group was Bicakcilar and Velikoy
sub-basins that were having precipitation of more
than 1200 mm in a year. For mapping, obtained AGB
values were plotted against the reflectance values of
satellite imagery for the sampling locations. The values of Normalized Difference Vegetation Index
(NDVI), Band 3 (Red) and Band 4 (NIR) were used
as independent variables while the AGB was considered as dependent variable for modeling with multiple regression method. NDVI is a powerful indicator
of the abundance of photosynthetically active vegetation, and its values are between -1 and +1 [49]. The
higher positive values indicate that the land has
mostly covered with healthy vegetation whereas the
lower positive values indicate the weak vegetative
cover or bare surface. Negative values, on the other
hand, refer to water bodies [33]. To separate live
AGB from the other land covers, NDVI profiles were
generated using the Equ. 1 for each sub-basins in
GIS [50];
1,5ି5HG
1'9, ൌ
Equ. 1
1,5ା5HG
where, NIR was the near-infrared band and Red
was the red band of the satellite data. Finally, four
distinct AGB models were developed for these different groups.

acquired in June 2011 was 0.5 m in pan-sharpened
mode. It consisted of four bands which were Red
(630-690 nm), Green (510-580 nm), Blue (450-510
nm), and Near-Infrared-1 (770-895 nm) [47]. The
separate images were merged to each other for generating a mosaicked satellite imagery which was
comprised of the entire study area (22100 km2). The
DEM data was obtained from the General Command
of Mapping (HGK) with 5-m precision. It was produced by HGK using 30-cm resolution aerial photoJUDSKV WDNHQ E\ WKH 0LFURVRIW¶V 8OWUD&DP (DJOH
camera in 2013 [48]. The forest stand maps were obtained from Forest Management Plans belonging to
11 sub-basins. They were generated at 1/25000 scale
by Turkish Forest Service (OGM). Advanced data
processing operations (geometric and radiometric
calibration) for these dataset were explained in detail
by Vatandaslar et al. [33].
Data analyses and mapping. First, a linear regression model was developed for the estimation of
total biomass (TB) using mean annual precipitation
(MAP) and field data obtained from 49 ground sampling plots in four sub-basins. Secondly, by using
this model, TB of 1196 sampling plots from the 11
sub-basins were also modeled. Finally, in order to
calculate the observed AGB for all sampling plots in
11 sub-basins, the measured BGB from the fields
were subtracted from the estimated TB.
For developing more accurate AGB models, 11
sub-basins were first divided into four homogenous
category based on their precipitation characteristics.

FIGURE 2
1x1 m2 size wire-cage for harvesting AGB (a), root sampling with a steel cylinder (b),
washing and removing roots from soil (c), oven-dried samples of BGB (d).
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Spatial modeling and AGB maps. There was
a strong relationship between AGB and reflection
values of satellite data in all sub-basins. The NDVI,
1,5DQG5HGEDQGVKDGD3HDUVRQ¶VFRUUHODWLRQFR
efficient (r) value of more than 0.80. Based on these
relationships, four distinct models were developed
for the sub-basin groups. The regression model for
estimating AGB in Uzundere, Taht and TortumNorth sub-basins (precipitation <600 mm yr-1) can be
seen in Equ. 3. NDVI was a powerful estimator for
this model (R2=0.74). For the second group, Oltu,
Olur, Masat and Ispir sub-basins (precipitation was
600-900 mm yr-1), were modeled using Equ. 4. The
R2 value and the estimator of that model was 0.67
and Band 4, respectively. Ispir-North and Kilickaya
sub-basins, as the 3rd group (precipitation was 9001200 mm yr-1), were modeled by Equ. 5. Band 3 was
the only estimator for this model (R2=0.72). As for
the 4th group, Bicakcilar and Velikoy sub-basins
(precipitation >1200 mm yr-1), had the regression
model with the R2 value of 0.80 illustrated by the
Equ. 6.
AGB= 4.1531 ± 9.30736 × NDVI
Equ. 3
AGB= -7.1223 + 0.01595 × NIR (Band 4) Equ.4
AGB= 13.095 ± 0.0501 × Red (Band 3)
Equ. 5
AGB= 8.3429- 0.0087 × NIR (Band 4)
Equ. 6
The produced AGB maps of these four models
can be seen in Figs. 3a-k. These maps showed that
there was substantial spatial heterogeneity among
and within the sub-basins. Also, high AGB values
were observed in the highlands whose elevation was
between 2000 and 2500 m and in the sections that
were far from the residential areas. These sections
had neither anthropogenic nor overgrazing pressure.
According to the above-mentioned models and the
maps, the mean AGB values of 11 sub-basins were
shown in Table 4.

One-way analysis of variance (ANOVA) test
was used in order to investigate significant difference both in biomass and carbon components among
the sub-basins. Additionally, 3HDUVRQ¶V FRUUHODWLRQ
analysis was performed to determine relationship
among normally distributed variables including
MAP, MAT, AGB, BGB, TB and B/A. The significance value (p) was chosen as to be 0.05 and SPSS
19.0 software [51] was used for all those statistical
analyses.

RESULTS
Biomass estimation. Field measurements indicated that about the three fourths of TB contributed
by the belowground while the rest was from AGB
(Table 2). There was a strong positive relationship
between TB and mean annual precipitation (MAP)
(r=0.85; p<0.05). On the other hand, mean annual
temperature (MAT) had negative correlation with
TB (r=-0.77; p<0.05). Thus, the coefficient of determination (R2) value was found to be 0.72 for TB
model as shown in Equ. 2;
TB= 0,002×MAP+4,0765
Equ. 2
Equ. 2 was also used for TB extrapolation to the
all sub-basins. The estimated TB for all sub-basins
ranged from 4.79 t ha-1 in Uzundere to 6.86 t ha-1 in
Velikoy with mean of 5.84 t ha-1 (Table 3). The components of TB and their differences among the subbasins were shown in Table 3. The 11 sub-basins
were also compared for each other based on their biomass amounts. In that so, one-way ANOVA test
showed that AGB, BGB and TB differed significantly in the most of the sub-basins while the difference in B/A among 11 sub-basins was not significant
(Table 3).

TABLE 2
AGB and BGB fractions of TB for the four sub-basin groups by the received precipitation amounts.
Sub-basins
Uzundere, Taht, Tortum-N (<600 mm)
Oltu, Olur, Masat, Ispir (600-900 mm)
Ispir-N, Kilickaya (900-1200 mm)
Bicakcilar, Velikoy (>1200 mm)
Average

AGB (%)
18.74
22.06
28.08
27.03
23.98

BGB (%)
81.26
77.94
71.92
72.97
76.02

TB (%)
100
100
100
100
100

TABLE 3
The biomass components in 11 sub-basins.
Sub-basins
n
AGB (t ha-1)
BGB (t ha-1)
TB (t ha-1)
abc
ab
Taht
84
1.48 *
3.91
5.39b
Masat
88
1.52abc
3.89ab
5.41b
116
1.88bcd
3.89ab
5.78bcd
Ispir
3.89ab
4.79a
Uzundere
28
0.90a
3.77ab
5.46b
Oltu
156
1.68bc
Olur
176
1.65abc
3.87ab
5.52bc
Ispir-North
156
1.58abc
4.39b
5.98d
Tortum-North
80
1.18ab
4.21ab
5.38b
Bicakcilar
116
2.25cd
4.51b
6.75e
64
2.54d
3.39a
5.92cd
Kilickaya
132
1.34ab
5.51c
6.86e
Velikoy
Total
1196
1.67
4.17
5.84
* a, b, c, d and e letters indicate that there are significant differences (p<0.05) in biomass values among the sub-basins.
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B/A
3.49a
3.29a
2.56a
16.16a
4.25a
2.92a
8.01a
15.83a
2.22a
1.86a
33.98a
8.27
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FIGURE 3
Aboveground biomass maps of Taht (a), Masat (b), Ispir (c), Uzundere (d), Oltu (e), Olur (f),
Ispir-North (g), Tortum (h), Bicakcilar (i), Kilickaya (j) and Velikoy (k) sub-basins.
TABLE 4
AGB, BGB and TB modeled by satellite data
Sub-basins
AGB (t ha-1) *
BGB (t ha-1) *
TB (t ha-1)
abc
ab
Taht
1.29 **
4.02
5.31b
abc
ab
Masat
1.70
3.86
5.56b
1.74bcd
3.94ab
5.68bcd
Ispir
Uzundere
1.12a
3.50ab
4.62a
3.34ab
4.81b
Oltu
1.47bc
4.02ab
5.79bc
Olur
1.77abc
1.79abc
3.98b
5.77d
Ispir-North
Tortum-North
1.08ab
3.37ab
4.45b
cd
b
6.03
8.20e
Bicakcilar
2.17
1.89d
4.18a
6.07cd
Kilickaya
1.41ab
3.92c
5.33e
Velikoy
1.58
4.02
5.60
Average
*AGB were estimated by satellite data and BGB were calculated using Table 2.
** a, b, c, d and e letters indicate that there are significant differences (p<0.05) in biomass values among the
sub-basins.

other. The highest TC storage was observed in the
Bicakcilar with an average value of 4.11 t ha-1. Tortum-North, on the other end, had the lowest amount
of TC (2.23 t ha-1). The results was also indicated that
AGC, BGC, and TC were mostly affected by the meteorological factors, mainly temperature and precipitation.

Carbon storage. The amounts of carbon stored
in the 11 sub-basins can be seen in Table 5. The average above ground carbon (AGC), below ground
carbon (BGC) and total carbon (TC) amounts in the
sub-basins were 0.79, 2.01 and 2.80 t ha -1, respectively. In terms of AGC, BGC and TC values, all the
sub-basins showed significant differences from each
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TABLE 5
Aboveground (AGC), belowground (BGC) and total carbon (TC) (t ha -1) in the sub-basins.
Sub-basins
Taht
Masat
Ispir
Uzundere
Oltu
Olur
Ispir-North
Tortum-North
Bicakcilar
Kilickaya
Velikoy
Average

AGC (t ha-1)
0.65abc
0.85abc
0.87bcd
0.56a
0.74bc
0.89abc
0.90abc
0.54ab
1.09cd
0.95d
0.71ab
0.79

BGC (t ha-1)
2.01ab
1.93ab
1.97ab
1.75ab
1.67ab
2.01ab
1.99b
1.69ab
3.02b
2.09a
1.96c
2.01

DISCUSSION

TC (t ha-1)
2.66b
2.78b
2.84bcd
2.31a
2.41b
2.90bc
2.89d
2.23b
4.11e
3.04cd
2.67e
2.80

BGB from the grasslands of Turkey therefore only
previous studies from the other countries were reviewed herein. It was seen that there was no fix value
for BGB. A study by Yang et al. [64] reported that
BGB was 5.53 t ha-1 in China while the other one
found 11.40 t ha-1 in South Africa [65]. The values
were significantly affected by the region. However,
results for the BGB in grassland of NE Turkey were
generally compatible with other results in the literature [28]. Human disturbance (grazing, mowing) and
rainfall regime (both frequency and duration) could
be responsible for the other slight differences.
In this paper, considering satellite and meteorological data, five distinct models were developed
for estimating grassland biomass. For satellite data,
NDVI and NIR band appeared to be superior to other
indices and bands as well. There were a strong relationship between AGB and NDVI, NIR (r=0.86 and
0.89, respectively). This can be explained by the sensitivity of NIR portion of the electromagnetic spectrum to photosynthetically active vegetation [33].
Goswami et al. [66] and Boelman [67] also found
similar correlation coefficients between AGB and
NDVI (R2=0.83 and 0.84, respectively). The difference among the R values may be related to different
satellite sensors. Namely, WorldView-¶V VSDFHborne sensor was used in the present study while a
ground-based sensor (Unispec portable spectrometer) was used in the Goswami et al. [66]. For meteorological data, both MAP and MAT were in a
strong relationship with biomass. The MAP was the
strongest estimator for the biomass estimation compared to the MAT. Numbers of studies have reported
the direct effects of MAP on plant growth, especially
in arid environments, where water plays a dominant
role in seed germination and seedling survival [40,
59, 68]. MAP affects both AGB and BGB in the
grassland of Coruh River Basin at the same time.
Moreover, AGB and BGB had large variation in both
within and among the sampling plots. The main reason of that can be high ecological heterogeneity on
Coruh River Basin. The amounts of MAP were
highly different in the sub-basins. For example, it
was 338 mm yr-1 in Uzundere sub-basin while it was

The estimated average amount of AGB was
1.58 t ha-1 for 11 sub-basins in Coruh River Basin.
This result was in agreement with other studies in
Turkey [38, 52, 53]. They found mean AGB values
of 1.69, 1.44 and 1.58 t ha-1 for grasslands of Konya,
Van and Bakirtepe, respectively. In particular, Bakirtepe located in one of our sub-basins (Kilickaya
sub-basin). Some studies, on the other hand, reported
higher values like 2.50 and 2.90 t ha-1 for Duzce and
Artvin province [54, 55]. This difference could be
attributed to the eco-regional differences. Namely,
Duzce located in NW part of Turkey which has a
more humid climate than the semiarid areas of Coruh
River Basin. Thus, they found higher values than the
present study estimated by the models that also
showed a strong relationship between MAP and
AGB [56, 57, 58]. Studies from abroad reported
somewhat similar AGB values compared to this
study. For example, Ma et al. [59] and Kang et al.
[38] found average AGB of 1.35 and 1.55 t ha -1 for
grasslands of China, respectively.
It was found that about 76% of the TB contributed by the BGB in Coruh River Basin. The percent
of BGB increased in arid characteristic sub-basins
like Uzundere and Tortum-North and decreased in
humid sub-basins like Velikoy and Bicakcilar. This
difference among the sub-basins was likely driven
by the different amounts of MAP. In general, plant
growth in natural grasslands was primarily limited
by water efficiency, resulting in higher amounts of
biomass allocation for the belowground parts in order to capture these resources [61, 62]. Relatively
moist sub-basins (Velikoy and Bicakcilar), where on
the other hand sufficient water sources existed, had
vigorous vegetation cover on their grasslands and
this directly reflects to more biomass in aboveground
and less in BGB. As one of the lowest, the percent of
BGB was 72.97% in Velikoy sub-basin for example
(Table 2). Similar ratios were found by previous
studies [28, 31, 63]. The mean BGB value found by
the present study was 4.02 t ha-1 (Table 4). Up to present day, no study has been reported any values for
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1340 mm yr-1 in Velikoy sub-basin. Therefore, dealing with the heterogeneous terrain was the greatest
challenge in this study. Indeed, many other researchers reported that it was difficult to estimate grassland
biomass in semiarid and large areas because of its
spatial heterogeneity [6, 11, 69].
Maybe the biggest shortfall of this study was
missing the temporal variability within the grassland
ecosystem. This study was basically performed with
one-time imagery obtained in June 2011. Thus, the
dynamic change of grassland vegetation cover could
not be comprehend over the year. However, additional remote sensing resources (i.e. MODIS NDVI
time-series or averaging of monthly images) could
be utilized to overcome this shortcoming. The reason
for that lack was partly due to financial difficulties
and partly for the study area was under snow cover
especially on the highlands for months. As stated by
Vatandaslar et al. [33], any optical remotely sensed
data that was obtained before or after June could not
detect the full vegetation cover in this study area due
to high vertical change in elevation. For example, the
mean elevation was 1547 m in Kilickaya sub-basin
while it was 2340 m in Ispir-North sub-basin.
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or semi-arid regions where irrigation is used incorrectly [3]. However, in the case of water scarcity, water quality for irrigation is of particular importance
in these regions. Therefore, salinity becomes an important problem considering the poor water quality
in Mediterranean Region either in soil or in soilless
culture. In addition, insufficient drainage, irregular
and excessive use of fertilizers due to monoculture
applications [4], interaction of seawater with irrigation water along the coastline [5] as well as high temperatures and evapotranspiration can be listed among
the factors that lead to salinity problem in greenhouses. Even if substrate with proper characteristics
is selected and/or optimal nutrient solution is applied
in soilless culture, salinity may occur due to nutrients
available in the primary water (poor water quality),
the increase of electrical conductivity (EC) because
of such factor as rapid accumulation of unused ions
(especially in small size pots and closed systems),
prevailing climatic conditions in greenhouses and
wrong irrigation management (such as less leaching
ratio) [6, 7].
In soilless culture, physical and chemical characteristics of substrates are very important for plant
growth [8, 9, 10, 11]. For instance, considering the
chemical characteristics of a substrate, the mineral
elements present in the material can be directly
available to plants or can become available to plants
depending on the growing conditions. Apart from
mineral elements, other chemical compounds can
also be available in the material, which affect the
plant growth negatively as well positively [12]. Furthermore, physical characteristics of substrates
would affect the water availability [13], which may
affect the severity of abiotic stress factors, like salinity.
In addition to using tolerant plants to reduce the
harmful effects of salinity in greenhouses, alternative
solutions can include some applications such as regular and conscious fertilization, use of organic matter, drainage of excess water, soil leaching with more
irrigation, vacating the greenhouses in summer, deep
ploughing and alteration of the topsoil layer from
time to time [14]; using grafted plants [15], leaching
at intervals in soilless culture, alternate use of saline
and clean water [16] and appropriate fertilization regimes [17]. However, it is difficult to consider these
precautions to be easy and practical as they are often

This study was carried out to assess the effect
of silicon (Si) against salt stress in greenhouse tomato production. Plants were grown in three different media namely perlite, coir, and clinoptilolite and
irrigated with nutrient solutions with 2 different salinity levels (2 dS/m:Control and 8 dS/m:Saline) and
2.5 mM/L K2SiO3 [Si(+)] applied to each nutrient solution was compared with the control group which
contained no silicon [Si(-)]. Salt was applied to
plants three weeks after plantation by adding 65.7
mM/L NaCl to the nutrient solution. Experiment was
established according to three-factor split-parcel experiment design and plants were grown for 4 months
and 7 trusses were harvested during the production.
The results showed that while salinity increased Na
concentration in the leaves and adversely affected
plant growth and yield, fruit number, leaf K content,
plant water consumption and water use efficiency;
silicon application to the nutrient solution had a positive impact especially in reducing the negative effects of salt stress in the root zone under saline condition. It was concluded that silicon can be a practical alternative to reduce salt stress and that the use
coir bolsters the positive effect of silicon in increasing salt tolerance.


$#
" % ", clinoptilolite, coir, perlite, NaCl,
Si.



 ! 
Having an impact on the performance of agricultural products, salinity, as an important environmental stress factor, poses a great risk in both openfield and greenhouse production [1]. Salt stress affects plant-water relation (osmotic effect) and nutrition (special ion effects) depending on species, duration of exposure during plant development and the
duration of its effect. In any case, imbalances in water, nutrition and energy triggered by salt stress affect
plant growth, yield and quality negatively both independently and co-dependently [2].
Salinity problem occurs most frequently in arid
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expensive and temporary solutions, whereas breeding salt tolerant species would offer a more lasting
and complementary solution in reducing the possible
negative effects to arise from salinity. Although the
use of salt-tolerant plants and rootstock seem to offer
a solution, they may still be challenging economically. In this case, the application of chemicals such
as silicon (Si), which is already supposed to be used
as a fertilizer, stands out as an alternative in increasing tolerance to salt stress [18, 19].
Role of silicon in plant biology is not entirely
understood, as this element is not included among
necessary substances for the growth of vascular
plants. Silicon is considered as an unusual plant nutrient content [20]. However, Werner and Roth [21]
stated silicon to be an essential element for vascular
organisms, while Epstein [20] expressed the absolute
necessity of silicon for plant growth. Silicon content
in plants ranges between %0.1-10 (dry weight).
What is actually meant with this given range is that
it is present in plants as much as it is in other macro
elements. Jones [10] recommended that in soilless
culture nutrient solution contain a silicon concentration of at least 100 mg/L.
Studies have shown that silicon has beneficial
effects in healthy plant growth and development.
Although the main purpose of use of silicon is the
reduction of prevalence of diseases and pests [19, 22,
23], it has also been proven that silicon activates the
antioxidative defense mechanism, and resistance/tolerance against salt stress [18] drought [24, 25] and
metal (Al, Mn, Cd) toxicity [26]. Silicon also positively affects yield and plant growth [23, 27] especially under stress conditions. It also has positive effects on photosynthesis and water-absorption activity by lowering lipid peroxidation and membrane
permeability in plants exposed to stress factors [18,
28, 29].
The application of silicon in agriculture is considered to be a better and more efficient alternative
solution against salinity problem which is more predominant in greenhouses compared to open-field
production. Despite the fact that this subject has been
extensively studied in the researches carried out
abroad, most of these works seem to have focused on
plants like rice [30], wheat [31], barley [32]; and on
the other hand among the vegetables most of the
studies are on cucumbers [28, 33, 34, 35, 36] and disease-resistance [19, 33]. Few data are available on
the role of silicon in decreasing the harmful effects
of sodium chloride (NaCl) on tomato crop [18, 37,
38, 39]. However, in Solanaceous crops, the function
of silicon against salinity is still poorly understood
[39] due to the tomato root silicon uptake ability
[40]. Furthermore, literature survey has shown that
most of the available studies have concentrated on
hydrophonics while studies that examine substrate
culture, which is used in practice, were found to be
fewer in number although substrate characteristic
would affect the response against to abiotic stress
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conditions. Therefore, in this study, it was aimed to
investigate the effects of silicon on different growing
media under saline and non-saline conditions in tomatoes, often grown in greenhouses where salinity is
a constant problem, and to determine the effects of
silicon on parameters such as plant growth, yield,
leaf nutrient content and plant water consumption.
  
This study was conducted in the spring season
of 2011 in the Department of Horticulture, Ege University (Bornova, Izmir/Turkey; 38◦27’17.03’’N,
27◦14’17.71’’E) in a PE covered, bi-tunnel greenhouse. In the trial, commercially available tomato
(" % " Mill.), cultivar “Duru F1”
(Yüksel Seed Co., Antalya/Turkey) was used as
plant material. Seedlings were provided from a seedling company.
The research was established according to
three-factor split parcel experiment design with 3
replicates, where salinity constituted the main parcel,
while sub-parcels involved the addition of silicon to
nutrient solution and the growing media. In the experiment 3.48 plants occupied per m2.
In this research which was conducted as open
system substrate culture in soilless cultivation, perlite, coir and clinoptilolite were used as growing media. A total of 18 L media was placed in horizontal
plastic pots (75 x 23 x 16 cm) as 6 L for each plant.
Seedling transplantation was performed on 1 March
2011 with 3 plants occupying each pot and the nonsaline nutrient solution -(mg/L), N:210, P:40, K:250,
Ca:150, Mg: 50, Fe:2, Zn:0.50, Mn:0.75, B:0.4,
Cu:0.10, Mo:0.05 [41]- was applied two days after
the transplantation until salt application starts. In this
nutrient solution EC and pH were kept 2.0-2.5 dS/m
and 5.5-6.5, respectively.
Application of the nutrient solution to the root
zone was carried out using drip irrigation. The
amount of nutrient solution applied to each treatment
in the study was measured by calibrated water meters. Drainage holes discharged excess nutrient solution in lower parts of the pots. Nutrient solution
drained from each treatment was measured using an
immersion pump after being collected in respective
drainage tanks and the excess was removed from the
greenhouse. EC and pH of nutrient solutions taken
from main and drainage tanks were measured three
times a week using EC and pH meter. Average EC
value of drained nutrient solution in non-saline treatment was 2.85 dS/m whereas it was 9.12 dS/m under
saline conditions. pH changes were 7.59 and 7.93 in
average, respectively. While no interventions were
made to lower EC values, 1 N nitric acid (HNO3) was
used to balance pH levels.
Timing for the application of nutrient solution
was based on the integrated indoor solar radiation
value of 1 MJ/m2. The amount of nutrient solution
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3-5 young leaf samples removed from outgrowths
during cultivation were dried in 65-70°C, and were
prepared for nutrient element analyses. N was determined by Kjeldahl method [43]; dried samples were
prepared according to wet decomposition method
with HNO3: HClO4 (4:1, v/v) and then P was read as
colorimetric with vanadomolibdophosphoric yellow
colour method; K, Ca and Na were determined with
flame photometer [44]. Nutrient solution drained
from each treatment during the growing process was
measured in volume three days a week by collecting
in separate tanks and plant water consumption was
calculated. Water-budget method was used to determine real plant water consumption (L/plant/day) in
open system [45]. In calculating irrigation water use
efficiency (IWUE) total yield from unit area and the
amount of applied irrigation water to plants in that
unit area were utilized [46].
The data we obtained in the experiment underwent variant analysis through SPSS (version 16.0)
statistical analysis package program on computer.
Duncan’ multiple range test was applied to determine differences among the mean of data. F test
showed statistically non-significant  values
( ≥0.05), significant * value at 5% (0.01< ≤0.05)
and ** value was stated to be significant at 1%
( ≤0.01). Figures were presented with standard error
values.


! 

/%16 4296, Salt application was found to
have a significant effect on all measured plant
growth parameters, while silicon application was
found to have a significant effect on fruit fresh and
dry weights. On the other hand; the effect of growing
media was found to be significant on fresh and dry
weights of vegetative parts, fruit dry weight, root
fresh and dry weights, except for fruit fresh weight.
Within the binary and triple interactions, only salt x
silicon was found to have a significant effect on dry
weight of the vegetative parts (Table 1).
With salinity raised to 8 dS/m, vegetative part,
fruit, root, and total plant fresh and dry weights declined. These declines occurred at the following percentages: 29.3, 32.3, 46.9, 21.8, 33.8, 31.1, 42.9 and
26.2%, respectively. Fruit fresh weight displayed a
21.6% increase, while dry weight increase was
19.7% with silicon application. Although media responded differently to some plant growth parameters, fresh and dry weight of vegetative part were
more significant in plants produced in coir and fruit
and root fresh and dry weights were greater in those
plants grown in clinoptilolite. In saline x silicon interaction, all the parameters in 8 dS/m x Si(+) application were observed to be higher than 8 dS/m x
Si(-). While higher vegetative part dry weight was
measured as 125.1 g in 2 dS/m x Si(+) application;

applied to the treatments was based on the observations made on pot drainage exits, and the rate of
drained/applied nutrient solution was maintained
daily between 30 to 35% [42]. For this purpose, duration of each irrigation was arranged on a weekly
basis, taking the plant growth period, cultivation period, and climate into account.
Saline application was started three weeks after
transplantation; ‘sodium chloride’ (NaCl) was used
to increase EC level in the nutrient solution. Processed sea salt was used for this application. In the
nutrient solution prepared according to Day’s [41]
recipe EC level was 2.0-2.5 dS/m and it was accepted
as the control treatment (2 dS/m). Salinity, on the
other hand, (8 dS/m) was obtained by adding NaCl
stock solution (65.7 mmol/L NaCl) to the nutrient solution with 2 dS/m salinity in the respective nutrition
tank until EC level raised to 8 dS/m. EC levels of the
nutrient solution were attempted to be preserved between 8.0-8.5 dS/m.
Silicon application was started on the nutrient
solution simultaneously with salinity application.
For this purpose, 2.5 mM liquid and water-soluble
‘potassium silicate’ (K2SiO3) compound was used in
silicon treatment [Si(+)], and compared with no silicon treatment [Si(-)] as control. After loading the nutrient solution to the respective tank in the Si(+)
treatment, potassium silicate stock solution was
added to tanks according to the volume of the content. Potassium rates as result of potassium silicate
(13% K2O) were subtracted from the rate of potassium-rich fertilizer involved in the nutrient solution
recipe.
Cultural practices were carried out according to
Yılmaz et al. [14]. Bumblebees ("  
! ) were used for pollination. Plant growth was
stopped on 4 July 2011 by removing the outgrowth
from the 7th trusses.
Greenhouse indoor climate data were measured
with Delta T RHt2 (temperature + humidity) and GS
(global radiation) sensors. The results showed temperatures ranging between 2.7 and 42.9°C (mean:
22.8°C), relative humidity between 17.1 and 89.6%
(mean: 52.6%), while solar radiation levels were
seen to be between 0.00 and 0.89 kW/m2 (mean: 0.26
kW/m2).
At the end of the production period 4 plants
from each treatment were removed to measure plant
biomass (fresh and dry weight of root, fruit and vegetative part, g/plant). Harvests began on 26 May
2011 and 8 harvests were completed until the date of
4 July 2011. Total yield (kg/m2), of fruits that
reached harvest maturity during the period was calculated, and marketable yield (kg/m2) was determined by subtracting fruits of unmarketable size
(Ø<3.5 cm) and/or damaged ones (blossom-end rot,
or other physiological disorders) from the total yield.
In addition, total and marketable fruit numbers
(no/m2) and mean fruit weight (g/m2) were calculated by reference to fruits counted in each harvest.
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Salinity
level
(A)
2 dS/m
8 dS/m

Growing
media
(B)

Si
application
(C)

Perlite
Coir
Clinoptilolite

2 dS/m

Perlite
Coir
Clinoptilolite

8 dS/m

Perlite
Coir
Clinoptilolite

%  #

Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)



$
$
$
$$

Vegetative part
FW
DW
(g/plant)
(g/plant)
882.79 a
124.87 a
623.70 b
84.56 b
733.59 b
102.98 b
814.04 a
108.06 a
712.11 b
103.11 b
721.84
99.36
784.65
110.07
997.01
144.20
770.79
106.25
838.81
100.98
1153.93
164.12
825.72
128.78
710.49
104.91
466.73
59.67
699.82
101.79
584.82
73.14
678.61
94.02
617.94
89.39
694.28
89.36


 







 





Fruit

Root

FW
(g/plant)
3104.05 a
1647.49 b
2368.46
2351.30
2407.55
2144.65 b
2606.89 a
2777.50
3503.15
3010.03
3241.47
2921.38
3170.75
1266.27
1926.92
1208.50
1945.18
1684.20
1853.85

DW
(g/plant)
180.04 a
140.74 b
161.65 ab
151.28 b
168.25 a
145.99 b
174.79 a
166.10
205.07
162.75
190.01
177.46
178.85
121.61
153.81
96.71
155.65
151.33
165.34

FW
(g/plant)
77.62 a
51.35 b
63.15 b
62.53 b
67.79 a
60.58
68.39
71.95
81.05
70.53
77.03
79.30
85.87
41.88
57.72
47.30
55.23
52.53
53.45

DW
(g/plant)
7.85 a
5.41 b
6.42 b
6.03 b
7.44 a
6.16
7.10
6.68
8.68
6.41
7.73
8.42
9.17
4.78
5.53
4.89
5.08
5.77
6.40

































Means within each column followed by the same letters are not significantly different according to Duncan’ multiple range test.
ns, * and **: nonsignificant, significant at 0.01< ≤ 0.05 and ≤ 0.01, respectively
.

Among the growing media, coir gave the highest total and marketable yields by suppressing clinoptilolite by 8.5 to 8.6% in total and marketable yields, 17
and 18.4% in perlite. Though there was not statistically significant difference between coir and clinoptilolite, total and marketable yields and mean fruit
weight were measured as the highest in plants grown
in coir.
While marketable yield ranged between 11.1
and 11.9 kg/m2 in plants with and without silicon under 2 dS/m, it was seen to have changed as 4.53
kg/m2 and 6.62 kg/m2 under 8 dS/m salt conditions.
Marketable yield increased by 46.1% when silicon
was applied in plants under salt stress compared to
those without silicon addition.
Mean fruit weight in Si(-) treatments was 55.2
g in perlite, 59.9 g in coir and 62.2 g in clinoptilolite,
and fruit weights increased with the addition of silicon to 65.1, 72.3 and 62.9 g respectively. A similar
condition was observed in salt x media x silicon interaction. While higher values were observed in
treatments with silicon application compared to
those without silicon, coir was the primary media
among the tested ones followed by clinoptilolite and
perlite.

the lowest measurement, 74.1 g, was taken in 8 dS/m
x Si(+) treatment. Vegetative part dry weight was
seen to have increased by 28.3% with silicon application under salt stress. Although salt x media x silicon interaction was insignificant, among the all treatments plants grown in 2 dS/m x coir x Si(+) had the
highest total biomass.
$-)/("%/7)5Effects of salinity and silicon on
all measured yield parameters and media used in the
experiment were found to have statistically significant effects on total and marketable yield and mean
fruit weight, excluding total and marketable fruit
number. In double and triple interactions salt x silicon was observed to affect marketable yield and fruit
number, media x silicon interaction influenced mean
fruit weight, and salt x media x silicon triple interaction only affected average fruit weight (Table 2).
Total yield (47.9%), marketable yield (49.3%),
total and marketable fruit number (8.0 and 16.5%),
and average fruit weight (44.0%) were observed to
decline with the salt concentration in nutrient solution increased from 2 dS/m to 8 dS/m. The same values increased respectively 8.3, 9.2, 4.2, 8.2 and 5.3%
with the addition of silicon to nutrient solution.
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Salinity level
(A)

Growing media
(B)

Si application
(C)

2 dS/m
8 dS/m
Perlite
Coir
Clinoptilolite

2 dS/m

Perlite
Coir
Clinoptilolite

8 dS/m

Perlite
Coir
Clinoptilolite

%  #







Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)



$
$
$
$$

Total
yield
(kg/m2)
11.50 a
5.99 b
7.95 b
9.34 a
8.60 ab
8.64 b
9.36 a
10.13
11.38
11.75
12.60
11.66
11.87
4.31
5.99
5.35
7.64
4.23
6.65
**
*
**





Marketable
yield
(kg/m2)
11.42 a
5.79 b
7.77 b
9.20 a
8.48 ab
8.47 b
9.25 a
10.02
11.32
11.63
12.51
11.62
11.77
3.92
5.82
5.15
7.52
3.98
6.53
**
*
**

*



Total fruit
number
(no/m2)
140.63 a
129.34 b
129.63
139.44
134.51
133.48 b
139.10 a
135.91
139.01
154.86
138.62
134.75
152.15
119.48
124.12
122.38
141.91
112.33
138.81
**

*





Marketable fruit
number
(no/m2)
135.37 a
112.98 b
116.92
129.20
123.01
120.52 b
130.40 a
129.15
135.14
145.97
134.17
132.43
143.26
93.19
110.20
101.89
134.75
91.45
124.89
**

**

*



Mean fruit
weight
(g/fruit)
82.01 a
45.92 b
60.12 b
66.09 a
62.54 ab
63.42 b
66.76 a
74.33 b
81.83 ab
75.99 b
90.91 a
87.01 a
78.00 b
36.03 b
48.29 b
43.72 a
53.74 a
37.36 b
47.81 b
**
**
**


*
*

Means within each column followed by the same letters are not significantly different according to Duncan’ multiple range test.
ns, * and **: nonsignificant, significant at 0.01< ≤ 0.05 and ≤ 0.01, respectively.

 
%1(%'216)1652*/)%8)571()45%/-1-6:9-6,5-/-'21%33/-'%6-21-1(-**)4)1657&564%6)5

Salinity level
(A)
2 dS/m
8 dS/m

Growing media
(B)

Si application
(C)

Perlite
Coir
Clinoptilolite

2 dS/m

Perlite
Coir
Clinoptilolite

8 dS/m

Perlite
Coir
Clinoptilolite

%  #







Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)
Si (-)
Si (+)



$
$
$
$$

N
(%)
5.84
5.63
5.73
5.93
5.55
5.71
5.76
5.57
6.28
6.05
6.20
5.42
5.52
5.50
5.57
5.75
5.71
5.97
5.29
 
 
 
 
 
 
 

P
(%)
0.30
0.30
0.30 b
0.31 a
0.31 a
0.30
0.30
0.30
0.29
0.31
0.31
0.31
0.31
0.30
0.30
0.31
0.31
0.30
0.31
 

 


 
 

K
(%)
4.10 a
3.54 b
3.83
3.76
3.88
3.65
3.99
4.22
4.22
3.88
4.37
3.73
4.22
3.39
3.49
3.44
3.35
3.25
4.32

 
 
 
 
 
 

Ca
(%)
1.24
1.41
1.32
1.31
1.35
1.25
1.40
1.08
1.14
1.19
1.35
1.13
1.58
1.63
1.43
1.38
1.33
1.12
1.58
 
 
 
 
 
 
 

Na
(mg/kg)
447.0 b
6382.7 a
3698.3 a
3207.8 b
3338.5 b
3907.8 a
2921.8 b
505.0
423.0
423.0
376.0
438.0
517.0
7755.0
6110.0
7191.0
4841.0
7135.0
5264.0



 

 
 

Means within each column followed by the same letters are not significantly different according to Duncan’ multiple range test.
ns, * and **: nonsignificant, significant at 0.01< ≤ 0.05 and ≤ 0.01, respectively.
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/%169%6)4'2157036-21%1(9%6)475))**-'-)1':#!'%/'7/%6)(9-6,%33/-)(-44-+%6-219%6)4
8%/7)52*64)%60)165
764-)16 216)16 2* )%8)5 The application
of salt on young leaves was found to be significantly
effective on K and Na, while silicon had impacts
only on Na, the media used was seen to be effective
on P and Na and salt x silicon interaction on P and
Na, salt x media interaction was seen to have effect
only on P. The effect of other interactions on the
measured leaf nutrient content was found to be insignificant (Table 3).
With salt application, leaf N and K contents decreased by 3.6 and 13.8%, respectively while P content remained unchanged. Ca was found to display
an increase of 13.7%. Leaf Na content increased 14.3
times under 8 dS/m compared to 2 dS/m. Silicon addition to the nutrient solution did not significantly increase N, K and Ca contents but decreased the Na
content statistically significantly. 2.5 mM silicon application reduced the leaf Na content by 25.2% compared to non-silicon-treatments. The addition of silicon in nutrient solution increased leaf Ca content by
19.7 and 5.1% under 2 and 8 dS/m EC levels, respectively. Among the tested media, perlite had the highest Na content, followed by clinoptilolite and coir
(Table 3).
Silicon reduced leaf Na content in both EC levels of nutrient solution. The content of Na decreased
by 3.7% with 2 dS/m x Si(+) and by 26.6% with 8
dS/m x Si(+) compared with Si(-) treatments. Among
the measured nutrients, Na was the most affected element, varying between 423 mg/kg (2 dS/m x Si(+)
x perlite and 2 dS/m x Si(-) x coir) and 7755 mg/kg
(8 dS/m x Si(-) x perlite). Under salt stress, Na content was the lowest in plants grown on coir treated
with 2.5 mM Si (Table 3).

/%16 #%6)4 2157036-21 %1( #%6)4 !5)
**-'-)1':The amount of seasonal total nutrient solution applied during the growing season varied in
accordance with salinity rate and the state of the silicon but was close to each other in the media used.
The amount of applied nutrient solution ranged from
104.5 to 140.8 L/plant. Less nutrient solution was applied to the treatments having been applied salt and

silicon treatments.
Although the average plant water consumption
varied between 42.3 and 83.7 L/plant, it was measured as 78.3 and 50.9 L/plant in 2 and 8 dS/m salinity
levels respectively in non-siliceous condition. In the
case of the siliceous condition, it was 77.6 and 64.9
L/plant, respectively. Salt application reduced plant
water consumption by 34.9% in non-siliceous condition, whereas this value was 16.4% in siliceous condition. It was observed that plant water consumption
decreased in saline conditions while the addition of
silicon to the nutrient solution increased the plant
water consumption under 8 dS/m (Fig. 1A).
The IWUE calculated with the applied irrigation water ranged between 20.8 to 28.9 kg/m3 for 2
dS/m, while this value ranged between 8.8 to 25.8
kg/m3 for 8 dS/m. The IWUE value increased with
the application of silicon but decreased with salt application. With the increase of the salt content of the
nutrient solution, IWUE decreased by 58.2% in
Si(-) and 23.8% in Si(+) treatments. With the application of silicon, IWUE increased by 20.6% in 2
dS/m, while this increase was measured as 119.9%
for 8 dS/m. Among the media, the IWUE varied considerably and, the highest values were obtained from
2 dS/m x coir x Si(+) (Fig. 1B).
!!
It was observed that all measured plant growth
parameters and the total and marketable yield values
decreased by increasing the salt content of the nutrient solution from 2 dS/m to 8 dS/m. These results can
be explained by osmotic dehydration caused by osmotic stress and increased transpiration, as well as
ion imbalance [2, 47], which is caused by increased
NaCl concentration in the plant. Osmotic dehydration reduces the water and osmotic potential of the
cell, both of which together cause a decrease in cell
volume and the rate of enlargement. Drying of shoots
and plant leaves, due to by increased transpiration,
cause weight loss [2]. Shannon and Grieve [48] also
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leaf was within the specified limits and that P was
close to the lower limit and the amount of Ca was
low. Also, silicon addition to the nutrient solution increased leaf K and Ca contents, while decreasing N
and Na contents. What was striking here was that the
leaf Na content decreased with the application of silicon, especially in saline conditions. As known, silicon increases the salt tolerance of plants by decreasing the Na content of the plant and increasing K concentration [32]. In a study in which 1.0 mM/L
K2SiO4 was applied to cucumber plants under 50
mM/L salt stress, it was reported that there was a selectivity in the transportation of K in chloroplasts and
decreased Na content of chloroplasts when compared to the control treatment and also increased the
presence of active oxygen radicals in chloroplasts
and decreased damage to chloroplast membranes
[35]. Silicon also restricted the uptake of undesirable
Na ion. Yoshida et al. [57] explained this effect to
the formation of a silica-cellulose layer beneath the
cuticle layer of leaves, which reduce transpiration.
The addition of silicon to the nutrient solution
increased the Ca concentration in leaf uptake [32,
58]. It is well known that blossom-end-rot (BER) is
a physiological disorder caused by an insufficient
supply of Ca to the distal part of the fruit. In our
study, the inclusion of silicon in nutrient solution reduced fruit numbers with BER and increased marketable yield in both EC levels through enhancement
of Ca uptake. These results could be explained with
differences in the modulation of cell walls due to
deposition of Si which could enhance the indiffusible
anion sites and absorb Ca, thus imposing an elevated
Ca content in the plant tissues [20]. Nevertheless, the
physiological mechanism underlying the effects of
silicon on the uptake and translocation of Ca is not
clear and requires further investigation [58].
When the plant water consumption values obtained during the growing period were examined, it
was seen that the water consumption changed in parallel with the greenhouse climate factors and production period. It was also recorded that there was an
increase in plant water consumption at the times
when the greenhouse solar radiation and vapor pressures differences were higher, while the water consumption decreased as the values in question were
lower. Data related to water use have shown that the
amount of applied irrigation water given to the treatments and the plant water consumption decreased
when the nutrient solution EC level increased to 8
dS/m [52, 59, 60, 61]. Romero-Aranda et al. [62] reported that plant water consumption under salt stress
was lower and the decrease was caused by the reduction of the transpiration rate in saline conditions.
This change in transpiration rate could be due to the
decrease in stomatal density, stomatal conductance
and root hydraulic conductivity of plants under salt
stress.
Lorenzo et al. [63] reported that IWUE varied
between 23 and 42 kg/m3 in tomato plants. The

reported that the plant responded to salt stress by creating smaller and fewer leaves and reducing plant
height. Studies on tomatoes and other vegetable species showed that in saline conditions the plant biomass [49, 50] and yield decreased [51, 52], which
supports our research results. It has been shown that
yield loss resulting from an increase in salt concentration in the nutrient solution was due to a decrease
in the average fruit weight and the number of fruits
[53, 54]. The results of the study have shown that
fruit size also decreased with an increase in salinity
level [52, 53].
Plant growth -except fruit weight- did not show
an increase with silicon addition to the nutrient solution under control condition but total and marketable
yields increased by 8.3 and 9.2%, respectively.
These results comply with the previous studies [33,
34] Similarly, in studies conducted on cucumber,
rose and squash in soilless agriculture, the increased
silicon concentration in the root zone had beneficial
effects and to increase the total yield [55]. As is
known, silicon improves photosynthesis, transpiration and water use efficiency of plants, thus promoting vegetative growth [22].
In this study, the main effect of silicon has been
revealed under salt stress. An addition of 2.5 mM
K2SiO3 to the nutrient solution increased the total
plant fresh and dry weights by 33.4% and 28.2%, and
increased the total and marketable yield by 39.9%
and 46.1% respectively, compared to plants grown
non-siliceous solution under 8 dS/m salt stress.
These results are also consistent with the results of
research conducted on different plant species [30,
36]. Silicon removes the negative effect of salt stress
by increasing the activity of antioxidant enzymes of
plant, decreasing permeability of plasma membranes
and membrane lipid peroxidation and preserving
membrane function and integrity, which improves
plant growth and yield in saline conditions [18, 28].
With the salt content of the nutrient solution increased to 8 dS/m, the uptake of the nutrient elements
was affected, and also it was determined that in parallel with the increase in leaf Na content, the content
of K decreased. Na and Cl ions, which accumulate in
the root zone with salt application, cause toxic effects by destroying the ion balance as well as causing
osmotic stresses in the plants [2, 47]. Despite the
negative correlation between salt tolerance and Na
accumulation in plant leaves, it was found that the
amount of Na in the leaves and also K, the main cation in plant tissues, increased as well as the K/Na ratio decreased as the NaCl content of the nutrient solution increased [50]. These findings support of the
results of our research.
Winsor and Adams [56] reported that the
amount of N in the greenhouse tomato cultivation
was 3.5-5.0% and that the concentrations of P, K and
Ca varied between 0.35-0.75%, 3.5-6.5% and 2.04.0% respectively. According to this finding, it was
determined that the content of N and K in the young
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IWUE values obtained in our study were found to be
between the indicated values, but since the hydraulic
conductivity and permeability of the roots decreased
under salt stress and therefore the water absorption
ratio of the roots decreased [15, 50, 61], IWUE displayed a decline. As a result of the research, it was
found that the IWUE value, which declined by salinity treatment, improved with the addition of silicon.
Romero-Aranda et al. [18] indicated that silicon was
determined to be effective in the processes of storing
water in plant tissues, promoting growth rate and alleviating the effect of salt stress in saline conditions.
Therewithal, the addition of silicon to the root environment significantly increase the K and K:Na ratio,
leaf water potential and stomatal conductance under
salt stress [31]. Gong et al [24] expressed that the
positive effect of silicon on the reduction of water
uptake of plants is related to the antioxidant enzyme
activities of this element, which enhance the defense
capabilities and improve the oxidative damage of the
functional molecules.
In this study, the amount of applied water to the
treatments was attempted to be kept in equal levels.
However, due to the increase in the greenhouse indoor temperature towards the end of the production
period, there was occlusion in a form of gel formation in the drippers in the silicon-applied treatments (particularly in the case of salt x silicon). This
problem was tried to be handled by frequently cleaning the filters, drip irrigation pipes and drippers during the growing period and by means of intermediate
irrigation. Therefore, the amount of applied water to
the plants varied due to the reasons mentioned above.
This problem was most probably due to the interaction of liquid K2SiO3, which was used as silicon
source, with other elements and salt in the nutrient
solution. There was no problem encountered in the
production when timely interventions were made to
the problem in question. In order to prevent this
problem, solution of silicon could be given with a
double pipe using a separate dripper.
In the drained nutrient solution, EC and pH values increased between 0.20 and 0.25 units, depending on the treatments. In particular, the amount of nitric acid given to balance the pH must be well considered and the N dose to be present in the nutrient
solution must be adjusted in accordance with the N
dose to emerge from the nitric acid to be given. Sudden pH drops should be well considered in the case
of using silicic acid (H2SiO4) as silicon source and
balancing pH.
Attention should be paid to the silicon source
used against the two problems mentioned above and
K2SiO3-liquid must be used instead of the powder
K2SiO3 to reduce the dripper clogging. It is suggested to resort to K2SiO3 instead of silicic acid to
reduce the excess in pH drops. Alternatives such as
the application of K2SiO3-liquid from leaf are also
available [34].
The most important factors affecting success in
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soilless culture are climate, greenhouse construction,
growing system and planning, variety and growing
media [9, 10]. Numerous inorganic and organic substrates can be used as plant growing media which
have advantages and disadvantages compared to
each other. Their physical (volume weight, bulk density, particle size, porosity, water and air ratio, pore
size distribution, hydraulic conductivity), chemical
(pH value, cation exchange capacity, salt concentration) and biological (phytotoxicity, N-immobilization) properties, which affect the development of
plants, determine the type of growing medium appropriate for specific growing conditions [8, 9, 10,
11]. Thus, the response of plants grown different media under same conditions is not similar [11, 13]. In
this study commercially and locally available coir
(organic), perlite and clinoptilolite (inorganic) were
used as rooting media. It has been determined that
among the tested media, coir is recommended for
higher yield, plant growth and development under
salt stress x silicon interaction. Coir (coconut fibre)
is a lightweight material having bulk density 0.040.08 g/cm3. The total porosity (TP) of coir fibre is
98% and air filled porosity (AFP) 70%. Coir is characterized by a relatively high easily available water
(EAW) content as 35-41%. Its cation exchange capacity (CEC) varies from 32 to 95 cmol/kg and lignin
content is between 35-70%. TP, AFT, EAW and
CEC values of coir are considered high compared
with perlite and clinoptilolite [9, 64]. With its fibrous
structure and ability to create a good support environment with a higher water holding capacity, coir
provides a better nutrition of plants, thus creating turgorite for plants [65]. In addition, oxygen status of
rooting media is important since the deficiency of
oxygen restricts root respiration and adversely affects water and nutrient uptake [66]. Raviv and Leith
[9] indicated that salinity was closely related to the
oxygen regime in the root zone. The combination of
high NaCl level and anoxic conditions accelerated
Na transport to shoot while depressing K transport
and, consequently, the shoot Na/K ratio increased
significantly. Coir has higher AFT, thus plants
grown in coir less affected from salinity and silicon
application positively increased this effect of coir.
When all of the obtained data were evaluated in
general, it has been seen that increase of the salt level
of the nutrient solution from 2 dS/m to 8 dS/m decreased the plant growth, yield and water consumption and there were improvements in productivity
under the salt stress with the application of the silicon and lastly that silicon could be an alternative and
inexpensive application in order to eliminate the negative effects of salt for this reason. However, on the
other hand, it has been concluded that it is necessary
to pay attention to the nutrient solution control during application of silicon and that the coir, among the
tested media, can be preferred with the reason that it
yields more positive outcomes compared to other
types of media in addition to providing an organic
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environment. In the following new studies ahead, it
is suggested to detail the different silicon sources,
application forms (such as from leaf, dropper, soil)
and doses.
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we can cite existing research done on the Gökçeada
Fishery, which concerns the organizing structures
of fishermen, as well as the socio-economic structure of cooperative member fishermen [5]. Other
existing studies include those on the socio-economic structures of a small-scale fishery in Ordu
[6], of fishermen in the Samsun shelf area [7], of
the Manyas Lake Fishery [8], of Central Black Sea
fisherman [9], and of the fisherman of Yeni Karpu]OX øSVDOD-Edirne) Dam Lake [10]. Much more
research however needs to be done and applied in
different fields. It is also important that the Ministry
of Maritime Affairs be established, and that controls be increased in order to prevent overfishing as
well as to solve the problems that Turkish fishermen face [11].
For above reasons, this research plans to determine the socio-economic status of the fisherman
of the Eastern Black Sea province of Giresun, as it
makes up the the largest share of the Turkish fishery sector. This study aims to obtain data that will
shed light on policies that should/need to be implemented in terms of fishery management, regulations
that need to be made, and/or measures that need to
be taken.

ABSTRACT
This study aims that determining the Turkish
SURYLQFH RI *LUHVXQ¶V ILVKLQJ DQG VRFLDO-economic
state. 630 boats from across the province were
categorized according to their lengths as well as
densities: those smaller than 8 m, 8 - 11.9 m, 12 29.9 m, those larger than 30m. 167 boats were surveyed using the layered exemplification technique,
and took a look at the fishing vesselVLQTXHVWLRQ¶V
owners, the socio-economic characteristics of the
crew, current problems, and solutions to those problems. Consequently, the socio-economic structures
of Giresun fishermen are not at the desired level
that they should or could be.

KEYWORDS:
Giresun, Socio-economic Structure, Fisherman Profiles

INTRODUCTION
2QHRIWKHOHDGLQJSOD\HUVLQWKH7XUNH\¶VVHF
tor is Eastern the Black Sea Region, whereby fishLQJLVLQWHJUDOWRORFDOOLIHFRQVLGHULQJWKHUHJLRQ¶V
natural characteristics, its technical research capacity, and its deeply rooted fishing culture. In order to
determine whether fishing policies are effective and
sustainable for fishing management, it is necessary
to have socio-economic data about the fishing sector.
Global research on fishermen's communities in
different countries is becoming more and more
important with each passing day. Such research is
realized by using different qualities and future plans
that are based on numerical data [1]. One such
example of this, the socio-economic status of female fisherman in India, their participation in productive activities, and whether or not these activities provide women with an initial capital [2]. In
Indonesia, the fishery sector is registered by using
sampling technique±based surveys, and examines
things such as hunting with lampa and pelagic
(floating) gill nets and different socio-economic
characteristics that are local significance [3, 4].
We have limited data on the analysis of the
current situation in our own country. Nevertheless,

MATERIALS AND METHODS
The main corpus of this research deals with
three classes of active commercial fishing vessels
found in 8 regions within the province of Giresun,
including Piraziz, Bulancak, Merkez, Gülburnu,
TireEROX *|UHOH dDYXúOX DQG (\QHVLO )LJXUH 
Table 1). The data obtained for this study was collected via questionnaire forms that were filled out
during face-to-face interviews with commercial
fisherman who are currently active in their industry.
The questionnaires, which contain questions asking
Giresun fishermen socio-economic-oriented questions pertaining to their age, marital status number
household members, number of children, level of
education, occupational duties within and outside of
fishing, home/house and car ownership, social security status, career experience, career choices, and
working conditions were prepared in consultation
with the Turkish Ministry of Agriculture and Rural
Affairs, the General Directorate for Protection and

5531

© by PSP

Volume 27 ± No. 8/2018 pages 5531-5539

Fresenius Environmental Bulletin

FIGURE 1
Study area
TABLE 1
Distribution of select fishing vessels by size and type of fishing.
Length (m)

Selected Fishing Boats
N

%n

<8
8-11.9
12-29.9

Type of fishing
Total Number of Small- Scale Fisheries

493
109
22
6

111
50
4
2

612
28
0
0
28
630

161
6
0
0
6
167

Medium and Large-Scale Fisheries

Purse Seine Fisheries
Trawl Fisheries
Trawl-Purse Seine
Total

Overall

RESULTS AND DISCUSSION

Control, the Head of the Turkish Ministry of Fisheries [4,12], as well projects being done by the
Agricultural Economics Research Institute via the
Fishing Research and Application Centre at Ankara
University [13].
The comparison as well as control of the parameters obtained from analysing the aforementioned characteristics from financial and economic
standpoints are based on the methods of Yamane
[14] DQG ']JQHú [15]; and the level of importance given to these processes is defined whereby p is 0.05.

It was determined that the average age of fishermen in Giresun was between 22-75 (mean 45.11);
86% of which were married and 14% of which were
single. The differences between the mean ages of
fishermen by vessel length were not significant (p>
0.05). The most common age group was 48 (mode:
10). According to the type of fishing, young and old
alike were engaged in coastal fishing, 3% of fishermen are illiterate, 19% are high school students,
17% are middle school students, 6% are university
graduates, and 55% had only a primary school-level
of education 7DEOH 'R÷DQDQG*|QODO[5] had
reported in their study that the ages of fishermen
had ranged from 28 to 63 years, that 55% of fishermen were university graduates, and that 10% had
only primary school education.
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TABLE 2
Age, marital status and education level of boating fishermen by length groups and type of fishery.
Length (m)
<8
8-11.9
12-29.9

Type of fishing
Total Number of
Small- Scale Fisheries
Purse Seine Fisheries
Overall Average

22
22
33
45

75
69
55
46

46.45
42.1
45.75
45.5

7.91
5.48
0.61
0

58.53
24.49
1.79
1.19

2.40
0.60
0
0

Level of Education
Primary
Middle
High
35.66
11.72 12.47
5.94
16.92
4.69
0.59
1.21
0.59
0
1.21
0

22

75

45.09

13.39

83.01

3.00

52.58

16.41

18.41

6.00

33
22

55
75

45.66
45.11

0.61
14

2.99
86

0.00
3.00

2.42
55.00

0.59
17.00

0.59
19.00

0.00
6.00

Min.

Age (Year)
Max. Average

Marital Status (%)
Single
Married

Literate

University

4.20
1.80
0
0

TABLE 3
Education status and working status of fishermen's spouses by length of vessel and type of fishing.


University

9.00
3.00
0.00
0.00

2.40
0.60
0.00
0.00

7.53
2.89
0.58
0.00

1.50
1.50
0.00
0.00

4.08
2.33
0.58
0.00

7.94
3.06
0.00
0.00

58.54
26.88
2.39
1.19

2.00

59.62

12.0

3.00

10.42

3.00

6.42

11.00

85.42

0.00
2.00

2.38
62.00

0.00
12.0

0.00
3.00

0.58
11.0

0.00
3.00

0.58
7.00

0.00
11.00

3.58
89.00

Primary

Housewife

High

39.94
19.67
1.19
1.19

Working

Primary-Middle

2.00
0.00
0.00
0.00

Without
any fomal educ.

Middle

<8
8-11.9
12-29.9

Type of fishing
Total Number of
Small- Scale Fisheries
Purse Seine Fisheries
Overall Average

Working.
Not Working

Level of Education

Illiterate

Length (m)

TABLE 4
Number of fishermen by length of vessel and fishery type (unit)

Length (m)
<8
8-11.9
12-29.9

Type of fishing
Total Number of
Small-Scale Fisheries
Purse Seine Fisheries

Number of Children
3
4
5

0

1

2

6

8

9

11.26
4.15
0.59
0

4.71
5.24
0
1.05

17.05
6.32
0.63
0

21.46
8.35
1.19
0

9.13
4.87
0
0

1.33
0.67
0
0

1.00
0
0

1.0
0
0
0

1.0
0
0
0

15.41

9.95

23.37

29.81

14.0

2.0

1.0

1.0

1.0

0.59

1.05

0.63

1.19

0

0

0

0

0

dDOÕNDQG(UGR÷DQ6D÷ODP [6] had stated that
in the province of Ordu, the number of fisherman
with a high school education was 55.10%. Similarly, 2.30% of the fishermen in the Aegean Region
are completely illiterate, 62.82% had a primary
school education, 17.24% had a middle school
education, 10.73% had a high school education, and
1.53% were university graduates [16]. 64.7% of the
fishermen in the province RI7HNLUGD÷ had primary
education, 22.2% had had a middle school education, and that 13.1% had a high school education
[17]. In the survey conducted by Do÷an [18] in

concerning the province of Istanbul, the education
levels of small-scale fisherman included 2.4% being illiterate, 3.6% being literate, 40.1% having a
primary school education, 17.4% having a middle
school education, 26.3% having a high school education, and 10.2% being university graduates.
The survey found that when it came to fisherPDQ¶VVSRuses: 62% had had a primary school education, 12% had had a middle school education,
11% had had a high school education, 3% were
university graduates, and 7% had attended but not
graduated from university. Of these 89% were un-
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employed housewives (Table 3). In the study conducted in Gökçeada, 55% had had a primary school
education, 35% had had a high school education,
and 10% had graduated from university [5]. It was
found that fishermen had had an average of 2.31
children, 16% had no children, and 1% had had
nine children (1%). Among all vessel length
groups, the 31% had had three children. Fishermen
involved in purse hunting appear to have a maximum of three children. The average number of boys
per fisherman was 0.98, and the number of girls
was 0.92 (Table 4). It was determined that the average household-size had varied between 3.50 - 4.22
persons according to the boat size, and between
3.33 - 4.07 persons according to the fishing type,
again with the average being 3.68 persons (Table
5). It was determined that 72% of the fishermen had
owned their own homes, whilst 28% had rented. It
has been found that all of those working in medium
and large-scale fisheries were found to be home
owners. According to the type of fishing, all nonhost fishermen are coastal fishermen. 71% of the
coastal fishermen as well as medium and largescale fishermen have their own houses. There were
no fishermen without homes, with the exception of
coastal fishermen (Table 6).
Ünal et al., [19] in a study conducted in the
SURYLQFH RI øzmir, had determined that 67% of
cooperative fishermen were home owners. In
Gökçeada, 91.7% of the fishermen were found to
have their own homes, whilst 8.3% had rented [5].
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When we compare the results of our research with
the results of the aforementioned studies, it is evident that coastal fisherman have a lower rate of
home and/or car ownership, and that most had had
social security.
It was determined that 83% of fishermen had
had no automobile, whilst just 17% were car owners. When taking a closer look at car ownership
statistics according to fishing vessel size, fisherman
working on vessels greater than 30, as well as 14%
of those working on vessels smaller than 8 meters
were found to own a car. As the boat size increased,
the ratio of car-owning fishermen increased (Table
 'R÷DQDQG*|QODO [5] had found that 62.5% of
the cars were not carpeted, whilst and 37.5% were.
It is determined that 92% of currently active
fishermen were registered to a social security institution such as SSK %D÷-.XU $JULFXOWXUDO %D÷Kur, Agricultural SSK, and the Turkish Retirement
Fund, as well as green cards. All those connected to
the Turkish Retirement Fund are coastal fishermen.
There are no medium and large sized fisheries attached to the Retirement Fund. 25 percent of the
fishers in Giresun had green cards, whilst 21 percent were registered with SSK, and 18 percent were
registered with %D÷-Kur (Table 7). dDOÕN DQG
(UGR÷DQ 6D÷ODP [6] found that 88.4% and 11.6%
were in the province of Ordu, with and without
VRFLDOVHFXULW\DQG'R÷DQDQG*|QODO[5] reported
that 62.5% and 37.5% in the Gökçeada, respectively.

TABLE 5
Average household population (persons) of fishermen by length of vessel and type of fishery.
Length (m)
<8
8-11.9
12-29.9
0
Type of fishing
Total Number of Small-Scale
Fisheries
Purse Seine Fisheries
Overall Average

Household Population
4
5
17.87
18.26
8.34
8.52
0.60
1.22
1.19
0.00

1
1.80
1.20
0
0

2
7.53
3.47
0
0

3
11.72
4.69
0.59
0

3.00

11.0

16.41

26.21

0
3

0
11

0.59
17

1.79
28

6
6.88
3.13
0
0

7
1.50
0.50
0
0

11
1.00
0
0
0

26.78

10.0

2.0

1.0

1.22
28

0
10

0
2

0
1

TABLE 6
Fishermen with and without homes and cars. according to vessel length and type of fishery.
Length (m)
<8
8-11.9
12-29.9

Type of fishing
Total Number of Small- Scale Fisheries
Purse Seine Fisheries
Overall Average

Landlord
Homeowner
Leaseholder
48.24
18.48
20.16
9.52
2.16
0
1.44
0
68.4
3.6
72

28
0
28

5534

Total
66.72
29.68
2.16
1.44
100
96.4
3.6
100

Car status
Owner
No Car
9.69
56.44
4.25
25.73
1.87
0.83
1.19
0
16.83
0.17
17

78.85
4.15
83

Total
66.13
29.98
2.7
1.19
100
95.68
4.32
100
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TABLE 7
Social security status of fishermen by length of vessel and type of fishery.
The Social Security System
Agriculture
Bag-Kur
Bag-Kur

Length (m)

Retirement
Fund

SSK

<8
8-11.9
12-29.9

Type of fishing
Total Number of
Small- Scale Fisheries
Purse Seine Fisheries
Overall Average

7.83
1.17
0
0

11.97
6.09
1.68
1.26

9.1
4.9
0
0

9

18.06

0
9

2.94
21

Without
Agriculture
SSK

Green
Card

13.14
4.14
0.72
0

4.35
0.65
0
0

15.5
9.5
0
0

4.56
3.44
0
0

14

17.46

5

25

8

0
14

0.54
18

0
5

0
25

0
8

TABLE 8
Organization status of fishermen by length of vessel, type of fishery, and utilization of cooperatives
Cooperative Membership

Cooperative Services (%)
Providing
Input
Credit
Supply

Length (m)

Active

Inactive

Total

Shelter

Fish
Sales

Paperwork

No Service
(%)

<8
8-11.9
12-29.9

Type of fishing
Total Number of
Small- Scale
Fisheries
Purse Seine
Fisheries
Overall Average

52.36
21.56
1.54
1.54

14.03
8.28
0.69
0

66.39
29.84
2.23
1.54

51.8
14.7
2.1
1.4

2.5
1.25
0.65
0.6

1.72
1.72
0.56
0

52.47
0.53
0
0

15.8
3.6
0
0.6

21
8.4
0.6
0

73.92

22.31

96.23

66.5

3.75

3.44

53

19.04

29.4

3.08

0.69

3.77

3.5

1.25

77

23

100

70

5

0.56

0

0.6

0.6

4

53

20

30

TABLE 9
Work experience of fishermen by length of fishing vessel, type of fishery, number of years of
fishing experience.
Length (m)
<8
8-11.9
12-29.9

Type of fishing
Total Number of
Small- Scale Fisheries
Purse Seine Fisheries
Overall Average

A Work experience before (%)
worked
no experience

Total

Minimum

Maximum

Average

13.6
6.4
0
0

38.4
40
1.6
0

52
46.4
1.6
0

0
0
20
32

60
50
35
34

23
22.58
26.25
33

20

78.4

98.4

0

60

22.79

0
20

1.6
80

1.6

20
0

35
60

29.62
26.20

It was determined that 77% of fishermen were
members of a fisheries cooperative. It has been
determined that the purpose of membership of cooperatives is to be able to obtain a commercial
fishing license, as well as to benefit from fishermen's shelters. When fishermen were asked about
the services they received from the cooperatives,
they had reported that boat owners (51.8%) of fishermen working on vessels that were less than 8
meters in length had received support from the
cooperative for housing. 95% of fishermen had
stated that they did not get much in the way of
support from the cooperatives. The vast majority of
fishermen, especially those working on small vessels, think that the cooperative is not effective when

it comes to credit (96%). In terms of the supply of
input, the owners of small fishing boats under 8
meters (52.47%) feel that the cooperative supports
this issue. The fishermen had stated that there was
no great support of the co-operative (80%) regarding the issue of paperwork. 30% of fishermen had
stated that they did not receive any services whatsoever (Table 8).
98% of fishermen want a branch of the Aquaculture Cooperative Association in their regions. In
similar studies, it has been determined that the
proportion of hunting fishermen who have social
security is about 73% [20, 21]. 'R÷DQand Gönülal
[5] had determined that the percentage of those who
have social security is 92%, whist those without
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social security is 8%. A study carried out in the
Istanbul Metropolitan Area had reported that 59.9%
of cooperative member fishermen [19], and 74.9%
of non-member fisherman have social insurance
[18]. In the same survey, 80% of fishermen had
indicated that WKH\ KDGQ¶W DQ\ ZRUN H[SHULHQFH LQ
any other industry. It was also found that the
amount fishing experience had ranged between 0 60 years, and that the average was 26.20 years.
When looking at the data according to vessel size,
fishermen in the <8 m length group appear to have
the most fishing experience (0.60 years), whereas
those in the 8 -12 m length group seemed to have
the least number of years of experience (22.58
years). The amount of those working in experience
of middle- and large-scale fisheries by type of fishery is higher than the experience of coastal fishermen (29.62 years versus 22.79 years) (Table 9).
It was determined that 68% of the Giresun
fishermen had their own boat beforehand. According to vessel size, was determined that the group the
highest rate of boat ownership was the <8 m size
group. As for boat ownership statistics involving
the type of fishing, fisherman working in medium

Fresenius Environmental Bulletin

and large-scale fisheries have the lowest rate boat
ownership (4.08%) (Table 10). 80% of fishermen
had mentioned that fishing was first the profession
of their fathers. Some 18% of fisherman had declared that they had entered fishing as a family
trade%. None of the purse seine owners have opted
for the fishing profession because of family pressure, that is to say that they entered this trade for
other reasons. 2% of fishermen, especially those
who own coastal fisheries, had stated that unemployment had lead them to become fisherman. 53%
of the fishermen's fathers are professional fishermen. RIILVKHUPDQ¶VIDWKHUVZHUHIDUPHUVThe
smallest share (5%) in Giresun is due to the fact
that there are no industrial enterprises. (Table 11).
Erdo÷DQ6D÷ODPHWDO[6] had reported that 43% of
the fishermen in a study evaluating the structure of
fishery in the province of Ordu had reported an
having additional income, while 64% had had social security. In the Gökçeada study, 45.8% stated
that they had resided along the seaside some 16%
of which had said that they chose fishing as hobby
and that fishing had contributed to their family
income [5].

TABLE 10
Length groups and fishermen who owned and who did not boats, according to length of fishing
vessel and type of fishing.
Length (m)

Owner
38.08
25.84
2.72
1.36

<8
8-11.9
12-29.9

Type of fishing
Total Number of Small- Scale Fisheries
Purse Seine Fisheries

Before the boat (%)
Not owner
26.88
5.12
0
0

63.92
4.08

Total
64.96
30.96
2.72
1.36

32
0

95.92
4.08

TABLE 11
Fisheries selected by vessel length, type of fisheries and occupational groups of their fathers.
Length
(m)
<8
8-11.9
12-29.9

Type of
fishing
Total
Number
of
SmallScale
Fisheries
Purse
Seine
Fisheries

Choose fishing (%)
Not a
)DWKHU¶V
Father's
Obligation
Profession
Occupation
54.4
10.8
1.34
24.8
4.86
0.66
0.8
1.26
0
0
1.08
0

)DWKHU¶V3URIHVVLRQ (%)
Fisherman

Farmer

Artisan

Worker

32.86
19.61
0.53
0

12.92
4.08
0
0

6.16
1.2
0.64
0

3.1
1.9
0
0

6.72
0.64
0.64
0

Selfemployment
4.77
2.43
0.63
1.17

Public
Employee

79.2

15.66

2

52.47

17

7.92

5

7.92

7.2

0.8

2.34

0

0.53

0

0.08

0

0.08

1.8

53

17

8

5

8

9
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TABLE 12
Fishermen who work as crew members in other vessels as well as those wanting their children to become
fishermen, as based on vessel length
Length (m)

Your children want to become fisherman (%)
willing

unwilling

<8
8-11.9
12-29.9

Type of fishing
Total Number of
Small- Scale Fisheries

1.7
1.65
1.1
0.55

65.55
28.5
0.95
0

4.95

Purse Seine Fisheries
Overall Average

Total

Situation on another boat (%)

Total

Yes

No

67.25
30.15
2.05
0.55

9.44
6.56
0
0

57.12
23.52
2.52
0.84

66.56
30.08
2.52
0.84

82.65

87.6

16

80.64

96.64

0.05

12.35

12.4

0

3.36

3.36

5

95

100

16

84

100

The vast majority of fishermen in the study
(95%) do not want their children to become fishermen. Although coastal fishermen are the leastprofitable group, only 5% medium- and large-scale
fishermen want their children to work as fishermen.
18.51% of fishermen work only as crew members
on their boats. It was determined that the number of
fisherman working as crew members had ranged
between 1 and 3, whilst the average was 0.23. In
addition, 16% of fishermen were working as crew
members on other fishing boats. Most of them are
coastal fishermen working on purse seine vessels
during fishing season. The fishermen who had rented out transporting were reported to also work as
captains on their own boats as well as had received
crew shares outside of rent. The majority of fishermen working on other vessels as crew members are
coastal fishermen from the 8-12 m vessel-length
group. The only group of fishermen who were not
found to work as crew members on other vessels by
type of fishing were purse-seiners (Table 12).
It was found that the total boat capital of
Giresun fishermen had ranged between 3.230 and
9.000.000 ༲, and that the average was 169.975 ༲.
The difference between the highest boat capacity (
30 m) and the lowest boat capacity (< 8 m group) (r
= 0,7842), as well as the total boat capacity according to length of vessel was found to be significant
(p <0.05). The highest boat capital by type of fishing was found on purse seine boats, whilst the lowest boat capital was found on seabed fishing boat.
97% of the fishermen have a boat, 7% have two
boats and 1% have three boats. When asked about
the status of these boats, it was determined that
76% of the boats were owned by the fisherman
themselves, 21% were owned by family partnerships, and 3% were owned by those outside of the
family.
When asked how to purchase fishing boats,
55% had bought the boat by themselves, 19% were
involved in debt and credit, and 7% had paid
through credit Upon being asked whether they
wanted to leave fishing, 64% of fishermen had

agreed to quit fishing. The group that had wanted to
leave fishing the most were those working on 12meter-long small coastal fishermen because they
had significant economic worries. 66% of coastal
fishermen want to fish, while 34% do not want to
fish. On the other hand, 17% of the purse seine
owners would like to leave fishing, whilst 83% do
not. When asked whether they would agree to leave
the fishermen if their boats were bought at the market price, 40.26% of 8 m boat users had wanted to
sell their boats and leave fishing behind. As the size
of the boat increased, the number of negative responses given too had increased.
The fishing industry is important to Giresun
due to its geographical position. The fact that the
townships of HDFK RI WKH SURYLQFH¶V districts are
located along a coastline, people are naturally oriented towards fisheries. Unfortunately, it is a fact
that the socio-economic structures of fishermen are
not at the desired level that they should or could be.

SUGGESTIONS
Our seas are our common treasure, and future
generations entrust in us to protect them. Protection
and development of our seas and oceans is necessary in 7XUNH\¶V Eastern Black Sea Region, Turkey
the fishing sector is extremely important, both in
terms of its size and how much fish it gathers. It is
also critical for both the nutrition as well as the
employment of people in the region.
It has been determined that the following
problems need to be solved so that the fishing sector is, and the fishing activities in the region are
passed on to future generations: 1) It has been observed that fish sellers have kept and sold fish over
the counter without an ethical filtering; 2) society is
not well informed regarding fishing culture; and 3)
the market is not being inspected enough. In order
to counter these, Official authorities responsible for
fisheries need not be gathered under one roof. They
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should also work together with various ministries in
administration, as well as should subject to different
regulations. The lack of marketing made by the
cooperatives unfortunately leave fishermen indebted to the middlemen. According to the Water Products Law numbered 1380, only industrial fishermen
have right to speak in terms of hunting prohibition
and related penal provisions.
Although there is no social facility operating
the permit of fishery cooperatives, this right is given to some cooperatives. The credit given to husbandry is also provided to fisheries. The penal provisions related to hunting bans as outlined in the
Water Products Law No. 1380 are not deterrent,
and competence is inadequate in terms of protection
and control staff.
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This research was conducted to determine the
most appropriate legume species and mixture ratios
to use in pure sowing and intercropping systems of
triticale with different legume species in regard to
forage yield and quality in an oceanic climate zone
(Western Black Sea region). Experiments were conducted in randomized blocks designed for two years.
Species: common vetch (     L.), Hungarian
vetch (     Crantz.), pea ( 
L.), and triticale (   Wittmack) all were
pure sown and in legume–triticale intercropping systems. According to data obtained from this research,
the lowest values for investigated parameters were
obtained from pure triticale treatment, and the values
decreased with increasing triticale ratios in mixtures.
In the legume species included in intercropping systems, the greatest dry matter yield of pure sowings
was obtained from pea with 6.07 t ha-1, and the greatest value of intercropping systems was obtained
from pea–triticale mixtures with 8.98–8.11 t ha-1.
Considering the forage quality of investigated treatments, Hungarian vetch and common vetch were
found to be superior to pea. The lowest NDF and
ADF values were obtained from pure Hungarian
vetch treatments. The peak RYT values were obtained from including pea and 60:40 and 50:50 Hungarian vetch mixtures. In conclusion, when we consider forage yield, it was observed that pea was
prominent among the legume species, and vetches
were superior with regard to forage quality. In point
of the significance level of both criteria in animal
feeding, 60:40 and 50:50 Hungarian vetch mixture
ratios could be recommended for similar ecologies.



use in plant production to achieve high yield. The
case in time ended up with significant physical,
chemical, and biological soil degradation and reduced soil fertility. Sustainable agricultural practices
should be increased to improve soil characteristics
and to increase yield levels in plant production activities accordingly. Due to the positive impacts of legumes on soil characteristics, incorporation of these
crops into crop rotations or intercropping systems
plays a significant role in practicability of sustainable agriculture. Legumes offer significant contributions to the improvement of soil characteristics and
microbial activity. Müjdeci and Üzümcü [1] reported
that legumes improved soil aggregation with green
manure. Legumes increase the presence of rhizobium bacteria in the soil. Further, legumes demonstrate a positive relationship between arbuscular mycorrhizal fungi (AMF) colonization, which plays an
important role in plant nutrition in the roots of host
plants [2].
Intercropping of legumes and grass increases
the yield on the unit area. Legumes in the mixture
increase the amount of nitrogen in the soil by fixing
nitrogen. It also enhances microorganism activity.
Thus, the ecological properties of the soil are improved with an intercropping system. Researchers
[3] revealed that legume and graminea intercropping
systems played a significant role in the preservation
of soil fertility and reduction of the negative effects
of weeds, disease, and pests.
In forage crop production, the necessity of legumes with high protein values and digestibility ratios
in animal feeding is indisputable. To meet sufficient
and balanced roughage needs, forage grasses should
be intercropped with legumes. Intercropping (mixed
sowing) not only improves forage yield and quality
but also provides nitrogen gaining for soil and plants,
thus reducing fertilizer needs at a certain ratio. Also,
as compared with pure sowing, high yield and quality forage is obtained from graminea species in intercropping systems [4, 5, 6, 7, 8]. Growing vetches in
intercropping systems with cereals provides significant advantages, such as reduction of lodging due to
the upright habitus of cereals, alleviation of rotting,
and leaf loss and facilitation of harvest. However,

)'"#
Triticale, legumes, mixture, DMY, RFV, RYT.
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Over the last century, the greatest yield per unit
area has become the basic target in conventional
farming. Such a case resulted in uncontrolled input
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It was determined that excessive fertilization
used to raise yield has increased costs, which adversely affected the biological efficiency of the soil,
and also caused significant problems in terms of human and animal health by being stored in plants and
mixing with drinking water. Therefore, it is clearly
determined that it is important to supply some of the
nitrogen requirements of plants with less cost biological nitrogen fixation [13].
The objective in this research was to determine
the most suitable legume species and mixture ratios
for legume–triticale intercropping systems without
any fertilization applications with regard to forage
yield and quality in oceanic climate zone. With this
research, we put forward yields of pure sowings and
legume–triticale intercropping systems without fertilization treatments, which will also contribute significant outcomes for organic livestock production
and good agricultural practices.

existence of cereals in mixtures reduces crude protein content and increases crude cellulose content of
the resultant roughage of intercropping systems. Cereals in mixtures also increase plant density because
of tilling characteristics and suppressing vetches.
Therefore, the type of cereal to be included in an intercropping system, mixture ratio, and harvest time
should be taken into consideration [9]. As compared
with other forage grasses, triticale with a high emergence power, high forage yield, and being an annual
crop provides significant advantages. Karadağ and
Büyükburç [6] also indicated that triticale had a
higher forage yield and crude protein yield than
those of barley and oat.
Cereal-legume intercropping systems increased
yield levels by 64% as compared with pure sowings
and indicated that intercropping systems might provide greater benefits, especially in precipitated regions [10]. Önal Aşçı and Eğritaş [11], in experiments carried out under the ecological conditions of
Ordu Province, indicated that a 50:50 vetch–triticale
intercropping system had more stable yield than the
other mixtures, and the same mixture was found to
be superior to others with regard to ADF and LER
values. Crespo-Pereira et al. determined that [7] dry
matter yields of pure peas and pure triticale, respectively, as 5.93 t ha-1 and 10.99 t ha-1 and increasing
forage yields with increasing triticale ratios in mixtures. Yıldırım and Özaslan Parlak [12] reported the
greatest dry herbage yield for pure triticale and 50
triticale/50 broad bean mixtures and indicated decreasing NDF ratios of the herbage with increasing
legume ratios in mixtures. Another research, carried
out in the Mediterranean zone, indicated the best
mixtures with regard to forage yield and quality as
50% barley: 50% forage pea and 50% triticale: 50%
forage pea [8].

$"#$#

B;1=5819?-701>539-9081->@=1819?This
research was conducted at Akmanlar Village of
Bartın Province in 2013–2014 vegetation years for
two years. The geographical coordinates of the
Bartın were within 41° 37′ northern latitude and 32°
22′ eastern longitude. Experimental soils were clay
in texture with moderate lime content (7.01%,
CaCO3), rich in organic matter (3.20%), nitrogen
content was 0.29%, slightly alkaline (pH=7.54). Precipitations for the experimental years and long-term
averages are presented in Figure 1. Long-term average temperature was 11.4°C and relative humidity
was 78.5% [14].
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:2
$41.1>?<@-75?C
>19
31>
40>

17-19
31-35
40-46

14-16
36-40
47-53

11-13
41-42
54-60

8-10
43-45
61-65

<8
>45
>65
*Relative feed value is assumed to be 100 when the ADF is 41% and NDF is 53% [19].

"&
>151
151-125
124-103
102-87
86-75
<75

Relative feed value of herbage is calculated
from the estimates of dry matter digestibility (DDM)
and dry matter intake (DMI). Relative feed value
(RFV) was developed by the Hay Marketing Task
Force of American Forage and Grassland Council
[19]. DMD was calculated from the ADF value;
DMD % = 88.9- (0.779xADF%). The DMI, based on
animal live weight, was calculated from the NDF
value by DMI % of BW = 120/NDF%. Finally, RFV
was calculated as RFV = (DDM%xDMI%)/29 [19,
20].RFVs were evaluated using the values provided
in the standards for dry hay given in Table 1.

Experiments were conducted in a randomized
blocks design with three replications. The species included in the intercropping systems were Hungarian
vetch (      ), common vetch (     
 ), pea (   ), and triticale (
    ). Local Hungarian vetch cultivar
of “Budak,” common vetch cultivar of “Kubilay82,” pea cultivar of “Özkaynak” and triticale cultivar
of “Karma” were used as the plant material of the
study. The species included into mixtures were pure
sown and sown as legume–triticale mixtures, and
mixture ratios were identified as 80%:20%,
70%:30%, 60%:40%, 50%:50%. The amount of seed
to be sown in experimental plots and mixture ratios
were so determined as to have 100 kg ha-1 for Hungarian vetch and common vetch, 150 kg ha-1 for pea
and 200 kg ha-1 for triticale. Sowing was performed
over 3.6 x 7 m plots with 20 cm row spacing. A field
with a secondary vegetation, which had not been cultivated for long years, was tilled and used as the experimental field. Moving from this point, inoculation
was not performed because the field hadn’t been cultivated for long years; vetches naturally exist in regional flora, and intensive forage pea farming is
practiced in the region. In addition to this case, fertilization was not also performed because the fields
haven’t been cultivated for years. Harvest was done
when legume plants reached the pod formation stage
[6]. Harvested samples were separated as legumes
and triticale. Samples were dried at 70°C until a constant mass to obtain dry matter yields [15].

4185/-7 -9-7C>1> All dried samples were
ground to small (<2 mm) pieces and used for the
analyses. The crude protein ratio was determined by
the Kjeldahl method [4]. In accordance with researchers, stated ADF and NDF ratios of ground
samples determined the method specified by Van
Soest et al. [17].
Relative yield totals (RYT) for the forage
yields in the mixtures were calculated by using the
formula of R=O/M, (R=relative yield, O= yield of a
species in the mixture, M=yield of a pure sown),
RYT=RX+RY, (RYT=relative yield total, RX=relative yield of X species, RY=relative yield of Y species) [18, 5].

#?-?5>?5/-7 -9-7C>1> Experimental data were
subjected to one-way ANOVA in accordance with a
randomized blocks experimental design [21]. LSD
multiple range test was used to compare treatment
means at a ≤0.05 significance level.
"#%$##%##
:=-31 C5170> 81->@=1819?> Averages for
total dry matter yields, crude protein yields, and
crude protein ratios of pure sowings of species included in mixtures and different mixture ratios of
legume species with triticale are provided in Table 2.
Effects of different mixture ratios on dry matter
yields were not found to be significant. With regard
to total dry matter yield, intercropping systems were
found to be superior to pure sowings (Table 2).
Among the legume species, the greatest dry matter
yields were obtained from the intercropping plots,
including pea. The peak dry matter yields of pea–
triticale mixtures were obtained from mixture ratios
of 80:20 and 50:50, respectively, with 8.98 t ha-1 and
8.86 t ha-1. Similarly, Crespo-Pereira et al. [7] reported dry matter yields of pea–triticale mixtures between 7.98–10.7 t ha-1. Because pea species have
greater biomass than the other vetch species and
were intensively cultivated within the region, thus
well-adapted to the regional conditions, they had
greater dry matter yields than the vetch species. Following pea, the second greatest total dry matter yield
values were obtained from Hungarian vetch–triticale
mixtures. The peak dry matter yields of Hungarian
vetch–triticale mixtures were obtained from 60:40
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protein yields of the treatments were found to be significant statically at the 1% level. With regard to
crude protein yields of legume species, the peak
value was obtained from 80:20 pea–triticale mixture
with 1.59 t ha-1, and it was followed, respectively, by
a 70:30 pea–triticale, 80:20 common vetch–triticale,
pure-sown pea, 60:40 Hungarian vetch–triticale
mixtures (Table 2.). The lowest crude protein yield
was obtained from pure-sown triticale treatments
with 0.50 t ha-1. Yücel and Avcı revealed that [23]
the peak crude protein yields were obtained as 1.33 t
ha-1 for 80:20 and 1.2 t ha-1 for 70:30 vetch–triticale
mixture ratios. The crude protein yield of Hungarian
vetch–triticale intercropping systems as 0.99 t ha-1
for 75%H+25%T mixtures and as 1.02 t ha-1 for
50%H+50%T mixtures [6]. Önal Aşçı and Eğritaş
[11] reported the greatest crude protein yield as
1061.1 kg ha-1 from 50:50 common vetch–triticale
treatments. Other research obtained the peak crude
protein yields from 80:20 and 70:30 vetch–triticale
mixtures [22]. The present findings for vetch species
comply with the results of earlier studies.
With regard to crude ratios, the peak values
were, respectively, obtained from pure-sown common vetch and pure-sown pea treatments (Table 2).
Decreasing crude protein ratios were observed with
increasing triticale ratios in mixtures [12, 7]. In mixture ratios, the peak crude protein ratio was obtained
from 50:50 common vetch–triticale treatments with
19.92%. Among the legumes, the peak crude protein
ratio was obtained both in pure-sowings and intercropping systems from common vetch.

and 50:50 mixture ratios. The greatest total dry matter yield of common vetch–triticale mixtures was obtained from 80:20 mixture ratio. Decreasing dry matter yields were observed with decreasing legume ratios in mixtures. On the other hand, Yıldırım and
Özaslan Parlak [12] indicated increasing dry herbage
yields with increasing triticale ratios in mixtures and
reported the greatest dry herbage yield for pure-sown
triticale.
In studies carried out about mixture ratios under different ecologies, different results were reported based on differences in climate and soil conditions. Greater triticale yields were reported, especially in ecologies with low precipitations; on the
contrary, higher legume yields were reported in ecologies with higher precipitations. Per [22], the greatest dry matter yield of triticale common vetch and
Hungarian vetch mixtures was 6.1 t ha-1 from 50:50
common vetch–triticale mixtures. Karadağ and
Büyükburç [6] reported dry matter yield of pure
Hungarian vetch as 4.03 t ha-1 and dry matter yield
of pure triticale as 7.88 t ha-1. The same researchers
indicated that, according to the two-year average, the
highest dry matter yield was obtained for the mixture
containing 50% Hungarian vetch and 50% triticale
with 10.96 t ha-1. Similarly, Önal Aşçı and Eğritaş
[11] reported that the peak dry herbage yield was obtained as 8024 t ha-1 for 50:50 triticale–vetch mixtures.
Crude protein yields varied with the legume
species and mixture ratios. The differences in crude
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$:?-70=C8-??1=C5170/=@01;=:?159C5170-90/=@01;=:?159=-?5:

=:;
Common Vetch
Hungarian Vetch
Pea
Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Pea: Triticale
Pea: Triticale
Pea: Triticale
Pea: Triticale
Mean
LSD
Year
Mixture
Year x Mixture

5B?@=1
=-?5:
100
100
100
100
80:20
70:30
60:40
50:50
80:20
70:30
60:40
50:50
80:20
70:30
60:40
50:50

$:?-7=C-??1=
)5170?4- 
5.52 j
5.71 j
6.07 g
4.81 k
6.68 f
6.22 g
6.00 hg
5.79 hı
7.00 e
6.04 g
7.47 d
7.24 d
8.98 a**
8.58 b
8.11 c
8.86 a
6.82
0.232
**
**
**

=@01 =:?159
)5170?4- 
1.17 d
1.02 fe
1.28 cb
0.50 h
1.33 b
0.97 f
0.99 fe
1.15 d
1.24 c
0.88 g
1.27 cb
1.15 d
1.59 a**
1.34 b
1.05 e
1.05 e
1.12
0.070
ns
**
**

=@01 =:?159
"-?5:
21.22 a**
18.00 c
21.20 a
10.40 k
20.03 b
15.69 g
16.49 fe
19.92 b
17.73 dc
14.57 h
17.04 de
15.87 fg
17.70 dc
15.62 g
13.06
11.89 j
16.65
0.798
ns
**
ns

** <0.01, ns: nonsignificant, means within the same column followed by the same letter are not significantly
different.
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Common Vetch
Hungarian Vetch
Pea
Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Pea: Triticale
Pea: Triticale
Pea: Triticale
Pea: Triticale
Mean
LSD
Year
Mixture
Year x Mixture

5B?@=1
"-?5:
100
100
100
100
80:20
70:30
60:40
50:50
80:20
70:30
60:40
50:50
80:20
70:30
60:40
50:50



39.50 j
40.50 ı
43.52 g
62.19 a**
41.56 h
44.37 f
49.01 d
50.56 c
44.86 f
48.02 e
49.65 d
50.86 c
45.10 f
48.95 d
50.89 c
51.81 b
47.58
0.811
ns
**
*



32.09 ı
30.30 j
36.77 f
42.37 a**
34.35 h
34.79 h
37.81 ed
39.85 c
31.96 ı
34.44 h
35.82 g
38.44 d
37.25 ef
38.24 d
39.67 c
40.74 b
36.55
0.690
**
**
*

=C-??1=531>?
5.575?C
63.89 b
65.28 a**
60.25 e
55.88 j
62.13 c
61.79 c
59.44 fg
57.85 h
64.00 b
62.06 c
60.99 d
58.95 g
59.88 ef
59.11 g
57.99 h
57.16 ı
60.42
0.537
**
**
*

=C-??1=9
?-61
3.04 a**
2.96 b
2.75 d
1.92 k
2.89 c
2.70 e
2.44 g
2.37 hı
2.67 e
2.49 f
2.41 hg
2.35 jı
2.66 e
2.44 g
2.35 jı
2.31 j
2.55
0.045
*
**
ns

"17-?5A1110
&-7@1"&
150.55 a**
150.02 a
128.80 d
83.62 j
139.11 b
129.58 d
112.82 g
106.44 h
132.76 c
120.25 f
114.31 g
107.82 h
123.52 e
112.34 g
106.05 h
102.66 ı
120.04
2.419
**
**
*

** <0.01, *<0.05, ns: nonsignificant, means within the same column followed by the same letter are not significantly different.
:=-31 <@-75?C 81->@=1819?> Chemical
analyses and calculations for the determination of
forage quality revealed differences among various
legume species, and mixture ratios were found to be
significant at the 1% level. Years were found to be
significant for DMI, and year  mixture interactions
were found to be significant for NDF, ADF, DMD,
and RFV at the 5% level (Table 3). The peak NDF
ratio was obtained from pure triticale treatments with
62.19%. In all treatments, increasing NDF ratios
were observed with increasing triticale ratios in mixtures. The lowest NDF ratio was obtained from pure
common vetch treatments. Among the legumes,
lower values were obtained from the plots, especially
with 80:20 and 70:30 mixture treatments. With regard to ADF ratios, the lowest value was obtained
from pure Hungarian vetch treatment with 30.30%.
Increasing ADF ratios were observed with increasing triticale ratios in mixtures (Table 3). Among the
legume mixtures, the greatest ADF ratios were obtained from the mixtures including pea. Considering
ADF ratios of the mixture ratios, the lowest values
were obtained from 80:20 mixture ratio of common
vetch, Hungarian vetch, and pea species. The lowest
value was obtained from 80:20 Hungarian vetch–
triticale treatments. Önal Aşçı and Eğritaş [11],
Yıldırım and Özaslan Parlak [12] reported the lowest
ADF and NDF ratios for pure legume treatments.
The researchers indicated the reason for low ADF
and NDF ratios of legumes as thinner cell membranes of legumes than graminea, thus indicating decreasing ADF and NDF ratios with increasing legume ratios in mixtures.

Pure legumes and the mixtures with higher legume ratios had higher dry matter digestibility
(DMD) values.Decreasing digestibility values were
observed with increasing triticale ratios in mixtures
(Table 3). Among the legume species, Hungarian
vetch was identified as the plant with the greatest dry
matter digestibility. Considering the mixture ratios,
the peak DMD values were obtained from 80:20
Hungarian vetch–triticale with 64.0%. Önal Aşçı
and Eğritaş [11] obtained the peak DMD ratio from
pure common vetch treatments with 62.1%, and the
DMD ratio of pure triticale treatment was reported
as 59.8%. Researchers also indicated that the differences between different mixture ratios were not significant. With regard to DMI ratios, the peak value
was obtained from pure common vetch treatment.
The lowest DMI value was obtained from pure triticale treatment (Table 3). Similar to the other parameters, decreasing DMI values were observed with increasing triticale ratios in mixtures. On the other
hand, increasing DMI values were observed with increasing legume ratios in mixtures. Similar findings
were also reported by Yılmaz et al. [24]. Peak DMI
values were obtained from common vetch mixtures,
i.e., from an 80:20 mixture ratio for all legume species, including the mixtures [23]. The present findings comply with the results of Yücel and Avcı [23].
RFV values are used as an indicator of intake
and energy values of feed crops. RFV is calculated
from DMD and DMI values [19, 25]. Higher RFV
values were observed in common vetch and Hungarian vetch intercropping systems. The forage with an
RFV value of between 125–150 is classified as the
first quality (Table 1) [19, 26]. According to RFV
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values of pure vetch treatments and intercropping
systems with high vetch ratios (80:20, 70:30), feed
quality was classified as the first quality (Table 1 and
Table 3). The lowest values were obtained from pure
triticale treatments. Therefore, decreasing RFV values were obtained with increasing triticale ratios in
mixtures. Yılmaz et al. [24] reported increasing RFV
values with decreasing triticale ratios in mixtures.
On the other hand, it is stated that triticale had higher
RFV values and increased RFV values with increasing triticale ratios in mixtures [27]. Such differences
mainly resulted from the differences in ecological
conditions and adaptation capacity of legume and
grasses to local conditions. In other words, superiority of legume and graminea species in mixtures vary
based on the ecological conditions, and the values of
feed quality parameters vary accordingly.

"17-?5A1 2:=-31 C5170 Relative yield of triticale (RYtrc), relative yield of legumes (RYlgm), and
total relative yield (RYT) values are provided in Table 4.
RYT values, a significant criterion in identifying superiority of mixtures to pure sowing, were significantly influenced by various legume species and
different mixture ratios and remained statistically
significant at 1% level (Table 4). It was observed that
RYT ratios of intercropping systems in all legume
species and mixture ratios were superior to pure sowings [28, 11]. Such a case indicated that plants benefited from the environmental conditions more efficiently in intercropping systems [22]. RYT value increased with increasing legume ratios in mixtures.
Similar findings were also recorded by Yılmaz et al.

[24]. RYtrc values of Hungarian vetch and pea intercropping systems were higher than common vetch
intercropping systems. Pea and common vetch mixtures also had higher RYlgm values. Among the legume species, the peak total relative yield values were
obtained from pea mixtures. RYtrc and RYlgm values of 50:50 and 60:40 vetch–triticale mixtures were
close to each other. A similar case was also observed
in 50:50 pea–triticale treatment. Therefore, the
greatest values were obtained from these treatments.
Karadağ and Büyükburç [6] reported RYT values of
Hungarian vetch–triticale mixtures as between 1.68–
1.76. The highest advantage in mixtures is obtained
at 50:50 mixture ratios [11, 22]. Current findings
were parallel to those of earlier reports.
%#

The present findings clearly revealed the superiority of intercropping systems to pure sowings.
Forage yields of all three legume species included in
mixtures were greater than the forage yield of triticale. Therefore, both the forage yields and quality increased with increasing legume ratios in mixtures.
The peak values of pea and common vetch intercropping systems were obtained from 80:20 and 70:30
mixture ratios. On the other hand, in Hungarian
vetch intercropping systems, high yield and quality
values were obtained from 60:40 and 50:50 mixture
ratios. RFV values, a significant criterion in identifying forage quality, of pure vetches (150.55 and

$ 
")?=/")738-90")$A-7@1>

=:;
Common Vetch
Hungarian Vetch
Pea
Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Common Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Hungarian Vetch: Triticale
Pea: Triticale
Pea: Triticale
Pea: Triticale
Pea: Triticale
Mean
LSD
Year
Mixture
Year x Mixture

5B?@=1=-?5:
100
100
100
100
80:20
70:30
60:40
50:50
80:20
70:30
60:40
50:50
80:20
70:30
60:40
50:50

")?=/
1a**
0.358 h
0.374 h
0.417 g
0.450 ef
0.431fg
0.455 e
0.553 d
0.608 c
0.412 g
0.453 e
0.547 d
0.691 b
0.422
0.0202
**
**
**

")738
1a**
1a
1a
0.912 c
0.812 d
0.727 g
0.658 ı
0.805 ef
0.630 ı
0.786 f
0.696 h
0.952 b
0.865 d
0.740 g
0.742 g
0.770
0.0199
**
**
**

")$
1k
1k
1k
1k
1.270 f
1.186 h
1.145 ı
1.109 j
1.236 g
1.086 j
1.339 cb
1.305 ed
1.365 b
1.319 cd
1.287 ef
1.433 a**
1.192
0.0286
**
**
**

** <0.01, ns: nonsignificant means within the same column followed by the same letter are not significantly
different.
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150.02) were placed within the best quality group.
Conversely, RFV values of triticale were placed in
lower quality groups. In this case, RFV values decreased with increasing triticale ratios in mixtures.
The peak RYT values were obtained from a 50:50
pea–triticale intercropping system. With regard to
RYT values, pea mixtures were followed by 60:40
and 50:50 Hungarian vetch mixtures. Although yield
is the first criterion in plant production activities, forage quality can be a dissuasive parameter in some
cases. Considering this issue, when the yield and
quality were assessed together, it was observed that,
among the legume species investigated in this research, Hungarian vetch was prominent. It was concluded based on the present findings that a Hungarian vetch–triticale intercropping system at 60:40 or
50:50 mixture ratios could be recommended for high
yield and quality forage crop cultivation in the Western Black Sea and similar ecologies. The present
findings for forage yield and quality of different legume species and mixture ratios also offer a significant contribution to organic livestock raising and
good agricultural practices.
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beings and then causing several dangerous diseases
[4-7]. In addition, environmental pollution has been
considered the outcome of the intensive use of pesticides substances, which might adversely affect human health [2, 4-5]. These disadvantages for the pesticide residues push the Ministry of Environment in
Jordan to ask Center for Pesticides Analysis and
Their Residues in the Ministry of Agriculture to
monitor the pesticide residues in local and imported
samples for various vegetables and fruits.
It is the aim of this study to determine the pesticide residues in different vegetables and fruits in
four governorates in north Jordan and in imported
samples in 2014 and 2015.

ABSTRACT
Two hundred and forty local samples of vegetables and fruits were collected from the governorates of Irbid, Jarash, Ajloun and Mafraq during
2014 and 2015 to detect pesticides residues. The results showed that two samples were contained residues more than the Maximum Residue Level (MRL),
representing 0.84% of the total analyzed samples, 11
samples were contained residues less than the MRL,
representing 4.58% of the total analyzed samples and
227 samples were without residues representing
94.58% of all samples.
Four hundred imported samples of vegetables
and fruits were collected from different border centers in Jordan during 2014 and 2015 to detect pesticide residues. The results showed that two samples
were contained residues more than the MRL, representing 0.5% of the analyzed samples, twelve samples were contained residues less than the MRL, representing 3% of the samples, while 386 samples were
without residues, representing 96 5% of the total analyzed samples. It is recommended to continue monitoring the pesticide residues in local and imported
agricultural crops and to adopt the integrated pest
managements to control pests.

MATERIALS AND METHODS
Local Samples. Two hundred and forty samples of vegetables and fruits from four governorates
in north Jordan were collected between September
2014 and November 2015. The governorates were Irbid, Jarash, Ajloun and Mafraq. The samples were
collected through the Center Market for vegetables
and fruits in Irbid and field visits to different farms
in cooperation with the agricultural directorate in
each mentioned governorate.

KEYWORDS:
Pesticides, Residues, Crops, Local samples, Imported
Samples, Jordan

Imported Samples. Four hundred samples of
imported vegetables and fruits were collected between September 2014 and November 2015. The
samples were collected through King Hussein Agricultural Center, Agricultural Center for Northern
Jordan Valley Border Crossing, and Agriculture
Center for the free zone at Zarqa City, Agriculture
and Veterinary Quarantine in Queen Alia Airport,
Agriculture Center in Jaber border, Agricultural
Center at Amman Custom, Agricultural Center at
Passengers Station in Aqaba, Agricultural Center at
Aqaba Custom, and Agricultural Office at Industrial
City of King Abdullah the second in Sahab. Al sample collection was done with the cooperation of Customs workers in each of the mentioned centers.

INTRODUCTION
Pesticides are toxic substances used to decrease
WKHDJULFXOWXUDODQGSXEOLFKHDOWKSHVWV¶SRSXODWLRQV
The agricultural pests can be insect mites, fungi,
nematodes, weeds and other pests. In Jordan, approximately one thousand tons of pesticides were
used annually [1]. In general, consumers are always
worried about their health particularly when taking
fresh vegetables and fruits due to the residues of
sprayed pesticides to control various pests [2-3]. The
pesticides residues might reach through the food
chain and accumulate in the fatty tissues of human

Sample Collection. Sample collection was carried out according to fruit weight [1]. The sample
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size for fruits of less than 25 g was 1 kg, 25 ± 250 g
was also 1 kg and more than 250 g was 2 kg. The
collected samples were placed in clean plastic bags
with labels. The label was contained sample type,
source, date of collection, farm name of local samples. The collected samples were transferred to the
Center for Pesticides Analysis and their Residues for
analysis using well conditioned car and kept at 4ºC
in a refrigerator up to analysis as soon as possible.

the internal standard mixture containing 0.03 ppm
endrin and 0.2 ppm pirimiphos methyl in n-hexane
were added to the round bottom flask and the solution was collected in a test tube to be ready for the
clean-up step if needed.
For the clean-up, 3g of silica gel were placed in
a glass column then covered with 0.5g anhydrous sodium sulfate. The 0.5 ml evaporated sample was
transferred using Pasteur pipette after adding 5 ml of
a mixture of dichloromethane, acetone and petroleum benzene (5:1:1) in a 500 ml conical flask drop
by drop. The column was washed with 50 ml of the
previous mentioned mixture then collected in a conical flask and evaporated using rotary evaporator to
dryness. The residue was reconstituted in 5 ml hexane and transferred to a 5 ml vial using Pasteur pipette to be ready for injection.

Sample Analysis. The AOAC-Luke method
[8] was used for pesticides residue extraction and detection for 116 pesticides. The pesticides members
were most probably belong to organochlorines, organophosphates, pyrethroides and some of the carbamates and were analysed using GC-ECD and GCNPD equipments.

Chemicals and Apparatus. Pesticides standards samples. All used pesticides standards are certified, and almost of 100% purity.

Detection Limits and %Recovery. To evaluate the efficiency of the extraction method, blank
samples of each type were spiked with standard solution and treated as mentioned later in the analytical
method. Detection limits and % recoveries were calculated. In addition, blank samples were analyzed
for each type of samples. Quality control program
was applied through analyzing some samples in the
laboratories of the Royal Scientific Society, Forensic
Research laboratories, joining Iner-Laboratory Comparison Programs organized by the German GIZ and
other analytical programs for quality assurance.

Organic solvents. All used solvents were of
"pesticides residues analysis" grade.
Glass wares. All glass wares were washed with
soap water, distilled water, acetone and then dried in
a drying oven at 80ºC.
Used Gas Chromatography-Apparatus. In
this study different GC-apparatus were used as follows:
1) GC 5890 (HP) Series II with 63Ni-ECD and
(CHEMI-STATION):
Volume LQMHFWHGȝO
Split ratio: (1:18)
Split vents flow rate: 15 ml / minute
Septum purge flow rate: 2ml/minute
Purge on time: 0.5 minute
Detector make-up gas (Nitrogen): 28 ml/minute
Anode purge flow rate: 3ml/ minute
&ROXPQ +3 P [  PP ,'  ȝP
film thickness.
Carrier gas (He) flow rate: 2 ml / min
Oven program: Initial temperature 80ºC (2
min), 80- 180ºC (30ºC/minute), 180 - 200ºC
(5ºC/min), 200 - 280ºC, (10ºC/min), 280ºC (14 min).
Injector temperature: 250ºC
Detector temperature: 300ºC
Chemistation: HP computer vectra 486/33N
Monitor HP Ergo Super VGA
Printer: HP Desk Jet 500
Auto injector HP 7673

Analytical Method. To detect and determine
pesticides residues of organochlorines, organophosphorous, pyrethroids, some carbamates and other minor groups, Luke method reported by AOAC [8] was
adopted. For the extraction, 50 g from the homogenized sample of the high water content, or 10 g of the
low water content were placed in a blender with 40
ml de-ionized water. 100 ml acetone were then added
and blended for two minutes. The blender was
washed with 50 ml acetone and both fractions were
filtered through Buchner funnel. The extracts were
placed in a 250 ml graduated cylinder and the volume was recorded. 40 ml of the extract were placed
in a 500 ml separating funnel with 2 g sodium chloride or 10 ml saturated sodium chloride solution and
shaken for one minute. Fifty ml dichloromethane and
50 ml petroleum ether were added to the separating
funnel and shaken for two minutes. The aqueous
layer was separated into another separating funnel
and the organic layer was filtered through an anhydrous sodium sulfate layer on a filter paper into a
conical flask. The aqueous layer was extracted twice,
each time for one minute with 50 ml dichloromethane. The organic layers were filtered through
the anhydrous sodium sulfate into the conical flask.
The pooled dichloromethane extracts were concentrated using the rotary evaporator at 35-40ºC and 50
mbar to 2 ml. The residues were evaporated to dryness using a gentle stream of nitrogen gas. 0.5 ml of

2) GC type 5890 (HP) Series II with NPD-detector
VoluPH,QMHFWHGȝ
Split ratio: (1:10)
Split vents flow rate: 15 ml/ minute
Purge on time: 5.0 minute
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TABLE 1
Concentration of pesticides found in each type of local samples, their MRLs and
the source of each sample
Sample type

Sample location

Found pesticide

Concentration mg/kg

MRL mg/kg

Tomato

Mafraq

Sweet pepper

North Ghore

Tomato
Tomato

North Ghore
North Ghore

Tomato

North Ghore

Tomato
Tomato
Peach
Tomato
Tomato
Tomato
Cucumber
Cucumber

North Shunah
Mafraq
Mafraq
Mafraq
Mafraq
Mafraq
Mafraq
Mafraq

Chlorfenpyr
Chlorfenpyr
Ȝ-Cyhalothrin
Procmidone
Procmidone
Chlorfenpyr
Procmidone
Chlorfenpyr
Chlorfenpyr
Chlorfenpyr
Chlorfenpyr
Chlorfenpyr
Chlorfenpyr
Procmidone
Procmidone

0.008
0.019
0.005
0.061
0.054
0.075
0.145
0.039
0.016
0.108
0.036
0.037
0.079
0.736
0.608

0.05
0.05
0.30
5.0
5.0
0.05
5.0
0.05
0.05
0.05
0.05
0.05
0.05
2.0
2.0

FIGURE 1
Number and % of local samples containing > MRL, or containing < MRL and those
containing no residues.
First column: HP- P [  PP  ȝP
film thickness
Carrier gas (Nitrogen) flow rate: 1 ml / min
Second column: HP-1, 25mx0.2 mm ID, 0.5
ȝPILOPWKLFNQHVV
Carrier gas (Nitrogen) flow rate 1 ml/min
Injector temperature: 250ºC
Detector temperature: 300ºC
Temperature program: initial temperature 90ºC
(2 min), 90 - 150ºC (20ºC/min), 150-270ºC
(6ºC/min), 270ºC (15 min).
Detector (NPD) gases:
Make-up gas (Nitrogen): 32 ml/min
H2: 3.5 ml / min
Press air: 110 ml / min
Auto injector: HP 7673

Integrator: HP 3396 Series II.
3) GC-MS type HP 6890
6SOLWOHVVLQMHFWRU9ROXPHLQMHFWHGȝ
Capillary Column: HP-5, 30mx0.25mm-ID,
ȝPILOPWKLFNQHVV
Carrier gas (Helium) flow rate: 0.9 ml/min
Integrator HP laser Jet 4000.
Mass selected detector HP 5973 Quadruple
Low Mass 50ºC
High Mass 550ºC
Threshold 25
MS Quad 150ºC Maximum 200ºC
MS Source 230ºC Maximum 250ºC
Initial temp: 255ºC
Pressure: 7.25 psi
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found that the highest percentage of local crop samples in Jordan containing residues more than the
MRL were in 1993/1994 study.
The results in Tables 1 and 2 showed that the
samples collected from Mafraq contained pesticides
residues more than those collected from Irbid, Jarash
and Ajloun governorates. Two analyzed samples
contained residues of pesticides less than the MRL
and representing 0.83% of the total samples.
The detected pyrethroid pesticides were cypermethrin in plums from Mafraq anGȜ- cyhalothrin in
sweet pepper from northern Ghore in Irbid (Table 2).
Cypermethrin residues on head lettuce were below 0.1 mg/kg after 10 days of application [10].
+RZHYHU F\SHUPHWKULQ DQG Ȝ-cyhalothrin residues
have been found in several fruits in imported crop in
Jordan [2]. There were no samples contained residues of chlorinated hydrocarbons compounds. Five
samples contained residues from the dicarboximide.

Purge Flow 14.0 ml/min
Total Flow: 17.0 ml/min
Gas type: Helium.

RESULTS AND DISCUSSION
Local Samples. Two hundred and forty samples were analyzed. The results in Figure 1 showed
that two analyzed samples contained residues more
than the maximum residue level (MRL) according to
the FAO/WHO Codex Alimentarius Commission [9]
and representing 0.84% of the total analyzed samples. There were 11 samples contained residues but
less than the MRL and representing 4.58% of the total analyzed samples (Figure 1). The remained 227
samples were free of pesticides residues and representing 94.58% of the total samples. Alawi et al., [2]

TABLE 2
Number and source of local samples, number and % of samples containing no residues, number and % of
samples containing concentrations > MRL, and those containing < MRL
Samples without residues

Sampling
district

Sample
total
Nr.

Number

% of all analyzed
samples

Irbid/North Ghore
Jarash
Ajloun
Mafraq

80
45
26
89

75
45
26
81

31.25%
18.75%
10.83%
33.75%

Samples with residues <
MRL
% of all analyzed
Number
samples

4
7

1.67%
2.92%

Samples with residues >
MRL
Num% of all analyzed
ber
samples

1
1

FIGURE 2
Number and % of imported samples containing > MRL, or containing
< MRL and those containing no residues.
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imported analyzed samples contained pesticides
from the organophosphorous group less than the
MRL and representing 0.75% of the total imported
analyzed samples. The pesticide was chlorpyrifos in
two apple samples from Syria and one apple sample
from Poland. However, in Pakistan, 6% of 267 vegetable samples contained chlorpyrifos residues
above the MRL [13]. There were no samples contained pesticides residues from the chlorinated hydrocarbon group. However, residues of chlorinated
pesticides in imported and local samples were of
very low or almost zero concentration in studies conducted between 1993 and 2008 in Jordan [2].
Ten imported samples contained pesticides residues from the pyrethroids. Five samples contained
residues less than the MRL and representing 2% of
the total imported crop samples. The pesticides were
cypermethrin in one imported grape sample from
Palestine, another grape sample from Syria and three
JUDSH VDPSOHV IURP /HEDQRQ DQG Ȝ-cyhalothrin in
one imported grape sample from Syria and two two
grape samples from Lebanon. However, cypermethrin residues were detected in 38 of 302 vegetable
samples in Malaysia [14].
Two imported samples contained pesticides
residues more than the MRL according to Codex Alimentarius Commission (2015) [9] and representing
0.5% of the total analyzed crop samples (Table 3).
The pesticides were cypermethrin in one imported
grape sample from Palestine, and cyfluthrin in imported grape sample again from Palestine (Table 3).
However, the mean values for all analyzed samples
containing pyrethroids were below the MRL in Malaysia [14].

group, but less than the MRL and representing
2.08% of the total analyzed samples. The pesticide
was only procymidone in two cucumber samples
from Mafraq and three tomato samples from
Kraimeh and wadi Rayan in northern Ghore in Irbid.
Procymidone fungicide residues were 12 mg/kg in
Swiss chard in Spain, 2008 [11]. Six samples contained residues from the Aryl pyrrole group less than
the MRL and representing 2.5% of the total sample.
The pesticide was chlorfenapyr in tomato samples
from Mafraq (4 samples) and northern Ghore, and in
one colored sweet pepper from northern Ghore in Irbid. Two samples contained residues from the Aryl
pyrrole group more than the MRL and representing
0.83 % of the total samples. The pesticide was also
chlorfenapyr in two tomato samples in Mafraq and
Kraimeh in northern Ghore in Irbid. The half life of
chlorfenapyr on cabbage was four days as determined by Ditya et al. [12]
Imported Samples. Four hundred imported
samples were analyzed. The results in Figure 2
showed that two analyzed samples contained residues more than the MRL according to FAO/WHO
Codex Alimentarius Commission [9] and representing 0.5% of the total analyzed samples. There were
12 samples contained pesticides residues less than
the MRL and representing 3% of the total analyzed
samples. The remained 386 samples were free of
pesticides residues and representing 96.5% of the total imported analyzed samples (Figure 2). Alawi et
al. [2] found that the highest percentage of imported
crop samples in Jordan containing residues more
than the MRL were in 2000/2001 study (0.5%).
The results in Tables 3 and 4 showed that three

TABLE 3
Concentration of pesticides found in each type of local samples, their MRLs and the source of
each imported sample
Sample type

Sample location

Found pesticide

Grapes
Grapes
Grapes
Apple
Apple
Red grapes
White grapes
Apple
Apple

Palestine
Syria
Syria
Syria
Lebanon
Lebanon
South Africa
Syria
Poland

Grapes

Lebanon

Grapes
Grapes
Grapes
Grapes

Lebanon
Lebanon
Palestine
Palestine

Cypermethrin
Cypermethrin
Ȝ-Cyhalothrin
Chlorpyrifos
Cypermethrin
Ȝ-Cyhalothrin
Bromopropylate
Chlorpyrifos
Chlorpyrifos
Ȝ-Cyhalothrin
Cypermethrin
Cypermethrin
Cypermethrin
Cypermethrin
Cyfluthrin

5552

Concentration
mg/kg
2.862
0.182
0.016
0.025
0.011
0.009
0.012
0.065
0.010
0.017
0.181
0.144
0.117
0.180
1.270

MRL mg/kg
0.20
0.20
0.20
1.0
0.70
0.20
2.0
1.0
1.0
0.20
0.20
0.20
0.20
0.20
0.03
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TABLE 4
Number and source of imported samples, number and % of samples containing concentrations
>MRL, and those containing < MRL

Sampling Country

Palestine
Syria
South Africa
Poland
Lebanon

Sample total Nr.

39
42
14
3
53

Samples with residues < MRL
% of all analyzed
Number
samples

1
4
1
1
5

0.25%
1.0%
0.25%
0.25%
1.25%

Samples with residues > MRL
% of all analyzed
Number
samples

2
-

0.50%
-

[3] Al-Antary, T.M., Alawi, M., Estityah, H. and
Al-Oqlah, K. (2012) Comparison study of chlorinated pesticides within fourteen years in Jordan. Fresen. Environ. Bull. 21, 117 ± 122.
[4] Madanat, H., Al Antary, T.M. and Abu-Zarqa,
M. (2016) Toxicity of six ethanol plant extracts
against the green peach Aphid Myzus persicae
Sulzer (Homoptera: Aphididae). Fresen. Environ. Bull. 25, 706 ± 718.
[5] Al-Antary, T.M., Al-Dabba, M.M. and
Shaderma, A.M. (2015) Evaluation of three
treatments on carbosulfan removal in tomato
juice. Fresen. Environ. Bull. 24, 733 ± 739.
[6] Alawi, M., Al-Antary, T.M., Estityah, H., AlAqqad, S. and Al-Oqlah, K. (2013) Comparative study for chlorinated Pesticides in mother
milk from Jordan in four studies between 1933
and 2003. Fresen. Environ. Bull. 22, 270± 285.
[7] Darko, G. and Acquaah, S.O. (2007) Levels of
organochlorine pesticides residues in meat. Int
J. Environ. Sci. Tech. 4(4), 521 ± 525.
[8] AOAC (1996) AOAC Official Method 985.22,
Organochlorine and Organophosphorous Pesticides Residues Gas Chromatographic Method.
Luke Method 10.1.02.
[9] FAO and WHO Codex Alimentarius Commission (2015) Maximum Limits for Pesticides residues in Food. www.who.int/foodsafety/areas_work/chemicalrisks/impr.
[10] Ripley, B., Ritcey, G., Harris, C., Denomme, M.
and Brown, P. (2001) Pyrethroid insecticide residues on vegetable crops. Pest Management Science. 57(8), 683 ± 687.
[11] Conzales-Rodrigues, R., Rial-Otero, R., Concho-Grande, B. and Simal Gandara, J. (2008)
Occurrence of fungicide and insecticide residues in trade samples of leafy vegetables. Food
Chemistry. 107(3), 1352 ± 1347.
[12] Ditya, P., Das, S., Sarkar, P. and Bhattacharyya,
A. (2010) Degradation of dynamics of
chlorofenpyr residues in chili, cabbage and soil.
Bull. Environ. Contam. Toxicol. 84(5), 602 ±
605.

The results in Table 4 showed that the pesticides residues were found in crop samples imported
from Palestine, Syria, South Africa, Poland and Lebanon. The crop samples which were free of pesticides residues were imported from Ecuador, China,
USA, Italy, France, India, Thailand, Australia, Brazil, Vietnam, Romania, Spain, Holland, Saudi Arabia, Yamane, Ethiopia, Afghanistan, Greece, Sri
Lanka, Kenia, Sudan, Guatemala, Arab Emirates,
Egypt, Turkey and Ukraine.

CONCLUSIONS
Jordan should continue studying the range of
fresh crops contamination with pesticides residues in
all governorates, as to continue monitoring of pesticides residues in imported crops from different countries. The pesticides residue laboratories should be
developed and provided with recent advanced equipments for analysis. The agricultural extension for the
use of pesticides are needed for the farmers. The
adoption of the integrated pest management practices are required to control agricultural pests.
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separating the syngas from (SCW; T > 374 °C and P
> 22.1 MPa), there is no need to clean the syngas before further use; (2) complete gasification can be
achieved at a lower temperature (about 500–700 °C)
compared to conventional coal gasification technology (about 1200 °C); (3) SCWG of coal produces
hydrogen-rich syngas; (4) some water participates in
the gasification reactions to improve the calorific
value of the syngas.
Supercritical water gasification has been proposed for decades. In 1978, Modell firstly found that
unexpectedly high conversion to high BTU gas compositions from organic materials without accompanying formation of undesired char or coke can be obtained when reacting the organic materials with water at a temperature and pressure equal to or more
severe than the critical condition for water [3]. In the
1980s and 1990s, researchers mainly focused on extracting low-rank coals, biomass, and lignin in supercritical water to obtain synthetic fuels [4]. From the
beginning of this century, main attention was paid to
producing hydrogen-rich syngas through gasifying
biomass, coal or other organic materials in supercritical water. Many works in the literature were carried out to study the influences of different parameters, such as gasification temperature, pressure, coalwater-slurry concentration (CWSC), catalyst, residence time, oxidation ratio and coal type on the product distributions and yields [5]. Other works were
concentrated on thermodynamic and kinetics model
for gasification reactions [6], transformation of elements such as sulfur [7], heavy metal [8], and potassium [9] during gasification reactions, numerical investigations on reactors of heat and mass transfer
performances [10], and power generation models integration [11].
Coal reacts with SCW in a gasifier where the
temperature and pressure are usually 500–700 °C
and over 22.1 MPa, respectively. The gasification
product consists of produced syngas and unreacted
SCW. The gasification product has a large amount
of sensible heat. When the CWSC is between 2% and
20%, the ratio of the sensible heat of the gasification
product and the lower heating value (LHV) of the
coal is in the range of 0.275–5.519. The ratio is
higher in lower CWSC. The produced syngas is partially dissolved in the unreacted SCW. Thus, the syngas should be separated from the unreacted SCW for

Experiments of co-gasification of sludge and
coal in supercritical water (SCW) are conducted to
investigate any synergy between sludge and coal for
enhancing coal gasification and hydrogen production. A thermal-catalytic reactor with continuous
flow is employed to co-gasify Zhundong coal, sludge
and their blends under a reactor with wall temperature of 650°C-750°C, pressure 26-29 MPa, and a residence time 1-30 min and sludge additive. The experimental results show that the produced gases consist mainly of H2, CO2 and CH4, and the molar fraction of hydrogen reaches in excess of 60%; Nitrogen
or sulfur is not detected in the produced gases, and
contaminations with nitrogen is observed on the hydrogen yield and the gasification efficiency, and that
the synergistic effect is mainly resulted from free
radical reactions in SCW is proposed further. The
present work indicates hydrogen production from
co-gasification of sludge and coal in SCW is a promising new technology for clean energy conversion.


'%!"
Gasification, synergistic effect, hydrogen production, coal,
sludge, supercritical water

#!$#
Coal is the second source of primary energy
(approximately 30%), and over 40% of the worldwide electricity is produced from coal [1]. The large
consumption of coal causes severe environmental
pollutions, such as acid rain, greenhouse effect and
so on. Meanwhile, direct combustion of coal is not
an efficient way to use the high-level energy stored
in the coal.
There have been mature or immature coal utilization technologies such as gasification, liquefaction, poly-generation, and chemical looping, which
are environmental friendly and efficient. Supercritical water gasification is another technology which
can efficiently and cleanly convert coal into hydrogen-rich syngas for further utilization. SCWG of
coal has some characteristics as follows [2]: (1) elements such as N, S, P, As and Hg deposit as inorganic salts in the supercritical water (SCW). After
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further utilization. The simplest way for the separation is lowering the temperature and pressure of the
gasification product because the solubility of the
syngas in the water is very small. To reasonably use
the sensible heat of the gasification product, the parallel heat recovery method [12] is implemented.
SCWG has become one of the most potential
ways to make use of many different feedstock [13],
especially for dealing with coal of a special type such
as high-sulphur coal, high-ash coal, high-alkali metal
coal. Because of the unique chemical and physical
properties of supercritical water [14], coal can be
gasified into hydrogen-rich mixed gas with high efficiency at an experiment temperature lower than
750oC [15], which contributed to the immobilization
of alkali metal into solid residue at the bottom of reactor and avoid influencing the downstream process.
Meanwhile, alkali metal showed good catalytic effect in many gasification processes [16]. Alkali
metal compounds were chosen as the catalysts in
most SCWG process, even in the investigation of the
supercritical water gasification mechanism of some
intermediate products [17]. As a result, SCWG of
ZDC could not only prevent the slagging problem,
but also make use of the catalytic effect of alkali
metal.

)81.1+)9154-..1+1-4+= According to the analysis results of GC, the gas production included H2,
CO, CH4, CO2. H2 was the main component which
accounted for 50%–60% by volume. The effect of
temperature (650oC–750oC) and residence time (1–
30 min) on the CE and HE were showed in Fig. 1 and
2.
As expected, long residence time and high temperature improved the CE and HE, the minimum CE
and HE were 23.10% and 91.48% at the condition of
650oC and 1 min, which increased to the maximum
value 80.43% and 366.35% at the condition of 750oC
and 30 min. Interestingly, the CE and HE tended to
keep constant when the residence time increased to
10 min at 650oC, which did not appear at the temperature of 700oC and 750oC. This was because 700oC
was an important temperature point for coal gasification. Stable compounds such as benzene, naphthalene, anthracene and their derivatives could be decomposed at this temperature.

&!#
5)28)362- The coal employed in this investigation was obtained from Wucaiwan, Xinjiang Uygur Autonomous Region of China. The coal was broken and ground to obtain particles smaller than 0.2
mm. Both of them were air dried basis.
66)7)9:8 )4, -<6-713-49)2 675+-,:7-8
Supercritical water gasification of ZDC was conducted in an autoclave which was manufactured with
Inconel 625, and the design limitation of the autoclave is 750oC and 35 MPa with chamber volume of
600ml. The experimental system mainly consisted of
an argon bottle, an autoclave, an electric furnace, a
temperature controller, data acquisition, a gas flowmeter and some needle valves. Meanwhile, heat
preservation cotton was also used in the top of the
autoclave to make temperature increasing at a high
rate.

")362- )4)2=818 The normal composition of
the gas sample was analyzed quantitatively via gas
chromatography (Agilent 7890A) equipped with a
thermal conductivity detector (TCD) and a C-2000
capillary column. Carrier gas was high-purity argon.
L1-L4 were analyzed by inductively coupled
plasma-atomic emission spectrometry (ICP-AES,
IRIS Intrepid II, Thermo Scientific). Carbon gasification efficiency (CE) and hydrogen gasification efficiency (HE) were selected to evaluate the gasification characteristic.
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..-+9 5. 67-88:7- A series of experiments
were conducted to determine the effect of pressure
on gasification of coal. The effect of pressure on gasification of coal is presented in Fig. 5. When pressure
is 29 MPa, 6.1 mol/kg hydrogen production were obtained. Hydrogen production increased with increasing pressure.

"%+5)2..-+95.9-36-7)9:7- The
effect of temperature on hydrogen production using
SWG was investigated at 650, 700 and 750°C. Fig.
3 shows that increasing temperature can accelerate
the COD removal, and thus improving remarkably
hydrogen production. At 650 and 700°C, the hydrogen production reached 4.2 and 5.0 mol/kg after 20
min, respectively. While 6.1 mol/kg hydrogen production was obtained at 750°C within 20 min.
Higher temperature increases energy consumption.
Therefore, 750°C is a suitable temperature for treating coal.

$! 
..-+95.67-88:7-54/)81.1+)91545.+5)2)9)
9-36-7)9:7-5. >

$! 
..-+95.9-36-7)9:7-54"%5.+5)2




..-+95.14191)2The study of the effect
of initial COD on SWG of coal was undertaken at a
temperature of 750°C. The results are shown in Fig.
4. It can be observed that the initial COD is an important factor on the hydrogen production. Increasing the initial COD from 2000 to 4000 mg/l resulted
in the rapid increase in the hydrogen production.
However, beyond initial COD of 6000 mg/l, hydrogen production increases slowly with increasing initial COD.

$! 
..-+95.),,14/82:,/-54/)81.1+)91545.+5)2)9
)9-36-7)9:7-5. >

Fig. 6 shows that significant hydrogen production occurred with sludge. It is seen that from the Fig.
6, the addition of sludge, hydrogen production without a catalyst ratio were increased. Sludge mainly on
the gasification process water gas shift reaction has
a strong catalytic effect to increase hydrogen production.
$""

$! 
..-+95.14191)254/)81.1+)91545.+5)2


The SCWG for treating coal was investigated.
SCWG is an effective processes for hydrogen production from coal. A higher amount of hydrogen
production can be gained using the SCWG process
under the following conditions: temperature of
750°C, pressure of 29 MPa and initial COD - 8000
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$%#%

21.75% from harmful diseases and 31.62% from
weeds [3].
In order to increase productivity and quality in
agricultural production in the world, synthetic drugs
are used intensively in chemical warfare, which is
considered as the most effective method against disease and harmful weeds. In pesticides use throughout
the world, 47% of herbicides placed first, followed
by 29% insecticides and 19% fungicides [4]. Intensive use of synthetic pesticideshascreated endurance
problems for the target organisms as well as some
environmental problems. Moreover, excessive and
unconscious use of pesticides leads to toxic residue
problems in products [5]. For this purpose, it is important to find alternative methods which have no residual problems and are less hazardous to human
health and to environment than synthetic pesticides.
Among these alternative methods is the use of natural compounds which are effective on plant diseases
and harmful weeds. The essential oils which are vegetable originated among natural compounds are
compounds synthesized by aromatic plants as secondary mineral metabolites are compounds synthesized by aromatic plants as secondary compounds
[6]. These herbal essential oils are important since
they are alternative to synthetic pesticides because
they have a wide range of biological effects [7]. Recently, it has been reported that essential oils have a
phytotoxic effect on natural fungicide [8], crop and
weeds [9], insecticide [10, 11]. Essential oils such as
herbicides adversely affect both the germination process and the growth of plant seedling [12]. Moreover, the essential oils have the potential to be an alternative to synthetic fungicides used in the fight
against vegetable and fruit diseas [13].
("#!$L.and & #L. are
aromatic plants in Lamiaceae family.  #!$
known as Karabaş thyme, Black thyme, Zahter is a
plant that has a natural distribution in Turkey and its
essential oil has antifungal, antibacterial and allelopathic effect [14-18]. & # is a plant of
the Mediterranean region and known as sage and cultivated because of its economic importance and is
rich in biological activity [19, 20]. The wild forms of
% species in Ericaceae family including 
&$#,  ("$%#,  % #% and  "$ 
#$!( #spread in Turkey [21]. Due to its high anthocyanin content, ("$%#plant has a high antibacterial effect as well as high antioxidant content

This study was conducted to determine the antifungal and the phytotoxic activity of %
("$%# L., (" #!$ L., & #
L. plant essential oils.In this context,the antifungal
activity of plant essential oilsat 0 (Control), 1, 3, 5,
10 μL/petri dish doseson (" ! " "
plant pathogenesis and their phytotoxic effects on
!% #$&% L., "$% #$&% L.,
# %# &%"# L., "$%# "$" '%#
L.were tested by using 0 (Control), 0.5, 1, 1.5, 5, 10
μL/petri dish doses. The essential oils were applied
by impregnation with a micropipette on filter paper
adhered to the covers of petri dishes in antifungal and
phytotoxic studies. As a result of experiments conducted, the plant essential oils were found to be
highly phytotoxic on seedling germination and seedling growth of #$&% L., #$&% L., &%
"# L., "$" '%# L. Similarly, it is suggested
that plant essential oils inhibit the mycelial growth
of " compared to the control. The LD10,
LD50 and LD90 values of ("$%#,#!$ L.,
 #essential oil calculated for ".
Essential oils used in the experiment are predicted to
be an alternative to synthetic pesticides in control of
diseases and weeds.


*(!#$
Antifungal activity, Phytotoxicity, essential oil, Thyme,
Sage, Bilberry



 %#!&%! 
Cultivated plants are under the influence of disease, harmful weeds and other factors which may affect yield and quality during their developmental periods. Especially disease and harmful weeds are the
most important factors affecting product quality in
agricultural production and causing economic loss.
It is reported that about half of the product losses are
caused by weeds and these lossesrange 10% to 90%
[1, 2]. It is reported that the loss of crops due to diseases, pests and weeds, especially in cultivated
plants such as wheat, maize, rice, cotton, soybean
which are the raw materials of basic food products is
about 67.15%, of which 13.78% were from diseases,
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% 
%2/84+-/>2/9/;2/84+6;:<:/.36;2//?8/935/6;+9/-744/-;/.+6.;2/84+6;8+9;:-744/-;/.
English Name
Bilberry
Sage
Thyme

Latin Name
%("$%#L.
& #L.
("#!$L.

Family
Ericaceae
Lamiaceae
Lamiaceae

Location
Antalya (Alanya ilçesi)
Tokat
Kahramanmaraş

Plant collected Part
Leave
Leave + shoot+flower
Leave + shoot+flower

paring the inhibition in development with control development.

and used in herbal medicines and pharmaceuticals
[22-24]. However, no scientific research has been
conducted on the antifungal and the phytotoxic effect of ("$%# essential oil.
This study was carried out to demonstrate the
antifungal and phytotoxic activity of (" #!
$ L., & # L. and %("$%#
L. plant essential oils.

I=100×(dc˗dt)/dc
I: inhibition of mycelium growth percentage
dc: control mycelium development dt: mycelial
growth of the fungi treated with essential oil.
"2@;7;7?3- -;3=3;@ 70 "4+6; ::/6;3+4 !34:
The phytotoxic effect of essential oils of plants was
tested on !%#$&% L., "$%#$&% L.,
# %# &%"# L., "$%# "$" '%# L.
plants. Experiments were carried out in 90mm diameter petri dishes. The seeds (vary according to the
size of the plant seed) are distributed homogeneously
ina two-fold drying paper placed in petri dishes, the
drying papers were thoroughly moistened using distilled water and the drying papers are thoroughly
moistened using distilled water. Plant essential oils
were dropped onto drying papers glued to the covers
of petri dishes using micropipette. Petri plates were
immediately covered and wrapped tightly with parafilm [27]. In the experiment, essential oils were applied at 0 (Control), 0.5, 1, 1.5, 5 and 10 μl/petri
doses. Petri dishes were allowed to incubate for 12
hours at light and 12 hours at dark and at 24 ± 2 oC
conditions [28-30]. The germination rate, root and
shoot length were determined at the end.

$;+;3:;3-+46+4@:3:The significance levels of
the differences between the treatments were determined by analysis of variance (ANOVA) and the
means were compared using the DUNCAN test. Statistical analyzes were performed using SPSS 15
computer program. The probity analysis of the data
derived in consequence of the tests was performed
through SPSS 15 computer program and the values
of LD10, LD50 and LD90 were calculated.

%#$ %!$

"4+6; +;/93+4: Among the plants given in
Table 1, % ("$%# L. and (" #!
$ L. are collected from areas where they are naturally distributed, while & # L. is collected from the cultured area during the flowering
period.

:74+;37670::/6;3+4!34:Plant essential oils
were obtained by a hydro-distillation method using
Schilcher device. Pure water added to the weighed
plant samples (1:10 w/v) and boiled for 2 hours. The
obtained essential oil samples were stored at +4 °C
[25].

!,;+36361 <61<: <4;<9/ (" ! "
" Ito. and Kurib. plant pathogenesis used in
the study are obtained from the stock culture in Phytopathology laboratories of Ahi Evran University,
Faculty of Agriculture, Department of Plant Protection. The fungus culture was grown for 7 days in 90
mm petri dishes containing 20 ml potato dextrose
agar (PDA) at 25±2 oC and then used in the study.

6;30<61+4-;3=3;@70"4+6;::/6;3+4!34:
PDA's prepared in 250 ml erlenmeyers were
autoclaved and transferred to 60 mm diameter petri
dishes (10 mm each). Paper with a diameter of 5mm
is affixed to the covers of PDA transferred petri
dishes. Mycelium discs (5 mm) of the diseases were
transferred to the central part of the PDA transferred
petri dishes. Plant essential oilswere also dropped
onto the micropipette glued paper at 0 (Control), 1,
3, 5 and10 µL/petri concentrations. The petri dishes
were thoroughly closed with parafilm and left to incubate for 7 days at 24 °C. At the end of the period,
mycelium development values of diseases in petri
dishes were measured by a compass. Experiments
carried out 4 times with 2 repetitions. According to
[26] mycelium development was calculated by com-

#$&%$ $&$$! 

6;30<61+4 "7;/6;3+4 70 ::/6;3+4 734: The
plant essential oils have been determined to have antifungal potential on the mycelium development of
(" ! ""plant pathogen. The effect of
plant essential oils on mycelium growth of the pathogen has been increased due to increasing the dose.
Essential oils showed high activity on the pathogen.
& #, %("$%#essential oils
inhibited at 10 µL doses, while ("#!$essential oil inhibited at 3 µL (Table 2 and Figure 1).
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extracts [37] on " $ #" $ "% (Lib.) de
Bary, $""# (Ell. And G. Martin), # 
($"(Pass) Labr., $"($#"Pers., 
) $ # Kühn, %$% Wehmer.,
#!"%#" van Tieghem,
'Aderh.
and Ruhl. (Honey) pathogens [38] suggested by researchers. Similarly, the antifungal activity of  
#essential oil against #!"%#"(CTM
10099), #!"%#&%#(food isolate),  $"($#
", ) $  # , %#"% '(#! "%
(CTM10402),
and
$""
$"$
(CTM10230) was determined. This activity in plants
is associated with basic compounds that contain essential oils [39]. The antimicrobial potential of these
compounds, including in & #, camphor,
α-thujone and 1,8-cineole [40] have a strong antibacterial activity on α-pinene, 2-β-pinene and limonene
[41].

LD10, LD50 and LD90 values of the essential oil are
given in Table 3. LD50 and LD90 values in dose-effect trials for  #essential oil on the mycelium development of (" ! " " were
found 1.5 µL /petri, 0.58 µL/petri, respectively. LD50
values were found 3.07 µL /petri, 0.62 µL /petri, respectively, and LD90 values were found 1.53 µL/petri, 0.37 µL/petri, respectively in the dose-effect trials for V. ("$%# and (" ! " " on
the mycelium development of  #!$ essential
oil. The activities of plant essential oils on plant
pathogenic fungi and bacteria have been investigated
by many researchers. The antifungal activity of 
#!$var.#!$ and #!$ essential oils on
 species was reported [17, 31]. ("
species is one of the thyme species and contains carvacrol as its main constituent [32, 33]. The biological
activity of the carvacrol compound was determined
by different investigators and its antifungal potential
was reported [34, 35]. The antifungal effects of the
Ioniside compound obtained in  ("$%# shoots
and roots on mycelium development of #!"%#
" and %#"% '(#! "% have been reported.
In the study, it was stated that the effect varies depending on the disease and pathogen [36]. The biological activities of essential oils and different extracts of  #were reported in studies. The
antifungal activity of  #essential oil and
 $"($#"and %#"%#!. essential oils and

"2@;7;7?3-"7;/6;3+470::/6;3+4734:The allelopathic effect on seed germination and seedling
growth of ("#!$ L., & # L.
and % ("$%# essential oils on !%
#$&% L., "$%#$&% L., # %#&%"#
L., "$%#"$" '%# L. found statistically significant, and this effect varied depending on the essential oils, essential oil concentration and test plants
(Table 4-9; Figure 2-9).



% 
00/-;70/::/6;3+4734:76   5@-/43<5./=/4785/6;
Doses
Control
1µL
3µL
5µL
10µL

& #
60.00±0.00a
41.94±2.90b
11.59±1.20c
3.18±3.18d
0.00±0.00e

%("$%#
60.00±0.00a
57.41± 2.59a
36.28±3.42b
9.65±5.58c
0.00±0.00c

("#!$
60.00±0.00a
7.46±0.72b
0.00±0.00c
0.00±0.00c
0.00±0.00c




&# 
623,3;79@/00/-;70/::/6;3+4734:76   5@-/43<5./=/4785/6;
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&# 
00/-;:76  ://.1/9536+;3767084+6;/::/6;3+4734:


&# 
00/-;:76  ://.1/9536+;3767084+6;/::/6;3+4734:





&# 
00/-;:76  ://.1/9536+;3767084+6;/::/6;3+4734:

5562



$#

! %   







!"  ! 





&#
00/-;:76  ://.1/9536+;3767084+6;/::/6;3+4734:


&#
00/-;:76  977;+6.:277;197>;27084+6;/::/6;3+4734:


&#
00/-;:76  977;+6.:277;197>;27084+6;/::/6;3+4734:

5563





$#

! %   







!"  ! 



&#
00/-;:76  977;+6.:277;197>;27084+6;/::/6;3+4734:






&#
00/-;:76  977;+6.:277;197>;27084+6;/::/6;3+4734:

% 
#/:<4;:70;2/.7://00/-;/?8/935/6;:,/;>//684+6;/::/6;3+4734:+6.   

::/6;3+473484+6;:
    

    

 
0.581
1.537
0.371

 
1.504
3.073
0.625

 
3.890
6.146
1.053

B35
3.105
4.257
5.657

)
0.473
4.816
0.004



#!$essential oil at 5 μl/petri dose, #
$&% at 10 μl/petri dose while &%"at 1 μl/petri
dose were found to inhibit the seed germination and
seedling growth of "$" '%# by 100% (Table 4,
5). It was determined that the seed germination and
seedling growth of &%"#is more tolerant compared to garden cress, wheat and redrooted pigweed
("$%#"$" '%#). #!$essential oil at
10 μl/petri dose inhibited seed germination by
57.78%, seedling growth by 22.07%, and root development by 48.16% compared to &%"# control

depending on the increasing dose (Table 5, Figure 8).
("#!$ L. subsp. #!$essential oil was
found to be phytotoxic on seed germination and
seedling growth of "$#&%"# L., $%
#$"%"% L.,  #$& L., %!"
L. plants [42].
Similar results were obtained for  ("$%#
and  #essential oils. ("$%#essential
oil inhibited seed germination and root-shoot development of  #$&% L.,  #$&% L.,  "$" 
'%# L. compared to control at the highest dose of
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100%, while it inhibited seed germination of &%
"# at 10 μl/petri dose by 91.12%, root development by 87.21%, shoot development 68.58% (Table
6-9; Figure 2-9). On the other hand, & #

00/-;70  

essential oil inhibited seed germination, root and
shoot development of all test plants by 100% at the
highest dose.



% 
 /::/6;3+473476://.1/9536+;376977;+6.:277;./=/4785/6;70;/:;84+6;:
    

  
  
7:/:
#
#55
$55
#
#55
76;974
100.00±0.0 a*
97.91±8.79 a
12.82±0.60 a
100.00±0.00 a
86.11±8.15 a
C4
80.00±0.0 b
66.97±0.42 b
6.06±0.00 b
96.00±0.57 a
52.74±0.00 b
C4
50.67±2.84 c
38.05±0.40 c
5.14±0.00 c
78.64±2.84 b
8.09±0.01 bc
C4
16.00±1.15 d
4.44±0.32 d
3.49±0.00 d
76.00±0.57 b
40.19±0.00 c
C4
0.00±0.00 d
0.00±0.00 d
0.00±0.00 e
16.00±0.57 c
3.455±0.00 d
C4
0.00±0.00 d
0.00±0.00 d
0.00±0.00 e
5.32±0.88 c
0.00±0.00 d

Means in the same column with the same letter were not significantly different by ANOVA(α=0.005)
GR: Germination, RL: Root lenght, SL: Shoot length

00/-;70  

$55
60.46±6.22 a
39.12±0.00 b
37.16±0.00 b
37.01±0.00 b
10.17±0.00 c
0.00±0.00 d

%
 /::/6;3+473476://.1/9536+;376977;+6.:277;./=/4785/6;70;/:;84+6;:
    

  
  
7:/:
#
#55
$55
#
#55
$55
76;974
100.00±0.00 a
63.38±0.36 a
9.74±0.04 a
62.66±1.85 a
8.95±0.67 a
9.90±0.19 a
C4
91.11±0.33 ab
60.79±0.01 b
9.22±0.03 b
9.32±0.33 b
2.41±0.36 b
2.16±0.02 b
C4
73.33±3.84 ab
57.73±0.03 c
8.54±0.04 c
0.00±0.00 b
0.00±0.00 c
0.00±0.00 c
C4
60.00±3.05 ab
55.73±0.03 d
8.45±0.02 c
0.00±0.00 b
0.00±0.00 c
0.00±0.00 c
C4
53.33±2.51 ab
41.23±0.47 e
7.81±0.09 d
0.00±0.00 b
0.00±0.00 c
0.00±0.00 c
C4
42.22±1.73 b
32.85±0.06 f
7.590.0.5 e
0.00±0.00 b
0.00±0.00 c
0.00±0.00 c

Means in the same column with the same letter were not significantly different by ANOVA(α=0.005)
GR: Germination, RL: Root lenght, SL: Shoot length

00/-;70

%
/::/6;3+473476://.1/9536+;376977;+6.:277;./=/4785/6;70;/:;84+6;:
    

  
  
7:/:
#
#55
$55
#
#55
76;974
100.00±0.0 a*
97.91±8.79 a
12.82±0.60 a
100.00±0.00 a
86.11±8.15 a
C4
86.64±0.33 b
48.12±0.07 b
7.52±0.01 b
96.00±0.00 a
59.29±0.15 b
C4
81.32±0.66 b
55.14±0.09 b
5.53±0.02 c
90.64±0.66 a
51.38±0.20 b
C4
62.67±1.20 c
27.33±0.17 c
4.09±0.00 d
46.64±1.76 b
49.09±0.00 b
C4
22.67±0.88 d
6.60±0.01 d
3.38±0.00 d
26.64±6.66 bc
32.40±0.00 c
C4
0.00±0.0 e
0.00±0.00 d
0.00±0.00 e
0.00±0.00 c
0.00±0.00 d

Means in the same column with the same letter were not significantly different by ANOVA(α=0.005)
GR: Germination, RL: Root lenght, SL: Shoot length

00/-;70

$55
60.46±6.22 a
40.90±0.03 b
40.49±0.01 b
34.68±0.00 b
19.10±0.01 c
0.00±0.00 d

%
/::/6;3+473476://.1/9536+;376977;+6.:277;./=/4785/6;70;/:;84+6;:
    

  
  
7:/:
#
#55
$55
#
#55
$55
76;974
100.00±0.00 a
63.38±0.36 a
9.74±0.04 a
62.66±1.85 a
8.95±0.67 a
9.90±0.19 a
C4
97.77±0.33 ab
46.41±0.22 b
8.38±0.06 b
33.32±2.90 b
5.45±0.01 b
5.85±0.03 b
C4
60.00±3.0 ab
28.53±0.04 c
8.10±0.29 bc
18.66±0.88 bc
3.92±0.01 c
4.93±0.01 c
C4
55.55±3.71 bc
20.06±0.01 d
7.85±0.05 c
1.33±0.33 c
1.04±0.02 d
1.21±0.00 d
C4
15.55±0.66 cd
15.58±0.29 e
4.69±0.01 d
0.00±0.00 c
0.00±0.00 e
0.00±0.00 e
C4
8.88±0.88 d
8.10±0.05 f
3.06±0.00 e
0.00±0.00 c
0.00±0.00 e
0.00±0.00 e
 Means in the same column with the same letter were not significantly different by ANOVA(α=0.005)
GR: Germination, RL: Root lenght, SL: Shoot length
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%
00/-;70    /::/6;3+473476://.1/9536+;376977;+6.:277;./=/4785/6;70;/:;84+6;:
    
  
  
7:/:
#
#55
$55
#
#55
76;974
100.00±0.0a
97.91±8.79a
12.82±0.60a
100.00±0.00a
86.11±8.15a
C4
82.67±1.45b
18.40±0.00b
3.38±0.00b
94.64±0.33b
39.59±0.28b
C4
77.32±0.88bc
6.90±0.00c
3.29±0.23b
89.32±0.34c
31.04±0.30b
C4
65.32±0.88c
2.35±0.01c
2.71±0.01b
85.32±0.33d
17.87±0.31c
C4
21.32±1.85d
0.61±0.01c
0.00±0.00c
50.64±0.35e
4.33±0.03d
C4
0.00±0.00e
0.00±0.00c
0.00±0.00c
0.00±0.00f
0.00±0.00d
 Means in the same column with the same letter were not significantly different by ANOVA(α=0.005)
GR: Germination, RL: Root lenght, SL: Shoot length,

$55
60.46±6.22a
30.62±0.19b
21.20±0.01c
14.07±0.04c
1.72±0.14d
0.00±0.00d

%
00/-;70    /::/6;3+473476://.1/9536+;376977;+6.:277;./=/4785/6;70;/:;84+6;:
    
  
  
7:/:
#
#55
$55
#
#55
$55
76;974
100.00±0.00a
63.38±0.36a
9.74±0.04a
62.66±1.85a
8.95±0.67a
9.90±0.19a
C4
31.11±0.33b
16.32±0.17b
6.40±0.00b
53.33±1.66a
2.52±0.02b
3.50±0.00b
C4
15.55±0.23c
12.05±0.03c
5.05±0.02c
8.00±0.57b
1.48±0.00c
2.29±0.00c
C4
0.00±0.00d
0.00±0.00d
0.00±0.00d
5.32±0.88b
1.23±0.01c
1.03±0.00d
C4
0.00±0.00d
0.00±0.00d
0.00±0.00d
0.00±0.00b
0.00±0.00d
0.00±0.00e
C4
0.00±0.00d
0.00±0.00d
0.00±0.00d
0.00±0.00b
0.00±0.00d
0.00±0.00e
 Means in the same column with the same letter were not significantly different by ANOVA(α=0.005)
GR: Germination, RL: Root lenght, SL: Shoot length
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Phytotoxic effects of plant essential oils were
reported in previous studies [43, 44]. The phytotoxic
effects of some plant essential oils at low concentrations such as  #, #!$ on seed germination of  !, "$%# "$" '%#,
$%" ## $$#, !%# "!#$"%,
%' !##, !# "&## and  %#
"%# was reported [16]. Likewise, it was reported that  #essential oil is phytotoxic on
#$&%, #$&%#, ( !"#% and  
%"%plants.  #essential oil was
determined to have an inhibitory effect on seed germination, hypocotyl and root length and fresh
weights [45]. This effect of  #essential oil
originates from basic components such as camphor
and 1,8-cineole present in plant oil [46]. Linalool in
 # essential oil is inhibitory on seedling
growth of α-pinene and limonene compounds [47].
 ("$%# essential oil completely inhibited seed
germination of #$&% at 1 g/10 cm3dose [48]. It
was determined that allelopathic characteristic of
triterpene glycosides obtained from  ("$%#
roots [49], decomposed leaf and water extracts of 
("$%# has an inhibiting effect on seed germination and seedling growth of  !%%#$"% L., $
% !% Roth., %# #(&#$"# L. and 
# (L.) Karst. [50].






Our study results suggest that ("#!$
L., & # L., %("$%#essential oils has an antifungal effect on (" ! ""
plant pathogens, while they have a phytotoxic
effect on !%#$&% L., "$%#$&% L.,
# %# &%"# L., "$%# "$" '%# L.
plants. Development of natural pesticides that will
emerge with this study and similar studies will help
reduce these adverse effects by replacing synthetic
pesticides with adverse effects such as residual paralysis, durability and environmental pollution. Plant
essential oils are a complex structure containing a
wide variety of compounds. For this reason, it is difficult for pathogens and weeds to develop resistance
against the action mechanisms including blends of
essential oils. However, further detailed and multidisciplinary studies are needed to determine the phytotoxicity, safety, applicability of these compounds
to the cultivated plants as potential herbicides and
fungicides.
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ABSTRACT

INTRODUCTION

This study was carried out on the campus of Siirt University, Turkey between 2016-2017 years.
Solid worm fertilizer at dosages of 25 g/bulb (V1),
50 g/bulb (V2), 75 g/bulb (V3) and 2 kg/da (NP1), 4
kg/da (NP2), 8 kg/da (NP3) Nitrogen-Phosphorus
(NP) were applicated on hyacinth (Hyacinthus orientalis L. cv."Purple Star"). At the end of study,
plant nutrient elements were determined on the
leaves and bulbs of plants.
According to leaf analysis results, nitrogen (N),
phosphorus (P), potassium (K), iron (Fe), manganese
(Mn), zinc (Zn) and copper (Cu) contents were found
significant (p<0,01) statistically and between 2,4034,450%, 0,269-0,603%, 3,112-6,758%, 802,3331520,657 mg kg-1, 46,253-88,585 mg kg-1, 15,14833,560 mg kg-1 and 8,582-18,616 mg kg-1 respectively except calcium (Ca) and magnesium (Mg)
contents were determined between 0,775-1,130%
and 0,239-0,346% respectively. In leaves the highest
mean contents of N, P, K, Mg and Cu were found on
V3 while Zn was found on V1 while Fe, Mn and Ca
were found on NP3 treatments.
On the other hand, on P, Fe and Zn (P<0,01)
and K (P<0,05) were found significant statistically,
except N, Ca, Mg, Mn and Cu on bulbs. As well as
the highest mean contents of N, P, K and Mg were
found on V3 while Mn, Zn and Cu were found on
V1; Fe was obtained on control and Ca was obtained
V3 and NP2 treatments. The means of nutrient elements as N 1,063-1,713%, P 0,191-0,337, K 0,8171,183%, Ca 0,287-0,372%, Mg 0,089-0,119 %, Fe
169,540-482,209 mg kg-1, Mn 12,410-23,374 mg kg1
, Zn 7,390-18,556 mg kg-1 and Cu 4,711-6,949 mg
kg-1 were determined.

Hyacinthus orientalis L. is an herbaceous
flower belonging to the hyacinth branch of the Liliaceae family [1]. And it is a spring-flowering bulb and
is a well-known cut flower [2]. The individual flowers can also be used in the corsage, wedding arrangement, and perfume industry because an essential oil
is extracted from its flowers for the manufacture of
perfumes. This species was originally cultivated in
the Mediterranean Region and South Africa [1]. In
1562, it was introduced from Turkey to Eastern Europe. Hyacinth bulbs can be successfully grown in a
wide area of soils. Loam and sandy loam soil with
proper pH, aeration and drainage are necessary for
the better harvest. The plant growing medium must
be porous for root aeration and drainage and also
able of water and nutrient holding. Oxygen, of
course, is required for all living cells. The coarsetextured media often meet these elements. Manure,
leaf shape, and other amendments may fulfill these
requirements. Bulbs, corms, and tubers do well in
media improved with organic manures [3]. In order
to prevent drawbacks like seeds of weeds, viable helminth eggs and pathogens , most feasible and promising way is the use of a valuable fertilizer ± vermicompost which is enriched by humus and sufficient nutrients [4].
However, generally, farmers use chemical fertilizers to improve soil fertility and hence increase
the yield of their crops. However, the use of chemical fertilizers causes a great impact on the soil quality and the surrounding environment. Vermicomposting is a non-thermopiles and simple biotechnological process of composting, in which certain species of earthworms and microorganisms are used for
biological degradation of organic waste [5-6]. Vermicompost is a biotechnical compost type which is
created with certain worm varieties in order to accelerate the waste transformation process and to
achieve a better final product [7]. There is a good evidence that vermicompost promotes the growth of
plants. Vermicompost has found to effectively enhance the root formation, elongation of stem and
production of biomass, vegetables, ornamental

KEYWORDS:
Hyacinth, Hyacinthus orientalis L., Nitrogen-Phosphorus
fertilizer, plant nutrient element, worm fertilizer,
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calculated from N ve P2O5 containing inorganic fertilizer for treatments were applied. The fertilizations
were applied at the time of planting to each bulb.

plants etc. Nutrients in vermicompost are present in
readily available forms for plant uptake; e.g. nitrates,
exchangeable P, K, Ca and Mg [8]. In a study, vermicompost, sheep and cattle fertilizer contents were
examined in terms of nutrients elements and the
highest N, P, and K contents were determined to be
sheep fertilizer, vermicompost and cow fertilizer, respectively [9]. This study was formulated to investigate the potential role of organic fertilizers application for enhancing growth, and flowering of Hyacinthus orientalis in a sustainable agricultural production system in order to reduce the amount of excessive chemical material released to the environment.
However, information use of worm fertilizer along
with different dosage nitrogen-phosphorus (NP) in
the field of Siirt province is lacking. Therefore, the
present experiment was designed with varying dosage of NP and worm fertilizer on Hyacinthus orientalis to determine the impact of worm and NP fertilizers on nutrient contents of hyacinth leaves and
bulbs.

FIGURE 1
Hyacinths in experimental site

MATERIALS AND METHODS

Analysis of Plant Nutrient Elements in
Leaves and Bulbs. During the flowering, nutrient
element analysis were done on the leaves to be taken.
Leaf and bulb samples were taken from plants selected from the centers of the plots due to edge effect
leaves are first washed in tap water, then rinsed with
distilled water and left to stand in laboratory conditions. After drying in a drying cabinet at 70 ºC temperature, it grinded by milling and stored in dry and
cool place for analysis. The levels of nutrients of
samples were analyzed according to the methods reported by [10]. Nitrogen level was analyzed by
Kjeldahl method, other element levels by microwave
method with Thermo Scientific trademark ICAP Q
model ICP- MS.

Experimental Site. The present experiment
was carried out in the research and practice field of
Siirt University Faculty of Agriculture, during the
2016-2017 vegetation periods (Figure 1). The research farm is situated at the 37°58ޖ12 ޖޖNorth latitude and 41°50ޖ54 ޖޖEast longitudes and at an altitude
of 650 meters above sea level. Siirt province enjoys
a semi-arid and subtropical climate with hot and dry
summers, where maximum temperatures exceed 45
o
C, the winters are cold and the minimum temperatures can reach as low as 5 oC in December and January. The soil is categorized as sandy loam with low
aggregation. The chemical composition of the soil
collected from 0-30 cm depth before planting of Hyacinthus bulbs. Some soil properties were determined as clay for texture type, notr for pH, saltless,
medium lime, little for organic matter and phosphorus (P2O5) and enough for potassium (K2O).

Statistical Calculations. Data were analyzed
by the analysis of variance method for two-factor
randomized block design, SAS 9.1 Statistical Package Program was used for the analysis. The LSD
multiple comparison test was used to compare the
DYHUDJHV 7HVWV ZHUH FRQGXFWHG DW Į   VLJQLIL
cance level [11]. Descriptive statistics, like mean and
standard errors were represented for the investigated
feaatures.

Experimental Details. The present study has
been carried out on Hyacinthus orientalis L. ³3XUSOH
6WDU´FXOWLYDU,WZDVFRQGXFWHGLQWKHUHVHDUFKDQG
practice field of Siirt University Faculty of Agriculture, during the 2016-2017 vegetation period (Figure
1). The experiment was laid out in a randomized
block design with 7 treatments and three replications. The experimental field has selected the area
and it was prepared to dig by tractor. The layout was
applied to division replications, rows, and plant locations. The plants were planted on the November
2016, with worm fertilizer and 20:20:0 N:P:K fertilizer. Worm fertilizer dosages were used as 25 (V1),
50 (V2) and 75 (V3) g/plant on each bulb hole.
2(NP1), 4(NP2), and 8(NP3) kg da -1 dosages were

RESULTS AND DISCUSSION
The macro nutrients are nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium
(Mg). They are the most frequently required in a crop
fertilization program. Also, they are need in the
greatest total quantity by plants as fertilizer. Especially, they work "behind the scene" as activators of
many plant functions.
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Some of the micronutrients are boron, chlorine,
copper, iron, manganese, molybdenum, and zinc.
These plant nutrient elements are used in very small
amounts, but they are just as important to plant development and profitable crop production as the major nutrients.

the bulb of onion. [13] stated that in onion bulbs N
and P content was increased by N application. These
results were in agreement with earlier reports on nutrient concentration and uptake was increased due to
fertilization of crop [14].
Phosphorus (P) content (%). The effects of
worm and NP fertilizer applications on phosphorus
contents of hyacinth leaves were found significant
statistically (p<0,01) (Table 1). Phosphorus concentration in leaf of Hyacinthus orientalis varied from
0,603% to 0,269% over the treatments. The highest
P concentration for leaf (0,603%) it was recorded in
the treatment V3 and the lowest P concentration for
leaf (0,269%) it was recorded in the treatment control. The effects of worm and NP fertilizer applications on phosphorus contents of hyacinth bulbs were
found significant statistically (p<0,01) (Table 1).
Phosphorus concentration in bulb of Hyacinthus orientalis varied from 0,337% to 0,191% over the treatments The highest P concentration for bulb (0,337%)
it was recorded in the treatment V3 and the lowest P
concentration for bulb (0,191%) it was recorded in
the control treatment. It is showed from the results
Figure 3 and Table 1 meaning increasing level of
worm fertilizer increasing P on leaves and bulbs but
increasing level of NP decreasing P on leaves. Because P involved in photosynthesis, respiration, energy storage and transfer, cell division, and enlargement and promotes early root formation and growth;
improves quality of fruits, vegetables, and grains, vital to seed formation; helps plants survive harsh winter conditions; increases water-use efficiency [15].

Nitrogen (N) content (%). The effects of
worm and NP fertilizer applications on nitrogen contents of hyacinth leaves were found significant statistically (p<0,01) (Table 1). Nitrogen concentration
in leaf of Hyacinthus orientalis varied from 4,450%
to 2,403% over the treatments. The highest N concentration for leaf (4,450%) it was recorded in the
treatment V3 and the lowest N concentration for leaf
(2,403%) it was recorded in the treatment NP3. N
concentration in bulb of Hyacinthus orientalis varied
from 1,713% to 1,063% over the treatments. The effects of worm and NP fertilizer applications on nitrogen contents of hyacinth bulbs were found not significant (Table 1). The highest N concentration for
bulb (1,713%) it was recorded in the treatment V3
and the lowest N concentration for bulb (1,063%) it
was recorded in the treatment NP3. It is showed from
the results Figure 2 and Table 1 meaning increasing
level of worm fertilizer increasing nitrogen on leaves
and bulbs but increasing level of NP decreasing nitrogen on leaves and bulbs. Because the plant collects nutrients and minerals from the soil through its
roots, plants make food in their leaves.The leaves
contain a pigment called chlorophyll, which colors
the leaves green. Chlorophyll can make food the
plant can use from carbon dioxide, water, nutrients,
and energy from sunlight. [12] stated that N fertilization increased the N, Ca, and Mg concentrations in

TABLE 1
Effects of NP and worm fertilizers on the content of macro nutrient elements in hyacinth leaves and bulbs.
Nitrogen
Phosphorus
Potassium
Calcium
N (%)
P (%)
K (%)
Ca (%)
Control
4,177 A**
0,269 B**
3,112 D**
0,788
V1
3,420 B
0,291 B
3,931 CD
0,775
V2
4,247A
0,356 B
4,630 C
0,940
V3
4,450 A
0,603 A
6,758 A
1,095
Leaf
NP1
4,297A
0,352 B
4,645 C
0,909
NP2
3,633 B
0,345 B
5,586 B
1,043
NP3
2,403 C
0,351 B
5,592 B
1,130
Sign. value
p<0,01
p<0,01
p<0,01
NS
Control
1,087
0,191 D**
0,833 B*
0,321
V1
1,140
0,214 CD
0,900 B
0,287
V2
1,266
0,247 BC
0,817 B
0,316
V3
1,713
0,337 A
1,183 A
0,372
Bulb
NP1
1,290
0,255 BC
0,871 B
0,370
NP2
1,310
0,271 B
0,992 B
0,372
NP3
1,063
0,279 B
0,952 B
0,290
NS
p<0,01
p<0,05
NS
Sign. value
*significant at 0,05 level, **significant at 0,01 level, NS: non significant.
Organs

Applications
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Magnesium
Mg (%)
0,239
0,264
0,307
0,346
0,307
0,291
0,330
NS
0,107
0,096
0,102
0,119
0,101
0,112
0,089
NS
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FIGURE 2
Nitrogen content (%) in leaf and bulb of hyacinth

FIGURE 3
Phosphorus content (%) in leaf and bulb of hyacinth
showed from the results Figure 4 and Table 1 meaning increasing level of worm fertilizer increasing K
on leaves and bulbs but increasing level of NP increasing K on leaves and bulbs. Because potassium
carbohydrate metabolism and the break down and
translocation of starches; increases photosynthesis;
increases water-use efficiency, essential to protein
synthesis, important in fruit formation; activates enzymes and controls their reaction rates. [16] studied
that significant linear increase in K content of onion
leaves and bulbs with increasing N fertilizer was recorded that peaked with 140 kg/ha N fertilizer. Also,
[17] showed that, the highest K contents of hyacinth
bulbs were K (0,97%) in 40 mg kg-1 Pb contaminated
media while the highest K (2,41%) contents of hyacinth leaves were found in 40 mg kg-1 Pb contaminated media.

Potassium (K) content (%). The effects of
worm and NP fertilizer applications on potassium
contents of hyacinth leaves were found significant
statistically (p<0,01) (Table 1). Potassium concentration in leaf of hyacinth varied from 6,758% to
3,112% over the treatments. The highest K concentration for leaf (6,758%) it was recorded in the treatment V3 and the lowest K concentration for leaf
(3,112%) it was recorded in control treatment. The
effects of worm and NP fertilizer applications on K
contents of hyacinth bulbs were found significant
statistically (p<0,05) (Table 1). K concentration in
bulb of Hyacinthus orientalis varied from 1,183% to
0,817% over the treatments. The highest K concentration for bulb (1,183%) it was recorded in the treatment V3 and the lowest K concentration for bulb
(0,817%) it was recorded in the treatment V2. It is
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FIGURE 4
Potassium content (%) in leaf and bulb of hyacinth

FIGURE 5
Calcium content (%) in leaf and bulb of hyacinth

lowest Ca concentration for bulb (0,287%) it was
recorded in the treatment V1, it is showed from the
results Figure 5 and Table 1 meaning increasing
level of worm fertilizer increasing Ca on leaves and
bulbs but increasing level of NP increasing Ca on
leaves and bulbs. Because Ca utilized for continuous
cell division and formation, involved in nitrogen metabolism; reduces plant respiration; aids translocation of photosynthesis from leaves to fruiting organs;
stimulates microbial activity. [17] showed that, the
highest Ca contents of hyacinth bulbs were Ca
(2,70%) were in 80 mg kg-1 Pb contaminated media
while, the highest Ca (0,48%), contents of leaves
were obtained in the same media.

Calcium (Ca) content (%). The effects of
worm and NP fertilizer applications on calcium contents of hyacinth leaves were found not significant
statistically (Table 1). Ca concentration in leaf of
Hyacinthus orientalis varied from 1,130% to 0,775%
over the treatments. The highest Ca concentration for
leaf (1,130%) it was recorded in the treatment NP3
and the lowest Ca concentration for leaf (0,775%) it
was recorded in the treatment V1. The effects of
worm and NP fertilizer applications on Ca contents
of hyacinth bulbs were found not significant statistically (Table 1). Ca concentration in bulb of hyacinth
varied from 0,372% to 0,287% over the treatments.
The highest Ca concentration for bulb (0,372%) it
was recorded in the treatment V3 and NP2, and the
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highest Mg concentration for bulb (0,119%) it was
recorded in the treatment V3, and the lowest Mg concentration for bulb (0,096%) it was recorded in the
treatment V1. It is showed from the results Figure 6
and Table 1 meaning increasing level of worm fertilizer increasing Mg on leaves and bulbs. Because
Mg, key element of chlorophyll production; improves utilization and mobility of phosphorus; activator and component of many plant enzymes; influences earliness and uniformity of maturity. [17]
obtained the highest Mg content of hyacinth bulbs as
0,06%. On the other hand, the highest Mg (0,15%)
contents of hyacinth leaves were obtained.

Magnesium (Mg) content (%). The effects of
worm and NP fertilizer applications on Mg contents
of hyacinth leaves were found not significant statistically (Table 1). Mg concentration in leaf of Hyacinthus orientalis varied from 0,346% to 0,239%
over the treatments. The highest magnesium concentration for leaf (0,346%) it was recorded in the treatment V3 and the lowest magnesium concentration
for leaf (0,239%), it was recorded in the treatment
control. The effects of worm and NP fertilizer applications on Mg contents of hyacinth bulbs were found
not significant statistically (Table 1). Magnesium
concentration in bulb of Hyacinthus orientalis varied
from 0,119% to 0,096% over the treatments. The

FIGURE 6
Magnesium content (%) in leaf and bulb of hyacinth
TABLE 2
Effects of NP and worm fertilizers on the content of micro nutrient elements in the
hyacinth leaves and bulbs.
Manganese
Zinc
Copper
Iron
Organs
Applications
Mn (mg kg-1)
Zn (mg kg-1)
Cu (mg kg-1)
Fe (mg kg-1)
Control
879,318 D**
46,253 C**
24,263 BC**
8,582 B**
V1
1120,053 BC
63,677BC
33,560 A
8,990 B
V2
1160,380 BC
63,011 BC
29,126 AB
9,936 B
V3
802,333 D
86,200 A
15,148 D
18,616 A
Leaf
NP1
1193,216 B
61,756 C
21,103 CD
9,663 B
NP2
1045,499 C
66,017 BC
19,326 CD
10,939 B
NP3
1520,657 A
88,585 B
16,760 CD
8,652 B
p<0,01
p<0,01
p<0,01
p<0,01
Sign. value
Control
482,209 A**
20,812
16,453 B**
6,079
V1
399,015 AB
23,374
18,556 A
6,949
V2
389,360 AB
18,843
8,414 C
4,711
V3
479,346 A
22,475
10,493 C
5,108
Bulb
NP1
352,638 B
21,844
7,390 C
6,810
NP2
388,173 AB
20,106
10,523 C
5,140
NP3
169,540 C
12,410
15,902 B
5,382
Sign. value
p<0,01
NS
p<0,01
NS
**significant at 0,01 level, NS: non significant.

5575

© by PSP

Volume 27 ± No. 8/2018 pages 5570-5579

Fresenius Environmental Bulletin


Iron (Fe) Content (mg kg-1). The effects of
worm and NP fertilizer applications on Fe contents
of hyacinth leaves and bulbs were found significant
statistically (p<0,01) (Table 2). Fe concentration in
leaf of Hyacinthus orientalis varied from 1520,657
mg kg-1 to 802,333 mg kg-1 over the treatments. The
highest iron concentration for leaf (1520,657 mg
kg-1) it was recorded in the treatment NP3, and the
lowest iron concentration for leaf (802,333 mg kg-1)
it was recorded in the treatment V3. Fe concentration
in bulb of hyacinth varied from 482,209 mg kg-1 to
169,450 mg kg-1 over the treatments. The highest Fe
concentration for bulb (482,209 mg kg-1) it was recorded in the treatment control, and the lowest Fe concentration for bulb (169,540 mg kg-1) it was recorded
in the treatment NP3, it is showed from the results

Figure 7 and Table 2. Meaning increasing level of
worm fertilizer randomly increasing Fe on leaves
and bulbs but increasing level of NP randomly increasing Fe on leaves and bulbs, because Fe is essential of germination of pollen grains and growth of
pollen tubes; essential for seed and cell wall formation; necessary for sugar translocation; affects nitrogen and carbohydrate. [18] reported that on plant
daffodil (Narcissus tazetta L.). The highest Fe contents in the leaves are observed as 138,92 mg kg-1
while the highest Fe content is determined as 34,10
mg kg-1 in the bulbs. [17] reported that the highest
Fe contents of hyacinth bulbs were obtained as 36,00
mg kg-1 in control. On the other hand the highest Fe
(129,9 mg kg-1) contents of hyacinth leaves were obtained in 20 mg kg-1 Pb contaminated media.

FIGURE 7
Iron content (mg kg-1) in leaf and bulb of hyacinth

FIGURE 8
Manganese content (mg kg-1) in leaf and bulb of hyacinth
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Manganese (Mn) content (mg kg-1). The effects of worm and NP fertilizer applications on Mn
contents of hyacinth leaves were found significant
statistically (p<0,01) (Table 2). Mn concentration in
leaf of Hyacinthus orientalis varied from 88,585 mg
kg-1 to 46,253 mg kg-1 over the treatments. The highest Mn concentration for leaf (88,585 mg kg-1) it was
recorded in the treatment NP3, and the lowest Mn
concentration for leaf (46,253 mg kg-1) it was recorded in the treatment control. The effects of worm
and NP fertilizer applications on Mn contents of hyacinth bulbs were found not significant statistically
(Table 2). Mn concentration in bulb of hyacinth varied from 23,374 mg kg-1 to 12,410 mg kg-1 over the
treatments. The highest Mn concentration for bulb
(23,374 mg kg-1) it was recorded in the treatment V1,
and the lowest Mn concentration for bulb (12,410
mg kg-1). It was recorded in the treatment NP3, it is
showed from the results (Figure 8) (Table 2). Meaning increasing level of worm fertilizer increasing Mn
on leaves, because Mn functions as a part of certain
enzyme systems; aids in chlorophyll synthesis. [18]
reported that on plant daffodil (Narcissus tazetta L.)
the highest Mn content is determined as 22,55 mg
kg-1 in the leaves is found in 34 mmol NaCl tratment
while the highest Mn content in the bulbs is found in
68 mmol treatment as 15,15 mg kg-1.

recorded in the treatment V1, and the lowest Zn concentration for leaf (15,148 mg kg-1) it was recorded
in the treatment V3. Zn concentration in bulb of hyacinth varied from 18,556 mg kg-1 to 7,39 mg kg-1
over the treatments. The highest Zn concentration for
bulb (18,556 mg kg-1) it was recorded in the treatment V1, and the lowest Zn, concentration for bulb
(7,390 mg kg-1) it was recorded in the treatment NP1,
it is showed from the results Figure 9 and Table 2.
Meaning increasing level of worm fertilizer decreased Zn on leaves and bulbs but increasing level
of NP decreased Zn on leaves because Zn necessary
for chlorophyll production; necessary for carbohydrate formation; necessary for starch formation.
[18] reported that on plant daffodil (Narcissus
tazetta L.), the highest Zn content is determined as
56,15 mg kg-1 in 68 mmol NaCl treatment in the
leaves while the highest Zn content is determined in
control treatment as 44 mg kg-1 in the bulbs. As well
as, [17] showed that, the highest Zn (32,30 mg kg-1)
contents of hyacinth bulbs were obtained in 40 mg
kg-1 Pb contaminated media. On the other hand, the
highest Zn (50,1 mg kg-1) contents of leaves were
obtained in the same media.
Copper (Cu) Content (mg kg-1). The effects
of worm and NP fertilizer applications on Cu contents of hyacinth leaves were found significant statistically (p<0,01) (Table 2). Cu concentration in leaf
of hyacinth varied from 18,616 mg kg-1 to 8,582 mg
kg-1 over the treatments. The highest Cu concentration for leaf (18,616 mg kg-1) it was recorded in the
treatment V3, and the lowest Cu concentration for

Zinc (Zn) Content (mg kg-1). The effects of
worm and fertilizer NP applications on Zn contents
of hyacinth leaves and bulbs were found significant
statistically (p<0,01) (Table 2). Zn concentration in
leaf of Hyacinthus orientalis varied from 33,560 mg
kg-1 to 15,148 mg kg-1 over the treatments. The highest Zn concentration for leaf (33,560 mg kg-1) it was

FIGURE 9
Zinc content (mg kg-1) in leaf and bulb of hyacinth
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FIGURE 10
Copper content (mg kg-1) in leaf and bulb of hyacinth
leaf (8,582 mg kg-1) it was recorded in the treatment
control. The effects of worm and NP fertilizer treatments on copper contents of hyacinth bulbs were
found not significant statistically (Table 2). Cu concentration in bulb of Hyacinthus orientalis varied
from 6,949 mg kg-1 to 4,711 mg kg-1 over the treatments. The highest copper concentration for bulb
(6,949 mg kg-1) it was recorded in the treatment V1,
and the lowest copper concentration for bulb (4,711
mg kg-1) it was recorded in the treatment V2, it is
showed from the results Figure 10 and Table 2. Generally increased Fe and Zn contents and decreased of
Cu content of hyacinth leaves and bulbs because Cu
catalyzes several plant processes; major function in
photosynthesis; major function in reproductive
stages indirect role in chlorophyll production; increases sugar content.
[17] showed that, the highest Cu content of hyacinth bulbs was 3,40 mg kg-1 while the highest Cu
(13,8 mg kg-1) content of leaves was obtained in control treatment. Also [18] reported that on plant daffodil (Narcissus tazetta L.) the highest Cu content of
leaves was determined as 30,45 mg kg-1 in control
treatment while the highest Zn content of bulbs was
determined in control treatment as 17,72 mg kg-1.

many ornamental plants. Depending on the conclusions mentioned previously, it was obtained that the
highest micro and macro nutrient contents on leaves
and bulbs it was recorded in V3 and NP3 meaning
the best treatment for nutrient content on Hyacinthus
orientalis on ecological of Siirt ecological condition.
The following points of view can be recommended: in organic fertilizer are no longer used, instead organic and biological fertilizers are used. Because when inorganic fertilization is done excessively it accumulates as a salt in the soil, which
causes environmental contamination. In the first
place plants are damaged but infect all living things
are in short, environmental damage. As seen in our
study, the results obtained from the nitrogen and
phosphorus fertilization give the same result as the
ones useful to the worm fertilizer and even give better results in some (flower criteria), and the positive
effect of worm fertilizer was clearly in the hyacinths
growing in Siirt ecological conditions. It maybe desirable to use worm fertilizer for ornamental plant
growing. Worm fertilizer use as organic as it the
same time it is seen as positive for living microorganism and due to environmental by using different
doses it is expected that the plant will be served and
accordingly developed and high quality is obtained.

CONCLUSION
ACKNOWLEDGEMENTS
Based on these results on this present study
concerning the effects of dosages of worm and NP
fertilizers on nutrient content of hyacinth (Hyacinthus sp.) in ecological conditions of Siirt. In Siirt
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of cut flowers, bulbous ornamental plants, indoor or
outdoor ornamental plants. However, due to its climate structure, Siirt province is suitable for growing
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cial ingredients [5]. Dark colored berries contain
more polyphenols than strawberries or raspberries.
They produce considerable amounts of vitamins,
minerals and polyphenols that positively affect human health and make blue honeysuckle an attractive
plant in terms of disease prevention and nutritional
value [6-8].
Polyphenols present in blue honeysuckle berries have anti-inflammatory properties, and they
mitigate the risk of metabolic diseases such as obesity or diabetes [9]. They reduce oxidation of LDL
cholesterol responsible for increased risk of cardiovascular diseases, and positively affect hypertension by lowering blood pressure. Thanks to their
detoxifying properties, the berries are often used to
alleviate drug or heavy metal poisoning or to treat
cardiovascular diseases. Blue honeysuckle berries
exhibit strong antibacterial and antiviral activity
[10]. Therefore, fruit-derived compounds may be
used in the prevention of oral cavity diseases. They
also prevent urinary tract infections by limiting
bacteria penetration into the urinary tract. They
protect tissues against detrimental UV radiation that
accelerates aging processes and induces skin and
DNA damage. Blue honeysuckle is recommended
for alleviating food allergies. Its juice may be used
for treating lichens and ulcers, and a decoction is
recommended for rinsing the throat and oral cavity
in gum diseases, tonsilitis and inflammation of the
mucous membranes [11].
Blue honeysuckle berries are currently used
for making jams, jellies, wine, candies, gelatin,
puffed snacks, juice, juice-concentrate, tea, canned
and frozen fruit, medicinal products as an antioxidant and healthy food. Dried berries are a durable
and convenient blue honeysuckle product that can
be easily crushed and used as a raw material for the
production of dietary supplements in the form of
capsules and tablets. Drying procedure should not
induce degradation of thermolabile substances,
which is why lyophilization is one of the best ways
of obtaining this type of product [12].
Lonicera edulis is rich in flavonoids. Flavonoids extraction methods include water extraction,
organic solvent extraction, ultrasonic method, microwave method. At present, there are few reports

The total flavonoids of Lonicera edulis were
extracted through the ultrasonic-assisted method.
Discussing the influence of extracting temperature,
extracting time, solid-liquid ratio, ethanol concentration, extraction times to total flavonoids extraction rate by single factor experiment, optimized the
extraction process by the orthogonal test. The result
indicate: optimum extraction conditions are the
extracting temperature 75, extracting time 30 min,
solid-liquid ratio 1 : 15( g / m L), ethanol concentration 65%, total flavonoids is 15.68 mg / g.


'% !
Flavonoids, Lonicera edulis, extracting, ethanol
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Blue honeysuckle is a variety of honeyberry
(Lonicera caerulea), a shrub belonging to Caprifoliaceae family (Juss.). It is native to northeastern
Russia, China, Japan and Canada. In Russia, the
only cultivated varieties are hybrids of L. caerulea
var. kamtschatica Sevast. and other varieties of
honeyberry, particularly L. kamtschatica var. edulis.
In Japan (Hokkaido), this variety was crossbred
with L. kamtschatica var. emphyllocalyx, and in
Canada with native L. kamtschatica var. villosa. In
the wild, blue honeysuckle is found in wetlands
along rivers, marshes or on forest clearings [1-3].
The fruit is a fleshy, elongated, purple-black,
wax-coated berry, 2–3 cm long and about 1 cm in
diameter. A single berry may weigh up to 3 g. As
stone fruit, they contain up to 20 soft seeds imperceptible during consumption. The berries have a
characteristic pleasant taste with a hint of bitterness.
Contrary to bilberry, a ripe berry is dark in entire
cross-section [4]. Currently, blue honeysuckle
(     L.) is becoming increasingly
popular mainly due to its health promoting properties. Its fruit, similarly to elderberry and bilberry,
may be a valuable component of medicinal products
or food supplements as they contain many benefi-
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the regression equation to calculate the total flavonoids content of the sample solution, using the following formula to calculate the total flavonoid extract:

on the extraction of total flavonoids from Lonicera
edulis. In this thesis, the extraction of total flavonoids from Lonicera edulis was studied by using
ultrasonic-assisted extraction, which provided some
theories for the development and utilization of the
abundant Lonicera edulis resources in our country
in accordance with.

Flavonoids extraction ( mg/g) =

Flavonoids in extract ( mg)
(1)
Original quality ( g)

The effects of extraction temperature, extraction time, solid-liquid ratio, volume fraction of
ethanol were studied by RSM test.


!#"!!#!!

--,*94-8410+106:0+7)904)3+;41:2,-7)*
9043 4- ,9/)341 43 -1);4340+ ,<97)*9 For Fig. 1,
when the ratio of solid to liquid was between 1: 9
and 1:15, the total flavonoid extract increased with
the decrease of solid to liquid ratio. When the ratio
of solid to liquid was less than 1: 15, the extraction
of flavonoids tended to decrease. The reason may
be increased with the amount of extractant, impurity dissolution increased, the determination of total
flavonoids interfere. From the extraction effect,
reducing the amount of solvent and other aspects of
the comprehensive test, select the material to liquid
ratio of 1:12 ~ 1:18 (g / m L) is more reasonable.

# 
--,*94-8410+106:0+7)904)3+;41:2,-7)*9043
4-,9/)34143-1);4340+,<97)*9
& "

)9,70)18 )3+ 7,).,398 Lonicera edulis,
which is collected from Changbai Mountain in Jilin
Province, the wild fresh fruit, pick the frozen storage after removal. Anhydrous ethanol, sodium hydroxide, sodium nitrite, aluminum nitrate (all analytical grade) Harbin Chemical Plant; Rutin standard (purity ≥99) China Pharmaceutical Shanghai
Biological Products Testing Institute.

--,*9 4- ,<97)*9043 902, )3+ ;41:2, -7)*
9043 4- ,9/)341 43 -1);4340+ ,<97)*9 For Fig. 2,
Ethanol solution volume fraction of 35% to 65%,
with the volume fraction of ethanol solution increased total flavonoids extraction, 65% ethanol
solution was the best extraction; then, with the
volume of ethanol solution volume fraction of total
flavonoids decreased. Description Lonicerae flavonoids extract the polarity of the volume fraction of
65% ethanol solution similar. Therefore, the choice
of ethanol volume fraction of 65% is more appropriate.

3897:2,398 )3+ ,6:052,39 SHB-IIIS circulating water-based vacuum pump Nanjing Yuhua
Instrument Co., Ltd. ML303E electronic balance
METTLER
Tester
(Beijing)
Co.,
Ltd.
HACHDR6000 UV-visible spectrophotometer Suzhou Yuze Instrument Co., Ltd. KQ-400KDE digital ultrasonic Cleaner Dongguan Branch Bridge
Ultrasound Equipment Co., Ltd.

7,5)7)9043 4- 8)251, 841:9043 )3+ +,9,7
203)9043 4- 949)1 -1);4340+8 Accurately weigh 5.
00 g frozen lonicera edulis, placed in a mortar grind,
with a certain amount of ethanol solution transferred to 250 m L Erlenmeyer flask, soaked 1.5h,
and then at a certain temperature and 100 W ultrasonic power extraction for a certain period of time,
extracted 1 Times, filtered, with the appropriate
concentration of ethanol to 250 m.
Precision drawing 1 m L sample solution, according to the standard curve of the preparation
operation to determine the absorbance, according to

# 
--,*94-,<97)*9043902,)3+;41:2,-7)*90434-
,9/)34143-1);4340+,<97)*9
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#  
--,*94-,<97)*9043902,)3+8410+106:0+7)90443-1);4340+,<97)*9


#  
--,*94-,<97)*90439,25,7)9:7,)3+;41:2,-7)*90434-,9/)34143-1);4340+,<97)*9


#  
--,*94-,<97)*90439,25,7)9:7,)3+8410+106:0+7)90443-1);4340+,<97)*9

--,*9 4- ,<97)*9043 902, )3+ 8410+106:0+
7)904 43 -1);4340+ ,<97)*9 For Fig. 3, when the
ratio of solid to liquid was between 1: 9 and 1:15,
the total flavonoid extract increased with the decrease of solid to liquid ratio. When the ratio of
solid to liquid was less than 1: 15, the extraction of
flavonoids tended to decrease.

--,*9 4- ,<97)*9043 9,25,7)9:7, )3+ ;41
:2,-7)*90434-,9/)34143-1);4340+,<97)*9 For
Fig. 4, With the increase of ultrasonic temperature,
the extraction of total flavonoids increased after
65 , the total flavonoid extraction increased little.
Therefore, taking the temperature in the range of
55  ~ 75  is more appropriate.
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#  
--,*94-,<97)*90439,25,7)9:7,)3+,<97)*9043902,43-1);4340+,<97)*9

--,*9 4- ,<97)*9043 9,25,7)9:7, )3+ 841
0+106:0+ 7)904 43 -1);4340+ ,<97)*9 For Fig. 5,
With the increase of ultrasonic temperature, the
extraction of total flavonoids increased after 65 ,
the total flavonoid extraction increased little.
Therefore, taking the temperature in the range of
55  ~ 75  is more appropriate.

 !
[1] Oszmiański, J., Kucharska, A.Z. (2018) Effect
of pre-treatment of blue honeysuckle berries on
bioactive iridoid content. Food Chemistry. 240,
1087-1091.
[2] Chen, L., Xin, X.L., Lan, R. (2014) Isolation of
cyanidin 3-glucoside from blue honeysuckle
fruits by high-speed counter-current chromatography. Food Chemistry. 152, 386-390.
[3] Kupska, M., Chmiel, T., Jędrkiewicz, R., Wardencki, W., Namieśnik, J. (2014) Comprehensive two-dimensional gas chromatography for
determination of the terpenes profile of blue
honeysuckle berries. Food Chemistry. 152,
88-93.
[4] Wu, S.S., He, X., Wu, X.S. (2015) Inhibitory
effects of blue honeysuckle (Lonicera caerulea
L) on adjuvant-induced arthritis in rats: Crosstalk of anti-inflammatory and antioxidant effects. Journal of Functional Foods. 17,
514-523.
[5] Liu, Z., Xu, W., Zhai, X., Qian, C., Chen, X.
(2017) Feasibility and performance study of the
hybrid ground-source heat pump system for
one office building in Chinese heating dominated areas. Renewable Energy, 101,
1131-1140.
[6] Fu, L.S., Okamoto, H., Shibata, Y. (2014) Distinguishing overripe berries of Japanese blue
honeysuckle using hyperspectral imaging
analysis. Engineering in Agriculture Environment and Food. 7, 22-27.
[7] Raudsepp, P., Anton, D., Roasto, M. (2013)
The antioxidative and antimicrobial properties
of the blue honeysuckle (Lonicera caerulea L.),
Siberian rhubarb (Rheum rhaponticum L.) and
some other plants, compared to ascorbic acid
and sodium nitrite. Food Control. 31, 129-135.

--,*9 4- ,<97)*9043 9,25,7)9:7, )3+ ,<
97)*9043 902, 43 -1);4340+ ,<97)*9 For Fig. 6,
With the increase of ultrasonic temperature, the
extraction of total flavonoids increased after 65 ,
the total flavonoid extraction increased little.
Therefore, taking the temperature in the range of
55  ~ 75  is more appropriate.
#!!
The total flavonoids of Lonicera edulis were
extracted through the ultrasonic-assisted method.
The result indicate: optimum extraction conditions
are the extracting temperature 75, extracting time
30 min, solid-liquid ratio 1 : 15( g / m L), ethanol
concentration 65%, total flavonoids is 15.68 mg / g.
%"!
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mental friendly and generally recognized as safe
(GRAS) with conventional critical parameters (TC
= 31 °C, PC = 7.38 MPa). This method achieves
high purity algal extracts with no residual solvent,
selective fractionation and faster separation. In addition, the oxygen free operating system prevents
oxidation and low temperatures minimize thermal
degradation of sensitive materials [6-10]. Supercritical carbon-dioxide is particularly efficient to
solubilise non-polar compounds; when the molecule of interest is not soluble, the solvent power and
extraction efficiency for polar compounds can be
increased using a polar modifier as ethanol, methanol or acetyl chloride [11-14]. In this study, the potential of SC-CO2 using azeotropic co-solvents
(Hexane + Ethanol) is accessed for algal lipid extraction due to its mixed polarity solvent properties
to extract more quantity of total lipids and favorable
mass transfer effect.

Extraction study on kiwifruit seed oils with
supercritical carbon dioxide based on response surface methodology is studied. The technology of
extracting kiwifruit seed oil by supercritical CO2 is
feasible. Extraction pressure, extraction temperature
and CO2 flow rate are important influencing factors.
Under the test conditions, the more suitable process
parameters are: extraction pressure 24 ~ 30 MPa,
extraction temperature 40 ~ 44 , CO2 flow rate 20
kg / h.


&$ !
Kiwifruit, seed oils, CO2, supercritical, Extraction rate


" #"
The kiwi fruit (    ) originated
in Asia and became popular worldwide due to its
sensory and nutritional properties, such as a high
level of fiber, minerals and bioactive compounds
with antioxidant activity. Kiwifruit seed is a byproduct of kiwifruit processing enterprises. Although there are many studies on the comprehensive
development and utilization of kiwifruit, few reports have been given on its kiwifruit. Kiwi’s small
grains, shaped like sesame, was tan [1].
Supercritical carbon dioxide (s-CO2) has taken
a lot of attention due to its thermal properties. This
working fluid has a low critical point (314.13 K and
for pressure 73.8 bar) and this situation enhances its
thermal properties in the region close to the triple
point. supercritical carbon dioxide (s-CO2) has taken a lot of attention due to its thermal properties
[2-4]. This working fluid has a low critical point
(314.13 K and for pressure 73.8 bar) and this situation enhances its thermal properties in the region
close to the triple point [5].
SCCO2 technique for algal lipid/bio-oil extraction has many benefits. This solvent is known to
be nonflammable, inexpensive, selective, environ-

% "
Kiwi seeds are provided from Nanjing Dali
Food Company. CO2 (Purity> 99%) is from Unrivaled Company.
59/41+28 BSI-400S-1000 type supercritical
CO2 extraction device; A650 refractometer;
WSL-2A comparative color measurement instrument; PMB53 rapid moisture analyzer; FW100 high
speed mill; Shimadzu GC-14B gas chromatograph,
R3A data processor.
!#"!!#!!
,,+)83,,03;6(8+(2*8/1+32+<86()
8/326(8+ For Fig. 1, with the increase of CO2 flow
rate, the extraction rate of kiwifruit seed oil increased gradually. When the CO2 flow rate reached
25 kg/h, the extraction rate almost reached the
maximum value, and then further increased the CO2
flow rate, while the extraction rate decreased at the
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creases when time increases.

same time, which was due to As CO2 flow increases,
it takes less time to contact kiwifruit seed in the
extractor and the amount of CO2 extracted per unit
volume will decrease.

,,+)8 3, +<86()8/32 8+14+6(896+ (2* 8/1+
32 +<86()8/32 6(8+ For Fig.2, extraction rate in-

,,+)8 3, +<86()8/32 8+14+6(896+ (2* 
,03;6(8+32+<86()8/326(8+ For Fig.3, extraction
rate increases when CO2 flow rate increases.

# 
,,+)83,,03;6(8+(2*8/1+32+<86()8/326(8+

# 
,,+)83,+<86()8/328+14+6(896+(2*8/1+32+<86()8/326(8+

#  
,,+)83,+<86()8/328+14+6(896+(2*,03;6(8+32+<86()8/326(8+
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#  
,,+)83,+<86()8/3246+7796+(2*8/1+32+<86()8/326(8+

#  
,,+)83,+<86()8/3246+7796+(2*,03;6(8+32+<86()8/326(8+

#  
,,+)83,+<86()8/328+14+6(896+(2*+<86()8/3246+7796+32+<86()8/326(8+


,,+)8 3, +<86()8/32 46+7796+ (2* 8/1+ 32
+<86()8/32 6(8+ For Figure 4, extraction rate decreases when extraction pressure decreases. The
reason is that CO2 has a higher density at high
pressure, less compressibility, and a limited increase in solubility, so adding more pressure is not
of much consequence.

,,+)8 3, +<86()8/32 46+7796+ (2*  ,03;
6(8+ 32 +<86()8/32 6(8+ For Fig.5, extraction rate
increases when CO2 flow rate increases.
With the increase of CO2 flow rate, the extraction rate of kiwifruit seed oil increased gradually.
When the CO2 flow rate reached 20 kg/ h, the extraction rate almost reached the maximum value,
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carbon dioxide and methane binary mixture in
shale kerogen nanopores. Journal of Natural
Gas Science and Engineering. 50, 181-188.
[7] Bellos, E., Tzivanidis, C. (2017) Parametric
investigation of supercritical carbon dioxide
utilization in parabolic trough collectors. Applied Thermal Engineering. 127, 736-747.
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(2018) Parametric study of a direct-fired supercritical carbon dioxide power cycle coupled
to coal gasification process. Energy Conversion
and Management. 156, 733-745.
[11]Liu, Z., Xu, W., Zhai, X., Qian, C., Chen, X.
(2017) Feasibility and performance study of the
hybrid ground-source heat pump system for
one office building in Chinese heating dominated areas. Renewable Energy, 101,
1131-1140.
[12]Zhang, M.H., Dou, M.B., Wang, M.Y., Yu, Y.Z.
(2017) Study on the solubility parameter of
supercritical carbon dioxide system by molecular dynamics simulation. Journal of Molecular
Liquids. 248, 322-329.
[13]Zhao, L.S., Temelli, F., Curtis, J.M., Chen, L.Y.
(2017) Encapsulation of lutein in liposomes
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[14]Gai, Y.Z., Wang, W.C., Xiao, D., Zhao, Y.P.
(2018) Ultrasound coupled with supercritical
carbon dioxide for exfoliation of graphene:
Simulation and experiment. Ultrasonics Sonochemistry. 41, 181-188.

and then further increased the CO2 flow rate, while
the extraction rate decreased at the same time,
which was due to As CO2 flow increases, it takes
less time to contact kiwifruit seed in the extractor
and the amount of CO2 extracted per unit volume
will decrease.
,,+)8 3, +<86()8/32 8+14+6(896+ (2* +<
86()8/32 46+7796+ 32 +<86()8/32 6(8+ For Fig.6,
extraction rate increases when extraction temperature increases.
#!
The technology of extracting kiwifruit seed oil
by supercritical CO2 is feasible. Extraction pressure,
extraction temperature and CO2 flow rate are important influencing factors. Under the test conditions, the more suitable process parameters are:
extraction pressure 24 ~ 30 MPa, extraction temperature 40 ~ 44 , CO2 flow rate 20 kg / h.
$"!
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  R. Br. is known to have positive effects and is therefore used to treat gastrointestinal disorders, rheumatism, and skin disorders in
Turkey. The aim of this study was to investigate the
wound healing activity and chemical constituents of
wood, inflorescences, leaves, and bark of  
In this study, hydrodistillation and SPME (Solid
Phase Microextraction) methods were compared for
analysis of essential oils (EO), and chemical compounds of the essential oils were determined. The hydrodistillation method revealed components including α-pinene, nonanal, safranal in inflorescences; αpinene, theaspirane, 3-hexenyl benzoate in leaves;
theaspirane, ethyl palmitate, ethyl linoleate in wood;
and eicosane in bark. As a result of SPME analysis,
the main compounds detected were α-pinene and terpinolene in inflorescences; α-pinene, sabinene, 1-octen-3-ol, β-myrcene, limonene, β-phellandrene, and
-sabinene hydrate 4-terpineol in leaves; cyclosativene, α-copaene, and β-caryophyllene in wood; and
3-octanone, α-copaene, dimethyldecalol, 4-ethylveratrol, and 4-vinylveratrol in bark.  studies
showed that the essential oil obtained from wood using the hydrodistillation method inhibits the hyaluronidase and collagenase enzymes and thus promotes the wound healing process.



taxonomic revisions of Asclepiadeae (R. Br.) Duby,
Ceropegieae Orb., and Marsdenieae Benth. [2-4].
  R. Br. (Syn:   
(L.) Griseb) is located in the Apocynaceae family,
Asclepiadoideae subfamily, Marsdenieae tribe [1, 3,
5-7]. It is a wood-based plant with a height of 50-100
cm and a width up to 2 m, and is a perennial with
numerous herbaceous sprawling stems [8, 9]. It is
distributed from the southern and eastern parts of the
Balkan Peninsula (including Crete) and Asia Minor
to Afghanistan [8]. It contains a poisonous composition, which is traditionally used for exterminating
pests [5].
  is widespread in Turkey except for
Central and Northeastern Anatolia [10]. It inhabits
conglomerate scree, limestone cliffs, fields, river
beds, coastal sands, and generally unproductive
lands. Also, some studies [10, 11] report that a variety of the plant, the so-called  R. Br. var.
   Yalt., also grows in Turkey. Various parts of
the plant    (L.) are used in medicine, and
they are reported to have a wide range of therapeutic
effects [12]. Previous studies have reported some larvicidal and repellency properties [9]. Some other
studies were focused on fatty acid composition of its
seed oil [13], while some studied the chemical properties of   from Iran [14] and its flowers
[15].
Essential oils have important uses, especially in
cosmetics and traditional medicine. Additionally, essential oil compounds are also obtained from the
leaves, inflorescences, and the other components of
 for use in aromatherapy and pharmacology
in addition to the food and perfume industries [16,
17].
 is known to have positive effects and
therefore is used to treat gastrointestinal disorders,
rheumatism, and skin disorders in Turkey [18]; it is
known to contain a poisonous composition which is
traditionally used for exterminating pests. It was reported that safranal, (Z)-3-hexenyl benzoate, and heneicosane were the major components of essential oil
obtained from   in Turkey [5, 9, 14]. The
aim of this study was to investigate the wound heal-

*)"$%
Apocynaceae,
  , Essential oils, Hydrodistillation, SPME, Wound healing

!&$"'&"!
The Apocynaceae consists of five subfamilies:
Rauvolfioideae, Apocynoideae, Periplocoideae,
Secamonoideae, and Asclepiadoideae [1-3]. Many
new tribes have been introduced to the subfamilies
in the recent studies based on an updated classification scheme of the Apocynaceae [2]. However, the
number of tribes of the subfamily Asclepiadoideae
was reduced to three following the exclusion of the
tribes Gonolobeae and Fockeeae based on several
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ing activity and chemical constituents of wood, inflorescences, leaves, and bark of   
inhibitory effects of  on the metalloproteinase enzymes (hyaluronidase, collagenase, and elastase) were investigated to determine the wound healing activity mechanism.
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yses. Headspace SPME was performed on a commercially available sampling stand (Supelco, Inc.,
USA), equipped with a revolver-type vial receptacle
and a holder cartridge for the manual SPME device.
The sampling stand was placed on a hot plate. The 4
ml vials with fresh 0.8 g samples were placed in the
receptacle. After equilibration of the sample during
60 min at the desired temperature (about 55 °C), it
was extracted by headspace with an SPME fiber for
30 min. After extraction, the SPME fiber was retracted, the manual holder removed from the cartridge, and the fiber inserted into the GC injector for
5-min desorption. The SPME-extracted VOCs were
analyzed by GC and GC-MS. The capillary GC-FID
analyses were performed using a Varian 3400 model
gas chromatograph. Hydrogen was used as the carrier gas (1 mL/min). An HP-5 capillary column (30
m x 0.32 mm i.d.; 0.25 µm film thickness) was used
for compound separation. The column oven temperature for the dynamic-headspace (SPME) analyses
was programmed as follows: starting temperature 50
°C (1 min), 4 °C/ min heating rate to 250 °C for 10
min and, finally, increased to 270 °C at 10 °C/min
and held isothermally for 10 min. Injector and detector temperatures were 250 °C and 270 °C, respectively [17, 19-25].

7>3<:8?8=7.2/+5371+-<3>3<@+7+5@;/;@
+5=:873.+;/3723,3<8:@+-<3>3<@+7+5@;3;For determining the inhibition of hyaluronidase enzyme, the
amount of -acetylglucosamine released from sodium hyaluronate was measured. Accordingly, 50 µl
bovine hyaluronidase (7900 units/mL) was in 0.1 M
acetate buffer (pH 3.6). This solution was mixed with
50 µl extract solutions at different concentrations
dissolved in 5% DMSO. The control group was 50
µl 5% DMSO. Following an incubation at 37oC for
20 minutes, 50 µl calcium chloride (12.5 mM) was
added to the mixture and taken to incubation at 37oC
for another 20 minutes. Sodium hyaluronate (250 µl;
1.2 mg/mL) was added to the solution and taken to
incubation at 37°C for 40 minutes. Following the incubation, 50 µl 0.4 M NaOH and 100 µl 0.2 M sodium borate were added and incubated for 3 minutes
inside the boiling water bath. The solution was
cooled to room temperature, and 1.5 mL -dimethylaminobenzaldehyde solution was added. Then the
solution was further incubated at 37oC for 20 minutes
to develop a color. The absorbance values were read
using a spectrophotometer (Beckmann Dual Spectrometer; Beckman, Fullerton, CA, USA) at 585 nm
[26, 27].

855+1/7+;/3723,3<8:@+-<3>3<@+7+5@;3;The
samples were dissolved in DMSO. A solution was
prepared by dissolving   
(ChC) 50 mM Tricine buffer (with 0.4M NaCl and
0.01M CaCl2, pH 7.5). Then, 2 mM N-[3-(2-Furyl)
acryloyl]-Leu-Gly-Pro-Ala (FALGPA) solution was
prepared in the same buffer. A 25 µl buffer, 25 µL

&$%! &"%

#5+7<6+</:3+5+7.3;85+<387808;Samples
of inflorescences, flowers, wood, and bark of
  plants were separately taken at the
coastal sands of Kizilkum, Bartin, Turkey. Approximately 1000 g of each sample were collected according to the conventional method for the plant at the
time of maturity and stored at -24 °C until the laboratory studies were performed [17, 19-21]. Voucher
specimens have been deposited in the Herbarium of
the Faculty of Forestry, Bartin University, as BOF
435. The specimens were authenticated by Dr. Barbaros Yaman.

@.:8.3;<355+<387 The EOs for each inflorescence, flower, wood, and bark of  were
obtained by hydrodistillation with a Clevenger apparatus (ILDAM CAM Ltd. Ankara-Turkey). It used
100 g each of fresh samples except wood. It used 500
g of the wood. All of oils were collected for 3 h. The
samples were dried over anhydrous sodium sulphate
in a sealed vial until used [17,22, 23].

+7. %+7+5@;3;Analysis of the EO
sample was performed on an HP 6890-5973 GCMSD instrument (Agilent Technologies Canada Inc.,
Mississauga, ON, Canada) equipped with an HP-5
capillary column (25 m/0.25 mm i.d., 0.11 μm film
thickness). Helium was used as the carrier gas at 1.0
mL/min flow rate. The column oven temperature
was programmed starting from 50 ºC (0.5 min) to
250 ºC, at 4 ºC/min heating rate. After 10 min of hold
time at 250 ºC the temperature program was continued at 10 ºC/min to 290 ºC for 15 min. The split-injector and MS-transfer line were 260ºC and 280ºC,
respectively. The MSD was operated in electron impact ionization mode at 70 eV electron energy. Samples were injected by splitting, and the split ratio was
1:10 [17]. Compound identifications were based on
mass spectra, referring to NIST98 and WILEY275
mass spectral libraries, and also comparing measured
retention index (RI) values of components with literature data [24]. The quantitative area-percent measurements were based on peak-areas from the GC-MS
data [23].

@7+63-/+.;9+-/ %#  A 65 µm Stableflex DVB/CAR/PDMS fiber assembly for SPME
was pre-conditioned by desorbing in the GC injector
for a few hours. The conditioning was repeated if residual contaminant peaks were seen in blank anal-
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5+;<+;/ 3723,3<8:@ +-<3>3<@ +7+5@;3; The
sample solution and human neutrophil elastase enzyme (HNE) (17 mU/mL) were added to 0.1 M TrisHCl buffer (pH 7.5). This solution was incubated at
25oC for 5 minutes. Then, N-Methoxy-succinyl-AlaAla-Pro-Val p-nitroanilide (MAA-PVN) was added
to the mixture and incubated at 37oC for 1 hour. The
reaction was ended by adding soybean trypsin inhibitor (1 mg/mL). The optical density as a result of the
formation of -nitroaniline was immediately measured at 405 nm. The HNE inhibitory activities were
calculated according to the ChC inhibitory activity
[30].

test sample, and 25 µL enzyme solutions were added
to each container and incubated for 15 minutes.
Then, 50 µL substrate was added to the mixture, and
the decrease in the optical density (OD) was immediately measured using a spectrophotometer at 340
nm [28, 29].
The following formula was used to calculate
the ChC inhibitory activity of each sample:
ChC inhibition activity (%) = ODControl – ODSample x
100 / ODControl
   
    



& 
#/:-/7<-8698;3<38780";80 8,<+37/.,@<2/2@.:8.3;<355+<3876/<28.

Compounds a)
RI
I
Nonane
800
0.47
Heptanal
901
3.06
α-Pinene
936
5.34
Benzaldehyde
961
0.40
Sabinene
966
2.51
β-Pinene
978
0.76
β-Myrcene
989
1-Octen-3-ol
993
δ-3-Carene
1010
0.36
α-Terpinene
1019
0.17
-Cymene
1023
0.25
Limonene
1029
1.20
γ-Terpinene
1056
0.56
Terpinolene
1087
0.27
Linalool
1100
0.73
Nonanal
1103
3.29
α-Terpineol
1177
1.55
Safranal
1198
4.76
3-Hexenyl 2-methyl-butanoate
1237
Edulan
1259
Dihydroedulan
1294
0.17
Theaspirane
1317
0.22
b)
1,2-Dihydronaphthalene, trimethyl
1354
0.27
c)
α-Ionene
1357
Cyclosativene
1365
α-Copaene
1378
Damascenone
1391
β-Damascone
1421
1451
Dihydro-β-ionol
Calamenene
1524
δ-Cadinene
1525
α-Calacorene
1542
3-Hexenyl benzoate
1573
Gadalene
1663
Ethyl tetradecanoate
1761
Octadecane
1800
c)
Ethyl pentadecanoate
1871
Hexadecanol
1882
Nonadecane
1900
0.72
Methyl hexadecanoate
1929
0.44
Ethyl palmitate
1969
0.26
Eicosane
2000
0.71
Kaur-16-ene
2028
b)
Methyl octadecadienoate
2094
Heneicosane
2100
14.89
Phytol
2114
Ethyl linolenate
2149
Docosane
2200
3.93
Tricosane
2300
21.86
Tetracosane
2400
3.56
Pentacosane
2500
8.63
Hexacosane
2600
1.24
Heptacosane
2700
1.15
Octacosane
2800
Squalene
2832
3.20
Nonacosane
2900
0.56
Triacontane
3000
Hentriacontane
3100
Total identified compounds
87.50
Total unidentified compounds
12.50
I: Inflorescences L: Leaves W: Wood B: Bark
a) identified by MS and retention index (RI) data from literature (Adams, 2007) [24]
b) identification based on MS-data only
c) measured amount below 0.10 %
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L
0.90
6.25
3.05
1.03
1.21
0.34
0.35
0.31
1.39
0.96
0.39
0.51
0.20
0.53
0.24
0.72
6.31
0.38
0.44
0.39
0.31
8.80
0.34
0.74
0.99
1.05
1.34
0.42
11.18
4.91
5.79
6.42
4.24
3.90
1.88
1.79
0.76
1.43
1.29
83.48
16.52

W
0.42
0.05
0.05
0.30
0.38
0.10
0.16
0.17
6.79
0.40
0.19
0.24
0.22
0.17
0.21
0.59
1.23
0.36
0.15
0.09
31.88
0.58
0.20
0.63
1.92
37.15
1.98
1.91
1.12
0.61
0.36
0.29
0.13
0.24
0.17
0.08
0.17
92.14
7.86

B
0.15
0.20
1.89
0.23
0.22
0.18
0.35
0.17
0.10
0.69
0.08
1.80
3.07
0.76
9.65
9.78
10.02
7.09
5.12
3.64
2.43
1.80
1.86
0.60
0.83
62.70
37.30
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%<+<3;<3-+5+7+5@;3;One-way analysis of variance (ANOVA) was used for the statistical analyses
of wound healing data. The level of significance was
determined as ≤ 0.05.
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neicosane, ethyl linoleate, tricosane, and pentacosane. The results shown in Table 1 imply that tricosane, which was one of the major compounds, existed most abundantly in inflorescences in a ratio of
21.86%, and least abundantly in the wood of 
 at a composition of 1.91%.
On the other hand, ethyl linoleate (37.15%),
ethyl palmitate (31.88%), and theaspirane (6.79%)
were present in their highest amounts in  
wood. Ethyl linoleate was found only in  
wood. Similarly, 3-hexenyl benzoate and phytol only
were found in leaves. α-pinene, sabinene, safranal,
tricosane, and pentacosane were found as major compounds in inflorescences.

The compositions of the EOs obtained from inflorescences, leaves, wood, and bark by hydrodistillation are shown in Table 1. The main compounds
were found to be α-pinene, sabinene, safranal,
theaspirane, 3-hexenyl benzoate, ethyl palmitate, he-


& 
#/:-/7<-8698;3<38780";80 8,<+37/.,@<2/%# 6/<28.
Compounds a)
RI
I
Trimethyloxazole
875
2.93
2,3-Heptanedione
879
Hexanol
897
Heptanal
901
1.00
α-Thujene
926
α-Pinene
936
1.14
Benzaldehyde
961
Sabinene
966
0.76
β-Pinene
977
1,5-Octadien-3-ol
979
1-Octen-3-ol
982
0.20
3-Octanone
986
β-Myrcene
989
0.85
δ-3-Carene
1010
0.37
α-Terpinene
1019
-Cymene
1023
0.16
d)
Limonene + β-Phellandrene
1029
0.80
γ-Terpinene
1056
-Sabinene hydrate
1067
1.00
Terpinolene
1087
24.56
Undecene
1089
0.45
2-Nonanone
1094
0.58
 s-Sabinene hydrate
1097
Linalool
1100
0.81
p-Ethylanisole
1112
0.31
Thujone
1114
Isopropyl-5-dimethyl-2,3-pyrazine
1137
3.18
p-Vinylanisole + veratrol e)
1152
c)
Propiophenone
1168
c)
1,4-Cyclohexanedione, 2,2,6-trimethyl b)
1170
c)
α-Terpineol
1177
0.86
Safranal
1198
0.48
Verbenone
1206
0.43
Pyrazine, 2,3-dimethyl-5-(2-methylpropyl) b)
1225
0.19
2-Undecanone
1297
0.18
4-Ethylveratrol
1330
Cyclosativene
1364
4-Vinylveratrol
1373
α-Copaene
1376
β-Elemene
1390
Dimethyldecalol
1395
Tetradecane
1400
β-Caryophyllene
1417
β-Cubebene
1427
Dihydro-β-ionone
1438
β-Ionone
1484
0.31
γ-Curcumene
1489
α-Muurolene
1495
2-Tridecanone
1498
0.53
Pentadecane
1500
0.19
Calamenene
1516
Epizonarene
1518
Cadalene
1673
0.19
Total (Sum of identified compounds)
42.44
Total (Sum of unidentified compounds)
57.56
I: Inflorescences
L: Leaves
W: Wood
B: Bark
a) identified by MS and retention index (RI) data from literature (Adams, 2007) [24]
b) identification based on MS-data only
c) measured amount below 0.10 %
d) limonene predominates
e) veratrol predominates
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L
0.80
7.31
4.49
13.65
1.00
1.39
13.12
2.87
0.91
0.30
0.86
3.71
0.54
7.52
1.67
1.80
1.04
1.04
2.32
1.33
0.53
1.35
0.13
0.65
3.02
1.87
1.34
2.31
0.27
0.63
0.20
0.33
0.19
80.28
19.72

W
0.62
0.47
0.38
0.18
0.31
1.63
0.17
0.74
0.78
0.91
6.49
4.05
0.70
0.67
0.49
7.09
0.80
0.51
0.79
0.98
2.81
31.56
68.44

B
0.70
2.64
0.91
1.17
0.57
2.05
16.24
1.19
3.59
3.11
4.09
0.58
1.06
0.66
0.59
0.99
1.24
87.50
12.50
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Likewise, α-pinene, sabinene, theaspirane, 3caryophyllene were found in wood; and 3-octanone
hexenyl benzoate, heneicosane, docosane, tricosane,
cyclosativene and α-copaene were found in bark.
and tetracosane were major compounds in leaves.
Also, 3-octanone was observed only in bark by
Theaspirane, ethyl palmitate, and ethyl linoleate
SPME, meaning that it was never found at all in other
were the main compounds in wood. In bark, heneicoplant parts when the hydrodistillation method was
used. Cyclosativene and α-copaene were found both
sane, docosane, tricosane, tetracosane, and pentacosane were found as dominant characters. In Table 1,
in wood and in bark. β-Caryophyllene was found
a total of 60 compounds were identified by the hyonly in wood. The comparison of the hydrodistilladrodistillation method and listed, making up between
tion and SPME methods in Table 3 demonstrated
62.70 and 87.50% of the chromatogram area. In
that only α-pinene and safranal were present in
other words, between 12.50% and 37.30% of the
higher amounts in the hydrodistillation methodthan
chromatogram area could not be identified.
in SPME.
A total of 56 compounds were identified with
Theaspirane, ethyl palmitate, heneicosane, dothe SPME method when analyzed (Table 2). Fiftycosane, tricosane, tetracosane, and pentacosane were
six compounds included between 42.44 and 87.50%
found only in the hydrodistillation method. On the
of the chromatogram area, meaning the total amount
other hand, the amounts of 3-octanone, which was
of uncharacterized compounds varied between 12.50
found only in bark, were at an appreciable level in
and 57.56%. The total composition of the EO obSPME but never found in the hydrodistillation
tained from inflorescences, leaves, wood, and bark
method. In the same way, ethyl linoleate was never
of  by SPME is presented in Table 2. The
found in SPME.
major compounds determined by the SPME method
When compared to the inflorescences, α-pinene
were α-pinene, terpinolene, sabinene, 3-octanone, 1and safranal were found at higher amounts in both
octen-3-ol, β-caryophlyllene, heneicosane, dothe hydrodistillation method and SPME method.
cosane, tricosane, and tetracosane. According to the
However, as main compounds, heneicosane, doresults shown in Table 2, sabinene was present most
cosane, tricosane, tetracosane, and pentacosane were
abundantly in the leaves (13.65%) and least abunnever found in SPME. Likewise, in leaves, α-pinene,
dantly in the wood (0.38 %). The level of terpinolene
sabinene, 1-octen-3-ol, and cis-sabinene hydrate
was highest in the inflorescences (24.56%) and lowwere present abundantly in the SPME method. Also,
est in the leaves (1.67%). On the other hand, terpinocis-sabinene hydrate and terpinolene could not be
lene was never found both in wood and bark, whereas
observed in the hydrodistillation method. In wood,
α-pinene and cis-sabinene hydrate amounts were
theaspriane, palmitic, and lineloic acid were found as
high in leaves (7.31%–7.52%) but low in wood
the main components in the hydrodistillation
(0.62%–0.78%). Analyzed in bark, 3-octanone was
method, but they were never found in SPME,
observed as an outstanding compound in higher
whereas the amounts of cyclosativene, α-copaene,
amounts. As major compounds in Table 2, terpinoand β-caryophyllene were higher in SPME than in
lene was found in inflorescences; α-pinene, sabthe hydrodistillation method.
inene, 1-octen-3-ol, and -sabinene hydrate were
detected in leaves; cyclosativene, α-copaene, and β
& 
869+:3;8780<2/6+37"-8698=7.;80 8,<+37/.,@+7.%# 6/<28.
I
HD
SPME
α-Pinene
936
 
1.14
Sabinene
966
2.51
3-Octanone
986
1-Octen-3-ol
993
cis-Sabinene hydrate
1067
Terpinolene
1087
0.27

Safranal
1198
4.76
0.48
Theaspirane
1317
0.22
Cyclosativene
1365
α-Copaene
1378
β-Caryophyllene
1417
3-Hexenyl benzoate
1573
Ethyl palmitate
1969
0.26
Heneicosane
2100

Ethyl linolenate
2149
Docosane
2200
3.93
Tricosane
2300

Tetracosane
2400
3.56
Pentacosane
2500
 
Squalene
2832
3.20
I: Inflorescences
L: Leaves
W: Wood
B: Bark
HD: Hydrodistillation
SPME: Solid Phase Micro Extraction
Compounds

RI
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L
HD
6.25
3.05
0.39
0.20
6.31
8.80
1.05
 
5.79
6.42
4.24
3.90
-

W
SPME
7.31
13.65
 
7.52
0.55
-

HD
0.42
0.05
0.30
6.79
0.40
0.19

1.92
37.15
1.98
1.91
1.12
0.61
0.24

B
SPME
0.62
0.38
6.49
4.05
7.09
-

HD
0.15
1.89
0.23
0.22
1.80
9.65
9.78
10.02
7.09
5.12
-

SPME
0.91
0.57
 
2.05
3.59
3.11
-
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with any results in the literature. Likewise, no reports
The compounds identified by hydrodistillation
are available in the literature about the hydrodistillain inflorescences of  were compared with
tion method regarding the EO analysis of both wood
the results of previously conducted studies. The
amount of nonanal was comparable to results of
and bark of  
Myrianthopoulos et al. (2007) [5]. However, the
Results of the analysis of  elastase inhibamount of heneicosane, tricosane, and pentacosane
itory activity showed that the essential oils obtained
were found to be very high. The amount of safranal
from  had no significant inhibiting effects
and linalool were found very low according to Myrat 100 µg/mL concentration in all samples (Table 4).
ianthopoulos et al. (2007) [5]. Mirza and Navaei
However, essential oil obtained from wood by
(2009) found similar amounts of nonanal and never
the hydrodistillation method was found to have an
found out about the SPME method for  in
inhibitory effect on both hyaluronidase and collathe literature, that is, the first time that EO were obgenase enzymes. The inhibition effect values for hytained by the SPME method for   [14]. 
aluronidase and collagenase were 59.64% and
Therefore, the compounds could not be compared
38.82%, respectively (Tables 5 and 6).

&
5+;<+;/3723,3<8:@+-<3>3<@80<2/";80 8,<+37/.,@+7.%# 6/<28.
87-/7<:+<387
B1 65
HD
100
I
SPME
100
HD
100
L
SPME
100
HD
100
W
SPME
100
HD
100
B
SPME
100
Epigallocatechin gallate
100
* : p < 0.05; ** : p < 0.01; *** : p < 0.001; SEM: Standard error of the mean
I: Inflorescences
L: Leaves W: Wood
B: Bark
HD: Hydrodistillation
SPME: Solid Phase Micro Extraction
+</:3+5

/<28.

723,3<387
 /+7A% 
11.27±1.57
17.09±1.80
10.82± 1.26
9.56± 1.92
15.76 ± 1.18
8.83± 1.53
10.74± 1.67
23.09± 1.34
A  


&
@+5=:873.+;/3723,3<8:@+-<3>3<@80<2/";80 8,<+37/.,@+7.%# 6/<28.
87-/7<:+<387
B1 65
HD
100
I
SPME
100
HD
100
L
SPME
100
HD
100
W
SPME
100
HD
100
B
SPME
100
Tannic acid
100
* : p < 0.05; ** : p < 0.01; *** : p < 0.001; SEM: Standard error of the mean
I: Inflorescences
L: Leaves W: Wood
B: Bark
HD: Hydrodistillation
SPME: Solid Phase Micro Extraction
+</:3+5

/<28.

723,3<387
 /+7A% 
8.54±1.82
11.42±1.96
10.75±1.54
15.26±1.48
A  
10.02±1.75
13.25± 1.81
10.12± 1.22
  A  


&
855+1/7+;/3723,3<8:@+-<3>3<@80<2/";80 8,<+37/.,@+7.%# 6/<28.
+</:3+5
I
L
W
B

/<28.
HD
SPME
HD
SPME
HD
SPME
HD
SPME

Epigallocatechin gallate
* : p < 0.05; ** : p < 0.01; *** : p < 0.001; SEM: Standard error of the mean
I: Inflorescences L: Leaves W: Wood
B: Bark
HD: Hydrodistillation
SPME: Solid Phase Micro Extraction
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87-/7<:+<387
B1 65
100
100
100
100
100
100
100
100
100

723,3<387
 /+7A% 
14.07±1.88
11.26±1.59
15.09±1.93
19.43±1.46
 A 
9.56 ± 1.28
7.19 ± 1.15
8.24 ± 1.49
 A 
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The first phases of the wound healing process
are hemostasis and inflammation phases, and they
were followed by the proliferation and reconstitution
of the extracellular matrix components and formation of the granulation tissue. Metalloproteinase
enzymes have destructive effects on foreign substances and dead tissues. Additionally, the components of the extracellular matrix have a role in the
reconstitution process of the remodeling phase. Metalloproteinase enzymes have high devastating activity; therefore, their effects are strictly controlled by
several mechanisms [31]. Various studies have reported that one of the main causes of chronic wounds
is the uncontrolled activation of metalloproteinase
enzymes [32, 33]. Collagen and elastin are the extracellular matrix components and have specific effects
on the cells; they form a supportive framework and
maintain the skin’s elasticity. Hyaluronic acid is also
important for keeping the skin moisturized [27].
Therefore, inhibition of hyaluronidase, collagenase,
and elastase enzymes may have beneficial effects on
the wound healing process as these enzymes break
down these extracellular matrix components. Previous studies have reported that minimizing the levels
of these enzymes was very crucial [34]. In the present study, it was found that both ethyl palmitate and
ethyl linolenate have inhibitory effects on hyaluronidase and collagenase. This result was parallel to the
previous studies which report their wound healing
potentials.
Rojo et al. (2010) reported that the essential oil
obtained from   O Kezte had a positive effect on the migration and vinculin expression
in human fibroblasts and decreased LPS-induced nitric oxide production. The researchers reported that
the essential oil induced tail fin regeneration in transgenic zebrafish larvae in 48 hours following amputation of the tail fin and significantly accelerated cutaneous wound closure in CD-1 mice. Nut oil is composed of fatty acids. The major composition of fatty
acids in nut oil is linoleic acid (38.9%), oleic acid
(27.9%), palmitic acid (18.6%), stearic acid (8.9%),
and χ linolenic acid (2.9%). It was reported that natural fatty acids obtained from the  nut promote skin regeneration, and it was suggested that the
 nut may have applications in medicine and
skin care [35].
de Oliveira et al. (2013) [36]. investigated the
wound-healing effects of avocado oil on incisional
and excisional cutaneous wound models in Wistar
rats. The researchers reported that the percentage of
wound contraction and reepithelialization in the
groups treated with avocado oil significantly increased compared to the petroleum jelly control
group. Furthermore, the researchers reported that an
anti-inflammatory activity, an increase in the density
of collagen, and tensile strength were observed in the
avocado oil group. The composition of avocado oil
determined as a result of gas chromatography analysis was oleic fatty acid (47.20%), palmitic acid
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(23.66%), linoleic acid (13.46%), docosadienoic
acid (8.88%), palmitoleic acid (3.58%), linolenic
acid (1.60%), eicosenoic acid (1.29%), and myristic
acid (0.33%). Histopathological evaluations showed
that the formation of epithelial tissues significantly
increased in the animals treated with avocado oil.
Some phytochemical compounds of avocado oil, including vitamin A, vitamin E, oleic acid, linoleic
acid, and linolenic acid, are thought to be associated
with its potential pharmacological effects on the
wound healing process [36]. These fatty acids are
precursors of pharmacologically active substances
including prostaglandins, thromboxanes, prostacyclins, and leukotrienes [37-39]. These pharmacologically active substances play a role in the regulation
of cell division and cell differentiation, angiogenesis,
and synthesis of the extracellular matrix [40, 41].
Similar to linoleic acid [42], it was reported that vitamin E also has important antioxidant effects [43] on
free radicals which are responsible for the cytotoxicity and delay in tissue healing [44]. If these products
are available in adequate amounts, they provide a favorable environment for reepithelialization when administered to the wound bed. The researchers have
suggested that avocado oil can increase collagen synthesis and decrease the number of inflammatory cells
during the wound-healing process, and therefore avocado oil may be considered as a new option for
treating skin wounds in pharmaceutical formulations
for topical use [36]. The researchers reported that linoleic and palmitic acid exhibited wound healing activity. Our results revealed that ethyl palmitate and
ethyl linoleate components, which are ethyl esters of
linoleic and palmitic and the main components determined in our study, have wound healing effects,
and these results support the results of the previous
studies. However, no significant inhibitory effect on
elastase enzyme was detected for the essential oils at
100 µg/ml for the present study.
!") !&%
One previous work regarding the anatomy of
 , published by Yaman and Tumen, was accepted as a main reference on  anatomy by
North Carolina State University’s library (http://insidewood.lib.ncsu.edu). The authors particularly
thank North Carolina State University.
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Phytotoxicity, biochemical estimation, #!& $%
&

#$"$
In the current study some selected plants ( 
%&# $%#! &,  & # and #%$
 ) were tested against #!& $% &
by the filter paper impregnation method. The selected concentrations of each plant are 5 %, 2.5 %,
1.2 5%, 0.63 % and 0.315 % which are then converted into μg/cm2 for further estimations. After the
conversion the values observed as 1273.88 µg/cm2,
636.94 µg/cm2, 318.47 µg/cm2, 160.5µg/cm2, 80.25
µg/cm2 µg/cm2 were tested for 24, 48, 72, 96, 120, 144
and 168 hours respectively. The percentage mortality
for each single and combined extracts was procured.
Highest mortality (78.57±2.45) was observed by the
combined extract of $%#! &and  #
while lowest (61.43±5.73) by  # treated
with 1273.88 µg/cm2. The highest mortality
(62.85±6.81) was observed by combined extract of
 $%#! & and  # however, lowest
mortality (45.71±3.41) by  #treated with
636.94 µg/cm2. The maximum mortality (44.3±5.63)
was caused by combined extract of #! &,
 # and    whereas the lowest
(34.29±3.11) by  # treated with 318.47
µg/cm2. The highest mortality (38.57±3.55) was observed by combined extract of $%#! &and 
 whereas the lowest (28.57±3.92) by $%#
! & treated with 160.5 µg/cm2. The maximum
mortality (27.14±4.54) caused by combined extract
of $%#! &and   while the lowest
(19.0±2.96) by combined extract of #! &,
 #and   Biochemical estimation
of combined extract of #! &,  #
and   68.48 % decreases the level oftotal
Protein. While   decreases 64.19 % Level
of amylase. Whereas combined extract of $%#!
&,  # and   decreases 55.73 %
Level of Cholinesterase. It concluded that the combined extracts were more effective and more toxic as
compare to single plant extract.



$" %$ 

The red flour beetle  $% & (Herbst)
(Coleoptera: Terebrionidae) is a cosmopolitan species and causes considerable losses to the stored food
grains [1]. The management of storage food grain
pests is not a current issue. Various recommendations of grain storage techniques, using different natural products to kill or keep away the infesting insect
pests are advised by the researchers of yester years
[2-3]. $% & is a common and most destructive pest throughout the world and generally found
in Granaries, Mills, Ware House and wheat flour [4].
It causes serious damages to all kinds of stored grain
products [5]. Many plant preparations are studied for
insecticidal actions [6-8] and these preparations
showed positive actions against pests. The plant derivative chemical activates after plants extracts
screening and has been used active protectant as an
antifeedant and insecticides and natural antifeedant
are used to control pest, to avoid environmental pollution and to reduce use of synthetic pesticides [910]. The use of plants pesticides are of low cost, suitable to use and environmentally friendly.
Keeping in view the significance of plant species, the present study was attempted to assess the
phytotoxic potential of some indigenous plant species as an alternative source of protection against the
red flour beetle  $% &rather than use any
synthetic pesticides. This study will be useful to cope
with the storage of the flour from red flour beetle infestation in storage bins and control the flour beetle
by use of indigenous plants extracts.

$"#$ #

59-+:9633-+:165)5,"-)815/Insect $
% & was collected from naturally infected flour
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hours of treatment the insects were crushed in 1ml of
distilled water with the help of mortar and pestle, homogenized for five minutes at 10,000rpm. The homogenate were centrifuged in “Labofuge 2000
Heraeus Sepatech” for 5 minutes at 5000rpm. The
supernatants were taken in separate micro tubes and
were kept in refrigerator at 2-8oC. This supernatant
was used for the estimation of cholinesterase, amylase and total protein content Level of cholinesterase
was determined by the colorimetric method of Randox Cat No. CE 190, which is based upon the method
of Kendel and Boettger [12]. Level of amylase was
determined by the colorimetric method of Randox
Cat No. AY 1002 which is based upon the method of
Klein %. [13].Protein content was determined by
Biuret method, using Randox diagnostic Kit Cat No.
TP 245, which is based upon the method of Weichselbaum [14].

bin and reared in glass jars in the Research Laboratory Department of Biological Science, Karakoram
International University laboratory under controlled
condition. During the nurturing period the temperature (25±1°C), relative humidity (60 ± 5%) and food
were provided to the test organisms. Ten day old
adults were used for all the trials.

!8-7)8):165 6. !3)5: =:8)+:9 )5, 99)>
Fresh leaves of the plants (  $%#! & #
 were collected during 2016-2017
from different area of District Gilgit. The collected
plants were washed with water, dried in shade and
grounded to make a fine powder. The plants extracts
were prepared following the method described by
Valsaraj % . [11]. One hundred gram of powder
was mixed separately in 300 mL of ethanol 99%
(w/v) ratio at room temperature. The mixtures were
stirred for 45 minutes in an ultrasonic bath at constant temperature of 25 °C, left to stand for 72 hours
and shacked several times at certain intervals. Single
and Combined solution of  $%#! & and 
## and  ; $%#! &
and   and $%#! &, # and
 in were made. Finally different concentration including 5, 2.5, 1.25, 0.63 and 0.31% of each
extract were made. The dilutions from these stock
solutions were prepared with the help of charless
equation.
C1 V1 = C2 V2

"#%$##%## 
In the current investigation  $%#! &
(DS),  # (PH),    (AG) and their
combined extracts were tested against $% &
by the filter paper impregnation method. The percentage mortality values for each single and combined extracts were gained (Table 1). Five concentrations (5%, 2.5%, 1.25%, 0.63% and 0.315%) were
tested and the mortality was kept at 24, 48, 72, 96, 120,
144 and 168 hours post treatment.
When  $% & was treated with , the
LC50 was observed at 723.24µg/cm2, while   %
847.09µg/cm2,  697.79µg/cm2 (Fig.1). When 
$% & was treated with combined extracts, the
mortality was increases. Combined extract of and
  ' LC50 at 518.47µg/cm2, while  and  
LC50 were found at 633.16µg/cm2, and  gave
LC50 at 605.81µg/cm2, whereas the combined extract
of  and  gave LC50 at 573.17µg/cm2 (table
1).
In previous research insecticidal action of some
21 indigenous plant extracts were investigated
against   $ (F.) all the plant extracts were
mixed with   #% (L.) investigated all extracted only unrefined !#&$ &$ and seed of
"soya" were testified for as active and  &$
with oil extract for to indicate high toxicological effect [15].
Biological action of leaves and fruit extract of
the African bush !$$  $$ was inspected
against !$!#&&$ &%&$ and blended the
extract with cowpea at ratio of 2:4 (w/w), their investigation showed 80-100% lethality caused in 
!$!#&&$ &%&$ (F.) [16]. Neem compound
and dimilin were attempted against !$!#&&$
 $. The effects of these mixtures were seen by
two techniques the observation was taken after 48144 hours of post treatment. Most prominent mortality was noted 40% after 72 hours of NC treatment by

$6=1+1:>,-:-8415):165. All the extracts were
tested by filter paper impregnation technique (Azmi
2004). For this purpose seven sets of Petri dishes of
2.5 cm diameter were taken and washed, dried in air
and sterilized in oven. Five petri dishes were marked
for each dose while one was kept as control. Then
filter paper was positioned at the bottom of Petri
dishes and by the help of pipette five different concentrations were spread on the filter paper. After that
10 adults of same age and size were released in each
petri dish separately. After 24 hours of treatment,
mortality was observed in all petri dishes.
-:-8415):1656.3-:0)3<)3;- LC50 of seven
extracts were measuring by plotting a graph on logprobit graph among mean mortality and dose. In this
technique we originate the lethal concentrations at
which 50% of the treated population was killed.
16+0-41+)3 9:14):165 Preparation of homogenate. 100 adult beetles of same size and age of
 $% & were treated with LC50 of four test
compounds i.e., $%#! &(723.24 µg/cm2)
# (846.09 µg/cm2)    (697.79
µg/cm2)and forcombined of $%#! & and 
# (518.47 µg/cm2)  # and 
  (633.16 µg/cm2);  $%#! & and 
  (605.81 µg/cm2); and  $%#! &, 
# and   (573.17 µg/cm2). After 24
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the two methods though dimilin treatment 60% mortality was seen following 48 hours of treatment by

glass film methodology while 30% mortality was
noted after filter paper impregnation procedure [17].

%" 
 )5,4-)5468:)31:>6.915/3--=:8)+:6.73)5:)/)159:
$ 
 )5,4-)5468:)31:>6.915/3-)5,+64*15-,-=:8)+:6.73)5:9)/)159:
Conc. µg/cm2
1273.88
636.94
318.47
160.5
80.25
LC50

DS
65.71±4.31
50.00±4.62
41.43±4.23
28.57±3.92
20.00±2.85
723.24

Mean % Mortality after 168 hours of post treatment
PH
AG
DT+PH
PH +AG
61.43±5.73
67.14±6.71
78.57±2.45
67.14±5.76
45.71±3.41
48.57±3.96
62.85±6.81
55.71±2.45
34.29±3.11
41.43±4.15
42.85±3.94
44.29±3.78
30.00±3.11
34.29±4.54
37.14±2.92
31.43±2.75
21.43±2.43
21.43±3.35
22.85±3.03
25.71±3.67
846.09
697.79
518.47
633.16

DT+AG
68.57±4.97
52.85±5.11
44.28±4.14
38.57±3.55
27.14±4.54
605.81

DT+PH+AG
75.7±5.66
55.7±4.99
44.3±5.63
37.1±4.64
19.0±2.96
573.17

$ 
+:1<1:>6.$6:)3!86:-1515).:-8 06;86.:8-):4-5:
=:8)+:9

 
 
Combined DT and PH
Combined PH and AG
Combined DT and AG
Combined DT, PH and AG

$8-):4-5:
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated

-)5@ 
17.29
9.37
16.91
9.80
17.86
8.99
17.10
6.18
17.29
7.37
17.86
7.18
18.24
5.75
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4.5
4.3
4.9
4.8
5.4
3.3
5.77
4.4
3.98
3.65
4.05
2.98
3.32
2.43

#?
2.83
2.3
2.75
2.43
2.46
1.90
3.91
2.54
1.85
2.32
2.97
1.93
2.01
1.38

501*1:165
45.81
42.05
49.66
63.86
57.37
59.80
68.48
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$ 
-<-36.)4>3)9-15).:-8 06;86.:8-):4-5:
=:8)+:9

 
 
Combined DS and PH
Combined PH and AG
Combined DS and AG
Combined DS, PH and AG

$8-):4-5:
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated

-)5@ 
46.57
28.85
44.35
31.97
44.91
16.08
46.02
27.19
45.46
26.63
47.12
29.40
46.57
21.74

#?
6.73
7.87
7.06
8.91
6.98
5.07
7.04
6.90
7.23
8.68
4.95
5.1
6.7
9.63

#?
3.06
4.14
3.94
4.54
4.06
3.75
4.63
3.41
4.67
4.56
2.76
3.2
4.09
5.67

501*1:165
38.05
27.92
64.19
40.91
41.41
37.60
53.31


$
-<-36.06315-9:-8)9-15).:-8 06;86.:8-):4-5:
=:8)+:9

 
 
Combined DS and PH
Combined PH and AG
Combined DS and AG
Combined DS, PH and AG

$8-):4-5:
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated
Control
Treated

-)5@ 
46.57
28.85
44.35
31.97
44.91
16.08
46.02
27.19
45.46
26.63
47.12
29.40
46.57
21.74

#?
6.73
7.87
7.06
8.91
6.98
5.07
7.04
6.90
7.23
8.68
4.95
5.1
6.7
9.63

#?
3.06
4.14
3.94
4.54
4.06
3.75
4.63
3.41
4.67
4.56
2.76
3.2
4.09
5.67

501*1:165
38.05
27.92
64.19
40.91
41.41
37.60
53.31

inhibition,    was showed 64.19% inhibition,
while combined ,  showed 40.91% inhibition,
 ,  41.41% inhibition and   37.60% inhibition, whereas ,   AG depicted 53.31% inhibition in amylase level. Previous research biochemical estimations of amylase were evaluated against
!$!#&&$  $ after24 hours of usage with
cypermethrin and amylase level inhibited 41.28%
[20].
Adults of $% & were treated with LC50
dose of single extracts (    and combined of    ,  ; ,  and ,  ,  .
The result depicted that extract showed 46.82%
inhibition, 29.92% and showed 48.45% inhibition. In combined extract, ,  showed 38.48%
inhibition,  ,   38.80%,   39.10%,
whereas ,  ,   showed 55.73% inhibition in
cholinesterase level (table 4). Nearly similar results
were found in previous studies which was assessed
the cholinesterase in !  $"%&"& %%
Linn, lateron the usage of bakayan root extract [21].
Toxicity caused along with biochemical valuations
of #! #&  # and cyhalothrin assessed
against adult beetles of #!& $% & biochemical estimations revealed that both show decreased the cholinesterase level to a little quantity
[22].

In the present examination LC50 of   
combined extracts of  and  combined of
and  , combined of  and  and combined ,
 and  were used for protein inhibition in connection with toxicological effects of tested extracts
on total Protein contents of  $% & assessed
after 24 hours of treatment (table 2). extract decreases 45.81%, decreases 42.05%,   decreases 49.66%, while combined  and   decreases 63.86%, combined of  and  decreases
57.37% and combined of  and  decreases
59.80%, whereas combined of  ,  and  decreases 68.48% in protein content. In previous study
nearly similar results were found where protein concentration of !$!#&&$  $ was assessed
following twenty four hours of post investigation
three compounds of Neem were investigated. All the
compounds were diminished RNA content 61%,
63% and 56%, after the investigation. Their investigation nimocline compound diminished 66% protein
content [18].The quantity of protein at 24 h after
treatment with 5% and 10% leaf extract indicated
more decrease as linked with the control treatment
[19].
In the present study LC50 of single extract ( 
    and combined extracts of  ,   
 , ( ,   and ( ,  ,  were used to amylase level inhibition (table 3).  extract was
showed 38.05% inhibition, was showed 27.92%
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It is concluded that the plants extracts caused
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The aim of the study was to evaluate appropriate nitrogen rates on some cowpea cultivars in case
of no native Rhizobia population in soil or rhizobia
inoculant was not applied. The research was conductedat Mediterranean climate conditions in Turkey during 2012/2013 and 2013/2014 cropping
seasons. The experiment was laid out in randomized block on the basis split plot design with three
replications at the end of April in both year. Three
registered cowpea cultivars namely Amazon, Sırma, Karagöz with originated Turkey were used as a
research material and three rates of nitrogen level
(80 kg, 120, 160 kg N ha-1) were applied. Plant
height (cm), branches plant-1, pods m-2, seeds pod-1,
100-grain weight (g), grain yield (kg ha-1) were
investigated. Applications of total 12 kg N ha-1
(before sowing and during the stage of seedling) in
cultivars Amazon and Karagöz were optimum level
for higher grain yield (2629 kg ha-1 and 3070 kg
ha-1 respectively).



was normal under a night temperature of 20 0C.
Dumlupinar et al. [10] recorded that inorganic element levels in organs of bean plants were influenced by chilling temperatures.
In Turkey, cowpea is grown for grain production in area about 2000 ha, but Mediterranean region of Turkey has a great grain production potential for ecological conditions. Cowpea can be successfully grown under irrigation conditions at this
region which has high temperature in summer.
There is not rhizobia population for cowpea as
native in Turkey’s soils because Turkey is not
origin of cowpea. For this reason, seeds of cowpea
before sowing in cowpea have to inoculated with
rhizobial culture or higher nitrogen fertilizer has to
be applied. In Turkey Rhizobium inoculant for
cowpea is not utilized by farmer because they can
not provide inoculant easily and cowpea can need
more nitrogen fertilizer for growth. However high
amount of nitrogen fertilization causes in significant decreases in nodule production if there is rhizobia in soil [11]. The high grain yield in green
gram was obtained from 20-40 kg N ha-1 in Rhizobial condition in Africa [12, 13]. A lot of studies
were also made crops with nitrogen level at various
field crops [14, 15, 16, 17].
Therefore, this study was carried out to evaluate effect of different nitrogen level on the yield
and yield components of the some cowpea genotypes in absence of rhizobia at Mediterranean climate conditions.


$"#$ #

The research was carried outat Research Area
of Field Crops Department, Agricultural Faculty of
Cukurova University (37º 02’18.06’ N, 35º
22’39.93’ E and 73 m above the sea level) in Adana
in Turkey during 2012/2013 and 2013/2014 in
cropping seasons. This area has Mediterranean
climate belt of southern Turkey. Average annual
total precipitation and mean temperature of this
area are 625 mm and 18.7ºC according to longterms respectively. The soils of research area were
sandy-loam in textures. Values of pH and salt con-

(' "#
Cowpea, fertilizer, genotype, yield, nitrogen

$" %$ 

The cowpea which has origin of tropical region is an important legume in the tropic and subtropic region of the world and it is largely grown in
Asia and Africa, South America with cereals such
as millet, sorghum and maize in the cropping system [1, 2, 3, 4]. It can be utilized as grain pulses,
vegetables and fodder. Dry grain of cowpea is including high crude protein, vitamins and mineral
matter and important for human’s feed. Grain legumes contributes soil fertility and fix atmospheric
nitrogen by Rhizobium symbiotically [5, 6].
Amount of nitrogen fixed by cowpea varied between 73-354 kg N/ha/yr under various field conditions [7]. Cowpea has a good adaptation to high
temperature and drought than other crop species
[8]. It is also sensitive to low temperature. Ahmed
et al. [9] reported that floral development in cowpea
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block design in the randomized block was pertent were 7.78 and 0.33 milimhos cm-1, respectiveformed by using MSTATC, a computer software
ly.
package. Comparisons among the means were
Three registered cowpea cultivars (Amazon,
made using least significant difference test (LSD) at
Sırma, Karagöz) provided from Ondokuz Mayıs
0.05 probability level.
University in Turkey were used as a research material and three nitrogen levels (80, 120, 160 kg N
ha-1) were applied. The experiment was laid out in
"#%$##%## 
randomized block on the basis split plot design with
nitrogen level in main plots and genotypes in sub
plots. The sowing was made at the end of April in
The mean values of plant height, number of
both years. The treatments were replicated three
branches per plant and number of pod per m-2 were
times. Each plots consisted of 4 rows with 45 cm
given in Table 2.
between rows and spacing of 10 cm between plants.

The size of the plot was 9 m² (5.0 m x 1.80 m).
!4*6; 1.201; As seen in Table 2, average of
Fertilizer was applied at a rate of 40 kg ha-1 N and
plant height was significantly shorter in 2013 (60.1
10 kg ha-1 P2O5 from composite fertilizer of 18-46
cm) compared with 2014 (102.0 cm). Interaction of
before sowing. In addition fertilizer of amonium
year and cultivar was significant, but interaction of
nitrate (40, 80, 120 kg N ha-1) was applied at vegeyear and nitrogen level for plant height was not
tative period. Soil of experiment had not rhizobia
significant (Table 2). According to combined mean
population and rhizobia inoculant was not applied
over years the highest mean of plant height was
in the experiment. Experiment site was drought in
recorded in Sırma with 91.9 cm while the lowest
the summer months and irrigation was made four
one was found in Amazon with 72.9 cm. Hence,
times in the experiment. Harvesting maturity date
differences among the nitrogen levels were not
of the plot was August 20 in 2013 and 9 September
significant for this trait.
in 2014.
Plant height (cm), branches per plant, grains
<5+.97/+9*6,1.:Years were significantper pod, 100-grain weight (g) were measured on
ly affected by genotypes for number of branches
five random plants in each plot. Grain yield (kg
per plant (Table 2). The mean of branches was
ha-1) and pods m-2 (two rows in length of meter 1)
greater in 2013 (7.2 branches plant-1) than 2014 (5.0
were also calculated.
branches plant-1). Interaction of year and cultivar
Combined variance analysis of the experiwas significant for number of branches per plant.
ments repeated over years according to the split


$ 
&*4<.:7/576;14?*=.9*0.;.58.9*;<9.*6-;7;*489.,282;*;2767/-*6*
.;.7974702,*4!*9*5.;.9:

(.*9:
2013
2014
2013
2014
2013
2014
2013
2014
2013
2014

o

Mean Temperature ( C)
Maximum Temperature (oC)
Minimum Temperature (oC)
Relatively Humidity (%)
Total Rainfall (mm)

8924
18.9
19.0
37.0
34.5
9.0
6.4
67.0
65.5
54.0
22.1

*?
23.6
22.0
36.7
34.7
13.1
12.8
65.7
67.7
61.5
34.9

<6
26.1
25.6
37.9
39.3
17.2
16.4
61.3
68.0
0.9
89.8

<4?
28.6
28.4
37.7
34.7
20.5
22.8
64.3
70.6

3.5

<0<:;
29.2
29.3
38.8
37.5
20.0
21.7
67.9
70.9
19.8
0.2

#.8;.5+.9
25.8
26.3
39.1
36.1
16.5
15.7
61.8
64.6
31.9
95.4

$ 
//.,;:7/,<4;2=*9*6-62;970.64.=.4:76:75.;9*2;:26-2//.9.6;?.*9:*6-,75+26.-?.*9:
$9.*;5.6;:

!4*6;.201;,5


.*6

<4;2=*9
Amazon
61.5 c
Karagöz
60.6 c
Sırma
58.6 c
LSD 5%
YxG:13.3
80
120
160
Mean
LSD 5 %
CV %

59.0
60.0
61.0
60.2b
YXN:NS

84.3 b
96.6 b
125.3a

72.9 b
78.6 b
91.9 a
9.4

103.0
101.3
101.9
102.0a

81.4
80.7
81.6
81.2
NS
16.8

9*6,1.:!4*6;


.*6
7.7 a
4.8 c
7.4 a
5.3 c
6.4 b
4.9 c
YxG:0.6
2;970.64.=.4301* 
6.9
5.0
7.4
4.9
7.3
5.2
7.2 a
5.0 b
YXN:NS
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6.3 a
6.4 a
5.6 b
0.5
5.9
6.1
6.2
6.1 a
NS
11.0


220.5b
262.3a
107.0c
YxG:37.1
170.3
222.0
198.0
196.6a
YXN:NS

!7-:5 


.*6

123.7c
105.6c
50.5 d

172.2a
184.0a
78.7 b
26.9

105.0
90.6
84.3
93.3b

137.6
156.0
141.1
144.9
NS
26.4
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6;.9*,;2767/62;970.64.=.4*6-0.67;?8./7987-6<5+.95 *,,79-260;7
,75+26.-7=.9?.*9:
2;970.6.=.4301* 
120
165.1 b
233.5 a
69.6 c

<4;2=*9
80
163.7 b
167.5 b
81.3 c

Amazon
Karagöz
Sırma
LSD 5%: 45.5

160
18.6 b
151.0 b
84.3 c

$ 
//.,;:7/,<4;2=*9:*6-62;970.64.=.4:76:75.;9*2;:26-2//.9.6;?.*9:*6-,75+26.-?.*9:
9*26:<5+.9!7-


.*6

$9.*;5.6;:
<4;2=*9
Amazon
Karagöz
Sırma
LSD 5%
80
120
160
Mean
LSD 5%
CV %

6.7
6.2
5.9
YxG:NS

5.6
6.0
5.7

6.2
6.1
5.8
NS

5.9
6.6
6.2
6.3
YxN:NS

6.0
5.8
5.5
5.8

6.0
6.2
5.9
6.0
NS
12.3



9*26'.201;0

.*6

21.0
21.1
20.9
20.4
20.6
19.6
YxG: NS
2;970.64.=.4301* 
21.1
20.7
20.4
20.0
21.0
20.4
20.8
20.6
YxN: NS

9*26(2.4-301* 


.*6

21.0
20.6
20.1
NS

2401 b
2997 a
1367 c
YxG:422

2515 b
2332 b
1126 c

20.9
20.2
20.7
20.6
NS
5.7

1524 c
2606 a
2642 a
2255 a
YxN:359

2096 b
1924 b
1957 b
1993 b

2457 a
2667 a
1246 b
298
1810 b
2264 a
2300 a
2124
464
20.4

$
6;.9*,;2767/,<4;2=*9*6-62;970.64.=.4/7909*26?2.4-*,,79-260;7,75+26.-?.*9:
<4;2=*9
Amazon
Karagöz
Sırma
LSD 5%: 517

80
1911 b
2378 bc
1143 e

2;970.6.=.4301* 
120
2629 ab
3070 a
1085 e

160
2833 ab
2555 ab
1511 de

while the lowest one was found in cultivar Sırma at
all the nitrogen level.
The mean of grains per plant, 100- grain
weight and grain yield were given in Table 4.

The effect of cultivars on number of branches
was significant in combined years. The number of
branches per plant in Karagöz (6.4 number) and
Amazon (6.3 number) was significant higher than
in cultivar of Sırma (5.6 number). Interaction of
year and nitrogen level was not significant. Cultivar
and nitrogen level did not affect the number of
branches according to combined mean values.

<5+.9 7/ 87-: Number of pods m-2 was
significantly affected by years (Table 2). The mean
number of the pods was significantly higher in 2013
(196.6 pods m-2) than 2014 (93.3 pods m-2). Interaction effect between genotypes and years for number
of pod was significantly indicated. Number of pods
m-2 was also affected by genotypes for combined
mean values. The number of pods were significantly more in cultivar Karagöz (184.0 pods m-2) and
Amazon (172.2 pods m-2) than in cultivar Sırma
(78.7 pods m-2) as in case of branches per plant.
Nitrogen levels did not affect the number of
pods according to combined years. Hence, significant interaction was found between genotype and
nitrogen level for this trait (Table 3). The highest
value was obtained in Karagöz at 120 kg N ha-1

<5+.97/09*26: Effects of years and all interaction effects on grains per pod were not significant (Table 4). According to combined years differences among genotypes and nitrogen levels were
not significant. However the mean of grains per pod
in cultivars and nitrogen levels was 6.0 grains pod-1.

09*26 >.201; Differences among the experiment years were not significant for 100 grain
weight (Table 4). None of the interaction terms
were significant. Genotypes and nitrogen levels
didn’t affect the grain yield. However average of
100-grain for cultivars and nitrogen levels was
20.6 g.
9*26?2.4-Grain yield was significantly affected by years (Table 4). The average grain yield
in 2013 (2255 kg ha-1) was greater than grain yield
in 2014 (1993kg ha-1). According to combined
mean over years, grain yields were affected by
genotypes and nitrogen levels. The grain yields of
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Karagöz and Amazon had higher yielding capacity compared with cultivar Sırma. The results
obtained from the study showed that application of
total 12 kg N ha-1 (before sowing and during the
stage of seedling) in Amazon and Karagöz was
optimum level for higher grain yield in cowpea if
there is no rhizobia in soil.
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Karagöz and Amazon with 2667.0 and 2457.0 kg
ha-1 respectively were higher than grain yield of
Sırma (1246.0 kg ha-1). The highest grain yield was
achieved at level of 160 kg N ha-1 with 2300.0 kg
ha-1, but differences between 12 kg N ha-1 and 16
kg N ha-1 were not significant for grain yields.
Hence, interaction of genotype and nitrogen level
for grain yield was significant (Table 5). The maximum grain yield (3070.0 kg ha-1) was produced
with Karagöz at level of 120 kg N ha-1. However
the grain yields of Amazon and Karagöz were similar at level of 120 kg N ha-1 and 160 kg N ha-1.
However the grain yield of Sırma in the all the
nitrogen levels was lower than other genotypes.
Grain yield due to increasing branches per
plant, pods m-2, 100 seed weight in the first experiment year was affected positively by favourable
day/night temperature and low humidity in generative period (Table 1). Similarly, Ahmed et al. [9]
also reported that floral development in cowpea
was normal under a night temperature of 20 0C.
Warrag et al. [18] recorded that cowpea produced
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temperature above of 16 0C in flowering stage decreases in both pod set and grain yield. Aboyami et
al. [20] reported that there was positive correlation
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yield increased due to application of nitrogen fertilizer. On the other hand, in the present study the
grain yields were significantly affected by interaction of nitrogen level and year. The similar results
were reported by Bationa and Ntare [21] who indicated fertilizer N increased yield in cowpea, interaction of years x nitrogen rate was significant for
seed yield. However, application of nitrogen fertilizer is benefit due to genotypes if it is applicated in
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because of that the experiment soil had not rhizobia. However, interaction of nitrogen level and
genotype was significant for yield. Similar results
were stated by Okafor [24] who determined increasing rates of fertilizer (0, 30, 60, 90, 120 kg N
ha-1) increased significantly the seed yield. Pereira
et al. [25] also reported that generally high grain
yield in common bean was obtained in application
of total 110 kg N ha1 in absence of Rhizobium
inoculation as compared with inoculation. The
present study showed that maximum yield and yield
components in cowpea were observed in nitrogen
levels above 80 kg ha-1 without Rhizobia in soil. 
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sition, leaching into underground waters or being
washed away by run-off into surface waters, and
eventually resulting in water and subsequently soil
pollution. Its increasing level in environment exerts
a wide range of adverse effects on the production
and quality of plants and even threatens the health
of animals and human beings by food chains. Most
severe is that this kind of pollution is covert,
long-term and non-reversible [1]. Recently, with the
rapid development of copper industries and the
frequent use of insecticides and animal feeds containing Cu additives, the copper pollution becomes
more and more serious, and Cu has been one of the
primary elements resulting in the soil heavy metal
pollution [2]. Most of studies showed that excess
copper negatively disturbs the metabolism, growth
and development of plants. Ozdener et al. [3] reported that copper was the most inhibitory metal
influencing germination, root and hypocotyl growth
contrasted with cadmium, lead and zinc. High Cu in
plant produced reactive oxygen species (ROS) and
caused lipid peroxidation, membrane damage and
the descent of photosynthesis, thus resulting toxic
effects [4]. To protect plants against these toxic
effects, plants evolve highly regulated enzymatic
mechanisms and utilize these enzymes such as SOD,
POD and CAT to keep a balance of ROS production and scavenging [5], thus accordingly the toxic
effects on plants are often serve as one of the most
important indexes in soil ecological risk assessment
[6].
Salicylic acid (SA) is a phenolic compound
with antioxidant properties, as an endogenous
growth regulator, which acts as non-enzymatic antioxidant and participates in the regulation of physiological processes in plant [7-8]. SA has diverse
effects on plants tolerance to abiotic stresses such
as drought, cold and heat [9-11] and may play a key
role in regulating their growth and productivity [12].
The mechanism of action of salicylic acid against
stress returns to its role in antioxidant enzymes regulation and the expression of pathogenesis-related
proteins in plant [13-16]. There are plenty of evidences on the role of SA in enhancing the endoge-

Copper is one of the important environmental
pollutant heavy metals with high toxicity for living
organisms and even the health of human beings by
food chains. Salicylic acid (SA) has been recognized as an endogenous regulatory signal in plants
inducing the resistance to heavy metal. In this study,
copper-mediated salicylic acid regulation capacity
was investigated on the physiological and biochemical responses of rice seedlings. The results
showed that the heavy metal Cu (200 mg/L) has
significant inhibition effects on the growth parameters, chlorophyll contents, membrane permeability,
MDA contents and antioxidant enzymes in rice. The
exogenous application of salicylic acid alleviated
effectively the copper toxicity by increasing the
growth parameters, photosynthetic pigments and
the activities of antioxidant enzymes, and decreasing the electrical conductivity and MDA content in
rice seedlings under copper stress. Moreover, salicylic acid at 100 mg/L was the most effective
treatment that defense against the copper stress. In
summary, exogenous application of SA is to some
extent an effective protectant in improving the activities of antioxidant enzymes to defense the copper toxicity in rice.


&$ 
Antioxidant enzymes, copper stress, membrane lipid
peroxidation, rice, salicylic acid (SA)

!"!
Pollution of the biosphere with heavy metals
poses a major environmental and human health
problem, either from geochemical origin or anthropogenic sources especially mining and industrial
activities, and has thus attracted increasing attention
over the last few decades. These metals are released
into the environment, following with the varieties
of processes of the atmospheric heavy metal depo-
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,;,9405(;065 6- .96>;/ 7(9(4,;,9: The
growth parameters in rice were examined after six
days treatment with SA. In order to determine seedling growth condition, shoot height was measured
from the shoot base to the tip of the longest leaf by
using a centimeter scale, to the nearest 1.0 mm, the
fresh weight (g/plant) of all seedlings was detected
with the help of an electrical single pan balance,
and the numbers of fibrous root in the seedlings
were counted.

nous antioxidant levels in plants which resulted in
better protection again oxidative stress [12,17-18].
It has been revealed in previous studies that exogenous application of SA mitigates Cu negative effects on growth in sunflower [19], and alleviates
cadmium toxicity in maize leaves and mercury toxicity in roots of    [20-21].
Rice (     L.), representing 29% of
the total output of grain crops, is the major staple
food source for more than half of the world population, especially in East and South Asia, the middle
East, Latin America and the West India [22-24].
Accordingly, the study of rice facilitate sustainable
agriculture and a secure food supply [25]. Many
studies were conducted on the regulation of protective enzyme activity and growth in rice, which are
focused mainly on the stress of low and high temperature as well as salt conditions. Although there
are several evidences on the role of SA in heavy
metal stress, but almost focused on Pb and Cd, few
studies have investigated the effects of exogenously
applied SA on antioxidant defense of rice under
copper [26]. Thus, the aims of this study are to: i)
explore the growth characters and responses of antioxidant enzymes in rice seedlings to Cu stress,
and ii) provide clear evidences for exogenous SA
regulation of antioxidant defense system to protect
rice seedlings from heavy metal damage.

/36967/@33 ,:;04(;065 Chlorophyll pigments of experimental plants were extracted in 80%
acetone. Fresh leaf was homogenized in 80% acetone, centrifuged at 10,000 rpm for 10 min and the
supernatant was taken. The amount of chlorophyll a
and b were determined by measuring the absorbance of chlorophyll at 646.8 nm and 663.2 nm and
calculating with equations described by Lichtenthaler [28].
Chl = (12.25 663.2 - 2.79 646.8)
Chl = (21.21 646.8 – 5.1 663.2)
3,*;963@;, 3,(2(., 05:7,*;065 Plant membrane permeability under adversity is assessed by
electrolyte leakage (conductivity). Twenty leaf discs
were put into a boiling tube containing 10 ml deionized water and electrical conductivity was
measured, which is named as EC0. Then, the contents were heated at 55°C for 25 minutes in water
bath and the measured electrical conductivity was
known as EC1. Then, that was checked again after
10 minutes boiling, accordingly called EC2. The
electrolyte leakage was calculated using the formula:
Electrolyte leakage (%) = (EC1 - EC0) / (EC2 EC0)×100%

! ! 
3(5; 4(;,90(3 (5+ ;9,(;4,5; 796*,+<9,
Seeds of rice (    cv Changyou 4) were surface-sterilized with HgCl2 (0.1%) for 6 min, rinsed
three times with distilled water, and accelerated
germination on wet sterile sand at 28±1°C in the
darkness. After germination, uniform seedlings
were transferred into standard Hoagland solution
[27], and cultured at 28±1°C with a photoperiod
14h/10h (day/night) and the 250 μmol/m2/s photosynthetic photon flux density provided by sunlight
lamp. The relative humidity was 70%, and the nutrient solutions were replaced every day. After seven days, all the seedlings were laid on nylon netting
supports placed on plastic basin of 12 cm diameter.
Each basin contained 300 ml Hoagland solution
with 200 mg/L copper except for the nutrient solution in the control group. After three days of copper
treatment, seven levels of 10 ml salicylic acid (0, 25,
50, 75, 100, 125 and 150 mg/L) were sprayed on
the leaves of seedlings in copper treatment every
two days in the evening. Six days later, seedling
leaves were collected for measuring the growth and
physiological features. Five replicates were set for
each treatment.



,(:<9,4,5; 6- 3070+ 7,96?0+(;065 For estimating lipid peroxidation, malondialdehyde
(MDA) was measured according to the method described by Chen et al. [29] with minor modifications. Rice seedling leaves (2 g) were homogenized
with 7 ml of 50 mM PBS buffer (pH7.8) in ice-bath.
The extract was centrifuged at 10,000 rpm for 20
min at 4. A 1ml supernatant fraction was mixed
with 3 mL of 20% trichloroacetic acid (TCA) containing 0.5% thiobarbituric acid (TBA), and then
heated to boiling in water bath for 20 min. The
mixture was centrifuged at 10,000 rpm for 15 min
after cooling down quickly, and the absorbance of
the supernatant was measured at a wavelength of
532 nm, 600 nm and 450 nm. The concentration of
MDA was determined using the extinction coefficient of MDA (ε =155 mM/cm).
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--,*;:6-:(30*@30*(*0+*65*,5;9(;065 65:,,+305..96>;/7(9(4,;,9:6-90*,<5+,9*677,9:;9,::
Parameters
Shoot height (cm)
Fresh weight (g)
Fibrous root numbers

Treatments
Control

Cu
a

14.93±0.21

a

0.15±0.01

f

4.00 ±0.20

g

26.23±0.21
0.25± 0.01

Cu + 25SA

13.00 ±0.20

a

g

16.13±0.35
0.17±0.01

f

e

6.00 ±0.10

f

Cu + 50SA
17.80±0.27

e

0.20± 0.01

d

7.00 ±0.30

e

Cu + 75SA Cu + 100SA Cu + 125SA Cu + 150SA
19.00±0.20d 22.43±0.35b 21.43±0.45c
bc

0.22±0.01

8.00 ±0.20

d

b

0.23±0.01

10.00±0.10

b

19.50±0.56d

0.22±0.01

c

0.21±0.01 cd

9.00 ±0.30

c

8.00 ±0.30 d

Notes: Letters indicate the significance of differences among treatments in the same line, which were calculated by the
SNK-q test method, and a, b, c, d, e, f and g indicate that the means decrease gradually.



5;06?0+(5; ,5A@4, (::(@: The activity of
peroxidase (POD) was determined according to the
classical guaiacol reaction method [30]. A total of
2.95 ml of liquid mixture was incubated for 3 min
at room temperature, containing 2.7 ml of 0.1 M
potassium phosphate buffer (pH 6.8), 0.1 ml of 3%
H2O2, 0.15 ml of 4% guaiacol, and 0.05 ml of enzyme extract. The absorbance increment was monitored at 470 nm on account of the formation of
tetraguaiacol. POD activity is expressed as units of
enzyme activity (U), which is calculated using a
molar absorptivity of 2.66 × 104/M/cm for tetraguaiacol.
The method of ultraviolet spectrophotometry
was used for the catalase assay by disappearance of
peroxide, which described by Chance et al. [31] after
minor modification. A 5-ml assay mixture of CAT
was prepared including 3 ml of 0.1 M phosphate
buffer (pH 6.8), 1 ml 30 mM H2O2 and 1 ml of the
enzyme extract. The absorbance of the reaction
solution was read at 240 nm every 20 seconds. An
absorbance change of 0.01 unit/min was expressed
as one unit of CAT activity.
The activity of SOD was assayed by monitoring the inhibition of nitroblue tetrazolium NBT
reduction, according to the methods of Beyer et al.
[32] and Giannopolitis et al. [33]. The reduction of
NBT by superoxide radicals to blue colored formazan can be detected at 560 nm. The 3 ml reaction
mixture containing 1.5 ml of 50 mM phosphate buffer (pH 7.8), 0.3 ml of 130 mM methionine, 0.3 ml
of 0.75 mM NBT, 0.3 ml of 0.1 mM EDTA-Na2 and
0.03 ml of 0.2 mM riboflavin, with 0.05 ml of enzyme extract and 0.52 ml of double-distilled water
was illuminated for 10 min with a 15-W fluorescent
lamp. The control without the enzyme source was
always included, and the absorbance was measured
at 560 nm. One unit of SOD activity was defined as
the amount of enzyme causing 50% inhibition of
the reaction of NBT at 560 nm.

ances. One-way analyses of variance (ANOVAs)
were conducted to reckon the effects of salicylic
acid concentration on each of the growth and physiological parameters. Multiple comparisons were
carried out using Student-Newman-Keulstest to
determine which treatment was significantly different among the groups, and the significance level
was set to 0.05.
 "! 

--,*;: 6- :(30*@30* (*0+ 65 ;/, .96>;/ 7(
9(4,;,9: 6- 90*, :,,+305.: <5+,9 *677,9 :;9,::
As presented in Table 1, the results clearly showed
that copper treatment inhibits the growth of rice
seedlings, and shoot height, fresh weight and fibrous root numbers were 56.9%, 60.0% and 30.8%
in comparison to the control group. One-way analyses of variance and multiple comparisons indicated that salicylic acid has significantly effects on the
all growth parameters including shoot height, fresh
weight and fibrous root numbers (P < 0.01), and
these growth parameters of seedling increased significantly compared to the single copper treatment
after sprayed different concentrations (0, 25, 50, 75,
100, 125, 150 mg/L) salicylic acid. With the increasing of salicylic acid concentration, the shoot
height, fresh weight and fibrous root numbers rose
gradually up to the highest at the 100 mg/l salicylic
acid, which were 85.5%, 92.0% and 76.9% compared to the control group, and then declined.
--,*;: 6- :(30*@30* (*0+ 65 ;/, */36967/@33
*65;,5;: 6- 90*, :,,+305.: <5+,9 *677,9 :;9,::
The copper concentration of 200 mg/L was identified to have inhibitory effects on two evaluated
chlorophyll contents in fully mature leaves, so
caused a significant reduction in Chl (50.9%) and
Chl (46.6%) respectively as compared with the
control group (Figure 1). Under copper stress,
one-way analysis of variance showed significant
effects of salicylic acid on the chlorophyllcontents
of rice seedlings (p0.05), and the correlation coefficients were 0.853 and 0.840 in terms of Chl and
Chl . After sprayed SA, the contents of Chl and
Chl were remarkably improved, especially the

;(;0:;0*(3 (5(3@:,: Statistical analyses were
performed in the statistical software SPSS Ver16.0.
We used the one-sample Kolmogorov-Smirnov
procedure to test all data for normality, and used
Levene’s test to check the homogeneity of vari-
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treatment (Figure 2).    maintained high
leakage value and MDA content after copper treatment (3 days at 28 °C) and showed a significantly
persistent recovery by spraying salicylic acid (10
ml for three times) until 100 mg/L concentration.
After that point, the cell membrane permeability
and lipid peroxidation strengthened again at 125
mg/L and 150 mg/L salicylic acid. The statistical
analysis shows a significant correlativity between
the electrolyte leakage and MDA (P < 0.01,
r=0.989).

highest enhancement of 35.9% and 35.1% in chlorophyll a and chlorophyll b respectively were recorded under the SA concentration of 100 mg/L,
which showed that appropriate SA treatments could
elevate chlorophyll contents and promote photosynthesis.
--,*;: 6- :(30*@30* (*0+ 65 ;/, *,33 4,4
)9(5, 7,94,()030;@ (5+ 4(365+0(3+,/@+, *65
;,5; 05 90*, :,,+305.: <5+,9 *677,9 :;9,:: Conductivity and malondialdehyde measurements
showed that    was strongly affected (61%
and 58% increase respectively) by 200 mg/L of Cu

" 
--,*;:6-:(30*@30*(*0+65*/36967/@33*65;,5;:0590*,<5+,9*677,9:;9,::,;;,9:),:0+,;/,3,.,5+: 
05+0*(;,;/,:0.50-0*(5*,6-+0--,9,5*,:(465.;9,(;4,5;:05;/,:(4,305,>/0*/>,9,*(3*<3(;,+)@;/,
8;,:;4,;/6+(5+()*+,-(5+.05+0*(;,;/(;;/,4,(5:+,*9,(:,.9(+<(33@


" 
--,*;:6-:(30*@30*(*0+65;/,*65+<*;0=0;@(5+*65;,5;6-90*,<5+,9*677,9:;9,::
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" 
,:765:,6-(5;06?0+(5;,5A@4,(*;0=0;0,:0590*,;6*677,9:;9,::(5+:(30*@30*(*0+9,.<3(;065,;;,9:),
:0+,;/,3,.,5+:05+0*(;,;/,:0.50-0*(5*,6-+0--,9,5*,:(465.;9,(;4,5;:05;/,:(4,305,>/0*/>,9,
*(3*<3(;,+)@;/, 8;,:;4,;/6+(5+()*+,(5+-05+0*(;,;/(;;/,4,(5:+,*9,(:,.9(+<(33@


,:765:,6-(5;06?0+(5;,5A@4,(*;0=0;0,:;6
*677,9 :;9,:: (5+ :(30*@30* (*0+ 9,.<3(;065 From
the statistical results, the activities of POD, CAT
and SOD increased initially and then decreased
upon exceeding 100 mg/L salicylic acid concentration (Figure 3). The 200 mg/L copper exposure
increased the antioxidant enzyme activities in
leaves by approximately 8.9%. 16.8% and 15.4%
for POD, CAT and SOD respectively compared
with the control group, which indicated the stress of
heavy metal can induce the activity of protective
enzyme. However, salicylic acid treatment didn’t
weaken the antioxidant enzyme activities, but significantly further improved the activities of POD,
CAT and SOD in Cu-stressed rice leaves compared
to the single copper treatment. The antioxidant enzyme activities ran up to the optimal states at 100
mg/L salicylic acid concentration, increased by
46.4%, 76.1% and 92.3% in POD, CAT and SOD
respectively relative to the control group. With the
further increase of salicylic acid concentration, the
antioxidant enzyme activities began to decline
non-significantly.


 " 

growth and development of plants as a component
of various proteins and acts as a structural element
in certain metalloproteins, excess Cu can become
extremely toxic causing reduction of plant biomass,
stunted growth, chlorosis, disrupt protein structures
and inactivate enzymes [34]. Salicylic acid as a
potent endogenous signal molecule is involved in
eliciting specific responses to several abiotic
stresses in plants, such as acting as growth regulator
and therapeutic agent [35]. Recent studies have
evinced that SA induces adaptability to the toxicity
of Cd, Cr, Mn, Cu and Hg [2,8,15,19-20,25,34].
The present study explored the regulatory effect of
SA on the copper toxicity in rice seedlings. Although numerous studies have been conducted to
examine the effects of copper on rice seedlings, few
literatures were reported to address it together with
SA.
Inhibition of plant growth is a common phenomenon under heavy metal condition, displaying
by the decrease in fresh weight and shoot height,
and which might be on account of some disturbances, such as the cellular water status [36], mitosis
[37], cell cycle [38], stiffening of cell walls [39]
and the reduction in photosynthesis [40-42]. In this
study, the growth parameters were all inhibited under copper stress, and the moderate supply of salicylic acid could relieve the damage by Cu and
promote the growth of roots, stems and leaves,
which might be due to that salicylic acid acting as a
phytohormone can induce the synthesis of abscisic
acid (ABA) and indole acetic acid (IAA) that can

Abiotic stresses lead to specific biological responses thereby altering the growth characteristics
and physiological processes in plants to enable
them to adapt with the environment in a better way.
Although copper (Cu) is essential for normal
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thereby exhibited the capability reduction of SA in
alleviating the copper injury.
Other process implicated in the prevention of
Cu induced protein damage involves the regulation
of the synthesis of antioxidant enzymes. Plants
protect cell and sub cellular systems from the cytotoxic effects of the ROS with antioxidant enzymes
such as POD, CAT and SOD. The ability of these
enzymes to scavenge ROS and reduce their damaging effects may be used to assess the resistance of
plants to heavy metals. Studies also demonstrated
that SA improves the activity of antioxidant enzymes during stress [48-49]. In this work, Cu stress
enhanced the leaf SOD, POD and CAT activities in
rice, Further, SA treatment produce less ROS and at
the same time increase their own capacity to clear
the oxidative stress, which result in the less accumulation of ROS under Cu stress, with their impact
being apt to depress more than 100 mg/L SA.


"  

promote the plant growth [43]. Accordingly, salicylic acid could to some extent be regard as alleviation to the toxic effects of heavy metal Cu on the
rice, and improve the abilities of copper resistance
in rice.
The heavy metal stress can depress the chlorophyll synthesis or destroy chlorophylls, simultaneously inhibit the root growth, resulting in the
decrease of nutrient absorption capacity and the
deficiency of iron element, and accordingly the
content of chlorophylls reduce [44-45]. As compensation, To a certain extent moderate quantity of
salicylic acid could recover the root activity, promote the mineral element absorption by plants under copper stress; in addition, the syntheses of ABA
and IAA as a result of SA application can delay the
decomposition of chlorophylls [43]. In this study,
significant reduction of chlorophyll contents was
observed under Cu treatment, and SA supply can
prevent the photosynthetic pigment destruction and
increase the chlorophyll concentrations which could
strengthen the photosynthesis and plant growth. The
statistical analysis showed that the application of
100 mg/L SA is more effective against copper
stress.
It is generally known that plants develop defense mechanisms right away after heavy metal
stress, of which the formation of reactive oxygen
species (ROS) is common response. Such reactive
oxygen species induced lipid peroxidation accounting for cell death after adverse stress. In general,
MDA content is an indicator for lipid–peroxidation
and represents a balance of oxidative stress that
induced production of MDA under Cu treatment.
Thus, MDA can be regarded as a sink for oxidative
radicals. Another type of damages present in the
cells by oxygen radicals can also be exhibited as the
cell membrane injury and increasing electrolyte
leakage [46-47]. Acting as an important signaling
molecule, SA treatment can antagonize partially or
completely for the stimulatory effects of heavy
metal toxicity on electrolyte leakage [43-44]. This
paper also showed that the rice exposed to copper
stress had significant change in membrane permeability, causing the exosmosis of dissolved substance
and the unbalance between producing and scavenging of oxygen free radical, thus the MDA of membrane lipid peroxidation products accumulated in
the seedling leaves. The alterations in membrane
stability also destroy the cell compartmentalization
and lead to metabolic disorders, ultimately inhibit
the rice growth. The remarkable decreases in electrolyte leakage and MDA content are the clear evidences for the reduction of membrane damage, increased membrane stability and high tolerance of
rice under SA treatment in moderation. However,
excessive treatment of SA increased the membrane
permeability and induce more lipid–peroxidation,

Significant inhibition of heavy metal Cu on
the rice (    L.) were demonstrated by the
growth parameters, chlorophyll contents, membrane
permeability, MDA content of membrane lipid peroxidation products and antioxidant enzymes. Exogenous salicylic acid played the remarkable alleviation and regulation roles on the physiological
and biochemical responses of rice under copper
stress. Different copper-mediated regulation actions
were shown with the exposure level variation of
salicylic acid, and 100 mg/L SA was the optimum
selection that alleviates effectively the copper toxicity.
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functionality, biodiversity conservation and sustainable development [4-7] in this rapid changing Anthropocene [8, 9].
Alpine grassland of the Tibetan Plateau – “the
third pole” of the world - is highly sensitive to climate change and anthropogenic activities [10, 11].
Grassland covers about 70% of The Tibet Autonomous Region of China (hereinafter referred to as Tibet), which covers about half of the Tibetan plateau.
Grassland degradation in Tibet is caused by both anthropogenic factors, such like overgrazing, and nonanthropogenic factors such as warmer temperature
and precipitation variations [12-14]. The extent and
magnitude of grassland degradation are under debate
[15, 16]. Subsequently, Chinese government enforced many ecological conservation policies to support the Grazing Withdrawal Program (GWP) over
the north China grasslands [22, 23].
Grassland quality and productivity diminishing
is the main feature of grassland degradation [17].
Grassland productivity change may be measured by
change in net primary productivity (NPP) [18]. NPP
has been adopted as an indicator to discriminate climate change and human activities induced productivity change [2, 19-21]. Human appropriation of net
primary production (HANPP) was introduced and
performed to quantitatively explore human domination and modification of ecosystems [22-25].
HANPP is comprised of human consumed NPP and
human land-use induced NPP change. Some researches [20, 21] assumed that human consumed
NPP equals the difference between potential NPP
simulated by process-based model and NPP simulated based on remote sensing data. In natural grassland of the Tibetan plateau, they assume this proportion of NPP was consumed by livestock. However,
according to HANPP framework, their assumption
had a major shortcoming, this proportion of NPP not
only includes human consumed NPP but also human
land-use induced NPP change. Land-use types
changed little in Tibet [26, 27], this land-use induced
NPP change in natural grazing grassland in Tibet can
be referred to as grassland degradation (NPPd). Pan
et al. [28] explored this gap and suggested a modified
framework, however still ignored NPP change under
grassland degradation.
Under this circumstance, quantitative exploration of grassland degradation in Tibet became even

Direction and magnitude of the productivity
change concerning grassland degradation in the Tibetan grassland was inconsistently estimated and
discussed. The assumption frameworks were debatable. Here we adopted net primary production (NPP)
as an indicator, estimated degradation induced grassland productivity change (NPPd) during 2000-2015,
based on potential NPP (NPPpot, simulated by the
Terrestrial Ecosystem Model), NPP remaining in the
ecosystem (NPPeco, based on remote sensing product) and human consumed NPP (NPPh, NPP consumed by livestock). Then, we further examined the
correlation between NPPd and other NPP indicators
as well as climatic variables, explored the dynamics
of detailed livestock husbandry data – sheep and cattle stocks, sheep meat and beef production. The results show that NPPd decreased in the majority areas
of the Tibetan grassland during the study period,
suggested a recovery of grassland degradation, even
under the circumstance of a decreasing NPPpot and
an increasing NPPh. This should be the combination
effect of ecological conservation policies and local
economic developments. These findings provide a
quantitative discuss on the patterns and dynamics of
grassland degradation in the unique Tibetan grassland under complicated socio-economic developments and conservation polices, that could further
contribute to evaluation and optimization of local
sustainable ecosystem management.

)' "#
Ecosystem management, grassland degradation, sustainable development, Tibetan Plateau
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Grassland, which covers 20% of the terrestrial
area of the world, is crucial to global climate change,
carbon balancing [1] and food security [2]. Global
warming and the increasing anthropogenic activity
intensities have significantly interfered and altered
the natural grassland ecosystems of the world [3].
Grassland degradation and desertification become
significant issues that closely related to ecological
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more complicated and urgent. The grassland degradation research needs a wider focus [29]. Socio-economic factors concerning sustainable grassland management need to be integrated into grassland degradation researches. Thus, we select potential NPP
(NPPpot), NPP remaining in the ecosystem (NPPeco),
human consumed NPP (NPPh) and grassland degradation induced NPP change (NPPd) as indicators, to
assess grassland degradation in the Tibetan grassland. We aim at quantitatively explored the patterns
and dynamics of grassland degradation induced NPP
change in Tibet under complicated socio-economic
developments and ecological conservation polices,
in order to further contribute local ecosystem sustainable management evaluation and optimization.

3.2 million in 2015. The traditional Tibetan
livelihood was supported by subsistence livestock
husbandry based on natural grassland.
!7;.6;2*4 !! *6- !! 9.5*26260 26 ;1.
.,7:?:;.5 Annual potential NPP (NPPpot) values
for 2000–2015 were estimated using the widely used
process-based Terrestrial Ecosystem Model (TEM)
[31]. The TEM simulates terrestrial ecosystems
carbon and nitrogen dynamics of plants and soils
[32]. It is driven by spatially referenced information
on vegetation types, climatic data, elevation, soils,
and water availability. we mainly followed the
calibration of TEM parameters by Chen et al. [20]
and Zhuang et al. [32].
NPP remaining in the ecosystem after human
appropriation (NPPeco) were extrapolated from the
remote sensing products. Sixteen years (2000–2015)
MODIS17A3 NPP data in sinusoidal projection were
downloaded from the Numerical Terra dynamic
Simulation Group (NTSG) of the University of
Montana (http://hdfeos.net/).

<5*6,76:<5.-!!269*::4*6-Human
consumed NPP (NPPh) in grassland were assumed to
be livestock consumed NPP. Livestock husbandry
data used in this study were gained from the Tibet
Statistical Yearbook [33]. The main livestock in
Tibet are yaks, cattle, sheep, and goats. In Tibet
statistical yearbook, cattle, yaks and horsed are
combined together as big livestock; sheep and goats
are collectively referred to as sheep. Statistical
livestock data includes two parts: meat production
and livestock stocks. Year-end livestock stocks are
numbers of livestock after slaughtered for meat
production. 
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#;<-? *9.* Tibet located between 26°50'–
36°53'N and 78°25'–99°06'E (Figure 1), with an area
of 1.23 million km2, and an average elevation of
above 4000 m. Grassland covers about 70% of Tibet
(Figure 1). Over recent decades, environmental
issues such as shrinking wetlands and grassland
degradation have become more severe in Tibet that
rise increasing ecological concerns [11, 15, 30].
Tibet was divided into a total of 68 counties and
five districts (hereinafter referred to as 73 counties,
see Figure A1 for locations and boundaries. From
2013, Niyma and Amdo were divided into three
counties which were Niyma, Amdo and Shuanghu.
In order to keep time series analysis consistent, we
combined three years (2013-2015) data of Shuanghu
to that of Niyma.). According to the Chinese national
population census, the total population in Tibet was
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The daily intake for sheep on the Tibetan Plateau [34] were 1 DM/d for sheep in river valley area
and 1.17 Kg DM/d for sheep in northern Tibet. The
cattle daily intake in Tibet was suggested to be 4.44
Kg DM/d [35]. There were coefficients to convert
meat production to biomass taken by livestock in Tibetan Plateau [36]. To grow one kilogram meat, cattle consumes 71.38 Kg DM, and sheep consumes
65.07 Kg DM. Then to convert dry matter to carbon,
we used the coefficient of 0.5 [25].

.09*-*;27626-<,.-09*::4*6-!!,1*60.
Degradation induced grassland NPP change (NPPd)
was calculated by subtracting NPP of the actual
prevailing vegetation (NPPact) from NPPpot, as
followed:
    
(1)

$25. #.92.: 6*4?:.: We calculate the
changing trends of NPP indicators, climatic
variables and livestock husbandry data by the
following Formula:
 
 "   #     
 (3)
    " #
n represents the sequential years and the NPPi
is the NPP in the year i. A positive slope value suggests an increasing trend, while a negative one indicates a decreasing trend, and a slope of zero means
that the data remains unchanged [20]. The significance of the trends were determined by F-test [21].
The spatial correlations between NPPd and
other variables respectively in each pixel were examined by the Pearson correlation method:


While NPPact was the sum of remote sensing
based estimation of NPPeco and livestock consumed
NPPh, as followed:


   



! 

 "   #  "  #"  #

"  #  "  # !  " #  "  #

(4)

where n is the sequential year, Xi represent
NPPd, and Yi represent values of other variables.


"#%$#

(2)


425*;2,=*92*+4.:We collected temperature
and precipitation records in 2000-2015 from the
National Meteorological Information Center
(NMIC) of the China Meteorological Administration
(CMA). Daily records were aggregated to monthly
then to annual average, interpolated into 1 km×1 km
grids in accordance with the resolution of the NPP
indicators datasets.

$9.6-: 7/ 09*::4*6- -.09*-*;276 26-<,.-
!! ,1*60. 87;.6;2*4 !! !! 9.5*26260 26
;1..,7:?:;.5 *6- 1<5*6,76:<5.- !! NPPd
decreased from 2000 to 2015 across 90% area of the
Tibetan grassland (Figure 2a), 45% of which
evidenced a decreasing rate of over 2 g C/m2/yr.
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eastern area. Decreasing trends mainly occurred in
south-western margin of Tibet, with decreasing
trends less than 1 g C/m2/yr.

Namely the Tibetan grassland evidenced a certain
extent of restoration in the past 15 years. Higher
decreasing rate concentrated in south-central area
(more than 8 g C/m2/yr). There were increasing
trends located at north-western region but not
significant. These trends were in accordance with the
changing trends of NPPpot (Figure 2b), NPPpot were
also decreased in the most areas of Tibet. On the
contrary, NPPeco increased for the most pixels
(Figure 2c), with less than 1 g C/m2/yr, decreasing
trend occurred in central-western area with a
decreasing rate around 2 g C/m2/yr. NPPh in 60 out
of 73 counties increased during the study period
(Figure 2d), distributed mainly in northern and

$9.6-: 7/ ,425*;2, =*92*+4.: Mean annual
precipitation decreased for 48% of the Tibetan
grassland during 2000-2015 (Figure 3a), located in
the central area and east margin. Increasing trends
were found in north-western and eastern part of the
study area. Mean annual temperature evidenced, to
some extent, opposite trends (Figure 3b). Increasing
trends occurred in central and eastern area (44% of
Tibet). Mean annual temperature in other areas
decreased.
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$9.6-:7/-.09*-*;27626-<,.-09*::4*6-!!,1*60.!!-*87;.6;2*4!!!!87;+!!
9.5*2626026;1..,7:?:;.5!!.,7,*6-1<5*6,76:<5.-!!!!1-/975
;7 
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9*::4*6--.09*-*;27626-<,.-!!,1*60.
26 ,799.4*;276 >2;1 ,425*;2, =*92*+4.: *6- 7;1.9
!! 26-2,*;79: NPPd for more than 90% pixels
were significantly in positive correlation with mean
annual precipitation (r>0.8, p<0.05) (Figure 4a). On
the contrary, no evidence correlation was found for
83% pixels in NPPd and mean annual temperature
(Figure 4b), with their correlation coefficient being
between -0.5 and 0.5. The remaining 16% pixels in
central area was in negative correlation (r<-0.6,
p<0.05), while 1% pixels in north-central area was
in positive correlation (r>0.6, p<0.05). 
NPPd for almost entire Tibetan grassland were
significantly in positive correlation with NPPpot (Figure 4c). NPPd for 81% pixels had no evident correlation with NPPeco (r> -0.5 or<0.5) (Figure 4d). There
were no evident correlation between NPPd and NPPh
(Figure 4e), correlation coefficients for 91% pixels
were between -0.5 and 0.5. Only 8% pixels showed
slightly negative correlation.

?6*52,: 7/ 42=.:;7,3 :;7,3: *6- 5.*;
897-<,;276To further explore the reason why NPPd
had no evident correlation with NPPh, we examined
the changing trends of sheep stocks, cattle stocks,
sheep meat production and beef production in each
county from 2000 to 2015 (Figure 5,6). Sheep stocks
decreased across almost entire Tibet (Figure 5a).
Only seven out of 73 counties evidenced increasing
trends. Sheep stocks in Niyma increased with an
increasing rate of more than five thousands
capita/year, however this might be due to the
adjustments of administrative division (From 2013,
Niyma and Amdo were divided into three counties
which were Niyma, Amdo and Shuanghu. In order to
keep time series analysis consistent, we combined
three years (2013-2015) data of Shuanghu to that of
Niyma.). Consequently, total number of sheep stocks
in Tibet shows a decreasing trend (Figure 6). Cattle
stocks in half of Tibet (38 out of 73 counties)
decreased during the study period (Figure 5b), while
other 35 north-western counties evidenced
increasing trends. Total cattle stocks numbers in
Tibet stayed almost constant (Figure 6).




%" 
799.4*;276:7/-.09*-*;27626-<,.-09*::4*6-!!,1*60.*6-5.*6*66<*489.,282;*;276*5.*6*6
6<*4;.58.9*;<9.+87;.6;2*4!!!!87;,!!9.5*2626026;1..,7:?:;.5!!.,7-*6-1<5*6
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production increased rapidly during the study period
(Figure 6). In 68 counties, beef production evidenced
increasing trends (Figure 5d), while decreasing
trends were only found in five counties.

Sheep meat production slightly increased during 2000-2015 (Figure 6). Sheep meat production in
39 out of 73 counties increased (Figure 5c), while
that in the remaining 34 counties decreased. Beef
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contrary, degradation induced NPP grassland change
(NPPd) were decreased in the most areas of the Tibetan grassland, while NPP remaining in the ecosystem was increased, which suggested a recovery trend
of grassland degradation. Was this because of climate change increased potential NPP? The answer
was no, because NPPpot evidenced obvious decreasing trends across almost entire Tibetan grassland on
accounting of a decreasing precipitation and warming temperature (Figure 2b, 3). Wang et al. [2] suggested that 61.2% of the grassland on the Tibetan
Plateau experienced restoration from 2001 to 2013
and human activities was the main contributor.
While after the analysis of livestock husbandry data,
we found that NPPh increased mainly driven by the
development of meat production, livestock stocks
number was declined during the study period. The
decreasing trend of NPPd was probably on account
of ecological conservation polices implemented in
Tibet.
Around 2003, the Chinese government enforced many ecological conservation policies to support the Grazing Withdrawal Program (GWP) over
the north-western China grasslands [42, 43]. Such as
fencing degraded grassland and controlling livestock
numbers. In 2011, ecological compensation policy
was launched subsequently. According to this policy, local herding families can be allowanced by approximately 90 RMB/hectare/year if their pastures
were fenced to exclude grazing. Meanwhile, if their
livestock were managed at a policy-stipulated number, they can also get a compensation of 22.5
RMB/hectare/year [40, 44]. Under these polices, according to assessment panel for climate change in the
Tibetan Plateau (2015), a total of 5.8 million hectare

Grassland degradation on the Tibetan plateau
was widely explored using NPP as productivity indicator [2, 3, 15, 17, 21, 37]. The effects of grassland
conservation policies were assessed and discussed in
recent years [38-41]. However, these studies were either focused on discriminate the relative impact of
climate change and human activities or on the policies. The assumption that human consumed NPP in
grassland equals potential NPP stimulated by theoretical model minus NPP estimated based on remote
sensing model were accepted and performed [2, 20,
21]. However this framework ignored that grazing
activities (main land-use of natural grassland) resulted in the NPP difference between NPP of potential vegetation (NPPpot) and NPP of actual prevailing
vegetation (NPPact). Land-use types changed little in
Tibet [26, 27], this difference could be referred to as
grassland degradation induced NPP change.
Back in 2000, the number of sheep stocks was
high and meat production was relatively low, suggested that Tibetan herders lived a relatively selfsufficiency life. Human activities continuously intensified and economics continuously grew in Tibet
during 2000-2015 (Figure A2). Population grew
from 2.6 million in 2000 to 3.2 million in 2015.
Gross domestic product (GDP) increased rapidly
from 12 billion in 2000 to 103 billion in 2015. As
well as annual disposable income per capita, it increased from four thousands RMB to 17 thousands
RMB. Meat production more than doubled, from 138
million Kg in 2000 to 282 million Kg in 2015. However, under this economic development background,
grassland degradation did not getting severe, on the
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grassland was grazing-banned until 2012, and 11
million livestock in sheep unit were reduced. The declining of sheep stocks in Tibet during 2000-2015
should be on account of these policies. Effectiveness
of These conservation policies was reflected in declining NPPd, namely grassland restored under these
polices. On the contrary to the declining numbers of
livestock stocks, meat production had a rapid
growth. On the one side, to maintain conservation
polices, local managers and residents slaughtered the
redundant animals to keep animal stocks on a standard level. On the other side, livestock for meat production was rearing in pence with forage and fodder
[39]. While is this sustainable? Meat product industry could develop by rearing livestock in pence with
extra forage and fodder to avoid overgrazing in natural grassland, for now. Grass planting was introduced to Tibet in recent years and promoted by local
government. However these management measures
need assessment before they cause potentially more
severe environmental problems. Caution should be
taken concerning to sustainable development in this
unique region of the world before hasty actions.
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ment of ICZM system, most importance was attached to strengthen pollution prevention and control
for sea areas. On that basis, the second round of
ICZM strategic action plan centered on the functional positioning of Xiamen sea areas, the ecosystem-based concept was applied to local ICZM and
marine ecological restoration was taken as the specific administrative goal under the second plan [4].
After years’ practice, Xiamen has successfully established her own way on ICZM, which is characterized
by “legislation first, integrated coordination, support
with science, comprehensive law enforcement, financial guarantee and public participation”, we call
it “Xiamen Model” and it has been considered as a
typical case on ICZM by Ease Asian countries [5].
Under this model, Xiamen has implemented various
activities such as marine function zoning, sea reclamation management, marine ecological restoration,
comprehensive sea areas improvement, nature reserve management and so on.
In recent years, with the aim to effectively improve the usability of sea areas, Xiamen took the lead
in shifting the emphasis of sea areas management
from sea areas spatial management to sea areas resource and habitat management, which optimized
sea areas spatial layout, restored sea areas resources,
improved sea areas ecological service function and
promoted the sustainable use of sea areas resources.
Xiamen’s practice on ICZM provided a significant
demonstration both at home and abroad, and received full recognition from international organizations like Global Environment Facility and United
Nations Development Program. Specifically, one of
the important parts of Xiamen Model on ICZM is to
strengthen the scientific management of sea reclamation projects [6-7]. Over the last two decades, Xiamen has made a successful practice of ICZM, and its
successful experience has been gradually popularized in the "Greater Xiamen" region, that is the
southern Fujian area consisting of Xiamen, Zhangzhou and Quanzhou.
Most sea reclamation projects in China are
constructed by extending the coastline towards the
sea, cutting-off the bay or connecting several adjacent islands, which result in a number of adverse
consequences, such as natural coastline reduction,

Performing integrated coastal zone management is a major successful practice of Xiamen in
ocean management, and one of the most important
constituents of integrated coastal zone management
is to strengthen the management of sea reclamation
projects. Assessment of sea reclamation project's
graphic design plays an important role in the sea reclamation management and serves as the major scientific basis to evaluate the utilization of marine space.
This study adopts the Semi-implicit Euler-Lagrange's Finite Difference Method to conduct the numerical simulation regarding the hydrodynamic effect of three sea reclamation graphic design schemes
of an artificial island in Quanzhou Bay. Results of
the numerical simulation shows that Scheme III is
better than Scheme I and Scheme II in that it has better effect on hydrodynamic factors like tidal current,
sediment siltation and tidal variation, and has less
hydrodynamic impacts.


)'"#
Integrated Coastal Zone Management, Sea Reclamation,
Graphic Design, Hydrodynamic Impacts, Quanzhou Bay

$"%$
Xiamen is a coastal city famous for tourism in
southeast China. The development of Xiamen is
closely connected with the ocean, and the social and
economic development of Xiamen heavily relies
upon the reasonable development and utilization of
marine resources [1]. Aiming at protecting the marine environment and promoting the sustainable development of marine economy and based on the concept of ecosystem management, the integrated
coastal zone management (ICZM) mode can coordinate the interest of various departments and stakeholders [2-3]. Xiamen Municipal Government began
to perform ICZM in 1994, and totally two rounds of
ICZM action plans have been implemented. The first
round of ICZM mainly focused on introducing
ICZM as a new concept and promoting the establish-
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vanishing bays, and a decreasing number of islands.
Ideally, the use of natural coastline should be minimized, while the length of artificial coastline should
be maximized in the graphic design of sea reclamation projects [8]. Artificial islands can maximize the
length of artificial coastline for newly created land
without occupying the natural coastlines. Therefore,
building artificial islands is the preferred means of
sea reclamation for regions with appropriate marine
conditions. Considering that various graphic designs
of artificial islands may have varied impacts on marine hydrodynamics [9-10], the validation of artificial island graphic designs should be emphasized
[11-14]. A comparative analysis of graphic designs
can be performed by studying the hydrodynamic impacts of different sizes, shapes and locations of artificial islands [15-17]. The present study uses a semiimplicit Euler–Lagrange finite difference method
and adopts triangular or quadrilateral meshes [18-20]
to compare the hydrodynamic impacts of different
artificial island construction designs. This study provides a practical reference for decision-making authorities to improve their sea reclamation management and has great significance for rational marine
exploration.

open bay (Fig. 1) and is characterized by its regular
semi-diurnal tide, which has a mean range of 4.27 m.
The tidal current in the Quanzhou Bay is reciprocating and relatively stable. The tidal current flows into
and out of the bay at high tide and ebb tide, respectively. Quanzhou Bay is a semi-closed bay joined by
the Jinjiang and Luoyang rivers. Its sediment mainly
originates from the sediment of the Jinjiang River
runoff, which flows into the bay with the tide current
at high tide
;84/-= 9;8035/ The Quanzhou Bay artificial
island is in the Xiesha Shallow in the middle of the
bay mouth. It extends from east to west and is primarily parallel to the tidal current [21]. To protect
the precious island resources, the integrity and independence of Dazhui Island to the East of the bay, the
widths of water area must be maintained between the
eastern artificial island revetment and Dazhui Island
(Fig. 2). Three graphic design schemes are enacted
for the artificial island project (Fig. 3).
Scheme I: The artificial island has an area of
approximately 3.4 km2, a width of 800 m from south
to north, and a length of 4,300 m from east to west.
The water channel between the eastern coast of the
artificial island and Dazhui Island is 50 m long at
minimum. A small bay, 900 m long and 500 m wide,
will be generated southwest of Dazhui Island.
Scheme II: The minimum distance between the
eastern coast of the artificial island and Dazhui Island is 100 m. The small bay is 900 m long. The
plane layout of the other regions is the same as that
of Scheme I.
Scheme III: On the basis of Scheme II, the
coastline at the western end of the artificial island
rises upward to improve the backflow in the frontier
waters on the southwestern side; the southeastern
coastline at the east end protrudes towards the sea to
form an arc-shaped coast. The minimum distance between the eastern coast of the artificial island and
Dazhui Island is 100 m. The plane layout of the other
regions is the same as that of Scheme II.

&"&'"
 "$%"#$%)
!>+7B28> +A Quanzhou Bay is located in
the middle of the south-eastern coast of Fujian Province, China, and is part of the “Greater Xiamen”. It
is surrounded by Huian County on the northeastern
side, Quanzhou City on the northwestern side, and
Jinjiang City and Shishi City on the southwestern
side and is adjacent to the Taiwan Strait on the eastern side. Quanzhou Bay has a wide mouth and winding shorelines. Mouth bar development (Xiesha
Shallow) occurs at the bay front, which opens to the
southeast, with Dazhui and Xiaozhui islands located
at the middle of the entrance. Quanzhou Bay is an
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87=;85/:>+=387<08;=2/7>6/;3-+5<36>5+
=387 80 2A.;8.A7+63- 369+-=< Two-dimensional
shallow water equations with plane rectangular coordinates were used to simulate the tidal current
field. The sediment and water exchange fields were
computed on the basis of the tidal current field. With
reference to the sediment transport equations under
the combined influence of wave and tide derived by
Dou [22] and considering the dynamic diffusion effect, the two-dimensional mean suspended sediment
transport and seabed deformation equations were derived [23]. The mass transport equations were used
for simulating the water exchange field, and the corresponding equations for the tidal current field, sediment field, and water exchange field are as follows:

∂η
∂

+

∂
∂

∂

(  ) +

∂

(  ) = 0

γ ' = 1750500.183 is the dry density of suspended
sediment;  is the settlement probability of the suspended sediment particles; and  is the erosion and
siltation thickness caused by the suspended sediment. is the water body concentration; and  and
 are the water body diffusion coefficients in the 
and directions, respectively.
Equations (1) – (6) were solved with the semiimplicit finite difference method [24-27]. This
method uses non-structural triangle or quadrilateral
orthogonal meshing; each side of a triangle (or quadrilateral) mesh was the boundary of an adjacent triangle (or quadrilateral) mesh. The central lines of the
adjacent meshes were perpendicular to the boundary
sides [28-29]. In the course of solving the model, implicit finite difference components of the equations
were selected, and the Lagrangian–Eulerian’s
method was used to decompose the transport and
horizontal viscosity components. Thus, the time step
of the solution was not limited by the CFL condition
and could be amplified in comparison with other
methods. This method ensures the stability of the solution [30]. When the model is applied to the artificial island construction, smaller meshes can be used
(a minimum mesh side of 5 m), and the time step can
be prolonged (20 s). This approach assures the stability of the solution and improves the computational
efficiency. Coastal waters have wide intertidal zone
that are submerged when the tide rises and emerged
when the tide falls. The beach exposure was treated
as a dynamic boundary condition in the modelling
computation [31]. A non-flow passing technique was
used in the model to automatically identify and treat
the dry-wet mesh dry-wet side, and dry-wet nodal
characteristics.

8>7.+;A+7../0373=/-87.3=387<8>7.+;A
+7../0373=/-87.3=387<80=2/=3.+5->;;/7=03/5.
The coastal line is a solid boundary. The flow velocity in the normal direction is zero. The tide flat uses
a variable boundary. The water level in the open
boundary of the tidal current field equals to the tide
level of the tidal current field of the Taiwan Strait.

8>7.+;A+7../0373=/-87.3=387<80=2/</.
36/7=03/5.8>7.+;A-87.3=387<
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(6)
where  and  are the plane rectangular coordinates;  is the time;  is the water depth (H = d + η);
is the water depth beneath the mean water level; 
is the water level;  and are the directional components in the  and  directions, respectively;
η

η

−

−

 = (1/  )∫  '  and  = (1/  )∫ '  are the average flow velocities at water depth in the x and y
directions, respectively; is the gravitational acceleration; is the Coriolis parameter;  is the bottom
friction coefficient;
is the Chézy coefficient,
which
is
equal
to
in
 =  1/6 / 

Shore boundary:

∂
=0
∂
(

 =   2 +  2 /  2  ; is the roughness coefficient
of the seabed;  and  are the viscosity coefficients of the horizontal movements in the x and y directions, respectively;  is the vertical mean sediment concentration;  is the sand-carrying capacity
under the combined influence of waves and tides; 
is the settlement velocity of the suspended sand particles;  and are the sediment dispersive coefficients in the x and y directions, respectively;

is the normal direction of the shore

boundary)
Water boundary:
Computational domain of inflow:

 ( ,  ,  ) =  ( ,  ,  )
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Computational

domain

of

outflow:

(see Fig. 2). Fig. 4A shows the computational and
observed data of the tidal level during the flow measurements of the spring tide at the Xunfu, Shihu, and
Xiangzhi temporary tidal level stations in February,
2009. The computational and observed values of the
tidal curve are consistent. Fig. 4B shows the identification curve diagram between the simulation values and the observed values at hydrometric stations
1 to 5 in February, 2009. Here as well, the computational values are consistent with the observed values
in terms of flow velocity and direction. The identification results from the numerical simulation therefore indicate that the simulation model satisfactorily
reflects the tidal sediment movement in Quanzhou
Bay and can be used for the simulation of the construction site.

∂(  ) ∂(  ) ∂(  )
+
+
=0
∂
∂
∂

73=3+5-87.3=387

 ( ,  ,0) = 0 ( ,  )

869>=+=387+5 <-89/ +7. =2/ +<<8-3+=/.
3./7=303-+=387 80 =2/ 68./5 The computational
scope of the numerical simulation includes the sea
areas east of Weitou and south of Chongwu and of
the entire Quanzhou Bay. The meshing was refined
for the sea areas near the Quanzhou Bay construction
site, and the overall number of mesh nodes was approximately 20,000. The coastline is a solid boundary. The flow velocity in the normal direction is zero.
There are two cross sections at the fluid open boundary of the open sea: one control point is secured as
the southeastern point at the southeastern corner of
the computational sea areas; the connecting line of
Weitou and the southeastern point are in the south of
the open boundary section; and the connecting line
of the southeastern point and Chongwu is in the east.
The water depth of the open boundary is equal to the
tide level of the tidal current field of the Taiwan
Strait.
The tidal level and current data were based on
flow measurements of the 2009 spring tide and actual data describing the synchronisation tidal level

"#%$##%##

#36>5+=387 ;/<>5=< +0=/; -87<=;>-=387 A
comparison of the conditions prior to and after the
construction subsequent to Scheme I shows that the
regions exhibiting flow velocity variation are mainly
the water channels at the southern and northern sides
of the artificial island and the frontier waters of
Dazhui Island. The flow velocity of the frontier
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After the artificial island was constructed according to Scheme III, the flow velocity of the frontier waters of the western end and southern berths of
the artificial island at tide fall increased by 0.2-0.4
m/s, and that in the main navigation channel from
Shihu south of Dazhui Island decreased by 0.05-0.2
m/s. At tide rise, the flow velocity of the frontier waters of the southwestern and southern sides of the artificial island increased by 0.1-0.4 m/s, and that in
the main navigation channel from Shihu south of
Dazhui Island decreased by 0.05-0.1 m/s, which
were similar to that in Scheme I and II.
To compare the variation of the annual suspended sediment intensity near the construction site
prior to and after the construction, the annual sediment intensity variation isogram curve was calculated by subtracting the annual suspended sediment
intensity at each nodal point prior to the construction
from that after the construction (Fig. 5)

waters at the western end and southern berths of the
artificial island increased by 0.05–0.3 m/s at tide fall,
that at the southwestern berths decreased by 0.05–
0.4 m/s, and that near the southwestern side of
Dazhui Island remained unchanged. The distribution
of the flow velocity variation at tide rise was similar
to that at tide fall. The flow velocity of the frontier
waters of the western end and southern berths of the
artificial island increased by 0.1–0.4 m/s, and that
within the 500 m range of the eastern end of the artificial island decreased by 0.05–0.4 m/s.
In Scheme II, the water channel between the
eastern coast of the artificial island and Dazhui Island is only 50 m wider than that in Scheme I, so the
conditions (including the variation range and the
value of the flow velocity at tide rise and fall) after
the construction subsequent to Scheme II were similar to those of Scheme I. The increased width of the
water channel in Scheme II had no impact on the
flow velocity of the frontier waters of the southeastern berths.
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A comparison of the three designs showed that
the flow regimes of the frontier waters on the eastern
and western sides of the artificial island in Scheme
III were the most desirable. The distribution of the
sediment concentrations in the areas around the construction site in the three designs was similar. The
sediment intensities of the waters around the artificial island and the small bay at the southwestern side
of Dazhui Island were the same in Schemes I and II,
and back-silting was observed in both designs. Both
sediment scouring and silting were observed in
Scheme III, the average sediment back-silting quantity was smaller than that in Schemes I and II, and
the scouring and silting were generally balanced. As
a result, Scheme III is the most favourable in terms
of tidal current and sediment.

&+;3+=38737=2/=3.+59;3<6The tidal prism
is a key indicator representing the vitality of a semiclosed bay. Its variations generally reflect changes of
the tidal current characteristics of the bay, which influence the sediment discharge, water exchange capacity, and environmental capacity of the bay. This
study calculates the tidal prism from the flux through
the sections. The sectional flow in the tide rise and
fall represents respectively the integral of the sectional velocity fluxes during the rising tide and ebb
tide. In the simulation computation, Section 1 from
the northern coast of the Xiangzhi-Dazhui and
Xiaozhui islands, Section 2 from Houzhu, and Section 3 from the Jinjiang River estuary were selected
to compute the flow of the spring tide, middle tide,
and neap tide fluxing through the S1, S2, and S3 respectively in a tidal cycle. These sections are shown
in Fig. 2.

After Scheme I was implemented, the sediment
concentration in the main navigation channel of
Shihu and the northern channel of the artificial island
decreased, and that in the sea areas west of Baiyu decreased dramatically, indicating that the artificial island promoted outward sediment transport in the
bay. The sediment intensity in the backflow area on
the southwestern side of the artificial island was 1020 cm/a, and the annual sediment intensity of the
frontier waters of the eastern section of the south
berths increased by 5-10 cm/a. There was no sediment in the beach area in the small bay on the southwestern side of Dazhui Island. The sediment intensity of the frontier waters of the eastern revetment of
the artificial island was approximately 10-20
cm/a.After Scheme II was implemented, the distribution of the sediment concentrations was similar to
that of Scheme I, and the sediment intensity in the
waters around the artificial island and the small bay
on the southwestern side of Dazhui Island was similar to that in Scheme I.
After Scheme III was implemented, the distribution of the sediment concentration was similar to
that of Scheme I, but the sediment intensity on the
southwestern side of the artificial island decreased.
Sediment scouring and silting occurred in the waters
between the Shihu harbour district and the artificial
island. The scouring-silting quantity was within -2020 cm/a, and slight siltation could be observed in
general. The distribution of the annual sediment intensity of the frontier waters of the eastern revetment
of the artificial island was similar to that of Scheme
I.
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Section
Prior to
construction

Scheme I

Scheme II

Scheme III

S2


S3

S1

Tidal Rise
S2

S3




Spring tide

6.268

0.448

0.291

6.157

0.451

0.206

Middle tide
Neap tide
Average
Spring tide
Middle tide
Neap tide
Average
Increase/Decrease
Percent
Spring tide
Middle tide
Neap tide
Average
Increase/Decrease
Percent
Spring tide
Middle tide
Neap tide
Average
Increase/Decrease
Percent

4.860
3.348
4.825
6.131
4.748
3.265
4.715
-0.111
-2.300
6.132
4.749
3.266
4.716
-0.110
-2.300
6.138
4.757
3.270
4.722
-0.104
-2.100

0.306
0.252
0.335
0.448
0.306
0.252
0.335
0.0
0.0
0.448
0.306
0.252
0.335
0.0
0.0
0.448
0.306
0.252
0.335
0.0
0.0

0.213
0.182
0.229
0.291
0.213
0.182
0.229
0.0
0.0
0.291
0.213
0.182
0.229
0.0
0.0
0.291
0.213
0.182
0.229
0.0
0.0

4.766
3.280
4.734
6.018
4.648
3.205
4.624
-0.111
-2.300
6.018
4.648
3.205
4.624
-0.111
-2.300
6.025
4.658
3.210
4.631
-0.103
-2.200

0.301
0.256
0.336
0.451
0.301
0.256
0.336
0.0
0.0
0.451
0.301
0.256
0.336
0.0
0.0
0.451
0.301
0.256
0.336
0.0
0.0

0.147
0.119
0.157
0.206
0.147
0.119
0.157
0.0
0.0
0.206
0.147
0.119
0.157
0.0
0.0
0.206
0.147
0.119
0.157
0.0
0.0

Tidal Fall
S1
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Table 1 shows the comparison of the sectional
flow between the rising tide and ebb tide in a tidal
cycle prior to and after the construction. The result
shows that the average flow of both the rising tide
and ebb tide passing S1 decreases after the construction. The reduction of flow in Scheme III is the
smallest. The average flow at the rising tide and ebb
tide is 4.722 x 108 m3 and 4.631 x 108 m3, respectively, which represents a decrease of 1.040 x 107 m3
and 1.030 x 107 m3, or approximately 2.1% and 2.2%.
In Schemes I and II, the average flow passing S1 decreased by 1.110 x 107 m3 or 2.3%. The flow of the
rising tide and ebb tide passing S2 and S3 remained
unchanged in all the three schemes. Based on the
change of the tidal prism prior to and after the construction, Scheme III is superior.

[1] Hong, H. and Xue, X. (2006) Integrated Coastal
Zone Management of Xiamen During the Last
Decade.Xiamen University Press, Xiamen.
[2] Anker, H.T., Nellemann, V. and Sverdrup-Jensen, S. (2004) Coastal zone management in
Denmark: ways and means for further integration. Ocean and Coastal Management. 47, 495513.
[3] Fan, X., Yuan, L., Dai, X. and Zhang, L. (2010)
The integrated coastal zone management (ICZM)
and its progress. Acta Ecologica Sinica. 30(10),
2756-2765.
[4] Zhou, L. and Lu, C. (2006) Study on strategic
management plan for the second integrated
coastal management (ICM) in Xiamen. Journal
of Oceanography in Taiwan Strait. 25(2), 302308.
[5] Peng, B., Hong, H., Xue, X. and Jin, D. (2006)
On the measurement of socioeconomic benefits
of integrated coastal management (ICM): application to Xiamen, China. Ocean and Coastal
Management. 49, 93-109
[6] Hu, T., Qin, Y. and Chen, Q. (2009) Discussion
on Xiamen ICM from the Perspective of Marine
Ecological Civilization. Environmental Science
and Management. 34(8), 5-8.
[7] Lou, C. and Chang, A. (2010) Review and Modification of the Policy for Controlling Marine
Reclamation in China. Guangzhou Environmental Sciences. 25(4), 1-4.
[8] State Oceanic Administration (2008) Several
opinions on improving the plan design of sea
reclamation projects. State Oceanic Administration, Beijing.
[9] Lu, M., Sun, Z. and Sun, D. (2011) Numerical
research on the influence of artificial island
upon water environment of bay. The Ocean Engineering. 29(3), 88-95.
[10]Martin-Short, R., Hill, J., Kramer, S.C., Avdis,
A. and Allison, P.A. (2015) Tidal resource extraction in the Pentland Firth, UK: Potential impacts on flow regime and sediment transport in
the Inner Sound of Stroma. Renewable Energy.
76, 596-607.
[11]Fang, W., Li, K. and Zhang, G. (2008) Analysis
of Interaction of Environmental Factors of
Beach Engineering with Artificial Islands.
China Harbour Engineering. 3, 15-17.
[12]Guo, L. and Yang, S. (2009) Influence of artificial island construction on hydrodynamics in
waters around Rudong. Journal of Waterway
and Harbor. 5, 342-346.
[13]Gerritsen, H., Sutherland, J. and Deigaard, R.
(2011) Composite modeling of the interactions
between beaches and structures. Journal of Hydraulic Research. 47(S1), 2-14.


%##
The impact of sea reclamation projects on adjacent sea areas is closely related to its graphic design
and the topography, water flow, sediment, and other
conditions of the construction area. This study predicts and analyses the hydrodynamic impact of the
Quanzhou Bay artificial island on the sea areas using
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etc. These environmental factors influence the allocation of assimilates in plants by influencing the
production, transportation, absorption, and utilization of the assimilates.
Pruning has been reported as an important
method especially in grape cultivation, which balances the vegetative and reproductive growth of
plants [7]. A reasonable shape of the tree not only
fulfills the normal demands for plant growth and
development, but also hastens plant maturity, postpones senescence, and improves the quality and
yield of grapes [8]. Meanwhile, the fruiting position
of grapes is a major factor influencing the inter-fruit
micro climate [9]. For example, temperature, light,
and the extent of diseases and pest infestation vary
with trellis height. With an increase in the fruiting
position, the impact of surface latent heat and cluster temperature decreased, and the photosynthetic
rate of fruits and leaves at higher positions presented relatively high yields [10]. Although the height
of the fruiting position above the land surface observed with the CCT and SGT methods showed
significant difference; however, only few studies
reported the difference in sugar unloading of grape
berries grown using these two shaping methods.
Although studies about the effects of different
shaping methods and fruiting positions on photo-assimilate allocation of grape berries exist [11],
sugar unloading was still measured   by sampling fruits or using the 14C isotopic tracer technique in most of these studies. These techniques
changed the growth environment of the grape plant,
and the accuracy and repeatability of experimental
results were not good. The “berry-cup” system can
consecutively measure sugar accumulation in grape
fruits, which was an ideal method for studying
grape sugar phloem unloading mechanism and the
effects of internal and external factors occurring in
this phenomenon [12].
In this study, two different shaping methods of
wine grapes, namely, the SGT and the CCT systems
were selected, and the berry-cup technique to study
sugar phloem unloading in plants grown using these
two shaping methods were utilized. This approach
would assist in understanding the underlying
mechanism of the effect of shaping methods on
sugar phloem unloading in grape berries. This study

#$"$
Pruning is an important management strategy
in grape cultivation, which balances the vegetative
and reproductive growth of the grape plant and
crawled cordon training (CCT) method is a new and
patented pruning method This study aims at comparing the difference in photosynthetic rate, sap
flow, and sugar unloading of new shoots of wine
grapes cultivated under two different pruning
methods—CCT and the traditional single Guyot
training system (SGT). Results showed that the fruit
sitting position and water transportation distance of
grapes pruned using the CCT method were lower
compared to those pruned using the SGT method;
however, the photosynthetic rate, sap flow rate of
new shoots, and sugar unloading observed with the
CCT method were generally higher than those in
plants grown using the SGT method. The sugar
unloading of grape berries was inversely proportional to the water transportation distance. In addition, the growth status of the new shoots and berries
at different positions at the same moment was consistent when pruned using the CCT method. Furthermore, the CCT method presented more advantages than the SGT method in terms of plant
growth. This study provides theoretical data for
applying the CCT method in commercial grape
cultivation.


(& "#
Berry-cup technique, Grape, pruning methods, sugar
unloading, water transport distance

$" %$ 

As an important indicator for grape berry
quality, sugar content is closely related to the
transportation and allocation of photo-assimilates in
plants. Photo-assimilate allocation is an important
strategy adopted by plants to adapt to various environmental conditions [1]. Currently, there are many
reports regarding the effect of environmental factors on photo-assimilate allocation, such as light [2],
temperature [3], soil [4], water [5], and nutrients [6]
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each fruiting branch.
Experiments were conducted on the first,
fourth, and seventh new shoot (the number of new
shoots was labeled from the ending close to main
tendril towards the vine ends), which were labeled
as a, b, and c, respectively. On a, b, and c, the experiments regarding photosynthetic capacity, sap
flow rate, and sugar loading were performed simultaneously. When using the dropper system, a fixed
quantity of water and time were used to guarantee
the consistency of water requirements.

.*9;8.4.5: 6/ 5.: 716:69?5:1.:2, 8*:. 6/
3.*<.9 65 5.= 9166:9 Sunny days were selected
and the Li-6400 photosynthetic system was utilized
to measure the photosynthetic rate (Pn) of leaves in
each treatment from 8:00 a.m-7:00 p.m. The Pn of
leaves on vines every hour by adopting the open
circuit system and natural sunlight intensity was
measured. For each treatment, three plants were
used and one leaf on the second, sixth, and twelfth
main leaves on each branch were detected. The
results were derived from the average of three
measurements.

.*9;8.4.5: 6/ 9*7 /36=6/ 5.= +8*5,1.9
The four selected grape plants had consistent main
stem height (53 cm), diameter and canopies, and the
knots at the 7th, 8th, and 9th positions had the same
growth status of new shoots with both the methods.
We measured the sap flow change of the new shoots
of the branch using the SGT method. After the
equipment stabilized, measurements lasted continuously for 3 days. The measurement of sap flow
was based on the methods of Sakuratani [13] and
Schepper et al. [14], and the Dynagage system was
adopted for taking measurements. The equipment
was established according to the method of Xu et al.
[15]. The data was recorded automatically once
every 30 min.

provides theoretical guidance for selecting suitable
shaping methods during grape production.

$"#$ #

>7.824.5:*3 *8.* *5- 4*:.82*3 Experiments were carried out in the National Grape Seedling Center, Yangling, Shaanxi, which has an elevation of 530 m and an annual average accumulated
temperature of 34-46 °C. The sunshine duration
was from 1900 -2500 h, and the frost-free season
lasted for 184-216 d. The annual precipitation was
552.6-663.9 mm, and the soil was yellow loessial
soil.       ‘Meili’ grapevines of similar
growth conditions and crop load planted in 2007
were used in this study. The vines were spaced 0.8
m within rows and 1.5 m between rows with the
rows oriented in a north-south direction. The SGT
and the CCT pruning systems were used on the
vines. Soil within a radius of 0.5 m centered on the
experimental plant was mulched with films to prevent water loss through surface transpiration. Other
management practices were conducted as part of
normal production.

>7.824.5: -.9205 SGT: Buds below the
first wire, which was 30 cm above the land surface,
were picked. The fruiting branches were uniformly
distributed on the cordon of the first wire and left
seven fruiting branches behind on the Guyot after
cutting; one cluster was left for each fruiting branch.
The height of trellis was 1.8 m and the width was
0.5 m.
CCT (Figure 1): The perennial vines grew adherently on the land towards one side of the rows,
and adventitious roots at the knots contacting the
land were observed. The height of trellis was 1.5 m
and the width was 0.5 m. There were seven fruiting
branches on each vine and one cluster was left for


%"  
#,1.4*:2,916=250:1.,8*=3.-,68-65:8*25250$4.:16-6/78;5250<25.9*5- 
*716:66/<25.978;5.-;9250:1.$4.:16-+./68.08*7.4*:;8*:265
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%" 
$1.-2;85*3:24.,6;89.6/9*7/36=/68-2//.8.5:
+8*5,12509166:978;5.-;9250 
:1.#$9?9:.4*5-:1.$9?9:.4


.*9;8.4.5: 6/ +.88? 9;0*8 ;536*-250
After the grapes entered the veraison stage, the
“berry-cup” technique was used to establish the
experimental system [12]. On the selected fruiting
branches (a, b, and c) of each tree, one “berry-cup”
experiment system was established and replicated
thrice. After every 60 min, the sugar unloading sap
was collected (the buffer solution in the berry cup
was saturated after 60 min), the bleeder valve was
opened during collection, and the collected buffer
solutions were transferred to tubes for freezing.
Thereafter, the bleeder valve was closed, and new
buffer solution was injected into the empty cups
with injectors. The empty cups were changed once
every day. In order to accurately reveal the sugar
unloading of grape fruits, sugar content measurement was not carried on the first unloading sap
(7:00 a.m.). Instead, measurement started with the
second collecting cup, and the collecting of unloading sap lasted from 8:00 a.m. to 7:00 p.m.
There were 12 collections for each experimental
system every day and an average of three replicates
was derived. The collected unloading sap was
stored at -70°C. For measurement, samples were
dried in the freeze dryer, and diluted to the same
volume with distilled water. High pressure liquid
chromatography (HPLC) [16] was utilized for
measuring total sugar (glucose), and the result was
derived from the average of three measurements.

+9.8<*:265 6/ +.88? 9;0*8 ;536*-250
Grape skins were cut into 3-mm slims in the stationary liquid. FFA-fixed samples were washed in
tap water for 48 h, and then softened for 7 d in a
80°C water bath containing a mixture of polyethylene glycol (PEG) and acetic acid ( PEG : acetic acid

= 1:1). Samples were made by employing the conventional paraffin sectioning method and sliced
with a rotary microtome. Samples were dyed with
sarranine-fast green, and an OLYMPUS CK2 microscopic camera (CK2; Olympus, Tokyo, Japan)
was used for imaging.

"#%$#

1*50.9 25 :1. 5.: 716:69?5:1.:2, 8*:. 6/
3.*<.9 25 :1. 42--3. 6/ 5.= 9166:9 *: -2//.8.5:
7692:2659. The change of net photosynthetic rate of
new shoot leaves in plants pruned using SGT and
CCT methods presented bimodal curves was
showed in Figure 2. As can be seen, the first peak
occurred at 12:00 p.m., which was the summit of
total net photosynthetic rate. The second peak occurred at 5:00 p.m., which was smaller than the first.
A valley between the two peaks of net photosynthetic rate of new shoots occurred at approximately
2:00 p.m., which was the mid-day depression of
photosynthesis. The net photosynthetic rate of the
leaves of new grape shoots gradually decreased
with increase in the water transportation distance in
plants grown using the SGT method (Figure 2A).
However, this trend was not obvious in the new
shoots grown using the CCT cultivation method
(Figure 2B).
1*50.9 25 9*7 8*:. 6/ 5.= 9166:9 *: -2/
/.8.5: 7692:2659 The changing trends of sap flow
rate of new shoots at different positions were consistent. As seen in Figure 3, the start of sap flow on
each new shoot occurred at 6:00 a.m., after which it
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rapidly increased at approximately 8:00 a.m. The
first peak in sap flow rate occurred at 12:00-1:00
p.m., after which it entered the valley stage at 2:00
p.m. At 3:00 p.m., the sap flow rate increased rapidly to reach the second peak and then declined
rapidly. Until at 8:00 p.m., it reached a stable stage
with a value of approximately zero. The sap flow of
the new shoots changed relatively slowly with time
before 2:00 P.M, after which it changed rapidly.
Comparison of the changes of sap flow rate of
new shoots at the same position on grape plants
cultivated using the SGT (Figure 3A) or the CCT
(Figure 3B) methods showed that the curve of the
new shoot sap flow rate of the CCT-cultivated
plants had relatively wide shape, indicating that the
change of sap flow rate with time was slower,
compared to that of the SGT-cultivated plants. The
effect of the SGT cultivation on the change of sap
flow rate with water transport distance was relatively large, and the two items were inversely proportional. The changes in the sap flow of the new
shoots were in order of a > b > c. The change of sap
flow rate with water transport distance for the
CCT-cultivated plants was relatively small, and
there was no significant difference among them.

experiment system for the SGT system was significantly lower than that obtained with the CCT shaping method (  0.05). Meanwhile, the overall
trend of sugar unloading of the SGT was in order of
a > b > c, which might be because sugar loading
was inversely proportional to the water transport
distance (Figure 4A); however, Figure 4B showed
that sugar unloading of the grape berries cultivated
using the CCT shaping method was less impacted
by the water transport distance, and the sugar unloading of each berry cup system at the same time
showed no significant difference.
$1. 9;0*8 ;536*-250 6/ 08*7. +.882.9 Figure 5 showed that with the increase in the water
transport distance, the sugar unloading of grape
berries observed in plants cultivated using the SGT
presented a decreasing trend and the sugar was
mainly concentrated on the cell borders. However,
the sugar unloading observed with plants grown
using the CCT shaping method showed no significant difference, and sugar can be detected in the
whole cell. Furthermore, the sugar unloading observed in plants grown using the CCT system was
obviously higher than those of the SGT-cultivated
plants.

//.,: 6/ /8;2: 92::250 7692:265 65 :1. 9;0*8
;536*-250 6/ 08*7. +.882.9 Figure 4 showed that
the trends of sugar unloading at different fruiting
positions of grapes cultivated under the two different shaping methods were consistent and both presented bimodal tendencies. The sugar unloading of
berry cup started showing an increasing trend from
8:00 a.m. onwards, peaked around 11:00 a.m., and
then gradually decreased till it reached a minimum
at around a:00 p.m. As seen, at 3:00 p.m., sugar
unloading started recovering till it reached the second peak value at around 6:00 p.m. and then gradually decreased. The sugar loading of each berry cup

#%## 

$1. 8.3*:2659127 *4650 5.: 716:69?5:1.:2,
8*:.9*7/36=*5-9;0*8;536*-250At 8:00 a.m.,
sunlight was less intense, and both net leaf photosynthetic rate and transpiration rate were lower.
With further increase in light intensity, the intercellular carbon dioxide concentration decreased and
temperature increased, which led to an increase in 
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2;85*3+;//.89;0*8,65:.5:*9*/;5,:2656/9*473250:24.25<25.978;5.-;9250 
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opment of grape berries is postponed, and their
ability to acquire nutrients decreases [23]. As a result, the capacity of grape berries to act as sinks
decreases and sugar unloading declines. In our
study, fruit development under the SGT occurred
later than that under the CCT system, which implies
that the sink strength of the grape berries grown
under the SGT was smaller than those grown under
the CCT system. In addition, the rate of photo-assimilate transportation to the grape berries was
lower in the SGT method-cultivated plants than in
the CCT-method cultivated plants. Therefore, sugar
unloading of different parts of grape berries was
higher using the CCT method than using the SGT
method. Since photo-assimilate transportation of
the SGT method-plants was affected, transportation
efficiency decreased; the net photosynthetic rate of
the new shoots grown using the SGT system was
lower than in plants grown using the CCT system
because of the hindrance caused by substrates that
restricted photosynthesis [24].
Temperature also influenced the maturity of
the grape berries. Fruit growth mainly occurs at
night, and night temperature has a crucial effect on
fruit growth. When night temperature was higher,
fruit growth was faster and the length of the fruit
growth stage correlated negatively with night temperature [25]. With the increase in the fruiting position, fruits are less influenced by land latent heat,
and therefore, its cluster temperature and sugar unloading decreased [26]. Land latent heat was also
an important factor, whose function explained the
high values of sugar unloading observed in plants
cultivated using the CCT shaping method than
those grown using the SGT system.
The variation in the brown cellulose and
α-cellulose content at different positions of xylem
affects the water transportation performance. It is
known that the hydroxide radical in α-cellulose is
hydrophilic, and the α-cellulose content of the xylem internode is higher than that in the node [27].
Thus, the weakening of hydrophilicity decreases the
sap flow rate when the sap enters the node. In addition, the cells at the nodes are not of uniform structure, characterized by the presence of larger numbers of circuitously coiled small vessels. Besides,
the differentiation degree of the internode cells
were also not uniform, with some cells still at the
differentiating stage with thick protoplasm and irregular cell arrangement, which increased the
length per unit distance and the residence time of
water in the nodes and reduced the water flow rate
[28, 29]. In our study, grapes cultivated using the
SGT system had relatively more nodes, therefore,
the resistance to water transport in these vessels
was large and the sap flow rate decreased. However,
grapes cultivated using the CCT system had trellis
with hair roots, which have strong water absorption
and transportation capacity and thus increase the
sap flow rate. Therefore, the sap flow rate of the

photosynthesis and transpiration, and the net photosynthetic rate and sap flow rate of the new shoots
rapidly increased [17]. The first peaks of net photosynthetic rate and sugar unloading occurred at
12:00 a.m. and 11:00 a.m., respectively. However,
with the continuous increase in light intensity and
air temperature, temperature stress on the fruits
increased, which decreased the competing capacity
of the fruits for photo-assimilates. In addition, the
sink effect of grape berries and sugar unloading
also decreased [18]. The rise in temperature increased the transpiration rate, and the sap flow rate
reached the first peak value at 12:00-1:00 p.m. At
this time point, the water content of the leaves and
the intercellular carbon dioxide concentration continued to decrease, inducing partial stomatal closure.
It is reported that low air humidity and high temperature decreased the activity of rubisco carboxylase, thereby lowering mid-day photosynthesis
[19]. At around 2:00 p.m., the net photosynthetic
rate and sap flow rate of new shoots entered the
valley stage. Due to the partial stomatal closing,
transpiration rate decreased and water content of
the leaves increased. This induced a rapid increase
of the net photosynthetic rate till it reached the
second peak value at around 5:00 p.m. Thereafter,
with the continuous weakening of sunlight, the net
photosynthetic rate gradually decreased. As the
surrounding temperature also gradually decreased,
stomatal conductivity of leaves increased and the
sap flow rate of new shoots rose rapidly till it attained the second peak at 3:00 p.m. With the lessening of sunlight intensity, the leaf temperature
gradually decreased and the sap flow rate of new
shoots rapidly decreased till it reached a stable
stage at 8:00 p.m. with an approximate value of
zero. At 7:00 a.m. in the next morning, the sap flow
rate entered a rapidly increasing stage with the
gradual increase in temperature. After 3:00 p.m.,
leaf temperature was still relatively high, and leaf
respiration and photorespiration were strong. Sugar
unloading of the grape berries increased slowly,
until at approximately 6:00 p.m., and leaf respiration weakened and the leaf photo-assimilates were
transported to the grape berries for storage. Sugar
unloading presented the second peak, after which
photosynthesis continuously weakened and the
sugar unloading of the grape berries gradually decreased with lessening of sunlight intensity [20].
//.,: 6/ /8;2: 92::250 7692:2659 65 5.: 716
:69?5:1.:2, 8*:. 9*7 /36= *5- 9;0*8 ;536*-250
Ho [21] and Tanaka et al. [23] hypothesized that the
sink plays a crucial role in the transportation and
allocation of photo-assimilates. The sink effect of
grapes mainly refers to the effect of fruits on photosynthesis. If sugar accumulation in leaves inhibits
photosynthesis, rapid transportation of sugar to sink
organs, such as fruits can promote photosynthesis.
With the raising of the fruiting position, the devel-
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effect of grape berries gradually decreased; the capacity of acquiring photo-assimilates from the
leaves to the berries decreased gradually, as did
sugar unloading. For grapes cultivated using the
CCT system, the sink effect, resistance to transport
photo-assimilates by various new shoots, and sugar
unloading were consistently maintained throughout
plant growth.

new shoots of grapes cultivated using the CCT system was larger than those cultivated using the SGT
system.
//.,: 6/ =*:.8 :8*59768: -29:*5,. 65 5.:
716:69?5:1.:2,8*:.9*7/36=*5-9;0*8;536*-
250Generally, for grapes cultivated using the SGT
system, the increase in the water transport distance
inside the plants resulted in thinner and weaker
branch growth [30] With the increase in the water
transport distance, the resistance of the knots and
xylem components encountered by the sap flow
gradually increased and the sap flow rate reduced
[29]. However, for grapes cultivated using the CCT
system, the perennial trellis had large amounts of
adventitious roots at the position of land adherence,
which resulted in consistent water transport distance and the sap flow rate of new shoots. With the
increase in the water transport distance, the differentiation capacity of the grape sprouts gradually
weakened, and the growth of new shoots in successive years decreased. The growth vigor of the new
shoots directly influenced the sink effect of the
grape berries and impacted the transportation capacity of photosynthesis, inorganic nutrients, and
water. Therefore, the grape quality and yield decreased with declining growth vigor [8]. In addition,
with the increase of water transport distance, grape
leaf area and chlorophyll content showed decreasing trends [31]. The reduction of sap flow rate reduced the photosynthetic capacity of leaves [32],
and the net leaf photosynthetic rate of the new
shoots grown under the SGT system also presented
a gradually deceasing tendency. However, for
grapes cultivated using the CCT system, water
transportation of new shoots and growth status were
maintained consistently, and the net photosynthetic
rate showed no significant difference (0.05).
The allocation of photo-assimilates to source
and sink organs was mainly constrained by two
factors - the concentration gradient between the
source and sink organs and the resistance between
the source and the sink [33]. The allocation of photo-assimilates among various sink organs was
mainly determined by the characteristics of the sink
itself [34]. The amount and size of the sieve tubes,
and the mutual connection and circulation capacity
influence the transportation of photo-assimilates
from the source to the sink, which subsequently
impacts the yields. The length of the vascular bundle, i.e., the assimilated transport distance, affects
assimilated allocation under certain circumstances.
Besides, when the supply of assimilates was not
abundant, the resistance of the vascular bundle was
also affected by the assimilate allocation [35]. For
grapes cultivated using the SGT system, the resistance to water transport increased with the increase in the water transportation distance due to
the effect of vessels [28]. Consequently, grape berry
development was relatively postponed, and the sink

 %# 

In the fruit development process of the grape
cultivar ‘Meili’, both sap flow of new shoots at
different positions and sugar unloading of berries
presented bimodal tendency. The change in photosynthetic rate presented an obvious mid-day depression; however, the changes in these three factors were not synchronized. For instance, the fruit
sitting position and water transport distance of the
plants cultivated using the SGT system increased
significantly compared to those cultivated using the
CCT system. The photosynthetic rate, sap flow rate
of new shoots, and sugar unloading of berries for
the SGT-cultivated plants were lower than those of
CCT-cultivated counterparts. Grapes cultivated
using the CCT system had perennial trellis growing
adherently to lands, with large amounts of adventitious roots. The growth status of new shoots at different positions and berries at the same time were
consistent, as were the photosynthetic rate, sap flow
of new shoots, and sugar unloading. However, the
sugar unloading was inversely proportional to the
water transport distance, and grapes grown using
the CCT system benefited more than those grown
with the SGT system. Furthermore, the vegetative
and reproductive growth of grape plants were better
when cultivated using the CCT method.
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Porous silicon nitride based ceramic was directly fabricated by carbothermal reduction nitridation method with carbonized rice husks and α-Si3N4
powder as raw material, MgO and Al2O3 as sintering
additives. While 6%~9% Al2O3 was added, partial
Al2O3 was dissolved into the Si3N4 crystal lattices to
form β-sialon solid solution at the temperature of
1550°C, resulting in interplanar spacing and cell parameters increased. When 6% Al2O3 was added, the
porous silicon nitride based ceramic sintered at
1550°C had a large flexural strength of 103.72 MPa,
the open porosity reached 35.98%, and exhibit good
oxidation resistance.



include Al2O3, Y2O3 [14], MgO, Al2O3-Y2O3 [15,
16], MgO-Al2O3 [17-19], etc. The results show that
Al2O3 and Si3N4 synthesized to form sialon solid solution with Al2O3-Y2O3 as sintering additives, which
is beneficial to improve the oxidation resistance of
porous ceramics [20].
In this study, we will present results showing
that the porous silicon nitride based ceramics were
prepared from rice husk with MgO-Al2O3 as sintering additives by carbothermal reduction and liquid
phase sintering method in the presence of a nitrogen
atmosphere in one-step process. The influence of
Al2O3 content on the phase composition, microstructure, open porosity, flexural strength and oxidation
resistance of silicon nitride based porous ceramics
was investigated.


'!"$

!8-:8-):4-5:6.:0-81+-0;92The rice husk
was boiled for 30min in the diluted hydrochloric acid
(10 vol%) to remove its inorganic impurity, and then
cleaned with distilled water for three times and dried
at 120°C. The acid treated rice husk was decomposed at 540°C for 70min, and then ball-milled for
10h to obtain the carbonized rice husk with C/SiO2
of 0.7 (mass ratio, the same below), in which C accounted for 41.18wt% and SiO2 accounted for
58.82wt%. The XRD pattern of the carbonized rice
husk was shown in Fig. 1. It could be seen that the
carbonized rice husk had a dispersing diffraction
peak at about 23°, indicating that the silica in carbonized rice husk took generally the form of amorphous silica.

(& "#
Porous silicon nitride based ceramic, rice husk, Al2O3

$" %$ 
Silicon nitride ceramics (Si3N4) are universally
considered as one of the most promising advanced
structural materials for their high mechanical
strength, high temperature resistance and thermal
shock resistance and have been intensively used in
high-temperature exhaust gas filtration, heat insulation and catalyst carrier fields [1-7]. Silicon nitride
is a strong covalent bond compound, and its self-diffusion coefficient is very small, so silicon nitride ceramic is difficult to achieve low temperature sintering [8-10]. However, the sintering temperature of silicon nitride ceramics can be reduced by using highly
active raw materials, for example rice husk is an agricultural waste as by-product of the rice milling industry to be about more than 100 million tones, the
main components of rice husk are C, O, H and Si, in
which SiO2 and C are existed in amorphous form
with the higher reactivity. Recently, Jing Tao et al.,
Pavarajarn V. et al. and Real C. et al. [11-13] used
rice husk as raw material for preparing silicon nitride
powder and silicon nitride whisker by carbothermal
reduction at 1360°C~1450°C. On the other hand, it
is understood that the available liquid phase due to
oxide sintering additives to promote the sintering
process, several commonly used sintering additives

#)473- 78-7)8):165 According to Table 1,
four recipes were numbered as A0, A3, A6 and A9.
The rice husk powder, α-Si3N4, NaF, MgO and
Al2O3 were weighed and ball-milled with ethanol for
10h. Then, the wet materials were dried at 60°C and
through 60 mesh screen to get a compound powder,
and 5wt% PVA solution was dropped and uniformly
blended with the compound powder. After pelleting,
the powder was pressed into striped sample and drying. Sintering of green bodies was performed in a
vacuum furnace at 1400~1550°C in a nitrogen atmosphere with a flow rate of 3 L/min.
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'"7)::-8596.9)473-9915:-8-,):
!-8.684)5+- :-9:15/ Investigations of the
phase composition of the samples were carried out
with an X-ray diffractometer (D/Max-rB) with Cu
Kα radiation (40kV, 40mA). Microstructure of the
fracture surfaces of the sintered samples was observed by scanning electron microscope (SEM,
JSM-5610 JEOL, Japan). Open porosity was determined by the Archimedes method. Flexrual strength
was measured via universal testing machine (Instron-1195, Instron Corp., UK). Mass change before
and after calcination was measured to evaluate the
oxidation resistance.

A

"#%$##%## 

!0)9-+647691:165Fig.2 shows XRD patterns
of A0, A3, A6 and A9 sintered at 1450°C for 2h. As
seen from Fig.2, when the temperature reaches
1450°C, there is no diffraction peak of SiO2, suggesting that the SiO2 in the rice husk has been completely
converted into Si3N4 by carbothermal reduction nitridation method [21]. The characteristic peaks correspond to both α-Si3N4 and β-Si3N4, in which the
intensity of α-Si3N4 peaks are higher than that of βSi3N4 peaks, indicating that part of α-Si3N4 has been
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transformed into β-Si3N4 at 1450 °C, whereas the
peaks of sialon phase still can not be recognized. It
can also be seen from Fig. 2 that the diffraction peak
of β-Si3N4 increases with the increase of Al2O3 content, but the intensity of α-Si3N4 peak is obviously
weakened.
Fig.3 shows the XRD patterns of A0, A3, A6
and A9 sintered at 1500°C for 2h. As shown in Fig.3,
the main phases of A0 and A3 are β-Si3N4 and the
weak peaks of α-Si3N4 are still in presence. But peaks
of α-Si3N4 are not recognized in A6 and A9, only the
diffraction peaks of β-Si3N4, indicating that the original α-Si3N4 in the green body and α-Si3N4 synthesized by in situ carbothermal reduction from rice
husk [22-24] have completely transformed into βSi3N4.
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Fig.4 shows the XRD patterns of A0, A3, A6
and A9 sintered at1550°C for 2h. As shown in Fig.4,
there is no diffraction peak of α-Si3N4 in all the samples, which indicates that the phase transitions α→β
are effectively completed. In addition, the peak positions of the synthesized β-Si3N4 drift to small angle
with increasing the Al2O3 content, but the diffraction
peaks of β-Si3N4 does not change at 1500°C. This
shows that when the temperature increases to
1550°C, Al2O3 has been partially dissolved into the
β-Si3N4 lattice, Al and O atoms are partially substituted for Si and N, resulting in the formation of βsialonSi6-ZAlZOZN8-Z solid solution which still
retains hexagonal β-Si3N4 structure.
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Crystal
plane
A0
A3
A6
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100

110

200

101

210

201

301

321

0.6523
0.6662
0.6668
0.6761

0.3776
0.3824
0.3828
0.3857

0.3270
0.3309
0.3321
0.3333

0.2646
0.2671
0.2681
0.2689

0.2478
0.2499
0.2504
0.2511

0.2161
0.2187
0.2189
0.2198

0.1747
0.1757
0.1758
0.1763

0.1337
0.1343
0.1343
0.1347



a
c

$ 
-33!)8)4-:-896.,1..-8-5:3
A0
A3
0.7552
0.7605
0.2895
0.2909

65:-5:54
A6
0.7611
0.2917

A9
0.7635
0.2934

are filled with liquid phase and particle wettability
increases, so there are many large-size holes in A6,
while the large holes in A9 are less.
Fig. (b) and (d) show the fracture surfaces
(magnification of 20000×) of A6 and A9. As seen
from fig.(b), the β grains become finer in the width
direction and longer in the length and direction, resulting in increases in the aspect ratio (about 6.8).
The crystal presents long columnar and overlap with
each other, which can produce crack deflection,
crack bridging and whisker pulling out effect, thus
effectively increasing the crack growth resistance,
giving full play to the self-toughening effect of columnar grains, which contributes to their strength.
On the other hand, the formation of irregular
through-hole structure can improve the porosity. As
seen from fig.(b), when Al2O3 content reaches 9%,
the amount of liquid phase increase, and the solidliquid two-phase wetting is more complete, which
results in grain coarsening and the decrease of the
aspect ratio, and the glass phases around grains significantly increase.

In order to explain the mechanism of the influence of Al2O3 content on the preparation process of
porous β-sialon ceramics, the XRD patterns of samples sintered at 1550°C are fitted to calculate the interplanar spacing and cell parameters of the β-sialon
solid solution. The interplanar spacing d of each
sample sintered at 1550°C is shown in Table 2. It can
be seen that the interplanar spacing d increases with
increasing Al2O3 content, which is consistent with
the XRD results shown in Fig.6. The d values of the
strongest peaks corresponding to β-Si3N4 (pdf #331160) including (200), (101) and (210) are 0.3293
nm, 0.2660 nm, 0.2489 nm, respectively, but the d
values of A3 samples corresponding to crystal planes
(200), (101), (210) are 0.3309nm, 0.2671nm,
0.2499nm, respectively. Compared with the β-Si3N4
standard card, the relative error is 0.4859%,
0.4135% and 0.4017%. The d values of A6 and A9
corresponding to the (200), (101) and (210) lattice
planes are larger than those of A3, indicating that the
main phases of A6 and A9 are β-sialon at 1550°C.
The cell parameters of samples sintered at
1550°C are shown in Table 3. The β-Si3N4 (pdf # 331160) with cell parameters a = 0.7604 nm, c = 0.2908
nm. However, the cell parameter of β-sialon is related to the value of z, where z = 1, a = 0.7635 nm, c
= 0.2934 nm in standard card # 48-1615. The cell
parameter of A3 accord with β-Si3N4 (pdf # 331160), and A9 matches the standard card of β-sialon
(z = 1). Combined with Table 2, it can be concluded
that when Al2O3 content is 0%~3%, the phases of silicon nitride based ceramics sintered at 1550°C are βSi3N4, When Al2O3 content is 6%-9%, the phases are
β-sialon. Due to the difference between radius and
bond length of Si4+ and Al3+, while Al and O are replaced by Si and N, the d values and the cell parameters increase.

7-5!68691:? )5, .3->;8)3 9:8-5/:0 )5)3?
919Fig.6 shows the open porosity of A0, A3, A6, A9
sintered at 1450°C ~1550°C. In fig.6, the open porosity of the porous ceramics decreases with the increase of Al2O3 content and sintering temperature.
An alternative explanation may be that Al2O3 and
MgO react with the SiO2 present on the surface of αSi3N4 particles to form a eutectic liquid at 1400°C,
which promotes the sintering of silicon nitride based
porous ceramics. At the same temperature, the
amount of liquid phase in the sintered samples increases with the increase of Al2O3 content, filling
part of the pores and enhancing the intergranular
bond strength, resulting in significantly reduced
open porosity. When the Al2O3 content is the same,
increasing the sintering temperature will reduce the
liquid viscosity, the pores will be easily discharged
from the green body, and the porosity will decrease
accordingly.

6870636/? )5)3?919 Fig.5 shows fracture
surfaces of A6 and A9 sintered at 1550°C. It can be
seen from the Fig (a) and (c) that A6 is more porous
and the pore size is larger. This can explain that with
the increase of Al2O3 content, all pores in particles

5650

! %  

 







!"  ! 

)*

+,
%" 
8)+:;8-#;8.)+-#4)/-96.)5,##15:-8-,):


A

 
 
 







$#












 
%"
!68691:?6.9)473-9915:-8-,):

5651



A

$#

! %  







 







!"  ! 

 
 
 















%"
3->;8)39:8-5/:06.9)473-9915:-8-,):



B

%"
)99<)81):1656.9131+6551:81,-*)9-,7686;9+-8)41+9

Fig.7 shows the flexural strength of A0, A3, A6
and A9 sintered at 1450°C ~1550°C. In Fig.7, the
flexural strength of the porous ceramics increases
with the increase of Al2O3 content and sintering temperature. When Al2O3 content is the same, the flexural strength of the sample increases with the increase of the sintering temperature. The flexural
strength of A6 is only 42.37MPa at 1450°C, but the
flexural strength at 1550°C is 103.72MPa, which increases about 144.80%. With increasing sintering
temperature, the equiaxial alpha grains undergo
phase transformation to form columnar beta grains

which can increase the crack growth resistance and
make the mechanical properties better than equiaxial
grains. The flexural strength of A0 is 44.18 MPa at
1550°C. When the Al2O3 content reaches 9%, the
flexural strength is 110.84 MPa, which increases
about 150.88%. As seen from Fig.4, the main phase
of each sample is β phase, so the main factor influencing the strength properties of the obtained samples was found to be their porosity. According to the
empirical formula of Ryshkewich, the flexural
strength decreases exponentially with the increase of
porosity.
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5:16>1,):1655)3?919A0, A3, A6 and A9
samples sintered at 1550°C are calcined at a temperature of 500°C ~1300°C for 3 h in a static air atmosphere, and the mass change rate before and after calcination is shown in Fig. 8. It can be seen from Fig.8
that there is no obvious change in the quality of each
sample at 500°C ~700°C, which shows that the samples have no oxidation reaction at low temperature.
When the temperature is increased from 900°C to
1300°C, the oxidation rate gradually increases and
mass increase rate is greatly improved, the mass increase rate of A0 and A3 is 0.88% and 0.70% at
900°C, respectively, while the mass increase rate of
A9 was only 0.39%. When the temperature reaches
1100°C, the mass increase rates of A0 and A3 are
about 6.3%~6.4%, and the mass increase rate of A9
was only 2.44%. When the temperature increases to
1300°C, the mass increase rate of each sample is
15.54%, 13.29%, 8.39% and 3.81% respectively,
which is significantly improved. This indicates that
when the temperature is higher than 900°C, oxidation weight gain rate decreases with the increase of
Al2O3 content, due to Al and O atoms are partially
substituted for Si and N to form solid solution for
improving the oxidation resistance of porous ceramics, which is consistent with the results of XRD in
Fig.4.
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The porous silicon nitride based ceramics can
be prepared successfully with rice husk as raw material at 1450-1550°C.
(1)The crystalline structures of α-Si3N4 and βSi3N4 are obtained with additives of 0%~3% Al2O3
at 1500°C. When Al2O3 content reaches 6%~9%, the
β-Si3N4 -based ceramic was prepared at the same
temperature. It is indicated that adding an appropriate amount of Al2O3 can promote the phase transition
of Si3N4.
(2)In this system Al2O3 and β-Si3N4 form β-SialonSi6-ZAlZOZN8-Zsolid solution with 6%~9%
Al2O3 at 1550°C, resulting in the diffraction peaks
drift to small angle and interplanar spacing d values
and unit cell parameters increase.
(3)The porous silicon nitride based ceramics
with porosity of 35.98% and flexural strength of
103.73 MPa using 6% Al2O3 as sintering additive at
1550°C, which shows the best comprehensive performance.
(4)The Al2O3 additive can obviously improve
the oxidation resistance of porous silicon nitride
based ceramics, when adding 9% Al2O3, the oxidation weight gain rate was only 3.81% after calcined
at 1300°C, which exhibited the best ability for the
resistance to oxidation.

5653

$#

! %  

 







!"  ! 

[23]Gorzkowski, E.P., Qadri, S.B., Rath, B.B., Goswami, R. and Caldwell, J.D. (2013) Formation
of Nanodimensional 3C-SiC Structures from
Rice Husks. Journal of Electronic Materials.
42(5), 799-804.
[24]Qadri, S.B., Rath, B.B., Gorzkowski, E.P.,
Feng, J., Qadri, S.N. and Caldwell, J.P. (2015)
Nanotubes, nanobelts, nanowires, and nanorods
of silicon carbide from the wheat husks. Journal
of Applied Physics. 118, 104904.

[10]Komeya, K. (1984) Development of nitrogen
ceramics. American Ceramic Society Bulletin.
63, 1158–1164.
[11]Jing, T., Xu, X.M. and Guo, W. (2015) Preparation of porous silicon nitride ceramic using rice
husk at low temperatures. Bulletin of the Chinese Ceramic Society. 34(3), 722-726
[12]Pavarajarn, V., Precharyutasin, R. and Praserthdam, P. (2010) Synthesis of Silicon Nitride Fibers by the Carbothermal Reduction and Nitridation of Rice Husk Ash. Journal of the American Ceramic Society. 93(4), 973-979.
[13]Real, C., Alcalá, M.D. and Criado, J.M. (2004)
Synthesis of Silicon Nitride from Carbothermal
Reduction of Rice Husks by the Constant-RateThermal-Analysis (CRTA) Method. Journal of
the American Ceramic Society. 87(1), 75-78.
[14]Yang, J.F., Shan, S.Y., Janssen, R., Schneider,
G., Ohji, T. and Kanzzaki, S. (2005) Synthesis
of fibrous β-Si3N4 structured porous ceramics
using carbothermal nitridation of silica. Acta
Materialia. 53(10), 2981-2990.
[15]Lu, Z.X., Liu, Q., Han, H. and Zhang, D.H.
(2013) Experiment and modeling on the compressive behaviors for porous silicon nitride ceramics. Materials Science and Engineering. 559,
201-209.
[16]Komeya, K. and Noda, F. (1974) Aluminum Nitride and Silicon Nitride for High Temperature
Gas Turbine Engines. Soc. Automotive. Engineers. 740237, 1–6.
[17]Liu, X.J., Huang, Z.Y., Ge, Q.M., Sun, X.W.
and Huang, L.P. (1993) Microstructure and mechanical properties of silicon nitride ceramics
prepared by pressureless sintering with MgOAl2O3-SiO2 as sintering additive. Journal of the
European Ceramic Society. 76(11), 2801-2808.
[18]Asada, S., Ueki, M. and Sugiyama, M. (1993)
o′-β′ sialon ceramics. Journal of materials science. 28(14), 3789-3792.
[19]Liu, X.J., Huang, Z.Y., G.Q. M., Sun, X.W. and
Huang, L.P. (2004) Microstructure and mechanical properties of silicon nitride ceramics prepared by pressureless sintering with MgOAl2O3-SiO2 as sintering additive. Journal of the
European Ceramic Society. 25(14), 3353-3359.
[20]Sheng, X.M., Lu, P.W. and Xu, J. (1983) A
study of pressureless sintering of Si3N4 with
Al2O3-Y2O3 as sintering aid. Journal of the Chinese Ceramic Society. 11(6), 477-488.
[21]Qadri, S.B., Rath, B.B., Gorzkowski, E.P. and
Wollmershauser, J. (2016) Nanostructured silicon nitride from wheat and rice husks. Journal
of Applied Physics. 119, 134902
[22]Qadri, S.B., Imam, M.A., Fliflet, A.W., Rath,
B.B., Goswami, R. and Caldwell, J.D. (2012)
Microwave-induced transformation of rice
husks to SiC. Journal of Applied Physics. 111,
073523.

"-+-1<-,
++-7:-,


   
    

 ""#! %$ "

&-1;6
School of Materials Science and Engineering,
Yancheng Institute of Technology,
Yancheng, Jiangsu Province, 224051 – P.R. China

e-mail: guowei68550@163.com

5654

#"

  $   







  !






 %& %'%)!&#& $"!&  
! %!  $%$""
'"!"%!% &%! 

!0.9;*0*6

Department of Medical Service and Techniques, Vocational School of Health Service, Mugla Sitki Kocman University,
Marmaris, Mugla, Turkey

$%#%

Phytochemicals with drug combinations have
led to the discovery of different therapeutics used in
fighting off the different types of infections. In this
study, I have investigated the synergetic antifungal
effect of Curcumin and Caspafungin combination
against    and   by using a
checkerboard microdilution assay. Apoptotic effects
of curcumin and caspafungin concentrations were
evaluated against   and   by using flow cytometry via annexin V-propidium iodide
binding capacity. Synergetic antifungal effect assessment was evaluated via flow cytometry by using
checkerboard microdilution assay. Early and late
apoptotic effects of curcumin and caspafungin combination (1000 and 1 µg/mL) against   
were observed as 8.1%, 77.4% respectively. Early
and late apoptotic effects of curcumin and
caspafungin combination (1000 and 1 µg/mL)
against   were observed as 6.3%, 77.7%
respectively. Apoptotic effects of 1 µg/mL
caspafungin and 1000 µg/mL curcumin combinations were 85.5% and 84% against  and
 , respectively. Both    species
showed a synergic effect, according to fractional inhibitory concentration index (FIC ≤0.5). Results revealed that the combination of curcumin and
caspafungin exhibited stronger anticandidal activity
than monotherapy.

tolerance index, interactions with other drugs, inadequate pharmacokinetic profile and undesirable side
effects [5-8]. Especially,  and  
are an emerging pathogen that has become the first
and second most frequent cause of candidiasis.
There has been a sharp rise in the incidence of
   infections. Currently available anti-fungal
agents have undesirable side effects, toxicity problems and rising drug resistance problems for the
treatment of    infections [7, 9-12]. For this
reason, components derived from natural products
are an encouraging source of new anti-fungal therapy alternatives.
An optimal anti-fungal agent against   
infections should not have undesirable effects or toxicity [13, 14]. On the other hand, all the antifungals
currently in use have some unwanted effects on the
gastrointestinal tract, liver, and kidney [7, 15, 16].
For this reason, researchers have concentrated on the
potential synergistic activity of phenolic acids with
the combination of existing antifungals in order to
maximize the antifungal effect. It is a good strategy
to evaluate the synergistic effects when MIC values
of phenolic acids against    are highly variable [17, 18]. For example, the synergistic effect of
benzoic acid, amphotericin B, itraconazole combination against    has been reported [19]. On
the other hand, mechanism of synergistic effect of
phenolic acids and conventional antifungal agents is
poorly understood. As a result, it is of crucial importance to explore similar synergistic effects revealed by the combined use of other phenolic compounds and antifungal agents.
Polyphenolic product curcumin has been subjected to so many antimicrobial, antioxidant, antitumor investigations all over the world because of
extensive traditional usage and low side effects [20,
21]. Reported antimicrobial activities of curcumin
against different bacteria, viruses, fungi, and parasites made it a good candidate to enhance the inhibitory effect of existing anticandidal drugs by the way
of synergism [22].
In this regard, this manuscript intends to evaluate the potential synergistic antifungal activity of
curcumin with the combination of caspafungin as a
safer therapeutic strategy against    species.

)(!#$
Curcumin, caspafungin, apoptosis,     ,
   

 %#!&%! 

   species have been associated with several opportunistic pathogen of the human gastrointestinal, respiratory and reproductive tracts especially affecting immunocompromised patients [1-4].
There are significant limitations in the existing antifungal drugs, such as antifungal resistance, inadequate activity spectrum, poor bioavailability, low
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The first step of this study was to determine the
MIC and FIC index of caspofungin and curcumin,
which induced both apoptosis and necrosis, via flow
cytometry. The checkerboard microdilution method
revealed that curcumin and caspofungin exhibited
synergistic antifungal activity against   
with an MIC value of 20 μg/ mL and 1 μg/mL, respectively, and against   with an MIC
value of 10 μg/ mL and 2 μg/ mL, respectively. The
FIC index of curcumin and caspofungin were shown
in Table 1.
The apoptotic effects of caspofungin, curcumin, caspafungin-curcumin combination concentrations after the 24-hour incubation period, were evaluated against  and   based on
Annexin V–PI binding capacities by using flow cytometry (Figure 1). Flow cytometric analyses revealed early and late apoptotic effects of 1μg/mL
caspofungin against   as 0.3% and 0.6%,
respectively. However early and late apoptotic effects of curcumin against   were found to
be increased as 19.7% and 58.2%, respectively (Figure 1). According to results; early and late apoptotic
effects of curcumin against   revealed
0.3% and 1.5%, respectively (Figure 1). The apoptotic effects (early and late) of the curcumin in combination with caspofungin against   and 
 were found 88.5% and 84%, respectively
(Table 2 and Figure 1). Early and late apoptotic effects of caspafungin and curcumin combination
against    were calculated as 8.1% and
77.4% respectively. Early and late apoptotic effects
of caspafungin and curcumin combination against 
were computed as 6.3% and 77.7% respectively (Table 2). Results indicate that combination of
caspafungin and curcumin triggered the apoptosis of
   and C.  depending on synergism. The synergistic activity of caspofungin and
curcumin caused a drastic reduction in the MIC of 
  and  
Drugs in combination with phytochemical
product combinations have been shown to reduce the
required therapeutic dose of anticandidal agents and
consequently their toxicity if a synergism is present.
Caspafungin and curcumin combination demonstrated a significant synergistic antifungal effect
against  and  which may become a promising natural anti-candidal therapy strategy. In order to develop new therapeutic strategies,
further research is needed for the suitability and
medical credibility of the natural antifungal agent.
In this study, we investigated the synergy of
curcumin in combination with caspofungin against
  and   by using a quantitative
checkerboard microdilution assay. Synergism was
evaluated via a fractional inhibitory concentration
index (FIC) of <0.5. To my knowledge, the synergistic anticandidal effect of curcumin and caspafungin

%#$ %!$

<602 $;9*26: *6- 1.52,*4:    
ATCC 90028 and   ATCC 90030 were
taken from American Type Culture Collection
(ATCC, Manassas, VA, USA). Caspofungin diacetate (SML0425) and curcumin were acquired from
Sigma (St. Louis, MO, USA).

6;252,97+2*4*::*@ MIC is described as the
lowest concentration of the antimicrobial agent that
inhibits the bacterial growth, as detected by the lack
of observable turbidity. The microbiological assay
was performed according to the Clinical and Laboratory Standards Institute M7-A7 broth microdilution
method [23].

1.,3.9+7*9- 52,97-24<;276 *::*@ /79 ,<9
,<526 *6- ,*:87/<6026  Synergistic effect was
evaluated by the checkerboard microdilution assay;
a two-dimensional range of serial concentrations of
test agents, which has been used to evaluate antimicrobial combinations  . The tested dilutions
were based on the MIC of the two compounds. The
checkerboard test was used as the base of the Fractional Inhibitory Concentration (FIC) index calculation [24, 25]. The effects of the combination of caspofungin with curcumin were investigated by the
checkerboard broth microdilution method. Drug interaction was classified as synergistic, additive or
less-than-additive according to the FIC index, which
is the sum of each compound FIC index. The FIC
index of each compound was calculated as the MIC
of that drug in combined treatment divided by the
MIC of the drug used alone. Drug-drug interactions
were considered synergistic if the FIC index was
≤0.5, indifferent if the FIC index was >0.5 and ≤4
and antagonistic if the FIC index was > 4.0 [26].

6*4@:2:7/*878;7:2:,*<:.-+@ :8.
,2.: <:260 /47>,@;75.;9@  Curcumin in combination with caspafungin concentrations which were
analysed against    ATCC 90028 and 
 ATCC 90030 based on Annexin V-PI binding capacities in flow cytometry.   ATCC
90028 and   ATCC 90030 cells
(2x106/mL) were incubated in Sabouraud Dextrose
Broth with 1 μg/mL caspofungin and 1000 μg/mL
curcumin for 24 hours at 30 °C   ATCC
90028 and   ATCC 90030 cells were harvested by centrifugation and washed in 0.1 molar potassium phosphate buffer. Annexin V/Propidium Iodide (PI) assays were performed according to the
staining kit protocol, using 5 μg annexin V and 5 μg
PI at 37 °C for 20 minutes. The cells were analyzed
using a BD Accuri C6 flow cytometer (Becton–
Dickinson, Mansfield, MA, USA) [27].
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against   species has never been investigated
via flow cytometry.
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Further investigations are needed to clarify the
synergistic antifungal mechanism of curcumin and
caspafungin.
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One of the alternative strategies to fight off
candidiasis is the use of natural products such as phenolic acids. Another possibility is to combine existing anticandidal drugs with phytochemicals to enhance the efficacy and lessen the severity of the side
effects of drugs. Antifungal activity and synergistic
effect of curcumin in combination with caspafungin
against    species have been demonstrated.
The present study highlights the possible use of the
synergistic drug-herb combinations for the treatment
of candidiasis.
In this research, I demonstrated that curcumin
could enhance the fungicidal activity of caspafungin
against    and  . The checkerboard microdilution assay was used to examine the
relationship between curcumin and caspafungin in
terms of their growth inhibitory activities against 
  and  .
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demonstrated a significant synergism between other
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itraconazole) and phenolic compounds (punicalagin,
carvacrol,
epigallocatechin-gallate,
thymol,
curcumin) against    [7]. To my
knowledge, the synergistic anti-fungal activity of
curcumin and caspafungin against   and 
 has never been investigated via flow cytometry.
As a result, this manuscript evaluated the
synergistic anticandidal effect of curcumin and caspofungin combination against    and 
. Drug-herb combinations synergistic effects may provide a promising therapeutic strategy
in controlling opportunistic fungal infections, especially against   species. The combination of
curcumin with caspafungin exhibited a stronger fungicidal activity than monotherapy against 
  and  . It can be hypothesized that
this anticandidal effect is probably not produced by
a single compound. Consequently considering synergistic antifungal activities and the lack of studies
related to natural products, curcumin is a promising
source of molecules with antifungal properties.
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amount of turf seed produced between 2006-2016
was 2761 tons (average 251 tons) while in the same
interval, turf seed of around 3216-5089 tons was imported, amounting to a total of 46867 tons (average
4261 tons) and resulting in $100 million in expenses
[5]. In order to save the country’s resources and to
obtain required seed, production needs to be established in areas suitable for domestic production. The
tall fescue plant is among important plants used for
creating green areas in our country. It is known that
agronomic applications such as row spacing and fertilization have important effects on the seed yields of
plants [1, 2].
Some researchers [2, 3, 6, 7, 8] have suggested
combined (NPK) fertilizer doses differing between
15-10-10 and 45-40-50 for good seed yield in
#$%"% Many researchers [1-4, 9-20]
have also reported extensive data and research results on some of its botanical characteristics.
This study aims to investigate the seed production potential and some yield properties of the
#$% "% turf variety as an extensively
used plant in the establishment of green areas in existing ecological conditions with different row spacings and application of nitrogen fertilizer at different
doses.

This research was carried out in the ecological
conditions of the Pamukova district of the Sakarya
province between November 2013-July 2016, in order to determine the seed yield and some yield properties of the tall fescue (#$% "%
Schreb.) plant sown at different row spacings and
with different fertilization doses. The experiment
was conducted in the randomized block design with
4 different (0, 10, 20 and 30 g m-2) fertilizer doses
and at 2 different row spacings (20 and 40 cm). The
highest lodging rate, plant height, panicle length,
number of generative shoots and seed yield values
were observed in the 20 cm row spacing and 30
g m-2 fertilizer dose; while greatest hectolitre weight
was seen in the 20 cm row spacing and 10 g m-2 fertilizer dose, and highest weight of seed per panicle,
1000 seed weight and germination rate values were
obtained in the 40 cm row spacings and 30 g m-2 fertilizer dose.


)(!#$
Tall Fescue, row spacing distance, fertilizer dose, seed
yield.

 %#!&%! 

%#$ %!$

+</:3+5;The study was conducted in the research area of the Pamukova Vocational School of
Sakarya University (N 40° 30’ 20.462, E 30° 10’
9.263 and 80 m above sea level) for a 3-year period
between 2013-2016.
The research area’s long term climatic data and
data for the period between November 2013-July
2016 are given in Table 1.
Total precipitation in the 1st and 3rd year of the
research was lower than long term average, but was
higher in the 2nd year. Average temperature data for
the 1st and 2nd year was similar to long term data, but
was relatively higher for the 3rd year. Relative humidity values for all three years were very close to
long term average.

A look at our surroundings will show how diverse plant species and varieties create the green area
texture around us. Turfgrasses plants, which are
among groundcover plants used in landscaping, hold
the highest share in constituting this structure.
The supply of seeds is one of the biggest problems encountered in our country concerning the
spread of the culture of creating green areas. Today,
the seeds of many widely used turf plants are purchased and sold despite lack of knowledge regarding
seed species, varieties and species’ name; insufficient data concerning seed quality, and absence of
legislative regulation and authorized technical staff.
Although our country has very different and
suitable ecological conditions for cultivating
turfgrass used in creating green areas [1-4], the total
5661
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%2/-536+</.+</;80/A>/.3;<:3-<08:<2/

A/+:;+7.871%/:6>/:+1/%
Years
2013-14
2014-15
2015-16
L.T.A.
(*):

Total Precipitation (mm)
596.6
845.5
539.8
685.9

Average temperature (oC)
14.7
14.7
15.0
14.7

The seeds were sown on 21.11.2013 into 2 cm
deep in accordance with the 3 g m-² [1, 3, 7, 9] calculation, and irrigation was implemented using the
sprinkler irrigation system. Weeds were combated
using the hoeing method.
Seed harvest was performed when the seeds on
panicles reached maturity; which was on 25 June
2014 for the first year, 5 July 2015 for the second
year and 15 June 2016 for the third year. All panicles
were dried at room temperature, grinded manually
for separation of seed, and sturdy seeds were isolated
from empty seeds and glumes.

":89/:<3/;@+637/.37<2/$<=.AThe properties examined in the research were lodging rate
(none, slight, half-way, excessive, total), plant height
(cm), panicle length (cm), generative shoot number
(count m-2), weight of seed per panicle (g), seed yield
(g m-2), 1000 seed weight (g), hectolitre weight (g)
and germination rate (%) [23].

>+5=+<38780+<+Statistical analyses for the
research data were carried out in a two-factor randomized blocks design, using the TARIST program
[24] and according to row spacing, fertilizer dose
and row spacing x fertilizer dose interactions. The
resulting LSD (5%) values were given in the tables.

Relatively
Humidity (%)
77.4
78.0
77.0
76.9

Meteorological Bulletin for Geyve/Sakarya.

% 
$8359:89/:<3/;80<2/:/;/+:-2+:/+
Properties
Structure
pH
Total salt (%)
CaCO3 (%)
Organic matter (%)
Nitrogen (kg ha-1)
P2O5 (kg ha-1)
K2O (kg ha-1)

Sample Depth (cm)
0-20
20-40
loamy
loamy
6.70
7.61
0.024
0.023
5.61
7.50
1.61
1.14
1.12
0.65
10.5
8.5
205.0
255.0

Soil samples taken from 0-20 and 20-40 cm
depths of the research area were analyzed in the Sakarya University Pamukova Vocational School laboratory [21] and results were listed in Table 2.
According to analysis results, soil at 0-20 cm
depth was determined as loamy-textured, having medium acid reaction; at middle range in terms of salinity, lime and organic matter, insufficient in total nitrogen and available phosphorus, and rich in potassium. Soil at 20-40 cm depth was identified as
slightly alkaline and was in the same group in terms
of other values.
The seed used in the research was the “Rebel
XLR” variety of #$%"%, a variety released to market by the private sector.

/<28.The research was conducted in a twofactor structure with two different row spacings (20
and 40 cm) and four different nitrogen fertilizer
doses (0, 10, 20, 30 g m-2). The experiment was set
up in the randomized block design with 3 replications. Plot dimensions were arranged to form 20 cm
row spacings of 5 m×1.60 m = 8 m2 and 40 cm row
spacings of 5 m×3.20 m = 16 m2. The plots were established in accordance with the Technical Instructions Concerning Experiments on Value for Cultivation and Use [22].
Ammonium Nitrate (33% N) fertilizer was used
as the source of fertilizer. The annual nitrogen fertilizer amount was separated into 3 equal parts and
was administered every year during the period of tillering (March 25), before (April 25) and after (May
25) the period of heading. Soil analyses revealed insufficient phosphorus, thus triple superphosphate
(P2O5 42%, TSP) fertilizer was applied on an annual
basis starting with the first year of sowing and continuing in later years around October at a rate of 10
g m-² and, in this way, the phosphorus amount was
kept steady.

#$&%$ $&$$! 
Statistically significant differences were observed in terms of row spacing, fertilizer dose and
row spacing x fertilizer dose interactions for all features examined in the study and the LSD (5%) values
were indicated under the Tables.

8.1371:+</The lodging degree of plants in
the plots were assessed as none, slight, half-way, excessive and total lodging, and relevant observations
were listed in Table 3.

% 
!,;/:>+<387;:/1+:.37158.1371:+</
Years
1st
2nd
3rd

Row
Spac.
(cm)
20
40
20
40
20
40

Fertilizer Doses (g m-²)
0

10

20

30

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
Slight
N/A
N/A
N/A

Slight
N/A
Half
Slight
Slight
N/A

As can be understood from examination of Table 3, plants in both the 20 cm and 40 cm row spacings of plots that were not applied a fertilizer dose
and those that were 10 g m-2 fertilizer were fully
erect. Slight lodging was seen in the second year
only in the 20 cm row spacing of the 20 g m-2 nitrogen dose plot. The 20 cm row spacing in plots with
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a 30 g m-2 nitrogen dose displayed slight lodging in
the first and third year, while a lodging rate close to
around 50% was observed in the second year. The 40
cm row spacing showed slight lodging only in the
second year.
As the nitrogen dose increases, plants’ resistance for staying erect decreases and their tendency to load grows [1, 3]. Plants in the 20 cm row
spacing are more inclined to lodging than those in
the 40 cm row spacing, and this situation can be explained with these plants having a thinner stem structure. Lodging was mainly observed in the second
year. This could be because rainfall in this year was
greater than other years and plants, which had
reached greater plant heights, could not withstand
the wind. Lodging, which generally has a negative
effect on seed yield, occurred not as a total lodging
but rather as a mass lodging in this study and did not
have a negative effect on seed harvest or yield.
The results support statements by Genckan [1],
Acikgoz [3] and Beard [6] who reported that extensive nitrogen fertilizer encourages lodging in
turfgrasses.

"5+7< 2/312< 10 plants from each plot were
measured in cm before the harvest and the obtained
data was presented in Table 4.
Upon assessment of the data with regard to row
spacing distance, it was determined that the 20 cm
row spacing showed highest value with 135.3 cm in
the second year. Highest values in terms of nitrogen
were obtained from the 30 g m-2 dose (137.5 cm).
Greatest plant height, with regard to row spacing x
fertilizer dose interactions, was measured in the 20
cm row spacing and 30 g m-2 fertilizer dose in the
second year as 146.2 cm.

It is known that narrow row spacings hold a lot
of plants and these plants grow taller than those in
wider row spacings because they are in an intense
competition for nutrient elements, water and space
[1, 3]. The collected data was higher than the findings of Yilmaz [12], Yilmaz and Avcioglu [14], Nizam [17], Salman et al. [20].

"+73-5/5/71<2-6The panicle length of the
10 plants harvested from each plot was measured in
cm, these values were averaged and obtained data
was presented in Table 4. In terms of row spacing
distance, the results showed that the 40 cm row spacings had higher values than the 20 cm row spacings
for all years of the research and for average values,
and the highest value was seen in the 40 cm row
spacing in the second year with 30.6 cm. Highest values with regard to nitrogen doses were observed in
the 30 g m-2 dose (33.3 cm). Assessment in terms of
row spacing x fertilizer dose interactions revealed
that greatest plant height was measured in the 40 cm
row spacing and 30 g m-2 fertilizer dose in the second
year as 35.1 cm. Lowest panicle length was detected
in the 20 cm row spacing within the control plot in
the third year, with a length of 19.3 cm.
Panicle length data was in parallel with plant
height data and generated relatively higher results
than those of Salman et al. [20].

/7/:+<3>/ ;288< 7=6,/: Seed-containing
generative shoot found in 5 different 10-cm unit areas in every plot were counted, this number was then
multiplied with 10 to find the number in 1 meter and
multiplied with area to obtain data for count m-2. The
resulting data was listed in Table 5.



% 
'+5=/;80"5+7<2/312<-6+7."+73-5/5/71<2-6
Years

1st
2nd
3rd
Mean

Row
Spac.
(cm)
20
40
Mean
20
40
Mean
20
40
Mean
20
40
Mean

0
112.5
106.6
109.6
115.1
108.5
111.8
109.2
103.1
106.2
112.3
106.1
109.2

 



 



(*)

(**)

"5+7<2/312<-6
Fertilizer Doses (g m-²)
10
20
30
135.2
139.6
144.4
118.2
128.2
131.1
126.7
133.9
137.8
137.4
142.3
146.2
122.1
131.6
135.6
129.8
137.0
140.9
129.1
134.3
140.2
114.4
123.5
127.6
121.8
128.9
133.9
133.9
138.7
143.6
118.2
127.8
131.4
126.1
133.3
137.5
#$
"

 

#$
"
 
 




"+73-5/5/71<2-6
Fertilizer Doses (g m-²)
Mean
0
10
20
30
132.9
20.1
28.4
30.6
32.4
121.0
22.5
29.3
32.2
33.4
127.0
21.3
28.9
31.4
32.9
135.3
22.4
29.5
32.5
34.7
124.5
24.1
30.2
33.1
35.1
129.9
23.3
29.9
32.8
34.9
128.2
19.3
26.5
29.6
31.6
117.2
21.3
27.4
31.2
32.7
122.7
20.3
27.0
30.4
32.2
132.1
20.6
28.1
30.9
32.9
120.9
22.6
29.0
32.2
33.7
---21.6
28.6
31.5
33.3
#$ " 
#$ 
'
   

#$
"
     
#$ 
'
   
 

RS: Row Spacings, FD: Fertilizer Doses, RS×FD: Row Spacings × Fertilizer Doses, M.: Mean
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Mean
27.9
29.4
28.6
29.8
30.6
30.2
26.8
28.2
27.5
28.1
29.4
---"
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'+5=/;80/7/:+<3>/;288<7=6,/:-8=7<6 +7.(/312<80;//.9/:9+73-5/1
Years

1st
2nd
3rd
Mean

Row
Spac.
(cm)
20
40
Mean
20
40
Mean
20
40
Mean
20
40
Mean

 

(*)

 

(**)

/7/:+<3>/;288<7=6,/:-8=7<6 
Fertilizer Doses (g m-²)
Mean
0
10
20
30
351.5
475.2
561.6
556.1
486.1
255.2
415.2
468.7
495.4
408.6
303.4
445.2
515.2
525.8
447.4
385.1
498.2
598.4
595.4
519.3
268.3
442.6
518.8
545.5
443.8
326.7
470.4
558.6
570.5
481.5
381.7
485.7
588.4
575.5
507.8
254.6
425.6
498.4
528.3
426.7
318.2
455.7
543.4
551.9
467.3
372.8
486.4
582.8
575.7
504.4
259.4
427.8
495.3
523.1
426.4
316.1
457.1
539.1
549.4
---#$ 
" 
#$


 
 

#$
"
#$






%
'+5=/;80$//.A3/5.16 +7.
Years

1st
2nd
3rd
Mean

Row
Spac.
(cm)
20
40
Mean
20
40
Mean
20
40
Mean
20
40
Mean

0
70.7
54.6
62.9
81.3
58.8
70.2
78.2
54.7
66.8
76.7
56.0
66.6

 



 



(*)
(**)

$//.A3/5.16 
Fertilizer Doses (g m-²)
10
20
30
107.4
144.9
161.8
105.9
129.4
156.5
107.1
137.5
159.6
120.1
165.2
185.8
122.2
154.1
177.3
121.6
160.0
181.7
113.7
153.6
175.5
112.8
144.0
167.5
113.7
149.4
171.6
113.6
154.4
174.2
113.5
142.3
167.0
114.0
148.9
170.9
#$
"



#$
"


 

(/312<80;//.9/:9+73-5/1
Fertilizer Doses (g m-²)
Mean
0
10
20
30
0.201
0.226
0.258
0.291
0.244
0.214
0.255
0.276
0.316
0.265
0.208
0.241
0.267
0.304
0.255
0.211
0.241
0.276
0.312
0.260
0.219
0.276
0.297
0.325
0.279
0.215
0.259
0.287
0.319
0.270
0.205
0.234
0.261
0.305
0.251
0.215
0.265
0.289
0.317
0.272
0.210
0.250
0.275
0.311
0.261
0.206
0.234
0.265
0.303
0.252
0.216
0.265
0.287
0.319
0.272
0.211
0.250
0.276
0.311
---" 
#$  "
'
  
  
"
#$ "
'

 

;//.?/312<1

;//.?/312<1
Fertilizer Doses (g m-²)
Mean
0
10
20
30
118.6
1.85
2.23
2.43
2.46
108.4
1.95
2.34
2.50
2.56
116.8
1.90
2.28
2.47
2.51
138.1
1.88
2.26
2.48
2.50
128.1
1.98
2.37
2.55
2.78
133.1
1.93
2.32
2.51
2.64
130.3
1.86
2.25
2.45
2.48
119.8
1.97
2.35
2.52
2.68
125.0
1.92
2.30
2.48
2.58
129.0
1.86
2.25
2.45
2.48
118.7
1.97
2.35
2.52
2.67
---1.92
2.30
2.49
2.58
#$   " 
#$ 
'
     
 
#$  "
#$ 
'
  
 

Mean
2.24
2.34
2.29
2.28
2.42
2.35
2.26
2.38
2.32
2.26
2.38
---"
 
" 
 

seeds are defined as “Generative Shoot” [25]. If the
generative panicle number in a unit area is high, seed
yield for grasses is affected positively [1, 3, 6]. An
increase in the generative shoot number is aimed by
encouraging tillering with the use of nitrogen fertilizer when producing seed [26]. These results support the reports of many researchers [12, 14, 17, 20].

(/312< 80 ;//. 9/: 9+73-5/The seeds taken
from 10 panicles collected from each plot were separately weighed, these measurements were averaged
and the obtained values were listed in Table 5. When
these figures are evaluated in terms of row spacing
distance, it can be seen that the 40 cm row spacings
gave higher values than the 20 cm row spacings for
all years of the research and in average results. The
highest value was reported in the 40 cm row spacing
in the second year with a record of 0.279 g. Highest

When results were examined with regard to row
spacing distance, higher values were obtained from
the 20 cm row spacing than the 40 cm row spacing
for all years of the research and for average values.
The highest value was measured in the 20 cm row
spacing with 519.3 count m-2 in the second year. Assessment in terms of nitrogen doses revealed that
highest values were identified in the 30 g m-2 dose,
with a result of 549.4 count m-2. Analysis of results
for row spacing x fertilizer dose interactions showed
highest generative stem number values (598.4 count
m-2) in the 20 cm row spacing and 20 g m-2 fertilizer
dose in the second year.
In grasses, each germinated seed produces
more than one shoot and this process is called “tillering”. A some of the tillers grow panicles, but do
not produce seeds. These are called a “Vegetative
Shoot”. On the other hand, those that do produce
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 ;//. ?/312< For four times, 100 pure
seeds were selected among the seeds taken from each
plot, and these were then counted and weighed using
a sensitive scale. Each consequent data was multiplied with 10 to calculate the 1000 seed weight and
these figures were listed in Table 6. The highest
value with reference to row spacing distance was
seen in the 40 cm row spacing in the second year
with 2.42 g. Canode [28] stated that the 1000 seed
weight of 5 cool-season turfgrass was heavier in the
90 cm row spacing when compared to the 30-60 row
spacings, and showed results which were in line with
the findings of this study. Topal [29] concluded that,
in late sowing, the number of plants in the unit of
area decreased and that the existing plants had developed in an environment with less competition for
water and nutrients, resulting in a higher 1000 seed
weight and were similar to our findings. Highest values in terms of nitrogen doses were observed in the
30 g m-2 for all three years and mean with a measurement of 2.58 g. Highest 1000 seed weight data
(2.78 g) with regard to row spacing x fertilizer dose
interactions were measured in the 40 cm row spacing
and 30 g m-2 fertilizer dose in the second year. The
lowest value (1.85 g) was detected in the 20 cm row
spacing within the control plot in the first year.
While some researchers [17,20] expressed that
increasing amounts of fertilizer had no effect on
1000 seed weight, some others [12,13,14] asserted
that it did. According to data from this study, application of nitrogen fertilizer affected 1000 seed values, and results were higher than those of Yilmaz
[12], Young et al., [13], Yilmaz and Avcioglu [14],
Nizam [17], and Salman et al., [20].

/-<853<:/ ?/312< The obtained seeds were
weighed using the ¼-liter hectolitre device and resulting data was multiplied with 400 to calculate the
weight values within a 100-liter volume. These values were presented in Table 7.

values in relation to nitrogen doses were observed in
the 30 g m-2 dose, with 0.311 g. In terms of row spacing x fertilizer dose interactions were showed that
highest weight of seed per panicle yields (0.325 g)
were measured in the 40 cm row spacing and 30
g m-2 fertilizer dose in the second year. The lowest
value (0.201 g) was detected in the 20 cm row spacing within the control plot in the first year.
One of the main objectives in using nitrogen
fertilizer for seed production is to enhance tillering
and in this way increase the number of generative
shoot [1, 3, 26]. Increasing fertilizer doses increased
the seed yield of a weight of seed per panicle. The
findings of this study were higher than those recorded by Yilmaz [12], Yilmaz and Avcioglu [14],
Nizam [17], Salman et al. [20].

$//.A3/5.The average values for the amounts
of seed taken from an area of 1 m2 in each plot were
presented in Table 6. Review of the data in terms of
row spacing distance shows that higher values were
obtained from the 20 cm row spacing in comparison
to the 40 cm row spacing, for all years of the research
and for average values. The highest value was determined in the 20 cm row spacing in the second year
with a measurement of 138.1 g m-2. The study conducted by Simic et al., [27] also achieved higher seed
yield in the 20 cm row spacing and their values were
similar to the results of our study. Highest values
with respect to nitrogen doses were observed in the
30 g m-2 dose, with a value of 170.9 g m-2 in average.
Analysis of results for row spacing x fertilizer dose
interactions revealed highest seed values (185.8
g m-2) in the 20 cm row spacing and 30 g m-2 fertilizer dose in the second year. Application of higher
doses of nitrogen created a positive effect on seed
yield. Similar studies carried out in different ecological conditions [1, 3, 13, 14, 17, 20] emphasized that
the application of nitrogen fertilizer increased seed
yield. Seed yields achieved in this study were higher
than the values of numerous researchers [9, 11-20].



%
'+5=/;80/-<853<:/?/312<41+7./:637+<387:+</;

Years

1st
2nd
3rd

Mean

Row
Spac.
(cm)
20
40
Mean
20
40
Mean
20
40
Mean
20
40
Mean

0
30.15
29.55
29.85
29.78
29.24
29.51
29.84
29.35
29.60
29.92
29.38
29.65

(*)

 



(**)

 



/-<853<:/?/312<41
Fertilizer Doses (g m-²)
10
20
30
30.27
29.85
28.55
29.88
29.11
27.45
30.08
29.48
28.00
29.98
29.18
28.15
29.38
29.05
27.11
29.68
29.12
27.63
30.05
29.44
28.36
29.61
29.07
27.28
29.83
29.26
27.82
30.10
29.49
28.35
29.62
29.08
27.28
29.86
29.28
27.82
#$ 
" 

 
 
#$
"
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Mean
29.71
29.00
29.35
29.27
28.70
28.98
29.42
28.83
29.13
29.47
28.84
---#$ 
 
#$
 

/:637+<387:+</;
Fertilizer Doses (g m-²)
0
10
20
30
77.3
85.1
85.2
85.6
78.2
86.2
86.8
87.5
77.8
85.7
86.0
86.5
77.8
87.3
87.8
88.3
78.9
92.1
92.3
92.5
78.4
89.7
90.1
90.4
77.5
86.1
86.4
87.2
78.5
89.1
89.4
89.8
78.0
87.6
87.9
88.5
77.5
86.2
86.5
87.0
78.5
89.1
89.5
89.9
78.0
87.7
88.0
88.5
" 
#$ 
'
 

"
  
#$
'

 

Mean
83.3
84.7
84.0
85.3
89.0
87.1
84.3
86.7
85.5
84.3
86.8
---" 
 
"
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when establishing a new lawn area with turfgrass
plants is the vitality of the seed to be used. Establishment of the area with fresh turf species and varieties
which have a high germination rate will provide a
higher chance for its success. Germination percentages obtained in fertilizer applications were over
85%, thus the desired values were obtained [1, 3].
This data was higher than Yilmaz [12], and was close
to the values by Young et al., [13], Yilmaz and
Avcioglu [14], Nizam [17], and Salman et al. [20].

Regarding row spacing data, higher values
were obtained from the 20 cm row spacing when
compared to the 40 cm row spacing for all years of
the research and for average values. The highest
value was detected in the 20 cm row spacing in the
first year with a measurement of 29.71 kg. Highest
value among the nitrogen doses was seen in the 10 g
m-2 dose, which gave the result of 29.86 kg. Highest
hectolitre weight values (30.27 kg) with regard to
row spacing x fertilizer dose interactions were measured in the 20 cm row spacing and 10 g m-2 fertilizer
dose in the first year. The lowest value (27.11 kg)
was determined in the 40 cm row spacing and 30 g
m-2 fertilizer dose in the second year of the study.
Hectolitre weight signifies the weight of a seed
within 100 liters of volume in kilograms and is related to the coarseness of seeds. According to
Genckan [1] and Acikgoz [3], seeds cultivated in
narrow row spacings are generally more fine-textured than those from wide row spacings, and it is
normal for more fine seeds to fall inside a volume of
100 liters and result in greater weight under such circumstances. A striking matter of importance seen in
this study was that, although seeds in the control plot
had finest structure, they did not yield highest values
in terms of weight. This can be explained with the
fact that seeds, which could not take in sufficient nutrients, were unable to produce satisfactory endosperms and thus had poor quality seed. The results of
the present study are higher than that of Yilmaz [12],
Young et al., [13], Yilmaz and Avcioglu [14], Nizam
[17], and Salman et al. [20].

/:637+<387:+</Four batches of 100 seeds,
selected from the seeds collected from plots, were
counted and tested for germination inside petri
dishes in a laboratory setting. All observations and
measurements were conducted fallowing ISTA regulations and notifications [23]. Germination percentage values, obtained by taking the arithmetic average
of the 4 repetitions, were listed in Table 7. Regarding
row spacing data, higher values were obtained from
the 40 cm row spacing when compared to the 20 cm
row spacing for all years of the research and for average values. The highest value was reported in the
40 cm row spacing in the second year with a percentage of 89.0%. High values in relation to nitrogen
doses were observed in the 30 g m-2 dose, with
88.5%. Assessment in terms of row spacing x fertilizer dose interactions showed that highest value
(92.5%) were measured in the 40 cm row spacing
and 30 g m-2 fertilizer dose in the second year. The
lowest value (77.3%) was detected in the 20 cm row
spacing within the control plot in the first year.
It was observed that increasing fertilizer doses
had an effect on the germination percentage. A
healthily developed embryo and endosperm are the
most important factors to determine germination rate
in turfgrass varieties which are being harvested as a
new product. Another important matter to consider

! &$! 
The following results were reached with a holistic analysis of the values obtained in this study in
consideration of the effect of different row spacings
(20 and 40 cm) and different nitrogen fertilizer doses
(0, 10, 20 30 g m-2) on the seed yield and certain botanical characteristics of the “Rebel XLR” variety of
#$%"%
When data was examined in terms of row spacings; higher values were obtained from the 20 cm
row spacing for lodging rate, plant height, panicle
length, generative shoot number, seed yield and hectolitre weight, while the 40 cm row spacing resulted
in higher values for weight of seed per panicle, 1000
seed weights and germination rate. Seed yield for
narrow row spacings increases in places where annual rainfall is sufficient, and where rainfall is
evenly distributed among seasons and even months;
as there are generally a great number of plants in a
unit area of the narrow row spacings established in
such places [1, 3].
With regard to nitrogen dose applications; the
data showed that highest values for plant height, panicle length, generative shoot number, weight of seed
per panicle, seed yield, 1000 seed weight and germination rate were achieved in the 30 g m-2 nitrogen
dose; while this dose also caused decrease in lodging
rate and hectolitre weight.
Many researchers [1-4, 8, 9, 11-20, 28] indicate
that increasing doses of nitrogen fertilizer application increases seed yield, and the results of this study
validate this thesis.
Row spacing distance and fertilizer doses, components applied to data obtained in this study, were
not the only factors affecting the performance of
sown plants; the climate also played an important
role. Long term average climatic data for the research area showed total annual precipitation at a
value of 685.9 mm and annual average temperature
at 14.7 oC (Table 1). Furthermore, the research area
had 128.6 days of rain and cool temperatures (average 14.7 °C) in a year, according to long term data.
It is possible to say that climatic date pertaining to
the years of the research revealed close to ideal conditions especially in terms of the precipitation and
temperature required to cultivate cool-season turf
plants, among which #$% "% can be
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counted, with the purpose of producing seed and also
a suitable ecology for the plants to enhance in full
performance [1, 3]. Climatic differences between the
years is a totally natural and unpreventable reality,
which was also reflected onto the data of the research. Highest data was detected in the 2nd year,
when rainfall was heaviest; and lowest values were
observed in the 3rd year, when there was least rainfall
and highest temperatures.
The fact that only 5,9% of turf seeds annually
used in our country are domestically produced further emphasizes the importance of seed production.
With an overall evaluation of the characteristics examined in the study, and in consideration of the seed
yield and some important characteristics of the
#$% "% plant; it can be said that this
plant is suitably cultivated in the 20 cm row spacing
and 30 g m-2 nitrogen dose; which provided a seed
yield of 161.8 g m-2 in the 1st year, 185.8 g m-2 in the
2nd year, 175.5 g m-2 in the 3rd year and 174.2 g m-2
in average according to our study results. However,
there is no knowledge concerning the effects of
higher doses than those administered in this research
on the examined properties, particularly on seed
yield. For this reason, it is clear that more research
needs to be conducted with different row spacings,
different doses and different fertilizer types in order
to obtain reliable healthy and explanatory results.
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ABSTRACT

drinking waters and ecological disorders [6]. This
pollution can be originated from urban and agricultural overflow, disposal of industrial and municipal
wastes in an unsafe manner, leakage of infected systems, and runoff from dustbins [7].
Nitrates possess a serious threat to human
health such as liver damage, cancers and methemoglobinemia (blue baby syndrome). In order to prevent these health hazards, permissible levels of nitrate in water have been recommended in several
countries. The maximum limit of nitrate in drinking
water established by the EPA is 50 mg/L as NO3- [8].
Furthermore, World Health Organization set the
drinking water guideline value of 0.5, 0.5 and 50
mg/L for ammonia, nitrite and nitrate, respectively
[9].
Nitrate is a highly soluble ion and stable in
aqueous environments. Hence traditional water treatment techniques such as lime softening, coagulation
and filtration are difficult to use for nitrate removal
from water. Various chemical, physicochemical and
biological procedures have been proposed for the removal of nitrate from aqueous solutions to reduce the
risks to the environment, including catalytic reduction [10, 11], nanofiltration and reverse osmosis [12,
13], ion exchange [14], electrodialysis [15],
adsorption [16] and biological denitrification [17].
Among them, those based on adsorption are favorable as the operation is partly simple and economical
[18]. On the other hand, adsorption process is superior to many other techniques of water reuse due to
its low initial cost, low energy requirements, design
simplicity and also the possibility of reusing the adsorbent via regeneration. Consequently, this process
has received considerable attention during recent
years [19, 20].
Recently, various adsorbents such as agricultural waste [21], amine-Functionalized MCM-41
[22], Zeolite [23], sugarcane bagasse biochar [24],
Sepiolite [25], pine sawdust [26], modified wheat
residue [27] were used to remove the nitrate from
aqueous solutions. Nevertheless, these compounds
had some inherent limitations such as small particle
size or low desorption efficiency, which might hinder their practical application. The aim of this research project was to conduct batch experiments to

Elevated concentration of nitrate in drinking
water would pose a serious risk to human health such
as methemoglobinemia, liver damage and cancers.
At present study adsorptive removal of NO3- ions
from aqueous solution using copper oxide nanoparticles (CuO NPs) was examined. For this, effects of
operating conditions, like pH of solution, dose of
CuO NPs, reaction time, initial concentration of adsorbate and temperature, were considered. The
maximum removal efficiency of NO3- by CuO NPs
was observed at a pH of 2-5. The sorption data were
fitted to the Langmuir, Freundlich, Temkin and Dubinin-Radushkevich adsorption models. The NO3adsorption is well fitted to Langmuir, Temkin and
Freundlich models; a possibility of mono and heterolayer NO3- adsorption on the adsorbent surface. The
CuO NPs showed a good adsorption capacity of
NO3- (84.6 mg/g at 298 ºK). According to adsorption
kinetic study, the adsorption process followed
pseudo-second-order kinetics. The percentage removal of NO3- was increased with increasing the
temperature. Thermodynamic studies revealed that
the sorption of NO3-was spontaneous and endothermic in nature. The results imply that CuO NPs could
be a feasible alternative in the removal of NO3- from
aqueous solutions.

KEYWORDS:
Nitrate removal, Adsorption, CuO nanoparticles, Isotherm

INTRODUCTION
In recent years, contamination of water resources with nitrate has become a very broad and an
important problem in many regions of the world [1].
Elevated nitrate concentrations have been detected in
ground water of various Middle Eastern countries,
including some places in Iran [2], Iraq [3], Saudi
Arabia [4], and the United Arabic Emirates [5]. The
high solubility of nitrate ions in aqueous environment can lead to an extensive groundwater nitrate
pollution that causes severe hazard for sources of
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lowing similar procedure except using NO 3- ion solutions with different concentrations. All the mentioned experiments were performed in triplicate.
The reliability of measurements was guaranteed by repeating the experiments three times under
identical conditions and finally the average values
were calculated. Standard deviations of experiments
were found to be within ±3.0%. The amount of adsorbed NO3-, qe(mg/g), under different conditions
was calculated as follows [28]:

study of adsorption capacity and reaction kinetics
and to investigate the effects of critical operating parameters on nitrate (NO3-) removal by CuO nanoparticles. Five factors including pH, CuO NPs dose,
contact time, initial nitrate concentration and temperature were used for survey the efficiency of CuO
NPs in nitrate removal from aqueous environments.

MATERIALS AND METHODS

qe

Materials. CuO nanoparticles (<100 nm) were
obtained from Sigma-Aldrich Co, USA. Potassium
nitrate (KNO3) was used to prepare the synthetic solutions of NO3-in all of the experiments and was
manufactured by Merck Co, Darmstadt, Germany.
The other chemicals used were analytical reagents
(AR) grade. Deionized water was prepared in the laboratory and used for preparation of all reagents in
all of the experiments. All chemical compounds
were used as received without any further
SXUL¿FDWLRQ

(C0  Ce )V
M

(1)

Where C0 and Ce are the initial and equilibrium liquid phase concentration of NO3-(mg/g), respectively.
V is the volume of the solution (L) and M is the
amount of adsorbent used (g).
To express the percent of NO3- removal, the following equation was used [29]:
(C 0  C e )
Removal efficiency ,%
.100 (2)
C0
Where C0 and Ce represent the initial and final
(after adsorption) NO3-concentrations, respectively.
All tests were performed in duplicate to ensure the
reliability of the results; the mean of the two measurements is reported. The plot of equilibrium adsorption capacity against equilibrium concentration in
the liquid phase graphically depicts the equilibrium
isotherm.

Adsorption experiments. The adsorption of
the NO3- removal from aqueous solutions was studied in batch experiments system. A stock NO3-solution (1000 mg/L) was employed in these adsorption
experiments. The required concentrations of the
NO3-solution were achieved by dilution of stock solution. The effect of pH on nitrate removal efficiency
was studied by adjusting the pH of the solutions (40
mg/L) from 2 to 11. At the start of the study, the initial pH of the solution was adjusted using 0.1 M HCl
or 0.1 M NaOH and 0.8 g CuO NPs were added to
100 mL solution. The mixture was stirred for 90 min.
Finally, the residual concentration of NO3- in the
mixture was measured by spectrophotometer and optimum pH was determined. Furthermore, in order to
determine the optimum dose of CuO NPs for NO3removal, the different amount of CuO NPs was
added to 100 mL NO3- solution with concentration
of 40 mg/L at fixed pH (optimum). For this purpose,
the CuO NPs doses of 0.1, 0.4, 0.8, 1.2, 1.5, 2, 3, 4
and5 g/L were used in the experiments and residual
concentration of NO3-was determined after 90 min
stirring. Effects of initial concentration of NO3- (10400 mg/L) and contact time (15-210 min) were also
studied in the similar procedure.
Adsorption kinetics experiments were conducted in a series of250 mL beakers containing 0.15
g (1.5 g/L) of CuO nanoparticles and 100 mL (10,
40, 80, 100, 150, 250 and 400 mg/L) NO3- ion solutions with continuous stirring at pH 5 and 20±1ºC.
After different time intervals, aliquots of the samples
were collected and filtered through a 0.25 μm membrane. The residual concentration of nitrate was analyzed using a UV spectrophotometer apparatus
(HACH DR/5000) at a wavelength of 220 nm. Adsorption isotherm experiments were conducted fol-

RESULTS AND DISCUSSION
The pH of solution played a very important role
in the use of nano-adsorbents as supports in the
pollutant ion adsorption process[20].Fig. 1 shows the
effect of initial pH of solution on theadsorption of
NO3-.As presented, thepH value has a considerable
influence on the adsorption capacity of CuO NPs. It
was found that the higher adsorption capacityfor
NO3-ions was achieved at lower pH values.In fact,
the maximum removal efficiency of the CuO NPs
(about 67%) was observed at a pH of 2-5.When the
initial pH of solution further increased from 5 to 11.
As presented by most of researchers, the
optimum pH in adsorption process is related to pHzpc
(pHzero point charge) which at this pH, surface charge
is neutral. The surface charge is became positive at
pH levels lower than pHzpc, but it is negative at pH
levels higher than pHzpc.NO3-adsorption was found
to increase with a decrease in the pH of the solution
(Fig. 1), because at pH levels with a positive charge,
the anions of NO3-can be attracted to the surface of
the CuOnanoparticles having a negative surface
charge and can increase the removal efficiency
(decrease in the pH of the solution resulted in more
protons being available to protonate the CuO) [24].
In this work, the isoelectric point of the CuONPs was
determined to be 8.6 (pHzpc). At a pH values below
8.6, the surface of the CuONPs is positively charged
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sorbent (CuO NPs) for a given initial NO3- concentration. As presented in Fig. 2, NO3- removal efficiency is dependent on the concentration of CuO
NPs present in the solution and it increases when the
adsorbent dosage increases. It was evident that the
NO3- removal efficiency increases from 46.35% to
82.55% with the increase in adsorbent dosage from
0.1 to 5 g/L. The increase was ascribed to the availability of more active sites and larger surface area at
higher dosage [30]. However, the equilibrium adsorption capacity of CuO NPs decreased from 185.4
to 6.6 mg/g, which was due to the fact that the increase in adsorbent dosage for a given amount of
NO3- . resulted in development of unsaturated adsorption sites at the end of adsorption process [31].

that it resulted increased electrostatic interactions
between negatively charged NO3-group and
positively charged CuO surface. With increasing pH
to levels above pHzpc, the number of negatively
charged sites increase and the number of positively
charged sites decrease. This does not favor the
adsorption of anionic NO3-due to electrostatic
repulsion. Furthermore, as expected, in an alkaline
medium, a decrease in removal efficiency is due to
the competition of OH- ions with anionic nitrate for
adsorption onto the CuO NPs[26].
Effect of CuO NPs dose on NO3- removal.
The adsorbent dosage is a critical operating parameter because this determines the capacity of the ad-

FIGURE1
Effect of pH on the adsorption of nitrate onto CuO NPs (initial concentration of NO3-= 40 mg/, CuO dose
0.8 g/L, contact time = 90 min, Temperature = 20±0.5ºC).

FIGURE 2
Effect of adsorbent dose (CuO NPs) on NO3- removal efficiency and adsorption capacity (initial
concentration of NO3- = 40 mg/L, pH = 5, contact time = 90 min, Temperature = 20±0.5ºC).
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between 90 min and 210 min.
In addition, As shown in Figs. 3 and 4, when
the initial NO3- concentration is increased, the
percent of NO3- removal decreased. In contrast, when
the initial NO3- concentration is increased, the
amounts of adsorbed NO3- also increased [Fig. 4].
This increase in the proportion of removed NO3- may
be probably due to equilibrium shift during the
adsorption process [32]. On the other hand, an
increase in adsorption capacity (qe) with increasing
the initial NO3- concentration can be explained due
to the increase in the driving force related to the
concentration gradient [33].

Effect of contact time and initial concentration of nitrate. Equilibrium time is one of the most
important parameters in the design of economical
wastewater treatment systems. Fig. 3 and 4 shows
plots of removal and adsorption capacity (qe) of NO3onto CuO NPs at versus contact time for different initial NO3- concentrations. As shownin Fig. 3 and 4,
the rate of NO3-removal was rapid in the beginning
followed by a slower rate that gradually reached a
plateau. The greatest percentage removal (23-70%)
was achieved within the first 15-30 min of contact
time and equilibrium was attained in 90 min.
Furtheremore, there was no significant increase

FIGURE3
Effect of contact time for the adsorption of NO 3- onto CuO NPs (trend of NO3- removal).

FIGURE 4
Effect of contact time for the adsorption of NO 3- onto CuO NPs (trend of adsorbed NO 3-).
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Kinetics of the adsorption process. The main
types of kinetic models frequently used to determine
various kinetic parameters of the adsorption system
which are reacting based models and diffusion based
models. In this study, the experimental data were
fitted to three kinetics models including Pseudo-first
order, Pseudo-second order and Intra-particle
diffusion. The kinetic models of the adsorption of
NO3- ions onto CuO NPs were evaluated by the
following expressions [34-36]:
Pseudo-first-order:
N
ORJ൫TH െ TW ൯ ൌ ORJ൫TH ൯ െ   W
(3)
Ǥ
WhereK1 is the pseudo-first-order rate constant
(1/min); qe the quantity of NO 3- adsorbed at equilibrium (mg/g); qt the quantity of NO3-adsorbed at time
t (mg/g) and t is the time (min).
Pseudo-second-order:
t
t
1
(4)

2
qt
qe
K 2 qe
Where K2 is the pseudo-second-order rate constant (g/mg/min); qe the quantity of NO3- adsorbed
at equilibrium (mg/g); qt the quantity of NO3-adsorbed at time t (mg/g) and t is the time (min).
Intra-particle diffusion:
(5)
qt K p t 0.5

related to the thickness of the boundary layer and t is
the time (min). The intra-particle diffusion model
was used to identify the mechanism involved in the
adsorption process. Considering that the adsorption
rate is controlled by pore and intra-particle diffusion,
in a nonflow-agitated system, according to Weber
and Moris [37].
The linear plots of pseudo-first-order, pseudo
second-order and intra particle diffusion models for
NO3- are presented in Figs. 5-7. The values of
reaction constants and correlation coefficients
obtained from the linear plots are also presented
inTable 1. It is apparent from the values of
correlation coefficients that the adaptability of the
pseudo-second-order model is better than pseudofirst-order model (the linear regression correlations
(R2) from pseudo-second-order model were higher
than those from pseudo-first-order model).
As presented by Pillewan et al. [38], the
adsorption systems, which follow pseudo-secondorder model, chemisorption involving chemical
bonding between adsorbent active sites and
adsorbate valance forces is prevailing mechanism.
The plot of linear form of intraparticle diffusion
model is given in Fig. 7, and the values of different
parameters are given in Table 1. The values of R2 for
particle diffusion model are closer to unity indicating
that particle diffusion of adsorbate is contributing
more towards rate determining step.

where Kp (mg/g/min0.5) is the intraparticle
diffusion rate constant; C (mg/g) is the intercept

TABLE 1
Kinetic parameters for the adsorption of NO 3- by CuO NPs at different NO3-concentrations at pH 5.
NO3- C0, mg/L
10
40
80
100
150
250
400

Pseudo-first-order
K1 (1/min)
qe (mg/g)
0.0764
13.92
0.0325
13.83
0.0598
74.01
0.0898
250.04
0.0722
174.65
0.0459
131.08
0.0321
103.58

R2
0.0002
0.872
0.841
0.299
0.499
0.807
0.868

Pseudo-second-order
K2 (g/mg/min)
qe, mg/g
1.281
0.1538
0.394
0.0406
0.260
0.0207
0.246
0.0168
0.161
0.0120
0.167
0.0086
0.160
0.0082

R2
0.998
0.999
0.996
0.996
0.996
0.996
0.994

Intraparticle diffusion
Kp (g/mg/min)
C (mg/g)
0.182
3.948
0.764
13.89
1.835
22.53
2.401
25.4
3.234
37.42
4.987
41.71
5.024
46.48

R2
0.772
0.767
0.699
0.725
0.693
0.815
0.869

FIGURE 5
Pseudo-first-order kinetic plots for NO3- adsorption on CuO NPs at different initial concentration of NO 3(adsorbent dose = 1.5 g/L, pH = 5).
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FIGURE6
Pseudo-second-order kinetic plots for NO3- adsorption on CuO NPs at different initial concentration of
NO3- (adsorbent dose = 1.5 g/L, pH = 5).

FIGURE7
Intraparticle diffusion kinetic plots for NO3- adsorption on CuO NPs at different initial concentration of
NO3- (adsorbent dose = 1.5 g/L, pH = 5).
Equilibrium adsorption isotherm. Isotherms
study can describe how an adsorbate interacts with
the adsorbent. The isotherm provides a relationship
between the concentration of NO3-in solution and the
amount of NO3-adsorbed on the solid phase when
both phases are in equilibrium. As presented in Table
2, the equilibrium data obtained from the adsorption
of NO3-ontoCuO NPs were analyzed using the Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm models. The Langmuir isotherm
model is suitable to describe the monolayer adsorption onto surface containing a fixed number of identical sorption sites which is presented by the following equation as linear form [38]:

1
qe

1
1
1

qm qm K l Ce

(6)

Where qe is the amount of NO3-adsorbed per
specific amount of adsorbent (mg/g), Ce is equilibrium concentration of the solution (mg/L), and qm is
the maximum amount of NO3-required to form a
monolayer (mg/g). The values of q m and KL can be
determined from the linear plot of 1/q e versus 1/Ce:
The Freundlich equation is purely empirical
based on the adsorption on heterogeneous surface,
which is commonly described by the following equation [39, 40]:

log qe
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1
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adsorption on the adsorbent surface.

Where, Kf and 1/n are the Freundlich constants
related to adsorption capacity and adsorption intensity, respectively. The Freundlich equilibrium constants were evaluated by the intercept and the slope
obtained from the linear plot of logqe versus logCe
based on experimental data.
The Temkin isotherm assumes that the fall in
the heat of adsorption is linear and the distribution of
binding energies is uniform (up to some maximum
binding energy). This isotherm has generally been
applied in the following form [41]:

qe

B ln K T  B ln C e

Effect of temperature on nitrate adsorption
and thermodynamic studies. The effect of temperature (293-323 °K) on the adsorption of NO3- at various initial concentrations (10-400 mg/L) was studied at the optimum dose of CuO NPs (1.5 g/L), pH
of 5 and reaction time 120 min. As it is observed in
Fig. 8, the percentage removal of NO3- increases
with increasing the temperature from 293 to 323 ºK
for all initial NO3- concentrations.
Thermodynamic factors are the actual indicators to determine where a process proceeds spontaneously and to ascertain if the process has any practical use. For this purpose, the thermodynamic parameters of NO3- adsorption, including standard
*LEEV IUHH HQHUJ\ ǻ* -PRO  VWDQGDUG HQWKDOS\
ǻ+ N-PRO  DQG VWDQGDUG HQWURS\ ǻ6 N- PRO
K)), were studied by performing the experiments at
293-323 K.
7KH QHJDWLYH YDOXHV RI ǻ* ZKLFK ZHUH RE
tained for NO3- adsorption at the mentioned temperatures (Table 3), reveal that the adsorption of NO3onto the CuO NPs was feasible and spontaneous. On
WKHRWKHUKDQGDGHFUHDVHLQǻ*YDOXHVZLWKWKHLQ
crease in temperature suggests greater adsorption of
NO3- at higher temperature [42]. The positive values
RIǻ+ N-PRO FRQILUPHGWKDWWKHDGVRUSWLRQ
process was endothermic in nature [43]. FurtherPRUHWKHSRVLWLYHYDOXHVRIǻ6 N-PRO UH
flect the affinity of CuO NPs towards NO3-, and also
indicate that it was randomly increased at the
solid/solution interface during the adsorption of
NO3- onto the adsorbent [44].

(8)

The constant KT and B1 can be calculated using
a linear plot of qe versus lnCe. KT is the equilibrium
binding constant (L/mg) corresponding to maximum
binding energy and constant B1 is related to heat of
adsorption.
The Dubinin±Radushkevich is another isotherm model which is mostly used to assess the characteristic porosity and the apparent free energy of adsorption. The linear form of Dubinin-Radushkevich
isotherm model is [36]:

log qe

ln q m  EH 2

Where ȕLVDFRQVWDQWFRQQHFWHGZLWKWKHPHDQ
free energy of adsorption per mole of the adsorbate
(mol2/KJ2), qm is the theoretical saturation capacity
(mg/g), and İ is the Polanyi potential.
Table 2 presents the adsorption isotherms of
NO3- onto CuO NPs at various temperatures. The
correlation coefficient values, presented in Table 2,
are evidence that the NO3- adsorption in this study is
well fitted to Langmuir, Temkin and Freundlich
models; a possibility of mono and heterolayer NO3-

TABLE 2
Isotherm parameters for adsorption of NO3-onto CuO NPs at various temperatures.
293 ºK
qm (mg g-1)
kL (L mg-1)
R2

81.14
0.11
0.993

kf
n
R2

9.85
1.96
0.939

KT
B
R2

1.649
0.048
0.955

qm
ȕ
R2

4.299
0.0012
0.872

298 ºK

303 ºK
Langmuir isotherm
84.6
93.87
0.11
0.1
0.994
0.996
Freundlich isotherm
9.98
10.82
1.93
1.93
0.941
0.925
Temkin isotherm
3.076
0.331
0.046
0.044
0.954
0.957
Dubinin-Radushkevich isotherm
4.329
4.384
0.0012
0.0012
0.871
0.884

308 ºK

313 ºK

323 ºK

96.8
0.11
0.995

101.1
0.1
0.995

100.9
0.1
0.995

11.19
1.91
0.923

11.41
1.9
0.916

11.34
1.89
0.921

0.218
0.043
0.956

0.178
0.0421
0.955

0.253
0.041
0.955

4.413
0.0012
0.881

4.434
0.0012
0.882

4.434
0.0012
0.882

TABLE 3
Thermodynamics parameters for NO3- adsorption on CuO NPs at different temperatures.
Temperature, ºK
293
298
303
308
313
323

ǻ*0 (kJ/mol)
-5.5
-5.69
-5.99
-6.18
-6.3
-6.5

5675

ǻ+0 (kJ/mol)

ǻ60 (kJ/mol K)

4.64

0.035
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FIGURE 8
Temperature versus percentage removal of NO3- with CuO NPs (pH = 5, contact time = 120 min,
adsorbent dose = 1.5 g/L)

CONCLUSION
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leaves; a thyrsoid, spike-like or oblong, often interrupted inflorescence; ovate to rotund or sometimes
linear, aristate-toothed bracteoles; and oblong, trigonous, smooth and mucilaginous nutlets [2, 6, 7]. The
genera   is originated from Caucasian and
has distribution from Turkey to Asia and also cultivated in Europe [9, 10]. It is composed of five species;            
       From these   
 and   are naturally grow in Turkey
[2, 7, 11]. The vernacular name of  ,  
 and    are “Ajdarbaşı”, “Topajdarbaşı” and “Kalkanbaşı” respectively [12]. The
leaves, oils and seed of  have been used as
reconstituent, stimulant and diuretic [13, 14] and it is
distributed from West to East except western and
central Black Sea Regions and Konya [15].   
 is distributed in the Eastern Black Sea, Erzurum, Van and Hakkari [15, 16].   is also
distributed in the Central-eastern Black Sea region,
Erzurum-Kars Adana and Hakkari [17]. The mitotic
metaphase chromosome number of   is
identified as 2n=14 [18].
Different kinds of molecular data can be used
in molecular systematics to investigate the evolutionary relationships of genes and organisms.
nrDNA ITS-1 and ITS-2 sequences are G+C rich and
these parts are rather conserved among angiosperms
[19, 20]. Chloroplast genome non coding sequences
including the  (UAA) intron and the intergenic
spacer  (UAA) 3ˈ exon- (GAA) have phylogenetic capacity to reveal the phylogeny and evolutionary relationship of intra-species to inter-family
level [21, 22, 23]. Until today nrDNA ITS region
was used to identify the phylogenetic relationships
of many species [24, 25].
In this current study the systematic position of
three   species grown in Turkey was displayed by means of molecular data from nrDNA
(ITS) and cpDNA ( ,  ).

The genus   has 5 species namely 
   ,   ,   ,   
and     in the world. Among these   
,  and   are naturally grown
in Turkey. In this study the nrDNA ITS, cpDNA  
(UAA) intron and   region of   species grown in Turkey were amplified and PCR products were sequenced. The DNA sequences were analyzed by MEGA 6.0 program and phylogenetic
trees were constructed by Maximum Parsinomy
Method. The results showed conformity to the genus
discrimination in Flora of Turkey but they were incongruent to   species separation. ITS sequences based constructed phylogenetic trees supported    as the sister taxon to the 
 and    . On the other hand phylogenetic trees constructed by the  intron and  
regions sequences showed that   and 
  were closer than   . Thus, not only
the phylogenetic relationships of   species are incompatible with discrimination of this genus but also nrDNA and cpDNA phylogenetic trees
are incompatible with each other.


$# 
  , ITS,  (UAA) , phylogeny
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Lamiaceae the sixth largest angiosperm family
contains 236 genera and approximately 7173 species
in worldwide many of which are aromatic and medicinal [1, 2, 3, 4]. Family members are widespread
over Asia, Middle East and Europe and the real area
of habitation is Mediterranean basin but unlikely at
high latitude or altitude [5, 6]. In Flora of Turkey Lamiaceae family includes 45 genera and 735 taxa [7].
  Fisch. & Mey. is one of the genus
of Lamiaceae [8].   including herbaceous
annual and biennial plants is characterized by simple
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quences from  intron region and last one composed of the sequences from region between  
Molecular diversity statistics for each data was analyzed by using Molecular Evolutionary Genetics.
Analysis software (MEGA 6.0) [31] and phylogenetic tree was constructed by Maximum Parsinomy
Method with 1000 bootstrap replicates.


 "!  " 

! ! 

/%170%7)5-%/6Plant materials were obtained
from silica-gel dried leaves of collected specimens
in the wild  was collected from natural
habitats in Nemrut Crater Lake, Bitlis (BL 6001); 
  was collected from Bitlis Eren University
Campus, Bitlis (BL 6002);  was collected
from Dogancik Village Baskil, Elazig (BL 6005).
All specimens were collected in 2015. The plant materials were identified by Dr. M. Kursat. Voucher
specimens were deposited at the Botany Laboratory
of Biology Department, Bitlis Eren University, Bitlis
Turkey. The other plant materials used in this study
as outgroup were collected from different places previously and handled in different studies.

The phylogenetic approaches depend on the determination of changes in DNA sequences derived
from nuclear or cytoplasm (mitochondria and chloroplast [32]. They use different techniques to derive
phylogenetic trees which are used to show the evolutionary history of related taxa and depends on their
molecular characteristics [33, 34] as an alternative to
the systematics of Linnaean system. Thus, more recently nrDNA ITS and cpDNA  and   nucleotide sequences were used to identify the genetic
diversity and relationship among plant taxa.
Many molecular studies have been reported to
illustrate phylogenetic analysis of   taxa
such as random amplified polymorphic (RAPD)
based analysis and DNA sequences of the nuclear ribosomal ITS and the plastid DNA based analysis. In
one of the study RAPD markers were performed to
represent genetic diversity in 54 taxa of 21 genera
belonging to Lamiaceae family [35]. Topdemir
(2017) reported that   and   species were grouped together with 0.843 similarities
[35]. In another study nuclear and plastid DNA sequences were used to identify the phylogenetic relationship among the taxa of   and its close
relatives. According to this study results the genus
  is monophyletic and it is distinguished
from all other genera in Nepetinae. The combined
nuclear and plastid data-set exhibited that the genus
  include two distinct clades.  
and    showed more similarity to each
other than to   [36].

!27%/  -62/%7-21 *520 3/%17 0%7)5-%/6
Total genomic DNA isolation of the plant samples
collected and sheltered in the silica gel were done by
modified CTAB protocol [26] or Nucleospin Plant
Kit (Macherey-Nagel, Düren-Germany).
03/-*-'%7-21 %1( 6)48)1'-1+ Primer sets
used in this study are universal. Whole region of
nrDNA ITS region was amplified with ITS AB101
and ITS AB102 primers [27]. nrDNA ITS region
was also amplified with another set of primers
namely; ITS5 and ITS4 [28] in some cases. Amplification of the two non-coding regions;  (UAA)
intron and   (UAA) 3ˈ-exon- (GAA) were
performed using the B49317-A49855 and B49873A50272 primer sets respectively [29]. Amplified
nrDNA ITS region and  and   region PCR
products were sequenced by using Applied Biosystems 3500 xL Genetic Analyzer. Sequences were
aligned by using ClustalW [30] software and
checked visually.
,</2+)1)7-'%1%/<6)6The samples were analyzed under three data sets. First one composed of
nrDNA ITS region, second one composed of the se
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cpDNA sequences of  ,   and 
 was not abided to that of nrDNA data. 
  subsp.   and   var. 
which belong to Lamiaceae family that constituted a
cluster and were separated from branches of 
  . The other out-group of     
that belong to family Asteraceae were seen as
outermost of all.
The discrimination of     and
  was done in Flora of Turkey according
to their bracteoles [7]. Bracteoles of   is orbicular however bracteoles of  and  
 are distinctly longer and broad and 
 is annual and its corolla is 11-18 mm but 
  is perennial and its corolla is 28-40 mm.
   is annual and its corolla is 14-18 mm.
Therefore it can be expected that   and 
  are closer species than    as
demonstrated in Kamani and Riahi study [36].
On the other hand in a recent study done by
Alan et al. (2010), Turkish   ,  and
  were analyzed morphologically and anatomically and the analysis results were revealed by
hand drawings and photographs. Morphological and
anatomical properties of the species were investigated in detail and new morphologic features that

In our study we presented molecular phylogenetic analysis of the   species grown in
Turkey using the nrDNA ITS regions and cpDNA
 intron and   regions independently. The
aligned data set of entire ITS,  intron and  -
includes totally 7 taxa. Length of the aligned ITS
data sequence (including all taxa with out-groups) is
524 bp, the mean GC% content is 58.3 within 524 bp
alignment at 251 positions that are parsimony informative. The aligned   and   data
sequences are 360 and 351 bp in length, the mean
GC% contents are 34.1 and 39.9 and parsimony informative positions numbers are 85 and 93, respectively.
For construction of phylogenetic trees, 
       and out-groups;  
  subsp.   var.
and     were used. The
phylogenetic tree based on ITS data showed that 
 and   were more close to each other
and   separated from these as seen in Figure 1. Contrarily, the phylogenetic tree based on
cpDNA sequences showed that   and 
  were more close to each other and 
separated from the      (Figure 2 and Figure 3). The relationship found by
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G.L.C., Xiang, C.L., Tan, Y.H. and Zhang, D.X.
(2016) A large-scale chloroplast phylogeny of
the Lamiaceae sheds new light on its subfamilial
classification. Scientific Reports. 6, 34343.
[4] Jamzad, Z. (2012) Lamaiceae. In: Assadi, M.,
Maassoumi, A., Mozaffarian, V. (eds.) Flora of
Iran. Vol 76. Research Institute of Forests and
Rangelands. Tehran, Iran. (In Persian).
[5] Heywood, V.H. (1993) Flowering Plants of the
World. Oxford University Press, New York,
336.
[6] Harley, R.M., Atkins, S., Budantsev, A.L., Cantino, P.D., Conn, B.J., Grayer, R., Harley, M.M.,
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and Genera of Vascular Plants. Vol 7, Springer,
New York, 167-275.
[7] Davis, P.H. (1982) Flora of Turkey. Vol. 7. University Press, Edinburgh.
[8] Sharifi-Rad, J., Hoseini-Alfatemi, S.M, SharifiRad, M. and Setzer W.N. (2014) Chemical composition, antifungal and antibacterial activities
of essential oil from
     
(Benth. in Wall.) Benth. Journal of Food Safety.
35, 19-25.
[9] Cao Shu, B.B. (1994)   L. In: Chun,
X.K. (ed.) Flora of China, Lamiaceae. 17, 133134.
[10]Govaerts, R., Paton, A., Harvey, Y., Navarro, T.
and Del Rosario, G.P.M. (2010) World Checklist of Lamiaceae. The Board of Trustees of the
Royal Botanic Gardens, Kew.
[11]Davis, P.H. (1988) Flora of Turkey and East Aegean Islands. Kit Tan, M.R.D. (ed.) Vol.10. University Press, Edinburgh.
[12]Güner, A., AsIan, S., Ekim, T., Vural, M. and
Babaç, M.T. (eds.) (2012) Türkiye Bitkileri
Listesi (Damarlı Bitkiler). Nezahat Gökyigit
Botanik Bahçesi ve Flora Araştırmaları Derneği
Yayını, Istanbul.
[13]Amin, G.H., Mohammadi, Z. and Nakhjavanpour, R. (1990) Phytochemical and Antifungal Study of Badarashbi. 4th Seminar on Medicinal Plants. Tehran Medical Sciences University, Tehran.
[14]Naghibi, F., Mosaddegh, M., Motamed, S.M.
and Ghorbani, A. (2015) Labiate family in folk
medicine in Iran: From ethnobotany to pharmacology. Iranian Journal of Pharmaceutical Research. 2, 63-79.
[15]Özcan, T., Gezer, E., Martin, E., Dirmenci, T
and Altınordu, F. (2014) Karyotype analyses on
the genus   Fisch. & C.A.Mey. (Lamiaceae) from Turkey. Cytologia. 79, 553-559.
[16]Edmondson, J.R. (1982)    Fisch. &
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the East Aegean Islands. Vol. 7. Edinburgh University Press, Edinburgh. 297–313.

were not described in Flora of Turkey before were
reviewed in detail and listed in a table. The obtained
data introduce that    is perennial, has
grey-canessent indumentum and is the tallest; leaf,
bracteol, calyx, corolla sizes are also longer than
other two species. Thus,   and  are
the most relative species [17]. In our phylogenetic
ITS sequences based trees supported   as
the sister taxon to the  and   .
It is distinctly apparent that the nrDNA and
cpDNA topologies are incongruent and this incongruence is well supported by our phylogenetic analysis. The conflicting topologies can depend on different evolutionary processes such as gene duplication, evolutionary rate heterogeneity, introgressive
hybridization, orthology and paralogy conflation and
lineage sorting of ancestral polymorphism [37, 38,
39, 40]. The inconsistency between cpDNA and
morphology or nuclear marker can arise from cytoplasmic capture which can occur among closely related species [38].
" 
In this study obtained nrDNA and cpDNA sequences from three Turkish
  species
were evaluated separately. Distinctly there is incongruence between the nrDNA and cpDNA data sets
and this inconsistency reflects different evolutionary
histories and so phylogenetic trees result in different
topologies. The consequence of nrDNA sequences
based phylogenetic tree confirms that   
  closer species. This inference supports the
latest morphological analysis For the more comprehensive results different markers from both nrDNA
and cpDNA would be studied and compared in detail.
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Sunflower production may be increased by optimization of agricultural application. Sowing date
and intra-row spacing are the major production
factors contributing to the final yield of crops especially for sunflower. This study was conducted to
determine the effects of different intra-row spacing
and sowing date on growth, yield, and yield components of non-oilseed sunflowers in Erzurum
Province, Eastern Anatolia, Turkey, between 2013
and 2017 growing seasons. Three sowing dates
were established at about 10-day intervals from
late-April to early and mid-May (22 April, 2 May
and 12 May 2013 and 2017). Four intra-rows spacing (20, 30, 40 and 50 cm) were used. The results
showed significant effects of sowing date and intrarow spacing on the growth, yield, and yield components of non-oil sunflower. The earlier sowing date
and narrow spacing between intra-rows of non-oil
sunflower had higher seed yield and crop quality
than that of wider spacing and later sowing dates.
The late sowing date resulted in decreased plant
height, head and stem diameter, seed yield and
protein content of non-oil sunflower, except the
ratio of dehulled/hulled seed weight. Narrow plant
spacing (30 cm between rows) gave better seed
yield, protein content, plant height and the ratio of
dehulled/hulled seed weight of non-oil sunflower
compared to wide spacing. Concerning the interaction between intra-row spacing and sowing date, the
highest seed yield (6586 kg ha-1) and protein content (17.5%) were obtained from 30 cm plant spacing and early sowing date (April 22nd). Early sowing date and 30 cm narrow intra-row spacing, having the highest yield, protein content and agronomic
characteristics for non-oil sunflower can be recommended for the similar regions with short growing
season and high altitude.

Sunflower (     L.) is one of
the most important crops in the world. Because it
has some crucial advantages in crop rotation systems, such as high adoption capability, suitability to
mechanization and low labor needs. Although,
sunflower mostly grown for the purpose of vegetable oil production in the world, in Turkey, USA,
Canada, Eastern Europe and Middle East countries,
and in some Asian countries such as Iran, China,
Pakistan, is mostly produced as confectionary [1].
Non-oil sunflower produces large seeds with low
oil content and rich protein content. In the world, it
is used as an additive for many kinds of food such
as bread, pastry, ice cream, chocolate, cookies, etc.
Although the favored seed color of non-oil sunflower in Turkey is white with grey stripes, in Balkan countries such as Serbia, Bulgaria, Moldova
and Romania black seeds are preferred [2]. Highprotein non-oil sunflower seed is usually black with
white stripes, or colorful and bigger than the seed of
oil sunflower. The shell is easily separated from the
kernel and allows the whole seed to be dehulled [3].
The total cultivation area of non-oil sunflower
is 104.992 ha in Turkey. It has an important economic return due to using for birdfeed and human
consumption [4].
High yield and quality production in terms of
oil, protein, food and non-food industries products
can be considered as important production targets
for all sunflower types [5]. The productivity of
sunflower, in terms of growth, yield and quality [6],
varies widely depending on various environmental
factors such as temperature [8], rainfall and amount
distribution [9, 10, 11, 12], and some agronomic
practices, like sowing date [9, 10], plant spacing
and sowing of improved varieties [12].
In sunflower for economically profitable production, the applied cultural practices are often
limited. Sowing date and plant spacing distance
play important role in plant growth and development. It was determined that sowing date and plant
spacing were important factors for higher yield and
quality in different climatic conditions [8, 13, 14].
Non-oil sunflower seeding should usually begin any
time after May 1 and ideally completed by June 1.
Because, sowing date can increase sensitivity to the
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harmful and also it affects the maturity, especially
The objective of this study was to determine
the non-oil types mature later than the oil types at
appropriate management practices in the production
the same sowing date [15]. In late sowing date, high
of the sunflower during short growing season and
temperature inhibits pollen germination and pollen
evaluate the effects of sowing date and intra-row
tube growth causes to lower seed yield [16]. Early
spacing on seed yield and yield components of nonsowing allows to utilizing from late winter rainfalls
oil sunflower at high altitude conditions.
[17]. It is reported that the properties such as seed
yield, grain retention rate, head diameter, and 1000
seed-weight can be higher in early sowings [18, 19].
%#$ %!$
Also, results from previous studies carried out in
different ecological conditions indicated that the
Field experiments were carried out at the Aggrowth, seed yield, and quality can be reduced by
ricultural Experiment and Research Centre, Faculty
delaying the sowing date [14, 19, 20]. Similarly, it
of Agriculture, Ataturk University in Erzurum
is also expressed that plant growth, seed yield, and
(29o55’ N and 41o16’ E; 1850 m above sea level) in
quality can be affected by plant spacing [12, 21,
2013 and in 2017. The soil of two experimental
22], and the increased sunflower plant population in
sites was a silty loam with pH 7.6, 0.83% organic
the unit area leads to decreasing plant height and
matter, 61 kg ha-1 available P and 2255 kg ha-1
head diameter [23, 24]. Also, studies have shown
available K in 2013 and pH 7.3, 0.95% organic
that improved performance of sunflower at wide
matter, 59 kg ha-1 available P and 2049 kg ha-1
plant spacing may be through high leaf area index
available K in 2017. Climatic data of study area is
and photosynthesis and reduced plant productivity
presented in Table 1. The plot areas were mold[25]. Non-oil sunflower compensates for differboard plowed in the fall and cultivated twice in the
ences in plant populations by adjusting head and
early spring. In this study, non-oil sunflower seeds
seed size. As non-oil sunflower populations inof open-pollinated Pasinler genotype were used.
crease, head diameter and seed size decrease [15].
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in 2013 and 2017. There was considerable variability in rainfall amounts and distribution from year to
year. The years 2013 and 2017 rainfall value was
lower than LTA. The average rainfall for 2017
(138.8 mm) was higher than in 2013 (118.2 mm).
The mean of the 2013 and 2017 relative humidity
was lower than LTA (Table 1).

Experimental treatments were three sowing
dates and four intra-row spacings, 20, 30, 40 and 50
cm, row spacing (RS) was 70 cm. Sowings dates
were 22nd April, 2th May, and 12th May in all
study years, designed to randomized complete
block design with split plot arrangement with three
replications in both years. Sowing dates were main
plots and intra-row spacing was subplots.
Nitrogen (100 kg N/ha) as Ammonium sulfate
and Phosphorus (80 kg P2O5/ha) as Triple superphosphate, fertilizers applied into the seedbed before sowing in both years. Potassium was not included in fertilization program because the soil had
the high level of available K. The plots size was 2.8
m wide (70 cm rows) and 6 m long. Three seeds
were sown in each hill, and then the plots were
hand-thinned to one plant per hill when the plants
were at the four to six-leaf stage. Weeds were controlled both mechanically and by hand using a hoe.
Pest controls were done according to general local
practices and recommendations. All plots were
regularly irrigated furrow watering until the soil
moisture reached to near field capacity.
The sunflower plants were hand-harvested at
the physiological maturation stage when the back of
the sunflower head has turned from green to yellow
and the bracts turned brown on 23 September in
2013 and 21 September in 2017. At the harvest, ten
plants (total plot area (2.8 x 6) 16 m2 and harvest
area (0.70 x 0.2, 0.3, 0.4, 0.5 x 10) 1,4, 2.1, 2.8 and
3.5 m2, respectively) were selected from each plot
in order to determine plant height, head diameter,
stem diameter, 1000-seed weight, the ratio of dehulled/hulled seed weight and protein content. At
maturity stage to determine seed yield, head samples were harvested from the two center rows of
each plot, and then dried, adjusted to 10.0% moisture basis in the open air and threshed mechanically. 1000 seed weight calculated according to ISTA
(4 replications of 100 weighed separately, the calculated average weight of 100 seeds and multiplied by
10). Seed protein content was determined by the
micro-Kjeldahl method.
All data were analyzed using the SPSS package program (SPSS, Version 20.0, SPSS Inc, Chicago, IL, USA). For statistical analyses, sowing
date and intra-row spacing effects were considered
fixed. The least significant difference (Protected
DUNCAN) was used to compare means (p<0.05)
[26].

"3)5: /86=:0 The plant height reflects the
growth behavior of a crop, besides genetic characteristics, soil nutrients status and environmental
condition. Average plant height was 57.5 cm shorter in the year 2013 than the year 2017 according to
all treatments, it was probably due to varying
weather conditions (rainfall). The tallest plant
height was observed in the year 2017 that the highest rainfall amount was recorded during the growing season (Table 1).
There was a significant effect of sowing date,
intra-row spacing and their interaction on the height
of non-oil sunflower plant. At the first sowing date
and narrow intra-row spacing resulted in increased
vegetative growth leading to increased plant height.
Average plant height ranged from 196.8 to 223.7
cm. At the first sowing date (D1), plant height
(223.3 cm) for S2 (20 cm) was higher than all the
other sowing date and intra-row spacing (Table 2).
Plant height was shorter on 12 May (208.6 cm) than
2 May (213.8 cm) and 22 April (221.8 cm), respectively, and delaying with sowing, plant height was
decreased. There was a decrease in plant height
with the increase in intra-row spacing. The wider
intra-row spacing S3 (40 cm) and S4 (50 cm) obtained the lowest plant height (211.4 and 213.1 cm)
than all the other intra-row spacings (S1 and S2)
(Table 2). Among intra-row spacing, S2 (30 cm)
gave a significantly the highest plant height (220.6
cm) (Table 2). These differences in plant height
may be due to temperature changes and photoperiod. Obviously, this can be attributed to the early
development of the plant in early planting and to
the cooler weather conditions that occur in blooming. Also, water and temperature stress that can
occur in late sowing can reduce plant height by
increasing respiratory losses. Various studies [14,
27, 28, 29, 30] reported that sunflower plant height
considerably decreased with the delaying of sowing
time. The reason for higher plant height at narrow
intra-spacing might be due to better utilization of
light, nutrients, moisture as compared to wider
spaced plants. These results were similar to the
findings of Mojiri and Arzani, [23], Beg et al. [31],
Ishfag et al. [32], Ali et al. [12], Hossam [33], Rasool et al. [34] who reported that plant height increased with decrease in space between plants.
As seen in Table 2, the stem diameters of nonoil sunflower varied in study years and these differences were not significant by statistically. In 2017,
average stem diameters (2.8 cm) were greater than
that of the first year of the study (2.2 cm). There

#$&%$ $&$$! 
The monthly rainfall, average temperatures,
and relative humidity data for 2013 and 2017 are
presented in Table 1. Air temperatures during the
two growing seasons were close to the long-term
mean. From April to September, the temperature
was slightly higher than LTA (long-term average)
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were no significant differences between the sowing
ri and Arzani [23] expressed that as plant spacing
dates. Stem diameters of D1 (2.6), D2 (2.5 cm) and
increased, stem diameter decreased. At the early
D3 (2.4 cm) were very close to each other. Stem
sowing date, the stem diameter was highest (2.9
diameter was reduced with delaying of sowing date.
cm) at the S3 (40 cm) intra-row spacing, but for the
Delay in sowing date reduced the morphological
later sowing (D3), the stem diameter was lowest
characteristics of the non-oil sunflower, including
(2.1 cm) at S2 (20 cm) intra-row spacing. At S3 (40
plant height, and stem diameter. Moslem et al. [13]
cm) and S4 (50 cm), intra-row spacing the later
reported that the stem diameter reduced with delaysowing date gave higher stem diameter (Table 2).
ing in planting. Decreasing intra-row spacing from
Changing of stem diameter depend on sowing dates
at the increasing intra-row spacing levels caused the
50, 40, 30 to 20 cm had negatively affected stem
interaction sowing date x intra-row spacing were
diameter, S3 and S4 (40 and 50 cm) intra-row spacsignificant (Table 2).
ing had maximum stem diameter (2.7 cm) compared to S1 and S2 (20 and 30 cm). Similarly, Moji
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178.8
45.1
3185
16.9
 $ 
205.3
2.4
15.7
141.7
47.1
4696
15.2
 $ 
222.3
2.1
16.9
147.1
48.0
6391
16.7
 $ 
214. 3
2.6
18.0
150.9
45.5
4306
15.2
 $
213.2
2.7
18.8
163.1
43.0
2831
16.0
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(1-3, +64765-5:9 The head diameter is one
of the components that has effects on yield and it
contributes substantially to seed yield because it
influences both seed size and number of seed per
head of the sunflower. Head diameter of sunflower
was significantly affected by ecological factors such
as temperature, soil moisture and productivity and
agricultural applications such as sowing time [35].
In 2017, average head diameter (19.3 cm) were
higher than in 2013 (16.2 cm). Delay in sowing date
consistently resulted in the reduction in head diameter. Head diameters at the later sowing date (17.4
cm) were lower than that of the early sowing (18.5
cm). The significant difference in the mentioned
vegetative parameters could be explained by the
availability of adequate moisture, which enables
roots to absorb enough nutrients for plant growth
[8]. There was an increase in head diameter with the
increase in intra-row spacing. The wider intra-row
spacing S3 (40 cm) and S4 (50 cm) obtained the
highest head diameter (18.8 and 19.7 cm) than all
the other intra-row spacing (Table 2). The results
showed that effect of intra-row spacing on head
diameter was significant. There was no significant
effect of sowing date and their interactions on head
diameter (Table 1). At the early sowing date (D1),
head diameter for S4 (50 cm) (20.8 cm) was higher
than all the other intra-row spacing (Table 2) and
the narrowest intra-row spacing S1 (20 cm) showed
the lowest head diameter. On the other hand, at the
later sowing date, there were no significant differences among all intra-row spacing with head diameter. In this study, head diameter increased as the
intra-row spacing increased. The smaller head diameter of closer spacing may be due to the competition of plants for nutrients, moisture, light, and
carbohydrates [36]. According to Pandey et al. [37]
and Hussain et al. [38], adequate moisture aids
nutrient absorption to result in good growth response. Several studies have demonstrated that head
diameter in sunflower was increased with increase
in space between plants [12, 23, 34, 36, 39].
Thousand seed weight is a common major determinant of sunflower yield. Thousand seed
weights were 154.1 and 164.3 g in 2013 and 2017
growing season respectively. In 2017, recorded
higher rainfall, 1000 seed weight was higher than in
2013, (Table 1 and 2). There was a significant interaction between sowing date and intra-row spacing in terms of 1000-seed weight (Table 1). At the
early sowing date (D1), the 1000-seed weight was
highest (182.4 g) at the S4 (50 cm) intra row spacing, but for the later sowing dates (D2 and D3), the
1000 seed weight was lowest (141.1 and 141.7 g) at
S1 (20 cm) intra row spacing (Table 2). Sowing
date D1 (April 22) has maximum for thousand seed
weight (168.8. g) compared to D2 (158.1 g) and D3
(150.7 g). Thousand seed weight was reduced with
the delay in sowing. The reduction in the 1000 seed
weights of the late sowing sunflower can be at-

tributed to increase of temperature [38] and the
decrease of leaf area that considered as a practical
factor in terms of seed growth. The wider spacing
between rows of sunflower was higher1000 seed
weight as compared with narrow one. Non-oil sunflower sown at D4 (50 cm) intra-row spacing significantly gave the highest 1000 seed weight (174.8 g)
than the other treated intra-row spacing. This may
be due to better environmental conditions in wide
intra-row spacing and less competition between
plants. The findings are compatible with the findings of Al-Thabet [39] and Rasool et al. [34] who
demonstrated that 1000-seed weight decreased with
increasing intra-row spacing.
In general, non-oil sunflower tended to produce higher the ratio of dehulled/hulled seed weight
in 2013 (47.7%) than in 2017 (43.1%). The lowest
the ratio of dehulled/hulled seed weight was detected in first sowing (22 April) (Table 2). It can probably attribute to cooler weather and soil conditions
for the sowing treatment. The highest dehulled/hulled seed weight ratios (45.8 and 45.9%)
was obtained from second and third sowing dates.
Ozturk et al. [30] reported that the ratio of dehulled/hulled seed weight of sunflower increased
with the late sowings. The effect of intra-row spacing, sowing date and their interaction on dehulled/hulled seed weight ratio was significant
(Table 2). At the early sowing date (D1), the ratio
of dehulled/hulled seed weight for sowing S2
(48.2%) was significantly higher than all the other
intra-row spacing and the lowest dehulled/hulled
seed weight ratio was observed at early sowing date
and spacing S4 (40.8%).
$--, ?1-3, The productivity of sunflower is
largely determined by the weather conditions
throughout its life cycle and cultural practices [41].
Agricultural applications such as sowing date and
plant spacing and some environmental factors (temperature and rainfall) are major factors that affect
plant growth and development. According to the
average of the sowing dates and intra-row spacing,
yields of the first year were superior (5139 kg ha-1)
compared to the second year (4736 kg ha-1). In
general, the low yields from this study were probably due to the short growing season and high altitude. Data showed that sowing dates and intra-row
spacing had significant effects on seed yield, but
there was no significant interaction (Table 2; Fig 2).
Average seed yield ranged from 2831 to 6586 kg
ha-1. At the first sowing date (D1), the seed yield
was highest (6586 kg ha-1) at the S2 (30 cm) intrarow spacing, but for the later sowing dates (D3),
seed yield was lowest (2831 kg ha-1) at S4 (50 cm)
intra-row spacing (Table 2).
Sowing dates 22 April, 2 and 12 May produced 5451, 4805 and 4556 kg ha-1 seed yield,
respectively (Table 2). Seed yield was reduced with
the delay in sowing. The yield reductions in later
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the S2 (30 cm) intra-row spacing, but for the late
sowing (D3), protein content was lowest (15.2%) at
S1 and S3 intra-row spacings (20 and 40 cm) (Table
2). The seed quality (protein content) of sunflower
is a function of an interplay of the genetic, environmental and agronomic manipulations [9, 46].
The early sowing D1 (16.9%) gave a higher protein
content of 1.1% than lately sowing D3 (15.8%).
Increased protein content at first sowing date may
be related to more humid weather conditions. These
results are in agreement with the findings of
Oshundiya et al. [47]. Among intra-row spacing, S2
(30 cm) gave a significantly higher protein content
(17%) compared to the other intra-row spacing
(Table 2). The results were similar to the Day and
Kolsarıcı [4] results.

sowings could be explained by lower head diameter
and lower 1000 seed weight. On the other hand, the
highest yield of first sowing could be explained by
using of early spring rainfall [28]. Similarly, Baghdadi et al. [14] concluded that seed yield generally
decreased with delaying sowing which might be
attributed to the decrease in yield component. Martre [41] and Bajehbaj [42], expressed that longer
growth periods in the field resulted in higher yield
and yield components such as head diameter, 1000
seed weight and seed yield for some cultivars. Results from previous studies also indicated that seed
yield was reduced with delayed planting date [8, 14,
19, 43]. Seed yield was significantly higher at 20
cm than 50 cm intra-row spacing. Maximum seed
yield (6402 kg ha-1) was observed in 30 cm intrarow spacing which was followed by 20 cm intrarow spacing (5298 kg ha-1) while minimum seed
yield (3402 kg ha-1) was recorded at 50 cm intrarow spacing. The higher seed yield at 30 cm intrarow spacing might be due to optimum plant population. The increase in seed yield with narrow intrarow spacing was probably related to increased
higher leaf area index and maximum crop growth
rate. This reduction in seed yield with increasing
intra-row spacing has been verified in some studies
[4, 14, 33, 44].

! &$! 
Sunflower is sensitive to sowing date and intra-row spacing. Sowing date and intra-row spacing
were implemented to maximize yield and quality of
non-oil sunflower. Results of this study are in
agreement with that of other research, which
showed that sowing date and intra-row spacing
effect on the yield and agronomic characteristics.
Determination of the optimum sowing date and
intra-row spacing for non-oil sunflower are crucial
for better crop yield and quality. The results showed
significant effects of sowing date and intra-row
spacing on the growth, yield, and yield components
non-oil sunflower. Yield and quality of non-oil
sunflower declined when sowing time was delayed
by 20 days. The results of this study showed that
sunflower seeding from 22 April to 2 May gives
more assurance for higher yields. Narrow spacing
of 30 cm between plants gave better yield and
quality of non-oil sunflower compared to the other
intra-row spacing.
The earlier sowing date and the narrow spacing between intra-rows of non-oil sunflower were
shown to produce higher values in seed yield and
crop quality as compared with wider spacing and
later sowing dates. Concerning the interaction be-

"86:-15+65:-5:Protein content is one of the
most important components of non-oil sunflower
seeds. Non-oil sunflower type is characterized,
among other traits, by lower oil content and high
seed protein content. In the process of maturing,
protein synthesis previously stabilized in relation to
the biosynthesis of oil in sunflower seed [45]. Seed
protein content varied in the study years. Protein
content in 2013 and 2017 years were 15.9 and
17.0%, respectively. Increased protein content in
the second year may be related to more humid
weather conditions (Table 1). Both intra-row spacing and sowing date and their interaction had significant effects on the protein content (Table 2; Fig 2).
Protein content increased at the early sowing date
and narrow intra-row spacing. At the early sowing
date (D1), protein content was highest (17.5%) at
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occur [4,5]. Thus, it is very important to determine
the biological activities of plants in order to identify
new natural therapeutic resources.
#!   is the only endemic #! genus
species in Iraq; the natural habitat of the species is
the Mediterranean region including Caucasia, Iran,
Afghanistan and Central Asia and North Africa. It is
a bush commonly observed in lower forest areas, including the Sinjar mountain road, and the mountain
slopes in Duhok (MAM), Erbil (MRO) and Sulaymaniyah (MSU) regions [6].
#!   L. var. &  Shahbaz was initially found in Duhok region in 2015 and no biological activity studies were conducted on the plant previously [7]. The present study aimed to determine the
phenolic content and biological activities of #!
  L. var. & . Thus, antioxidant activities,
antimicrobial activities, DNA protective activities,
cytotoxic effects, total antioxidant status, total oxidant status, oxidative stress index and phenolic contents of methanol (MeOH) and dichloromethane
(DCM) extracts of the plant were determined.

The present study aimed to determine the biological activities and phenolic content in the endemic
#!    L. var. &  Shahbaz. plant collected in Duhok region in Iraq. Thus, plant antioxidant activity was determined with the DPPH method.
Total antioxidant status (TAS), total oxidant status
(TOS) and oxidative stress index (OSI) were measured with Rel Assay kits. DNA protective activity
was determined using pBR 322 supercoiled DNA.
The effects of the plant extracts were tested on A549
cell to determine the cytotoxic effects. Phenolic content was screened with the HPLC instrument. Antimicrobial activities were tested on 9 microorganisms
using modified agar dilution method. The study findings demonstrated that    var. &  had
high level of biological activity. It was also determined that it contained Gallic acid, Catechin, Epicatechin, Syringic acid, Chlorogenic acid, Caffeic acid,
Qumaric acid, Benzoic acid, t-phenolic, Hesperidin
and Sinapic acid. The findings suggested that 
  var. &  can be used as a natural source in
pharmacology due to its high biological activities.



1..(&5,10 1) 5+( .$054 $0' $%13$5139
56',(4 The     var. &  samples used
in the study were collected in Duhok province (Iraq).
Herbarium specimens are stored in Zaho University,
Faculty of Science, Department of Biology
herbarium. The muddy and soiled sections of the
collected plant in the field studies were cleaned with
distilled water and the samples were dried under
suitable outdoor conditions. The sections of the dried
plant samples that would be used were grinded using
a mechanical grinder. Powdered plant samples were
extracted
with
methanol
(MeOH)
and
dichloromethane (DCM) in the soxlet device.

#" 
#!    var. & , antioxidant, antimicrobial,
DNA protective, cytotoxic effect, phenolic content.

 
The use of plants in alternative medicine dates
back to ancient times. Plants are natural sources that
contain compounds with several biological effects. It
is known that these compounds have antibacterial,
antiviral, antioxidant, anti-mutagenic, anti-carcinogen, antidepressant and antitumor effects. Thus, it
has been indicated that individuals who regularly
consume vegetables would suffer less from cancer
and cardiologic diseases [1,2]. In recent years, various nutrients were used as supplements to antioxidants produced by the human body to reduce the oxidative damage caused by free radicals [3,4]. Due to
oxidative stress, several serious health problems including heart diseases, neurological disorders, diabetes, leukemia, cirrhosis, cell death and aging could

(5(3/,0$5,101)3(($',&$.&$7
(0*,0* &5,7,5,(4 Stock solutions that contained 1
mg/mL extract were prepared with DMSO. 50 μL of
the prepared solution was added to 160 μL 0.039%
DPPH. Then, the product was incubated for 30
minutes. After the incubation, absorbance was determined at 517 nm. These procedures were repeated
for all determined concentrations and samples [8].
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Rosmarinic acid (RA) and ascorbic acid (AA) were
used as reference antioxidants. Finally, DPPH free
radical scavenging percentages were calculated with
the % inhibition = [(Abs control-Abs sample) \ Abs
control] x100 formula.

mmol Trolox equiv./L and Trolox was used as the
calibrator [15]. The TOS value was expressed as
μmol H2O2 equiv./L and hydrogen peroxide was
used as the calibrator [16]. The oxidative stress index
(OSI) was calculated with the formula below.
TOS, µmol H2O2 equiv./L

05,/,&31%,$.$&5,7,59Antimicrobial activity
tests were conducted on the plant MeOH and DCM
extracts using the agar dilution method as recommended by the Clinical and Laboratory Standards Institute (CLSI) and the European Committee on Antimicrobial Susceptibility Testing (EUCAST). Minimal inhibitor concentrations (MIC) for each extract
were determined against standard bacterial and fungal strains. The following microorganisms were used
for this purpose: "%#! # #! ATCC
29213, "%#!# #! MRSA ATCC 43300,
" #! ! ATCC 29212. ! 
 ATCC 25922, !#! #! ATCC
27853 and ""  # ATCC 19606
were used as gram-negative bacteria. Furthermore,
 ! ATCC 10231,   #!
ATCC 34135 ATCC 13803 and   "
ATCC 90030 were used as fungi and were obtained
from the American culture collection. Bacteria
strains were pre-cultured in Muller Hinton Broth medium and fungal strains were pre-cultured in RPMI
1640 Broth medium. To obtain standard inoculum,
the turbidity of the bacteria and fungi was set based
on the McFarland 0.5 scale. All extracts were tested
at 800-12.5 μg/mL concentrations and distilled water
was used in all dilutions. The solvents used in extracts were also individually tested for antimicrobial
activity.
Fluconazole and Amphotericin B were used as
reference drugs for the fungi. Amikacin, Ampicillin
and Ciprofloxacin were used as reference drugs for
the bacteria. Müller Hinton Agar was dissolved in
bain-marie and distributed into 15 mL sterile tubes,
each receiving 9 mL and sterilized. 1 mL sample extracts were added to these tubes and mixed and
poured into petri dishes. Seven dilutions were prepared for each material using the same method.
Standard inoculums of bacteria and fungi (106
CFUs/mL) were cultured on agar plates with sterile
plastic nosed ring (0.01 mL). All plates were kept in
the incubator at 35 ° C for 16-20 hours for the bacterium and 48 hours for the fungi. Colony formation
was considered as the presence of the proliferation,
and the absence as inhibition. Control plates were
also used for each study series. The lowest concentration that prevented the proliferation of bacteria
and fungi was determined as the minimal inhibitor
concentration (MIC) [9-14].

OSI =
TAS, mmol Trolox equiv./L X 10
(5(3/,0$5,10 1)  315(&5,7( &5,7,59
The DNA protective activities of MeOH and DCM
plant extracts were determined using pBR 322 supercoil DNA. The 25, 50, 100 and 200 μg/mL plant extract standard solutions were prepared. 0.5 μg plasmid pBR 322 was added to supercoiled DNA Eppendorf tubes and 10 μL fungus extract standard solution
was added. 10 μL Fenton's agent (30 mM H2O2, 50
μM ascorbic acid and 80 μM FeCl3) was added to the
prepared solution and incubated at room temperature
for 10 minutes. The final volume of the mixture was
adjusted to 20 mL and stored at 37°C for 30 minutes.
The DNA was then analyzed by electrophoresis on a
1% agarose gel containing ethidium bromide [17].
(5(3/,0$5,10 1) 951518,& &5,7,59 The
MTT assay (3-[4,5-dimethylthiazol-2-yl] -2,5-diphenyl-tetrazolium bromide) was conducted on the
A549 cells of the MeOH and DCM extracts obtained
from plant samples to determine cell viability. Cells
were separated with 3.0 mL Trypsin-EDTA solution
(Sigma-Aldrich, MO, USA) after 70-80% coalescence. The product was cultured in plates after separation and incubated for 24 hours. Following the incubation, the extracts were diluted at different concentrations (5, 25, 50, 100, 200 μg/mL) and the cells
were incubated for 24 hours. Controls were applied
in growth medium not supplemented with FCS. After 48 hours of incubation, the supernatants were dissolved in the growth medium and exchanged with 1
mg/ml MTT (Sigma) and incubated at 37°C until the
formation of the purple precipitate. The supernatants
were then removed, and dissolved by adding dimethyl sulfoxide (DMSO) to the MTT absorbed by the
cells (Sigma-Aldrich, MO, USA). Plates were then
read at 570 nm with an Epoch spectrophotometer
(BioTek Instruments, Winooska, VT) [18].
(5(3/,0$5,101)5+(+(01.,&105(05The
phenolic content of plant extracts was determined
with an HPLC device. A DAD detector was used. Injection volume was adjusted to 20 μL. A: 3% acetic
acid and B: methanol were used as the mobile phase.
The flow rate was adjusted to 0.8 mL per minute.
Chromatographic separation was performed at 30°C
with an Agilent Eclipse XDB-C18 column (250x4.6
mm id 5 μm) [19].

(5(3/,0$5,101)$0'Total
antioxidant status (TAS), total oxidant status (TOS)
and oxidative stress index (OSI) of plant extracts
were determined with Rel Assay kits (Rel Assay Kit
Diagnostics, Turkey). TAS value was expressed as
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&5,7,59DPPH free radical scavenging
activities of the MeOH and DCM extracts of  
  var. &  as determined by the study findings
are presented in Table 1.

4.046±0.615 and its OSI was 0.112±0.025 [23]. It
was observed that the TAS and TOS values determined in the present study were higher when compared to the study mentioned above. However, it was
observed that the OSI findings were lower in the present study. The difference was due to the fact that 
   var. &  suppressed the oxidant compounds better with the the antioxidant compounds it
produces when compared to  subsp. 
.
In a different study, it was determined that the
TAS value of #!  #  MeOH extract was
1.61±0.03, the TAS value of #   var.
% was 1.34±0.07 and the TAS value of
$ ! was 1.66±0.04 [24]. When compared to this study, it was observed that the TAS
value of    var. &  was higher. Thus, it
was determined that the antioxidant potential of 
  var. &  was higher. In a different study,
it was determined that the TAS value of #
! ethanol extract was 5.55±0.41 [25]. Based
on this finding,    var. &  was found to
have a lower TAS value compared to !.
Oxidative stress could occur in living organisms both
as a result of metabolic reactions and when the antioxidant compounds that are effective in removing
oxidant compounds are insufficient. Thus, oxidative
stress levels can be reduced by external antioxidant
supplements when antioxidant compounds are insufficient. It was determined that     var.
& , tested in the present study, was an antioxidant source due to its high antioxidant potential.


3(($',&$.&5,7,59(3&(05$*(
Concentration
(mg/mL)

Ascorbic
acid (%)

Rosmarinic
acid (%)

MeOH

DCM

0.25

27.717

25.501

37.058

0.024

0.5

69.398

43.744

71.671

0.592

1

95.721

79.694

94.231

0.477

2

95.740

93.849

93.754

2.712

Table 1 demonstrates that MeOH extract exhibited strong antioxidant activity.     var.
&  MeOH extract demonstrated similar values
with the AA positive control. It was observed that the
activity of    var. &  MeOH extract increased with the increasing concentration. The DCM
extract did not demonstrate any activity.
DPPH activity of    var. &  was
not determined previously. However, DPPH activity
studies on    are available. In these studies,
MeOH extracts of    were used and it was
determined that free radical scavenging activity was
87.9% at 1 mg/mL concentration [20]. In another
study, it was reported that EtOH extracts of  
  had high DPPH activity (Panico et al., 2009). In
a different study, it was determined that the DPPH
activity of the EtOH extracts of     was
87.9% [21]. Furthermore, water and hexane extracts
of   were used and high DPPH activity was
determined in another study [22]. In the present
study, MeOH and DCM extracts of    var.
&  were used. The extracts used in the present
study demonstrated that the MeOH extract resulted
in similar findings when compared to the previous
studies. Thus, in the present study, the DPPH activity
of     var. &  was determined for the
first time and it was demonstrated that it could be
used as a natural antioxidant source.

315(&5,7(&5,7,59The DNA protective
activities of the plant MeOH and DCM extracts were
determined with pBR 322 supercoil DNA and are
presented in Figure 1.
DNA protective activity is related to the protection of DNA in the presence of antioxidant compounds against hydroxyl radicals, a dangerous radical species. Figure 1 demonstrates DNA protection
activities of different concentrations of    
var. &  MeOH and DCM extracts. At all used
concentrations of DCM and MeOH extracts, the
DNA was preserved, however low levels of DNA
fragmentations were also observed. There was no
previous study that aimed to determine the DNA protective activity of    var. & . However,
there are studies on DNA protective activity of 
 . In these studies, it was reported that EtOH extracts of    hada high DNA protective impact [26]. When compared to the findings of this
study, the present study utilized MeOH and DCM
extracts of R. coriaria var. &  and it was determined that the species possessed DNA protective effects. Thus,    var. &  was also determined as a natural DNA protective resource.

  $0'  !$.6(4 Plant sample
TAS, TOS and OSI values were determined using
Rel Assay kits. The study findings demonstrated that
TAS value of     var. &  was
7.342±0.189, TOS value was 5.170±0.525 and the
OSI was 0.071 ± 0.009. There was no previous study
that aimed to determine the TAS, TOS and OSI values of    var. & . In previous studies
conducted with plants on oxidative stress, it was determined that TAS value of " subsp.
 was 3.628±0.234, its TOS value was
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05,/,&31%,$.&5,7,59
A
B
C
D
MeOH
50
50
50
50
DCM
25
25
25
25
Ampicillin
1.56
3.12
1.56
3.12
Amikacin
1.56
Ciprofloksasin
1.56
3.12
1.56
1.56
Flukanazol
Amfoterisin B
*(A) # #!, (B) # #!MRSA, (C) !, (D) , (E)
(J)  #!
*100, 50 ve 25 µg/mL extract concentrations

951518,& &5,7,59 Cell viability was tested
with 25, 50, 100 and 200 μg/mL standard solution
concentrations of MeOH and DCM plant extracts on
lung cancer cell line A549. The findings are presented in Figure 2.
Various plant-based compounds were identified and routinely used against cancer in different
parts of the world. Today, approximately 75% of
anti-cancer drugs accepted worldwide are derived
from plants or other natural products [27]. Despite
recent advances in cancer treatment, there is a need
for new alternative medicines. Thus, plants still constitute an important pool for the discovery of new
drugs. Furthermore, potential medical potential of
less than 10% of flowering plants were investigated

E
50
50
3.12
3.12
3.12
  #!,

F
G
H
J
100
25
25
50
50
25
25
25
3.12
3.12
3.12
3.12
3.12
3.12
3.12
(F) #, (G)  ", (H) !,

analytically and pharmacologically [28]. In the present study, the cytotoxic effects of    var.
&  MeOH and DCM extracts were investigated
on A549 cells and the findings demonstrated strong
activities. There was no previous study that aimed to
determine the cytotoxic activities of    var.
& . However, there are studies on the cytotoxic
activities of   . In these studies, it was determined that    MeOH extracts had cytotoxic effects on human umbilical cord endothelial
normal cell (HUVEC) and Y79 cell lines [29]. In the
present study MeOH and DCM extracts of  
  var. &  were used and their cytotoxic effects on lung cancer cell line A549 were identified.
Thus, it was determined that   $ . & 
could be a natural anticancer resource.
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Gallic acid was reported to be an antioxidant, antimicrobial, antitumor and anti-inflammatory agent
[33,34]. Catechin and Epica-techin were reported to
have antioxidant, anti-mutagenic, antimicrobial and
anticancer effects [35-38]. Syringic acid was found
to have antioxidant, antimicrobial, anti-inflammatory and anti-steatotic activities [39-41]. Chrologenic acid was reported to be an antioxidant, antibacterial, anticancer, anti-inflammatory and DNA protective agent [42-46]. It was reported that Caffeic
acid possessed anti-oxidant, antibacterial, anti-inflammatory, anticancer and hepatoprotective activities [47-51]. It was reported that coumaric acid has
antioxidant, antimicrobial, immunomodulatory effects, anti-inflamma-tory, antiangiogenic effect, anticancer, and goitrogenic, antidiabetic and antihyperlipidemic activities [52-58]. Benzoic acid was found
to be an anticancer, antioxidant, antimicrobial, antiparasitic, anti-inflammatory, trypanocidal and antihepatotoxic agent [59-65]. It was reported that hesperidin has anti-hyperglycemic, anticonvulsive effects, anti-hyperalgesic, anti-inflammatory, analgesic, antioxidant, antimicrobial, immunomodulating,
anticancer and neuroprotective effects [66-74]. Sinapic acid was shown to be an antioxidant, and has
antibacterial, anti-inflammatory and anticancer effects [75-78]. In the present study, it is considered
that the determined antioxidant, antimicrobial, DNA
protective and cytotoxic effects of     $ 
&  were due to the phenolic content. It was also
determined that    var. &  could be utilized as a natural source for the identified compounds.

05,/,&31%,$.$&5,7,59The antimicrobial activities of    var. &   MeOH and DCM
extracts were determined with the modified agar dilution method. Findings obtained in the study are
presented in Table 3.

 
+(01.,&&105(051) 7$3
   var. & 
(ppm)
Gallic acid
0.15
Catechin
5045.2
Epicatechin
33.66
Syringic acid
6.26
Chlorogenic acid
11.7
Caffeic acid
290.7
Qumaric acid
5.37
Benzoic acid
40
t-phenolic
1480.7
Hesperidin
79.04
Sinapic acid
1.5
As a result of the conducted antimicrobial activity tests, the highest activity was observed in
DCM extracts. Both MeOH and DCM plant extracts
exhibited high antimicrobial activity. In both extracts, the highest activity was observed against 
 " and  !. There was no previous
study that aimed to determine the antimicrobial activities of     var. & . However, there
are studies on the antimicrobial activities of  
 . In a study conducted on water extracts of 
  it was determined that different concentrations had effects on #! #!" #
!#"!"# !! !" %"!
"%#!# #!" "  # 
$!  "#!$# ! and 
" "! [30]. In a different study, methanol
extracts of    were reported to have effects
on !   !#!  #!
"%#! # #! " #! ! 
#!!#"! and ! [31]. The antimicrobial activity of   var. &  was investigated for the first time in the present study and
it was determined that it had high antimicrobial activity levels at different concentrations between 25100 μg/mL. Thus,    var. &  was determined to be a natural antimicrobial resource.

+(01.,&&105(05The phenolic content of 
   var. &  extracts were screened using an
HPLC device. The findings are presented in Table 3.
As a result of the conducted analysis, eleven
compounds including Gallic acid, Catechin, Epicatechin, Syringic acid, Chrologenic acid, Caffeic acid,
Coumaric acid, Benzoic acid, t-phenolic, Hesperidin
and Sinapic were identified in     var.
& . Phenolic acids are known to have several of
activities, especially the antioxidant activity [32].

 
In the present study, phenolic content and biological activities of    var. &  were determined for the first time. It was determined that the
antioxidant activity, antimicrobial activity and DNA
protective activity of the plant were high. It was also
found that the plant contained to anti-proliferative/cytotoxic effects on A549 cells. Furthermore, it
was determined that the plant may be a natural resource for the identified compounds. In conclusion,
it was found that    var. &  can be used
as a natural pharmacological drug source due to its
high biological activity levels.
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A green method for the synthesis of quinoline
amino thiocarbamyl phosphate was developed. 6 -iodine-quinoline was obtained from 6 -chlorine-quinoline and hydrogen iodate via substitution reaction.
Then, toluene as solvent, the C6-I was substituted by
commercially available silver thiocyanate at 115 °C
for 12 h. Quinoline amino thiocarbamyl phosphate
was first synthesized by C6-NCS quinoline and
HPO(OEt)2, which provides a new method for synthesizing.

(trichloromethyl) carbonate, trichloro methylformates, di-2-pyridyl thionocarbonate and bis-(trichloromethyl) pentathiocarbonate [6]. However,
most of them are not readily available and often do
not work as desired due to the formation of thiourea
as a side product.
On the other hand, isothiocyanates can also be
synthesized by the desulfurization of dithiocarbamates, which is formed from the reaction between
amine and carbondisulfide in the presence of base,
with diverse reagents, including uranium and phosphonium-based peptide coupling reagents, triphenylphosphine dibromide, tosyl chloride,1b dialkyl dicarbonates [7], hydrogen peroxide [8], Iodine
[9], (Diacetoxyiodo)benzene and other harsh reagents [10], and other mild methods are known [1113]. The reported methods are really efficient
enough, but most of them possess drawbacks such as
rigorous or hazardous conditions, intractable side reactions, evolved toxic gases (carbon monoxide), using expensive reagents and longer reaction time.
Thus, there is still need for a commercially available
and simple methodology for the preparation of
isothiocyanates.
In this paper, the first time the quinoline amino
thiocarbamyl phosphate was synthesized by the reaction of quinoline iodine and silver thiocyanate.
Quinoline amino thiocarbamyl phosphate was first
synthesized by C6-NCS quinoline and HPO(OEt)2.
This method opens up a new path for the synthesis
of thiopurine and also lays the foundation for the
study of the activity of quinoline amino thiocarbamyl phosphate.

%# 
Quinoline amino thiocarbamyl phosphate, synthesis,
isothiocyanate, quinoline

!"!

Sulfur is the basic element of the cellular components of organisms, it is also a chemical element
that composes various amino acids, and it is involved
in the synthesis of DNA and RNA. It has important
physiological functions in the human body, including cell signaling and metabolic regulation [1].
Isothiocyanates (ITCs) are hydrolyzed products of
glucosinolates, epidemiological studies have confirmed that these compounds have obvious anti-cancer activity against a variety of tumors, such as solid
tumors such as lung cancer, breast cancer, rectal cancer, and hematological tumors [2].
Isothiocyanates is ubiquitary structural functional class in many biological and pharmaceutical
active compounds and it has been used as versatile
important synthetic intermediates for the synthesis
of many natural products and hetero cycles, such as
thiohydantoins, thiopyrimidones, thioquinazolones,
mercaptoimidizoles, thioamidazolones, pyridinethiones, pyrrolidine and benzothiazine [3]. Furthermore,
isothiocyanates can be used as chemoselective electrophiles in bioconjugate chemistry [4]. Therefore,
various methods have been developed for the synthesis of isothiocyanates from amines, in which thiophosgene was mostly well known [5]. Due to the
high toxicity of thiophosgene, it was replaced by
other “thiocarbonyl transfer” reagents, such as thiocarbonylditriazole, thiocarbonyldiimidazole, bis-

$!

167580*176&1)5*&,*176AC 500 magnetic
resonance spectrometer. Q-TOF MS / MS high-resolution mass spectrometry (Waters Corporation);
XRC- 1-type micro melting point instrument (Sichuan University Scientific Instruments Plant.) 6Chloro-quinoline was prepared beforehand and hydroiodic acid, silver thiocyanate, TiO2, HPO(OEt)2
were of commercial analytical grade and all other reagents used were used without further treatment.
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++*(72+7-*5*&(7.217.0*217-*<.*/)Using
1 mmol 6-iodo-quinoline as template and toluene as
solvent, the reaction time was changed and the reaction time was investigated. The results are shown in
Table 2.
As can be seen from Table 2, with the progress
of the reaction, the yield gradually increased, the reaction was slow for the first 6 hours, the peak
reached the peak from the 6 h to the 12 h, and the
yield reached 88% 15 h, the yield began to decline.

*7-2) 2+ 6<17-*6.6 In this paper, 6-chloroquinoline and hydroiodic acid were used as raw materials to obtain 6-iodo-quinoline, then reacted with
commercial silver thiocyanate directly at 120 °C for
12 h with toluene as solvent. 6-isothiocyanate quinoline was obtained. Quinoline amino thiocarbamyl
phosphate was first synthesized by C6-NCS quinoline and HPO(OEt)2.

<17-*6.62+ .2)248.12/.1*Weigh 1 mmol
of 6-chloro-quinoline into a 25 mL round bottomed
flask and add 2.5 mmol of hydrogen iodide to it. Add
10 mL of distilled water to the solution and react at
0 ° C for 24 h, after the reaction was completed to
room temperature, suction filtration to give 6-iodoquinoline.

<17-*6.6 2+ .627-.2(<&1&7* 48.12/21*
Weigh 1 mmol of 6-iodo-quinoline in a 25 mL round
bottom flask, add 2 mmol of silver thiocyanate and
15 mL of toluene as solvent and reflux for 12 h until
the reaction is complete, cooled to room temperature
and filtered to give 6-isothiocyanate-quinoline as a
white solid.

<17-*6.6 2+ 48.12/.1* &0.12 7-.2(&5'&0</
3-263-&7* Quinoline amino thiocarbamyl phosphate was first synthesized by C6-NCS quinoline
and HPO(OEt)2.

;3*5.0*170*7-2) !*67*7-2)The second step by the 6-iodine-quinoline and silver thiocyanate reaction synthesis. The reaction conditions of
6-isothiocyanate-quinoline, including the reaction
time of the reaction solvent and the effect of the ratio
of the raw materials on the yield.
Reaction solvent was set to 9 h reaction time,
the ratio of raw materials 1: 2, were investigated ethanol, methylene chloride.

Solvent

Ethanol

Acetonitrile

DMSO

Toluene

Dichloromethane

DMF

!
!-**++*(72+5*&(7.2162/9*17217-*<.*/)

Yield
(%)

0

0

49

90

0

77

!
!-**++*(72+5*&(7.217.0*217-*<.*/)
Time
(h)
Yield
(%)

++*(7 2+ (*721.75./*   !2/8*1* &1)
217-**&(7.21%.*/)Reaction time use the
best reaction solvent, the ratio of raw materials 1: 2,
3, 6, 9, 12, 15 h on the yield were investigated reaction.
The best reaction time of the best reaction solvent was selected, Effect of 1: 2.5 on reaction yield.


 "!  " 

3

6

9

12

15

27

38

76

91

88


"
!-**++*(72+5&:0&7*5.&/3523257.21217-*
<.*/)



++*(72+7-*5&:0&7*5.&/3523257.21217-*
<.*/) Raw material ratio to 1 mmol 6-iodo-quinoline as a template to change the amount of silver thiocyanate to examine the effect of raw material ratio
on the yield, the results in Fig.1.
Fig.1 shows that when the ratio is 1: 1, the yield
is only 58%; the amount of silver thiocyanate is increased by 2 times and the yield is up to 89%; continuing to increase the amount of silver thiocyanate
instead the yield was decreased. The optimum conditions for the experiment were as follows: toluene
as solvent, the reaction for 12 h, the ratio of raw materials was 1: 2, the highest yield reached 88%.

++*(7 2+ 7-* 5*&(7.21 62/9*17 21 7-* <.*/)
The results of the study are shown in the Table 1.
As can be seen from Table 1: dichloromethane,
ethanol, acetonitrile, these low-boiling point solvents can not reach the desired reaction temperature,
the reaction can not be carried out; DMSO due to
post-processing difficulties, the yield was only 49%;
DMF yield can reach 77% Toluene solvent was more
efficient, the yield reached 90%.
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In conclusion, 6-iodo-quinoline was obtained
from 6-chloro-quinoline and hydroiodic acid, and
then reacted with silver thiocyanate by using toluene
as solvent to obtain 6-isothiocyanate Cyanuric acid
quinoline. Quinoline amino thiocarbamyl phosphate
was first synthesized by C6-NCS quinoline and
HPO(OEt)2. This method is the first synthesis of 6isothiocyanate substituted quinoline, the reaction
process to avoid the harsh conditions of the traditional iodide. The method is easy to get raw materials, easy to operate, isothiocyanate substitution the
synthesis of purines and their analogs provides a new
approach.
#! 
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framework of current agricultural policy implemented in rural areas. The major problem is to determine which factors actually influence farmers’ decision-making process regarding crop selection. Even
though various methodologies have been applied to
understand how farmers make decision, there is still
a need to develop a realistic approach that provides a
more robust operational definition and an accurate
measurement of the factors that dominate the
farmer’s decision-making process.
Decision-making process underlying farmers’
crop selection has been investigated extensively in
the literature. The studies revealed the factors that influences farmers’ decision-making process can be
categorized: (a) physical, economic, personal, sociocultural, institutional and environmental factors,
crop profiles, and availability of resources [1-5]; (b)
type of farming [2, 6]; (c) behavioral approach comprising farmers personality traits, attitudes, goals and
behaviors [7, 8]. The importance of these factors and
their effects on farmers’ decision-making process
were analyzed via different methodologies: Repertory grid analysis [2], point score analysis [3, 5, 9],
decision trees [10], analytical hierarchy process [11],
univariate statistics and multivariate modeling techniques [7, 8].
In the previous studies, farmers were given a
certain number of statements [2, 5] or decision variables [3] related to decision-making on crop selection. Additionally, Beckford [3] and Greig [5] assigned the statements/decision variables (items) to
different pre-determined factor groups such as physical, economic, personal, environmental etc. as addressed above. In these studies, each statement/decision variable was assumed as the variable that affects
farmers’ decision-making process in crop selection.
Then, decision-making methods were used to measure relative importance of each variable underlying
crop selection. The present study proposes a different approach, in such a way that, we initially considered all statements/decision variables used in the previous studies and then performed a multivariate analysis technique for determining the underlying factors
that influence farmers’ decision-making process.
Thus, instead of measuring the importance of pre-determined factor groups including the statements/decision variables assumed as underlying items in the
previous studies, the approach employed in this

Even though various methodologies have been
applied to understand how farmers make decision,
there is still a need to develop a realistic approach
that provides a more robust operational definition
and an accurate measurement of the factors that dominate the farmer’s decision-making process. Improved clarity in meaning and relevance of decision
factors will enable policy makers and extension specialist to be more effective in assisting farmers improve their capability in making decisions. The aim
of this study is to investigate farmers’ decision-making process to expose the factors that influence crop
selection. The study also seeks to classify farmers
into segments as it relates to the leading factors that
farmers take into account when making decisions.
Data were collected from a random sample of 165
cotton farmers in two cities of the coastal Aegean basin of Turkey. Factor analysis identified eight dimensions that affect farmers’ decision-making process.
Subsequent cluster analysis isolated four different
farmers segments: Entrepreneurs, apprehensive traditionalist, pure traditionalist and socially influenced
traditionalist. The knowledge generated by the study
indicates that the underlying dimensions driving the
farmers’ decision making provided a deeper understanding of farmers’ decision-making process leading crop selection than could be attained by examining each factor by itself.


*)"$%
Cotton production, Decision-making, Farmer segmentation, Multivariate analysis, Scale development, Sustainability
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Farmers’ decision-making process is complex.
They make decisions on farming activities under the
influence of numerous factors. Researchers attempt
to reveal these factors in order to provide policy
makers a better understanding of farmers’ decisionmaking process in preparing agricultural production
plans for changing crop patterns, and in offering a
crop slated for increased production within the
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bility of crop production in Turkey [13, 14]. In addition to deficiency in literature on determining the
factors that influence farmers’ decision-making process to grow a crop, this study particularly provide
insights into the factors that are required to meet socially desirable dimension of sustainable cotton production.
The present study explains how farmers make
decision to grow cotton. Research-based information
generated based on this study on decision-making in
cotton production may be used as a guide by policy
makers and extension specialists working on designing crop production patterns and in changing farmers’ decision making behaviors in the basin. Improved clarity in meaning and relevance of decision
factors will enable policy makers and extension specialist to be more effective in assisting farmers improve their capability in making decisions. A better
understanding of the factors farmers use in deciding
to grow cotton, will enable: (a) policy makers to
make better decisions in developing agricultural production plans that meet farmers’ expectations, in
other words, ensure that policy makers include relevant crop selection criteria that are consistent with
farmers decision environment, which could result in
more acceptable plans, and (b) extension specialists
to tailor an education program to improve farmers’
decisions in crop selection, (c) finally, farmers will
have access to crops that they are willing to produce
voluntarily.

study designated whether the statements/decision
variables could measure farmers’ decisions leading
crop selection or not.
The most common approach in the literature is
to interpret the relative importance of decision variables for farmers as a whole in the samples studied
and then to generalize findings to a specific agricultural production area [2, 5]. This approach accepts
that all farmers are homogeneous. Besides, the factors affecting farmers’ decisions were investigated
for all farm operations via multivariate analysis
methods [7, 8]. In this study, farmers were classified
into segments considering the underlying factors that
influence crop-based decision-making process.
Thus, we determined dominant factors leading to a
specific crop selection for each segment of farmers.
The proposed approach enabled us to profile farmers
in terms of the factors affecting crop selection.
The foregoing review indicates that previous
studies used pre-determined factors assumed to be
determinants of farmers’ decision-making process,
and then drawing a conclusion about all farmers as a
group without considering heterogeneity among
them. In contrast the approach followed by the current study to use the actual decision factors extracted
via multivariate analysis method, and then determining heterogeneity among farmers with regards to the
decision factors underlying crop selection.
The objective of the study is to investigate
farmer decision-making process through developing
a valid and reliable instrument to collect data directly
from farmers in order to expose the underlying factors that influence farmers’ crop selection using cotton as an example for a sustainable production in the
coastal Aegean basin of Turkey. Additionally, the
study sets out to classify farmers into segments as it
relates to the leading factors in crop selection.
Cotton is one of the most important crops of
Turkey. But current level of cotton production cannot meet the needs of textile industry. Even with
growing demand, many farmers have left cotton production as a result of economic and social issues. For
this reason, government, farmers’ organization an
extension services have sought appropriate interventions and support instruments to encourage a sustainable cotton production system. This system would be
equitable and would meet the needs of current and
future coastal Aegean basin populations within the
limits of coastal Aegean basin’s ecological endowment, and within boundaries delineated by existing
scientific, political, economic and social parameters.
In other words, a sustainable cotton production system should be economically feasible, socially desirable and ecologically viable [12]. For economic and
ecologic dimensions of sustainability, researchers
measured technical, allocative and economic efficiencies of resource use in different crops in order to
identify opportunities for improving input use efficiency that can be leveraged to ensure the sustaina-

&$%! &"%
A structured questionnaire was developed to
collect the data from a random sample of cotton
farmers in twelve villages in the four provinces, Torbali, Tire, Soke and Incirliova located in two cities,
Izmir and Aydin, of Costal Aegean basin. The appropriate sample size was determined following procedures outlined by Newbold [15]. Data were collected
from 165 farmers using personal interviews.
Since constructing a new measure requires a
clear definition what we attempt to measure and generating a large pool of potential items from literature
review and expert judges [16, 17], farmer decisionmaking process was searched, and potential items
were collected from both the studies aiming at determining the factors that influence crop selection in the
literature [1-3, 5, 18] and the opinions of authors who
conducted the present study. The initial measurement scale consisted of six dimensions and 44 items:
Economic factors (10 items), technical factors/crop
profiles (15 items), socio-cultural factors (6 items),
environmental/physical factors (7 items) and personal factors (6 items). All items were measured using a five-point Likert scale ranging from 1 (Strongly
disagree) to 5 (Strongly agree).
The study employed a two-stage methodology:
Factor analysis and cluster analysis respectively.
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officers offer me to grow the crop.
The third step was devoted to validating the results obtained from factor analysis. In this step, the
sample was firstly split into two halves by generating
a random variable (0, 1). Then, factor analysis was
conducted on each half of the sample. The results
from the two sub-samples were compared with the
results obtained from the complete data set. All communalities for sub-samples met the criteria of being
more than 0.50, and the dimensions generated by the
sub-samples were similar to the original sample.
This validation process indicated that the results of
the factor analysis were generalizable to the decision-making process of farm population in the study
area.
A final round of factor analysis was done using
the items retained. Generally speaking, the minimum
requirement for sample size is 1:5 ratio (five cases
per variable). This study met the criteria for sample
size with 155 responses and 27 items.
The goal of the second stage of the study was to
identify heterogeneity among farmers via cluster
analysis. This is a technique used for combining respondents into groups [21]. Furthermore, it is a useful classification technique for respondent profiling
[22]. The aim of cluster analysis is to classify observations into relatively homogeneous groups called
clusters such that each cluster is as homogeneous as
possible with respect to the clustering variables. The
present study employed hierarchical clustering
which is characterized by the construction of a treelike structure. Ward’s method, which attempts to
minimize the sum of squares of any two clusters that
can be formed at each step, was chosen as clustering
method to evaluate the distance between clusters [19,
23]. Cluster analysis was performed to classify farmers into segments using the dimensions derived from
factor analysis of farmers’ decision-making process.
A dimension generated by factor analysis can be interpreted in terms of the variables that have highest
loading on that dimension [21]. Applying this rule,
the items with the highest factor loadings on each dimension were used as clustering items in this study.
Reliability analysis was conducted after factor
analysis to assess the internal consistency among the
items. The Kolmogorov-Smirnov normality test was
used to check whether the component variables
showed normal distribution, and then the KruskalWallis test was used to compare different groups of
clusters.

Factor analysis was employed to identify the underlying dimensions of farmers’ decision-making process. The analysis enabled us to reduce the number
of items by combining two or more items into a single decision-making dimension. The study performed a principal component factor analysis utilizing a varimax rotation. This method maximizes total
variance among the variables [19]. In the first stage
of the study, factor analysis process was followed by
the steps given below:
In the first step of factor analysis, data screening was undertaken to remove outliers. In multivariate data analysis, outliers are the cases that have extreme values or strange combinations of scores on
two or more variables. Moreover they are not typical
members of the population from which the sample
was drawn. Therefore, outliers misrepresent statistics for the sample, and retaining them lead to both
Type I (reject the null hypothesis when it is true) and
Type II (reject the alternative hypothesis when it is
true) errors [19]. The responses with outliers were
detected via Mahalanobis distance statistical procedure and removed from the data set [19, 20]. The
sample size was reduced from 165 to 155 at the end
of step 1.
In the second step, factor analysis was performed using 44 items and 155 responses. All items
were checked if they met the requirements of factor
analysis procedure. After removing each problematic item, factor analysis was replicated every time.
The communalities obtained after extraction, representing the proportion of the variance in the original
variables, were checked and three items with less
than 0.50 were removed from economic factors and
technical factors/crop profiles. These items were: It
is easy to find loan to grow the crop; the crop generally gives me a good yield; modern agricultural techniques can be used in growing the crop. The preliminary results were then checked for complex structure problem. This problem occurs when one item
has high factor loadings or correlations (0.40 or
greater) on more than one component [20]. 13 items
were removed from economic factors, technical factors/crop profiles, socio-cultural factors, environmental/physical factors and personal factors for further analysis. These items were: It is easy to find
hired labor for the crop in the province; trusted dealers are available to buy the crop in the province; the
crop doesn’t need much hoeing and nursing; the crop
is appropriate to grow secondary crops; the crop can
be sold after processing; the crop provides secondary
product to use in animal husbandry; the crop is resilient to pest; good quality crop is grown in the province; the crop provides an opportunity to employ
family labor; dealers offer me to grow the crop; the
crop doesn`t cause environmental pollution; it is easy
to remove stubble after harvesting the crop; the crop
doesn`t require rotation. The variable with measures
of sampling adequacy less than 0.50 were removed
from socio-cultural factors. This item is: Extension

$%'&%!%'%%"!
Following factor analysis, an overall reliability
test of instrument produced a Cronbach’s alpha of
0.79, meaning that all the items used in the analysis
were measured with a reasonable degree of reliability. Table 1 presents the results of the final solution
generated by factor analysis. The number of retained
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factors were eight and all factors had eigenvalue > 1
[20]. The total variance explained (63.36%) was adequate as recommended by Malhotra [21]. The Kaiser-Meyer-Olkin (KMO), measuring the sampling
adequacy, which should be greater than 0.5 for a satisfactory factor analysis, was 0.727 in the study. The
Bartlett's tests of sphericity was significant
(p<0.001), indicating that it was appropriate to conduct factor analysis for summarizing data to identify
underlying dimensions.
The reliability check of each dimension showed
that Cronbach’s alpha ranged from 0.53 to 0.83 (Table 1). Five of the eight dimensions had reasonable
alpha coefficients that exceeded 0.60. Only three dimensions, entitled “social influence”, “mechanization” and “security seeking” had alpha coefficients
less than 0.60.


The results of factor analysis illustrates that the
eight dimensions described in Table 1 are valid and
reliable for defining farmers’ decision-making process in the coastal Aegean basin of Turkey. The dimensions entitled economic concerns, traditionalism, convenience (time conserving), physical resources, sales advantage, social influence (social environment), mechanization and security seeking tend
to describe an individual farmer’s approach in making the decision to grow cotton.
Table 2 indicates the farmer segments defined
by decision-making factors obtained from cluster
analysis. The number and percentage of farmers in
each segment are presented in the last two rows of
the Table. Four distinct segmentations of farmers
were obtained with respect to the factors affecting
the decision to grow cotton.


& 
&2/'7./;5A371+-=8;<705>/7-371+;6/;C</-3<387 +4371#;8-/<<

%=+7.+;.
+-=8;<
/+7
/?3+=387
-87863--87-/;7<D  
The crop commands a good price
2,93
1,63
The crop does not need much money to grow it
2,27
1,62
The crop is eligible for insurance
2,00
1,47
The crop does not need much hired labor
2,08
1,42
The crop has low production risk
2,61
1,58
The crop does not need much pesticide
1,81
1,22
&;+.3=387+53<6D  
The crop has traditionally been grown here
3,92
1,46
The crop is widely grown here
3,92
1,33
I have prior experience with the crop
4,41
0,97
I get satisfaction from growing the crop
3,61
1,38
87?/73/7-/&36/-87</;?371D 
The time taken to grow the crop is appropriate
3,10
1,46
It is easy to cultivate land for the crop
2,30
1,39
The crop leaves me a lot of free time
2,06
1,38
It is an easy crop to grow
2,21
1,41
#2A<3-+5;/<8>;-/<D  
The climatic conditions are suitable for the crop
4,83
0,40
The quality of soil is appropriate
4,72
0,63
The roughness and slope of the land is appropriate
4,52
0,96
The availability of water is sufficient
4,53
0,91
%+5/<+.?+7=+1/D 
The crop is marketable (the crop has a guaranteed market)
4,05
1,18
I sell crop at the time when I need money
4,12
1,19
The government provides support payment for the crop
3,28
1,49
%8-3+53705>/7-/%8-3+5/7?3;876/7=D 
I am influenced by the family members to make decision on growing the
2,17
1,46
crop
I am influenced by the other farmers to make decision on growing the crop
1,94
1,28
/-2+73B+=3873;/.5+,8;+?83.+7-/D  
Machinery use makes things easy to grow the crop
4,32
0,90
The crop is easy to harvest (The crop is suitable for machinery harvesting)
3,37
1,30
%/->;3=A<//4371D 
Cooperation among farmers is possible for growing and selling the crop
2,29
1,50
The crop stores easily
2,93
1,71
1: Strongly disagree, 5: Strongly agree
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0,733
0,728
0,684
0,659
0,636
0,538
0,880
0,779
0,674
0,535
0,782
0,647
0,621
0,597
0,757
0,696
0,663
0,641
0,815
0,805
0,520
0,818
0,635
0,810
0,725
0,771
0,733
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(
%:>+;/ %31
Economic concerns
 +
3,37b
2,24b
2,50b
41,39
0,00
b
+
+
Traditionalism
1,05

 
+
58,44
0,00
Convenience
3,24
3,18
2,77
3,28
0,35
3,37
(Time conserving)
4,78
4,73
4,93
8,53
0,09
Physical resources
4,95
4,32b
3,65b
3,95b
17,98
0,00
Sales advantage
+
Social influence
b
b
b
+
1,68
2,07
1,10

76,97
0,00
(Social environment)
Mechanization
4,34
4,25
4,18
5,64
0,13
4,74
(Hired-labor avoidance)
Security seeking
2,63b
 +
1,22b
1,68b
91,57
0,00
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1: Strongly disagree, 5: Strongly agree; Different letters indicate statistical differences
*
Null hypothesis was rejected under Kruskal Wallis test for p<0.01
& 
+;6/;<C#;8035/<,A=2/%/16/7=<

+;6/;%/16/7=<
Segment I
   

%317303-+7=
+-=8;<
•
Economic
concerns
•
Sales advantage

Segment II
   
   

•
Traditionalism
•
Security
seeking

Segment III
 
   

•
alism

Tradition-

•
TraditionSegment IV
alism
      
•
Social in   
fluence

80
+;6/;<

#;8035/
Farmers seek good price, low production costs and risk,
selling advantages (easy to sell and selling time), government support payment and insurance. The farmers in this
segment may be considered as rational decision makers.
Farmers are concerned with traditional and widely grown
crop in decision-making environment. Prior experience and
satisfaction are the key elements for making crop decision.
Additionally, they seek cooperation in producing and marketing a crop. They prefer storable crop.
Farmers in this segment are pure traditionalist. They seek
traditional and widely grown crop that they have prior experience and get satisfaction from growing.
Traditionalism is again a significantly dominant factor for
the farmers in this segment. Differently, farmers are influenced by family members and other farmers in decisionmaking process.

A statistical comparison was made among the
segments based on the eight factors. The key finding
generated by cluster analysis is that there are no significant statistical differences among farmers in
terms of convenience (time conserving), physical resources and mechanization. It means that all farmers
in the study area decide to grow cotton by taking
these factors into consideration. These are leading
factors that affect all farmers’ decision-making process regarding cotton production.
Considering statistically significant differences
among the segments, farmers’ profiles in each segment were defined by using the significant factors,
which were clarified as shown in Table 3.
The farmers in $ %, who are much more
influenced by economic concerns and crop sale than
the other segments, were labeled as  %#"# &#$.

12.26

26.45

32.90

28.39

The entrepreneur farmers (12.26%) are the smallest
group in the basin.
In Table 3, $ % was labeled as ""# 
$' %#%! $%$ (26.45%). They have highest
score on security seeking.  % was named as
"&# %#%! $%$ (32.90%). These farmers only
have high score on traditionalism along with the
other two segments. Pure traditionalist farmers are
the largest group.  %  included the farmers
labeled as $!(  &  %#%! $%$
(28.39%). They score highest on social influence.
Social environment influences the farmers in this
segment relatively more than the farmers in the other
segments.




5710

#"

  $     





  !




& 
2+;+-=/;3<=3-<800+;6/;<,A=2/</16/7=<


Age
Education (years)
Experience
in agriculture
(years)
Land owned (ha)
*

7=;/9;/
7/>;<
40.47
8.68

99;/2/7<3?/
=;+.3=387+53<=<
51.73
6.02

#>;/
=;+.3=387+53<=<
49.29
6.31

%8-3+55A3705>/7-/.
=;+.3=387+53<=<
47.00
6.27

23
%:>+;/
14.00
12.23

<A69
%31
0.00
0.01

18.42

29.71

27.53

22.82

14.10

0.00

8.08

10.61

5.73

6.01

8.77

0.03

Null hypothesis was rejected under Kruskal Wallis test for p<0.05

for a multiple item scale and subscales associated
with farmers’ decision-making process in the basin.
However, Cronbach’s alpha coefficients in our study
are consistent with the studies using instruments that
measure farmers’ attitudes and objectives as variables in the decision-making process. Willock et al.
[7, 8] computed alpha coefficients ranging from 0.52
to 0.80 for subscales of decision-making process
similar to the instrument used in this study.

For profiling farmers from different point of
view, Table 4 presents statistically significant differences on average of socio-economic variables
among the farmer’s segments.
The apprehensive farmers are the oldest and the
youngest farmers are the entrepreneurs. The most educated farmers are the entrepreneurs and the least educated farmers are the apprehensive farmers. The
most experienced farmers are the apprehensive traditionalists and the entrepreneurs are the least experienced. The apprehensive traditionalists own the
largest number of hectares and the pure traditionalists own the least number of hectares.
The crucial finding obtained from the factor
analysis was that the items featured in the environment factor of the initial item list were completely
removed. These items were: The crop doesn`t cause
environmental pollution; it is easy to remove stubble
after harvesting the crop; the crop doesn`t require rotation. It means that farmers do not taking to account
the environmental factor when making decision to
grow cotton in the study area.
The socio-cultural factor defined by Briggs [2]
and Greig [5] included: Dealers offer me to grow the
crop; and extension officers offer me to grow the
crop. In our study, these items were removed based
upon the results of factor analysis.Therefore,dealers
and extension officers don’t influence farmers’ decisions to grow cotton. Since it appears that dealers and
extension officers have little influence on the decision of farmers to grow cotton, the government
should find other means of influencing farmers to
grow cotton in the basin. Another socio-cultural item
removed is: The crop provides an opportunity to employ family labor. Farmers don’t consider family labor when deciding to grow cotton. The available
family labor is not one of the factors that affect farmers’ crop selection.
In previous studies, for example Briggs [2] and
Greig [5], the dimension of technical factors/crop
profiles included: The crop generally gives me a
good yield; the crop is resilient to pest; and good
quality crop is grown in the province. In the present
study, these items were removed. This indicates that
farmers attached little importance to technical considerations and relies more on traditionalism.
No previous studies reported alpha coefficient

"!'%"!%
The study generated unique factors that influence decision-making process leading crop selection
through factor analysis process such as traditionalism, convenience, sales advantage, social influence,
mechanization, security seeking that were not considered in the previous studies [1-5]. Thus, the findings from the study expands our knowledge of factors that farmers consider in deciding to grow cotton
which may be applicable to decisions to grow other
crops for sustainable agricultural production.
Entrepreneur farmers can be utilized as peers
for younger farmers and for socially influenced
farmers in an entrepreneurship education program
developed by researchers from the universities and
farmer’s organizations.
The knowledge about the subgroups of farmers
will enable extension specialists to design education
programs to change farmers’ decision-making behaviors. Extension programs could develop cooperatives to support the apprehensive traditionalist
farmers who tend to seek cooperation in growing a
crop. Additionally, the segmentation of farmers provide information on farmers’ expectations that policy makers can use to plan crop production patterns
that are more likely to receive the support of farmers.
!") !&%
This article is based on a research project
(#109O512) funded by The Scientific and Technical
Research Council of Turkey (TUBITAK). We extend our thanks to the Council for providing the research grant.
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and convection heat transfer via the gas phase can be
greatly weakened. In addition, appropriate infrared
sunscreens can reduce the radiative heat transfer effect of the material at high temperatures. In this way,
the nanomaterials with the super insulation performance can be obtained.
In order to obtain the good insulation effect, it
is necessary to select a nanomaterial with an appropriate microstructure as the matrix of the insulation
material. The first silicon-based matrix material was
sodium silicate [7]. Aerogels (dried gels) prepared
by sol-gel processes have been used as the matrix
material for nanoporous insulation materials because
of their special three-dimensional nanoporous structure [8-10]. However, limited by the sol-gel process,
drying process, cost, and safety factors, the largescale production of aerogel-based insulation materials are not available. Micro-silica powder is a byproduct in the smelting industry. Precipitated SiO2
and fumed SiO2 are commercially available chemical materials. Similar to aerogels (dry gels), the three
SiO2 powder particles are nanoscale particles. After
the nanoscale particles are pressed, the formed pores
can block heat transfer. Therefore, the pressed nanomaterials may be used as the matrix for the preparation of insulation materials.
In this study, three powders including microsilica powder, precipitated SiO2, and fumed SiO2
were investigated as the matrix for the preparation of
nanoporous insulation materials. The thermal performances and the changes in chemical bonds and crystal phases of three commonly used matrix materials
during calcination were firstly explored. Then, insulation performances, specific surface areas, pores,
and microstructures of the three bulk powders were
analyzed. Finally, the suitable silicon source for nanoporous insulation materials was determined.

"#!#
A matrix of a nanoporous insulation material
largely affects its insulation properties. Siliconbased nanoporous materials show the superior insulation performance, which largely depends on the
matrix material. In this study, based on the insulation
performances, specific surface areas, pore structures,
microstructures, and crystal transformations of three
commonly used matrix materials, the effects of three
matrix materials on the performances of siliconbased insulation materials were investigated. Moreover, the suitable silicon sources for nanoporous insulation materials were discussed. The study provided the basis for the development of silicon-based
nanoporous insulation materials.


'%!"
Nanoporous insulation materials, Microsilica, Precipitated
silica, Fumed Silica, matrix

#!$#
Nanoporous insulation materials are characterized by the superior insulation performance, simple
preparation process and low cost. These materials
have been widely concerned by researchers and have
gradually entered the market [1, 2]. In recent years,
the research scope of insulation materials has been
gradually widened, and the cheaper insulation materials for high temperature applications have become
one of the hotspots [3-5].
Heat in an insulating material is mainly transmitted in the following three ways [6]: the solidphase heat transfer, the gas-phase heat transfer, and
the gas-phase radiative heat transfer. Therefore, the
microstructure of an insulation material, namely, the
arrangement ways of the solid phase and pores, also
has an important influence on the thermal conductivity of the material. Most of the pores in traditional
insulation materials are larger than 1 μm. If the pore
size is reduced to the nanometer scale, the gas collision efficiency in the pores decreases and the gas
mobility decreases, indicating that heat conduction

& !#
In the study, different silicon-based nanomaterials were firstly used to prepare the insulation
materials. The insulation properties of the obtained
insulation materials, such as forming conditions and
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As shown in Fig. 1, after heat treatment at 1000
°C, in the sample prepared with precipitated SiO2 as
the matrix material, a large number of cracks are
generated due to the effect of thermal stress, and its
mechanical properties and insulation properties are
severely damaged. In the sample prepared with micro-silica powder as the matrix, microcracks are generated. In the sample prepared with fumed SiO2 powder as the matrix, no crack is generated. In the latter
two samples, the volume effects can be observed and
may seriously affect the insulation performance and
the safety of use.
A PBD-12-4 high-temperature flat thermal analyzer was used to measure the insulation performance of samples. The thermal conductivities were
measured for several times under a heating rate of
10°C/min and then averaged. Figure 2 shows the
thermal conductivities of the samples respectively
prepared with micro-silica SiO2, precipitated SiO2,
and fumed SiO2 as the matrix at 800 °C and 1000 °C
(hot surface temperature).

thermal conductivity at high temperatures, were different. The causes for the different performances
were obtained through detection and analysis.
Table 1 shows the basic properties of three
powders as matrix materials. The main component
of the three powder materials is SiO2.
A certain amount of nano-powder was weighed
firstly. Then reinforcing fibers were added as the
skeleton, followed by anti-burning agents and infrared sunscreens. After mechanically mixing with laboratory mechanical mixers and applying the molding pressure, the formed materials were obtained.
The samples of nanoporous insulation materials
were obtained with the three SiO2 powder materials
according to the same procedure.
The samples obtained after the single-sided
heat treatment at 1000°C are shown in Fig. 1.
Figs. 1(a), 1(b), and 1(c) show the photos of the
round samples pressed with micro-silica SiO2, precipitated SiO2, and fumed SiO2 obtained after singlesided heat treatment at 1000 °C.

# 
756,790,85-3(970=65<+,78
Nano-powders
refractoriness
SiO2%
specific surface aream2/g
Primary particle size
Bulk densitykg/m3

microsilica
 1600
96.77
19
0.15~0.20 μ m
200~350

precipitated silica
1750
≥ 98.8
195
≤ 0.3 μ m
50~70

fumed silica
1750
99.8
200±20
13 nm
40~60
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patterns of precipitated SiO2 at room temperature
and after heat treatment at 1000 °C, respectively.
Similar to micro-silica, precipitated SiO2 was an
amorphous form of SiO2 at room temperature. However, after heat treatment, precipitated SiO2 was
transformed into crystals of cristobalite and tridymite.
Curve F and Curve C in Fig. 3 show the XRD
patterns of fumed SiO2 at room temperature and after
heat treatment at 1000 °C, respectively. Fumed SiO2
was in an amorphous state and did not undergo phase
transformation, displaying an amorphous form. The
results showed that fumed SiO2 can only increase the
network structure and density through the spatial rearrangement of SiO2 particles during the heat treatment process, which could not change the phase
composition.
Due to the different relative densities of different crystals of SiO2, a volume effect often occurred
during the crystal transformation process. For example, when amorphous SiO2 was transformed into αcristobalite at 1,000 °C, about 1% volume shrinkage
occurred. At 870 °C, the α-cristobalite was transformed into α-tridymite and 16% volume expansion
occurred. The expansion might cause the matrix material to crack or even deform. The changes can be
confirmed from Figs. 1(a) and 1(b).
At 870 °C, micro-silica as a matrix material increased the solid-phase heat conduction of the prepared nanoporous insulation materials. Therefore,
the crystal transformation process of fumed SiO2
powder was different from that of micro-silica powder and precipitated SiO2 powder. Fumed SiO2 powder maintained the amorphous state at a high temperature and alleviated the lattice vibration caused by
the thermal driving force, thus allowing the low thermal conductivity of nanoporous insulation materials.

As shown in Fig. 2, the thermal conductivity of
the sample prepared with micro-silica as the matrix
at the high temperature is significantly higher than
that of the samples prepared with the other two materials as the matrix materials. Compared to the sample prepared with precipitated SiO2, the sample prepared with fumed SiO2 showed the lower thermal
conductivity and its thermal conductivity at 1000°C
was only 0.021 W/(mK), which was even lower than
that of air at the same temperature. Among the samples prepared with micro-silica SiO2, precipitated
SiO2, and fumed SiO2, the sample prepared with
fumed SiO2 showed the minimum increase in the
thermal conductivity with the increase in the temperature from 800°C to 1000°C.
!"$#""$""
In order to understand the causes for the differences in the insulation properties of the plates prepared with the three powders, the microstructure and
crystal transformations during heating of the three
powders were explored.

&7(> +0--7(*9054(4(2>808In order to determine the phase change of different powders during
heat treatment, X-ray diffraction analysis (XRD)
was performed (Fig. 3).
As shown in Curve E in Fig. 3, the micro-silica
powder belongs to amorphous SiO2 and contains the
low content of crystalline SiO2 (<1%). Its XRD diffraction peak at 22.5° is an amorphous peak. As
shown in Curve B of Fig. 3, after heat treatment,
amorphous SiO2 is transformed into crystalline SiO2
in the forms of cristobalite and tridymite.15
Curve D and Curve A in Fig. 3 show the XRD
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2260 cm-1, where the weaker the intensity of the absorption peak was, the higher the degree of disorder
of SiO2 crystal grains was. The degree of amorphization of fumed SiO2 powder was the highest at room
temperature and after heat treatment, thus reducing
the lattice vibration caused by the thermal driving
force to a certain degree and decreasing the solidphase heat transfer. In addition, after the heat treatment, the micro-silica powder and precipitated SiO2
powder showed the absorption peak at 640 cm-1 corresponding to the Si-O complex, whereas the fused
SiO2 powder did not show the same peak, indicating
that micro-silica powder and precipitated SiO2 powder showed a more regular crystal structure compared with fumed SiO2 powder.

In addition, the fused SiO2 powders as the matrix
material did not produce the volume effects related
to the crystal transformation, as indicated by Fig.
1(c).
From the infrared absorption spectra of microsilica powder, precipitated SiO2 powder and fumed
SiO2 powder (Fig. 4), after 1-day heat treatment at
1000 °C, hydroxyl absorption peaks at 3400 cm-1,
1630 cm-1, and 950 cm-1 almost completely disappeared, indicating that hydroxyl groups and adsorbed water on the surface of the three nanoporous
SiO2 powder particles could be removed by heat
treatment. The obtained nano-SiO2 powders were
composed of the Si-O-Si network. The degree of
crystallization of SiO2 particles could be characterized by the distribution of the Si-O-Si bond angle at
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above, the pore structures of samples were explored
Nanoporous insulation materials prepared with
in nitrogen adsorption-desorption experiments. The
fused SiO2 as the matrix had the significantly better
experimental results are shown in Fig. 5. With TriSinsulation performance than that of the nanoporous
tar 3020 automatic specific surface area and pore
insulation materials prepared with the other two masize analyzer and high-purity nitrogen as the adsorterials. The difference might be interpreted in the folbent, the nitrogen adsorption-desorption experilowing 2 points. First, fused SiO2 powder had a
ments were performed at 77 K. Before the measurehigher crystalline transition temperature than the
ment, the sample shall be degassed under vacuum at
other two nanoporous powders and could maintain
200°C for 2 h.
an amorphous structure at 1000 °C, thus contributing
Fig. 5 shows nitrogen adsorption-desorption
to the heat transfer reduction of the matrix material
isotherms (a) and pore size distribution (b) of pieand avoiding the volume effect caused by crystal
shaped samples prepared with micro-silica powder,
transformation. The results had been demonstrated
precipitated SiO2, and fumed SiO2. In the nitrogen
by the results of infrared absorption spectrum analyadsorption-desorption isotherms of different samsis and X-ray diffraction analysis. Secondly, the difples of silicon source bulk powders (Fig. 5(a)), the
ferent microstructures of the three kinds of matrix
volume of adsorbed nitrogen in Sample A was almaterials (bulk powder) might be partly responsible
most negligible in the range of relative pressure of
for the difference in the insulation performance of
0~1, indicating that bulk micro-silica powder connanoporous insulation materials prepared with diftained large pores. The size of most of internal pores
ferent SiO2 powders.

might exceed the upper limit of the measured pore
size in nitrogen adsorption-desorption experiments.
4(2>808 5- 86,*0-0* 8:7-(*, (7,( (4+ 657,
These large pores could not effectively restrict the
897:*9:7,In order to demonstrate the potential effect of the different microstructures of three SiO2
convective heat transfer and the heat transfer caused
powders on the insulation performance discussed
by collisions among gas molecules. Therefore, the
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insulation performance of the materials prepared
with the matrix of micro-silica powder was not the
best. Both Sample B and Sample C belonged to
Type-II adsorption-desorption isotherms according
to the criteria in IUPAC, indicating that multi-layer
adsorption occurred on the surface of the two samples, which had similar microstructures. Compared
with Sample B, Sample C showed more obvious adsorption characteristics in the relative pressure range
of 0 to 1. Under the same relative pressure, especially
in the range of 0~0.16, Sample B showed the higher
nitrogen adsorption capacity than Sample C, indicating that Sample C contained more micropores and
mesopores, which could effectively suppress the
convective heat transfer and heat transfer caused by
collisions among gas molecules.
Fig. 5(b) shows the pore size distribution of
three samples prepared with three bulk powders. The
pore size distribution was obtained through the analysis with the BJH independent cylinder model based
on the adsorption branch of the nitrogen adsorptiondesorption isotherm. The sizes of the pores of Sample B and Sample C for nitrogen adsorption were below 200 nm and the sizes of most of the pores in



Sample C were below 100 nm.
Table 2 provides the pore parameters of three
samples. Compared with Sample B and Sample C,
Sample A had the much smaller specific surface area
and total nitrogen adsorption volume, indicating that
Sample A did not have the adsorption properties of
porous materials. The original specific surface areas
of the precipitated SiO2 powder and fumed SiO2
powder were approximately 195 m2·g-1 and 200
m2·g-1, respectively. After the compression process,
only the specific surface area of the precipitated SiO2
powder significantly decreased because the special
powder preparation process led to the accumulation
of a large number of hydroxyl groups on the surface
of precipitated SiO2 particles, which caused adjacent
particles to be attracted and adhered to each other.
Fumed SiO2 bulk powder did not show the accumulation phenomenon of adjacent particles and the
cross-sectional area and the contact area between adjacent particles were small. Therefore, the solidphase heat transfer was decreased in fumed SiO2
bulk powder.

 





 





 


A-micro-silica, B-precipitated SiO2, C- fumed SiO2
$!
"03(.,85-9/7,,104+85-"0 4(456575:8):2165<+,78

# 
57,6(7(3,9,785-9/7,,104+85-"0 4(456575:8):2165<+,78
Samples
A micro-silica
B precipitated SiO2
C fumed SiO2

Specific surface area /m2·g-1
6.4825
129.6163
191.9621

Total pore volume /cm3·g-1
0.017768
0.473462
0.523851
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Average pore size /nm
63.2379
24.3957
13.0153
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Fig. 6 shows the SEM images of three kinds of
SiO2 nanoporous bulk powders. Original micro-silica particles in Sample A were spherical particles in
the size range from dozens of nanometers to hundreds of nanometers. The microstructure composed
of these micro-silica particles was extremely sparse
and its pores are generally large and mostly exist in
the form of interconnected pores. Precipitated SiO2
particles in Sample B mostly existed in the form of
small aggregates. There were some micropores, mesopores, and macropores inside aggregates and between aggregates. These pores could inhibit convective heat transfer and heat transfer caused by collisions among gas molecules. As shown in the nitrogen adsorption-desorption isotherms of Sample B
and Sample C in Fig. 5, Sample C contains more
abundant micropores and mesopores and the microstructure formed by the aggregates is apparently
looser. Sample C had the more obvious nanopores
than Sample B.
The above comprehensive analysis of specific
surface areas, pore structures, and microstructures of
different kinds of SiO2 nanoporous powders indicated that the micro-silica powder had large interconnected pores and open microstructures. Although
bulk powders of precipitated SiO2 and fumed SiO2
had similar internal pore structures, fumed SiO2 contained more abundant nanoporous structures, which
could effectively block the internal heat transfer.
Therefore, fumed SiO2 is a suitable matrix for the
preparation of nanoporous insulation materials.
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$""
Compared with micro-silica powder and precipitated SiO2, fumed SiO2 had the superior thermal
stability. At 1,000°C, fumed SiO2 was still in an
amorphous state and did not cause the volume
change during crystal transformation.
Bulk powder of fumed SiO2 showed more obvious nanopore adsorption characteristics and abundant nanopore microstructures, and allowed the significantly lower thermal conductivity of the prepared
insulation material. Therefore, fumed SiO2 powder
is the optimal silicon source powder for the preparation of SiO2-based nanopowder insulation materials.
%#"
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blade under shading conditions are common alterations that confer functional advantages to plants
grown in environments with low light intensity [2,
3].
Insects are sensitive to a broad spectrum of
light ranging from ultraviolet (UV) to red. Color
sensitivity in the UV spectrum plays an important
role in foraging, navigation, and mate selection in
both flying and terrestrial invertebrate animals [4,
5,6, 20]. Kuhlmann and Müller [7] found that naturally occurring whiteflies (Aleyrodidae) and aphids
(Aphididae) favored high ambient UV-conditions
over low UV-conditions, whereas thrips (Thripidae)
avoided high UV-conditions.
Previous works also have shown a significant
reduction in population density and damage caused
by whiteflies ( #$ Gennadius), leafminers (" &' $"  Burgess) and moths
(! sp.) under greenhouses protected by
UV-absorbing films [8, 9, 20, 21]. The significant
decrease in whiteflies has been attributed to the
impairment of whiteflies to fly and disperse in the
absence of UV-light [9, 10, 19, 20].
Díaz et al. [11] found that the UV-absorbing
plastic film was able to significantly reduce the
percentage of lettuce plants infested with aphids
and thrips. The number of winged aphids caught on
yellow sticky traps was dramatically reduced in the
greenhouse covered with UV-absorbing films; only
10% were infested under the UV-absorbing film.
On the other hand, Gent [12] has found that shading
increased the fraction of marketable tomato fruit
without affecting fruit size.
The objective of this was to study the population dynamics for adults of sweet potato whitefly,
# $
(Gennadius)
(Homoptera:
Aleyrodidae) and two-spotted spider mite,
$"&%# %"$ Koch. (Acari: Tetranychidae),
leaf-level physiology, fruit quality and yield in a
cucumber crop grown under a plastic house covered
by the “Green Shadow” (Green House Company
for the development of protective chemicals for
plastic houses, Amman, Jordan) and plaster
“whitewash” .


Plastic house shading could have unpredictable effects on plant growth, fruit quality, production
and insect pest infestation. A plastic house experiment was conducted in Jordan Valley in Jordan to
assess the impact of two shading treatments on
cucumber yield production, quality and pest populations. Shading treatments were green shadow
(GS), plaster (P) (calcium carbonate) and control
(no shading). Results showed that shading had a
significant impact on light intensity inside the plastic house, whitefly and mite infestations, leaf-level
physiology and fruit yield and quality. Both GS and
P significantly reduced light intensity (permeability) inside the greenhouse. Whitefly and mite infestations were statistically higher in control compared
to GS and P treatments. Additionally, GS treatment
had higher fruit yield compared to P and control.
Althoughcontrol treatment had higher photosynthesis ratethan shade treatments (green and white). The
same plants (control) had lower yield and fruit
quality than green and white shade treatments. In
fact, shading increased fruit weight, length, color
darkness, total soluble solids and firmness compared to un-shaded control fruit. Therefore, it is
concluded that plastic house shading using GS
might potentially reduce insect infestation and
improve fruit yield and quality in cucumber during
summer time.


)( #$
Shading, Cucumber, Whitefly, Spider mite, Fruit quality,
Yield


%# &% 
Plants morphology and physiological functions react to changes that occur in the spectrum of
electromagnetic radiation to which they are exposed
[1]. Specific leaf area (SLA) values depend on the
quality of light and vary amongst species. Increases
in SLA and reductions in the thickness of the leaf
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:899270 !:*,<2,.; A field experiment was
conducted to evaluate the impact of thermal insulation of agricultural plastic houses using "Green
Shadow" and plaster "" on: (1) population dynamics
of whitefly and mite associated with cucumber crop
grown under plastic house conditions; (2) the
productivity and quality of cucumber. Experiments
were conducted at Jordan Valley-Jordan.
Three plastic houses (The selected plastic
house dimensions was 36 m length, 9 m width and
3 m in height) was used for the growing season.
Three treatments was carried out: (1) One plastic
house was covered with a standard polyethylene
plastic film used in the area; (2) One plastic house
was covered with polyethylene plastic film that
sprayed with the Green Shadow; and (3) the third
treatment was a plastic house covered with plaster.
The plastic houses were constructed at the
same orientation and were separated 3 m between
each. They were provided with doors at the front
and at the end to facilitate ventilation. Doors were
occasionally covered with nets to avoid wind damage to cucumber plants and pests invasion. There
were five rows per plastic house which were covered by black plastic mulch for weed control. For
each plastic house, all mature fruits were picked up
from the crop plants and were placed in plastic
bags; Weight was recorded for each row for the
three plastic houses throughout the season. Furthermore, total and average weight was recorded for
all treatments using a laboratory analytical scale.

$*695270 7;.,<; *7- 2<.; Insects and
mites population dynamics were monitored by
randomly inspecting three plants per row (First,
ninth and 18th arch) for each plastic house. Sampling was done weekly to determine the presence/absence of insect pests.
Data were collected and analysed using a twoway ANOVA analysis. LSD test was used for
means separation. All statistical analyses were
conducted using GenStat 12.

.*/.>.5 !1A;28580A )2.5- *7- :=2<
"=*52<A .*;=:.6.7<; Leaf-level physiological
measurements; photosynthesis rate (), stomata
conductance (#), transpiration (), intercellular
CO2 ( ), vapor pressure deficit (VPD), temperature (LT) and photosynthetic active radiation (PAR)
were measured at early (10th of May, 2017) and
middle (24th of May, 2017) of harvesting period.
Leaf-level physiological measurements were conducted between 11:00 a.m. and 1:00 p.m. Measurements were conducted using a portable photosynthesis system (LI-6400XT; LI-COR, Lincoln,
NE) as described by Othman et al. [13].
Marketable yield (g·plant-1), fruit weight,
length and quality (color, firmness and total soluble

solids, oBrix) were measured during harvesting
period (April 4 – May 10, 2017) and following the
procedures of Alsmairat et al. [14] and Gomez
Lopez et al. [15]. For each treatment, 6 fruits per
replicate were sampled for analysis and quality
evaluation and the results of these measures were
then averaged to produce a single measure for each
replicate. The color attributes L*, C *, and h of
proximal; equatorial and distal position of the fruit
was measured using a chromo meter (CR-400,
Konica Minolta, Ramsey, NJ) by averaging the
three readings per fruit. The firmness of the fruits
after peeling the fruit skin was determined with
texture analyzer for the upper and lower of the fruit
(2 cm from stem end and blossom end). Total soluble solids (oBrix) was determined using handheld
refract meter. Fruit extract for total soluble solids
was prepared by collect core samples from the
upper, middle and lower part of the fruit, squeezed
by hand juicer and then filtered through cheese
cloth extract.

% 
.*7?12<./5A7=6+.: 95*7< ?..4270:..7
;1*-8?95*;<.:*7-,87<:85=7;1*-.-
<:.*<6.7<;

.*7?12<./5A7=6+.:
of "$ "%#%%#
%:.*<6.7<
Green Shadow
Plaster
Control
!5*7<98;2<287
First arch
Ninth arch
18th arch
.*/98;2<287
Lower leaf
Middle leaf
Upper leaf
*Values followed by the same letter
not significantly different (p < 0.05)

0.21
0.16
0.36

a*
a
b

0.34
0.16
0.23

b
a
a

0.11
a
0.17
a
0.45
b
within a column are



#$&%$

7;.,< !.;<; !89=5*<287; Mean whitefly
number was significantly more in control treatment
compared to Green Shadow and Plaster treatments
(  = 5.42,  0.005) (Table 1). Also, whiteflies were significantly in a higher population in the
plants of the first arch compared to the ninth and
the 18th arch of the plastic house ( = 3.94, 
0.02) (Table 1). Furthermore, whiteflies were
significantly more on the upper leaves compared to
the middle and the lower leaves ( = 16.39, 
0.001) (Table 1).
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.*762<.7=6+.: 95*7< ?..4270:..7;1*-8?
95*;<.:*7-,87<:85=7;1*-.-<:.*<6.7<;


2). Furthermore, mites were significantly more on
the middle leaves compared to the upper leaves
with no significant different with the lower leaves,
also no significant difference was found in mites
number between lower and upper leaves (   =
2.71,  0.05) (Table 2).

.*762<.7=6+.:
of "$ "%#%%#
%:.*<6.7<
Green Shadow
45.4
a*
Plaster
44.0
a
Control
63.0
b
!5*7<98;2<287
First arch
50.0
a
Ninth arch
37.5
a
18th arc
64.9
b
.*/98;2<287
Lower leaf
48.5
ab
Middle leaf
61.6
b
Upper leaf
42.4
a
*Values followed by the same letter within a column
are not significantly different (p < 0.05).

.*/.>.5!1A;28580A)2.5-:=2<"=*52<A
A significant difference in leaf-level physiology
was found in shade type (green, white, and unshaded-control) except for # at the beginning of
harvesting period and  and VPD at middle period
(Table 3). At early harvesting period (April 4,
2017), un-shaded-control plant had higher , ,
VPD, LT than green and white shaded. However, at
middle harvesting period (April 24, 2017), control
plants had higher  and LT than shaded greenhouse plants but the same plants did not differ significantly in # and  from those grown in white
shade plastic house. Additionally, PAR value during gas exchange measurements at beginning and at
the middle of harvesting period for control was
higher than green and white shade treatments (Table 3). Across shade type (green, white and control)
and over the harvesting period (early and middle),
east (sunny) side of greenhouse had higher ,
VPD, LT and PAR than those grown in the west
side (row 5) of greenhouse (Table 3).

Mean number of the two-spotted spider mite
was significantly more in control treatment compared to Green Shadow and Plaster treatments (
 = 3.16,  0.04) (Table 2). Also, mites were
significantly in a higher population in the plants of
the 18th arch compared to the first and ninth arch of
the plastic house (  = 5.30,  0.005) (Table



% 
.*/5.>.5918<8;A7<1.;2;;<86*<*,87-=,<*7,.<:*7;92:*<28727<.:,.55=5*: >*98:
9:.;;=:.-./2,2<'!<.69.:*<=:.%*7-918<8;A7<1.<2,*,<2>.:*-2*<287!#/8:B2-*5,=5<2>*:C
,=,=6+.:0:8?7=7-.:<1:..0:..718=;.;1*-.5.>.5;.*;=:.6.7<;?.:.,87-=,<.-*<.*:5A*7-62--5.
/:=2<:29.7270;<*0.;
Harvesting
Shade type
period
Early
Control
April, 4
Green
White

Row

West 1
West 2
Mid 3
Mid 4
East 5
Shade (S)
Row (R)
S×R
Middle
April, 24

Control
Green
White
West 1
West 2
Mid 3
Mid 4
East 5
S
R
S×R

#

(µmol·m-2·s-1) (mol·m-2·s-1)
21.0 a
0.64
17.4 b
0.68
13.2 c
0.69



VPD (kPa)
(µmol·mol-1) (mmol·m-2·s-1)
298 c
7.44 a
1.49 a
317 b
6.28 b
1.21 b
338 a
6.57 b
1.19 b

LT
(°C)
32.2 a
30.0 c
30.3 b

PAR
((µmol·m-2·s-1)
985 a
659 b
451 c

15.5 c
12.8 d
19.4 ab
17.5 bc
20.8 a

0.75 a
0.63 ab
0.77 a
0.65 ab
0.56 b

332 a
337 a
316 b
316 b
286 c

5.87 c
5.53 c
8.14 a
7.33 ab
6.96 b

1.03 c
1.12 c
1.35 b
1.41 b
1.59 a

28.3 c
28.5 c
32.1 b
31.9 b
33.3 a

594 c
488 d
790 ab
743 b
877 a

***
***
NS

NS
*
NS

***
***
*

**
***
NS

***
***
**

***
***
***

***
***
NS

20.7 a
12.2 b
13.3 b

0.48 a
0.23 b
0.42 a

282 b
264 b
314 a

5.36 a
2.99 b
4.76 a

1.39
1.53
1.39

28.2 a
27.1 c
27.7 b

787 a
384 b
374 b

10.6 c
10.7 c
17.4 b
16.0 b
22.4 a
***
***
NS

0.26 b
0.29 b
0.39 ab
0.45 a
0.49 a
**
*
NS

305
295
281
288
265
*
NS
NS

2.93 b
3.19 b
4.77 a
5.06 a
5.88 a
***
***
NS

1.32
1.34
1.53
1.47
1.53
NS
NS
NS

25.6 c
25.9 c
28.6 b
28.5 b
29.8 a
**
***
*

334 cd
332 d
620 ab
529 bc
759 a
***
**
NS

*, **, *** show significant difference at P < 0.05, 0.01 and 0.001 respectively. NS, not significant.
a
Means in columns followed by different letters are significantly different at P < 0.05.
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:=2<?.201<5.70<1,858:*7-1/2:67.;;*7-;85=+5.;852-;8:2@/8:B2-*5,=5<2>*:C,=,=6
+.:0:8?7=7-.:<1:..0:..718=;.;1*-.5.>.5;.*;=:.6.7<;?.:.,87-=,<.-*,:8;;1*:>.;<2709.:28-
Color
Length (cm)

L*

C*

h

Firmness (N)

14.4 b
15.1 a
15.5 a

34.6 b
38.0 a
37.1 a

22.7 c
24.0 b
25.3 a

126.5 a
126.0 ab
125.6 b

14.1 c
16.6 b
17.5 a

Soluble
solids (oBrix)
4.07 c
4.28 a
4.17 b

15.0
15.3
14.5
15.3
15.1

35.6
37.0
36.7
36.9
36.6

24.0 b
25.0 a
24.1 b
23.6 b
23.3 b

125.8 ab
125.5 b
126.2 ab
126.3 a
126.4 a

15.5 b
15.7 b
15.6 b
17.2 a
16.4 ab

4.21
4.16
4.16
4.16
4.19

April, 4
70.8
14.5 c
36.7
23.1 c
126.0 ab
April, 24
68.3
15.6 a
37.1
25.2 a
126.5 a
May, 10
72.6
14.7 bc
36.6
23.5 bc
125.9 ab
May, 24
74.3
15.3 ab
35.9
24.1 b
125.7 b
ANOVA
S
***
**
***
***
*
R
**
NS
NS
**
NS
S×R
NS
NS
**
***
**
D
NS
*
NS
***
NS
S×D
***
**
NS
**
**
R×D
NS
NS
NS
**
NS
S×R×D
NS
NS
NS
***
NS
*, **, *** show significant difference at P < 0.05, 0.01 and 0.001 respectively. NS, not significant.
a
Means in columns followed by different letters are significantly different at P < 0.05.

16.4 a
15.1 b
16.4 a
16.5 a
***
**
***
**
NS
NS
NS

4.22 a
4.08 b
4.21 a
4.17 ab
***
NS
NS
*
NS
NS
NS

Shade (S)

Control
Green
White

weight
(g)
67.3 b a
78.2 a
68.9 b

Row (R)

West 1
West 2
Mid 3
Mid 4
East 5

70.9 b
67.1 b
68.2 b
71.8 b
79.3 a

Date (D)

nal layer of the plastic houses and reduced the permeability of the light thus reduced the heat gain
from the sun. Accordingly, the temperature was
lowered by an average of 2 ºC for the benefit of
cucumbers planted under the treated plastic houses.
However, whitefly’s and mite’s vision was highly
affected by this process, which was represented by
their low populations compared to control treatment
(Table 1 and Table 2).
Gas exchange components (,#, , ) play
key roles in plant growth and development [16, 17].
Environmental stresses negatively impact gas exchange and lead to significant reduction in plant
growth and yield [16, 18]. In this study, un-shadedcontrol plant had higher , and LT than green and
white shaded treatments. High  and LT in unshaded-control (compared to shade) can be attributed to higher PAR above the leaf surface in control
plastic house. In fact, the PAR value during gas
exchange measurements at beginning of harvesting
period for control greenhouse was 50% higher than
green and 118% higher than white shade (Table 3).
In addition, at middle harvesting period, the PAR
value for control was 105% and 110% higher than
green and white shade greenhouses. Substantial
reduction in  can lead to photo-oxidative stress in
the leaf [17]. However, although control treatment
had higher than shade treatments (green and
white), the same plants (control) had lower yield
and fruit quality than green and white shade treatments (Table 4). In addition, green and white shade
greenhouses had lower insect infestation than control. This would reduce the use of pesticides, resulting in protection of environment and agricultural

Shade treatment also significantly improved
fruit quality across the harvesting period (Table 4).
In fact, green shade increased fruit weight and
length, color darkness (L*, C* and h), total soluble
solids (ºBrix) and firmness compared to un-shaded
control fruits. However, the effect of row position
and date of harvesting were inconsistent across the
study period (Table 4).
Mean cucumber production during the season
was significantly more in Green Shadow treatment
compared to Plaster and control treatments ( =
4.42,  0.01) (Table 5).
%
.*7A2.5-9:8-=,<28740 1*:>.;</8:
,=,=6+.:270:..7;1*-8?95*;<.:*7-,87<:85
=7;1*-.-<:.*<6.7<;

Mean yield production (kg)
Green shadow
24.9
a*
Plaster
18.5
b
Control
20.5
b
*Values followed by the same letter within a column are
not significantly different (p < 0.05)

$&$$ 
This research is concerned with the application of thermal insulation on agricultural plastic
houses by reflecting the sun rays and reducing heat
gainin the warm months through using of “Green
Shadow” and Plaster,
Those compounds were sprayed on the exter-
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products. Given that  was higher and the fruit
yield and quality was lower in control (compared to
shade treatments), we believe that insect infestation
had detrimental impacts on fruit yield and quality of
cucumber plants.
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medicinal values. The seeds are used either decorticated or whole in sweets such as sesame bars and
halva, in baked products, or milled to get high-grade
edible oil or tahini, an oily paste [2]. Sesame seed
contains two lignins, sesamin and sesamolin which
converted to sesamol. Sesamol has been found to
have anti-oxidative effects and to induce growth arrest and apoptosis in cancer cells [3, 4]. Sesame
plants suffer from several fungal, viral, bacterial and
phytoplasma disease. Phytoplasmas are cell-wall
less bacteria that have very small genome sizes and
are amongst the smallest self replicating living organisms [5]. The phytoplasmas are normally considered pathogens of plants and it found in the phloem
cells of host plants. The fact that phytoplasmas cannot be cultured on artificial media and can only be
maintained in their plant host has made the study of
phytoplasmas very laborious and difficult.
During the last ten years, PCR has been applied
for the detection of a large number of microorganisms, also including phytoplasmas. Several methods
have been developed for the universal detection of
phytoplasmas, these differ in principle only in the
choice of primers which are normally designed so
that they will amplify a region of the well characterized and highly conserved ribosomal (rDNA) genes.
Nested-PCR assay, designed to increase both sensitivity and specificity, is the leading method for the
amplification of phytoplasmas from samples in
which unusually low titer, or inhibitors are present
that may interfere the PCR efficacy [6]. Plant diseases associated with the presence of phytoplasmas
typically exhibit a number of symptoms that are suggestive of disturbances in the normal balance of plant
enzymes and hormones [7].
Plants formed many defense mechanisms. Enzymes play one of the most important roles in the
defense infection process and pathogenesis. Peroxidase was one of the key enzyme, controlling plant
growth and development. It involves in construction
and eventual lignifications of cell walls, protection
of tissue from damage and infection by pathogenic
microorganisms [8, 9]. The most frequently suggested role for polyphenol oxidase in plants has been
in defense against herbivores and pathogens [10].

Sesame (   L.) from the family
of     is one of the most ancient crops and
oilseeds. It was a major oilseed crop in the ancient
world due to its easiness of extraction, great stability,
and resistance to drought. One of the most dangerous
pathogens that affect sesame and other plants worldwide is phytoplasma. Phytoplasma can cause different character of symptoms such as: phyllody, the
common symptom caused by phytoplasma infection,
stunting, changing the color of leaves from green to
yellow and alteration of the floral parts into leafy
structures bearing no capsule and seeds, which consider a serious threat for the production of sesame in
many countries. On the other hand, effect of the phytoplasma infection on plant enzymes such as Peroxidase and Polyphenol oxidase and hormones like
Auxins, Cytokinin, Gibberellins and Abscisic acid
were studied. Electron microscopy assay was used to
verify the cellular changes which conducted as a result of phytoplasma infection. Infected sesame samples which examined by PCR were used as an exporter of phytoplasma and directly applied for electron microscopy test and the analysis of enzymes and
hormones. Transmission electron microscopy
(TEM) was used to detect ultra-structural changes in
infected sesame plants.


*)"$%
Sesame, Phytoplasma, plant hormones, enzymes, PCR,
Transmission electron microscopy.

!&$"'&"!
Sesame (    L.), family of  
   , which consists of sixteen genera and sixty
species, genus   belongs to the system of
Tupiflora. It was a major oilseed crop in the ancient
world due to its easiness of extraction, great stability,
and resistance to drought [1]. It is also known as
benni seed, gingelly, simsim, ajonjoli and sesamo.
Sesame is considered to have both nutritional and
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%0;?08.0
5-‘AAGAGTTGATCCTGGATT-3
5’-CGTCCTTCATCGGCTCTT-3’
5-'GAAACGACTGCTAAGACTTGG-3'
5'-TGACGGGCGGTGTGTACAAACCCC-3'

%4D0-:

$010<08.0

1800

Sinclair et al., [16]

1200

Wang and Hiruki [17]


! B><,.>498 ,8/ #$ 7:6414.,>498
DNA was extracted from fresh samples of sesame
plants exhibiting phyllody, witches broom and
symptoms belong to phytoplasma infection using the
modified Dellaporta extraction method [15]. Viral
DNA, from infected and healthy plants was amplified using degenerate and specific PCR primers. The
concentration of the primers was adjusted to 10 mM
with high quality Milli-Q water. Degenerate PCR
primers P1/P7 (Table 1) was applied for the first
PCR reaction followed by nested (specific) PCR primer R16F2n/R16R2 (Table 1). PCR reaction mixture of 50μl contained 250 ng (10μl) etracted DNA,
10 mM of dNTPs and 0.1 μM of each primer and
1.25 mM MgCl2. Taq DNA polymerase (Thermo
Scientific). Viral DNA was amplified in a Bio-Rad
DNA Thermal Cycler (PTC100) by 35 cycles of
melting, annealing and DNA extension conditions of
1 cycle of 3 min at 94°, 30 cycles of 1 min at 94°C,
2 min at 53°C and 55°C for nested primer, 2 min at
72°C and final extension 10 min at 72°, The temperature then was decreased to 4°C until the reaction
mixtures were removed. The amplified DNA was
electrophoresed in 1% agarose gel in 0.5TBE buffer
at 120V for 1 hour, stained with ethidium bromide
(0.5µl/ml) and photographed using gel-documentation system (Bio-Rad, GelDoc XR). VC 100bp Plus
DNA ladder (Vivantis) and VC 1Kb Plus DNA ladder (Vivantis) were used as PCR Markers.

0>0<748,>49891>9>,6=96?-60:<9>048Soluble proteins were measured by the Bio-Rad micro assay modification of the Bradford [18] procedure using crystalline bovine serum albumin as a reference.

0>0<748,>4989108DC70=,.>4@4>C#<0:,<,
>498 91 08DC70= 0B><,.>. Plant fresh tissues were
ground using cold mortar and pestle and homogenized with cold sodium phosphate buffer (100mM,
pH 7) containing 1% (w/v) polyvinylpyrrolidone
(PVP) and 0.1 mM EDTA. The extraction ratio was
4 ml extraction buffer for each one gram of plant tissues. The homogenate was centrifuged at 4500 rpm
at 4º C for 15 min. The supernatant was used for
measurement of peroxidase (POD) and polyphenol
oxidase (PPO), activities.

Plant hormones (additionally called phytohormones) are chemicals that direct plant development,
it is a flag atoms delivered in the plant and happen at
low concentrations. In target cells, hormones organize cellular processes locally, and move to other sites
in other functional parts of the plant [11]. Hormones
also determine the formation of flowers, stems,
leaves, leaves, as well as the development and maturation of fruits. They affect the tissues that grow and
grow down, the formation of leaf and stem growth,
the development and maturity of fruits, the longevity
of plants and even the death of plants. Hormones are
vital for plant growth and, if not, the plants will
mainly consist of a mass of undifferentiated cells.
They are also known as growth factors [12]. 
Phytoplasmas can be detected by using ultrathin-section EM [13]. The technique is sensitive,
but phytoplasmas are not always easily distinguishable from plant material or from other plant-pathogenic bacteria inhabiting the plant phloem. The
method is very hard and applicable only in specialized laboratories with a very expensive electron microscope. It is therefore not suitable for high
throughput analysis. PCR has been used during the
last ten years for the detection of a large number of
microorganisms, also including phytoplasmas. Several methods have been advanced for the universal
detection of phytoplasmas, these vary in principle
only in the choice of primers which are normally designed so that they will amplify a region of the well
distiguished and highly protected ribosomal (rDNA)
genes. Nested-PCR assay, designed to increase both
sensitivity and specificity, is the leading method for
the amplification of phytoplasmas from samples in
which unusually low titer, or inhibitors are present
that may interfere the PCR efficacy [14]. The aim of
this research was conducted to be able to identify
phytoplasma of infected sesame plants by using polymerase chain reaction (PCR) with degenerate primer P1 / P7 followed by nested primer R16R2/
R16F2n to overcome problems concerned to sensitivity of phytoplasma detection.
&$%! &"%

%9?<.091:6,8>7,>0<4,6Leaves from symptomatic sesame plants were collected from Agriculture Research Center, Giza-Egypt. The samples
maintained under greenhouse condition and used for
further tests.


#0<9B4/,=0,.>4@4>C#"The assay mixture
(100 ml) contained 10 ml of 1% (v/v) guaiacol, 10
ml of 0.3 % H2O2 and 80 ml of 50mM phosphate
buffer (pH 6.6). Volume of 100 µl of crude enzyme
was added to 2.9 ml of the assay mixture to start the
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Transmission electron microscopy (TEM) was carried out to check the ultrastructural changes inside
the infected young leaves of sesame plants in addition to healthy ones. Pieces about 2x2 mm, were
taken from leaf samples, cut and transferred to a separated vial to be fixed in 2.5% glutaraldehyde in
0.1M sodium phosphate buffer (pH 7.4) for an hour.
After removing the fixative solution, the tissues were
washed in sodium phosphate buffer three times for
30 min each. After washing, the buffer was pulled
out, and 1% of osmium-tetroxide (OsO4) was added
to the tube and allowed for 1/5 hours at 4°c. After
removing the fixative solution, the samples were dehydrated in an ethanol series of 15%, 30%, 50%,
70%, 80% and 95% before exposing to 100% for
15% min for every step expect the step of 100% ethanol, which was repeated twice. Infiltration with
Spurrs epoxy resin, one large drops into the sample
tube every 15 min, until at 75% resin overnight with
rotating. Samples were put into 100% resin, for at
least a day, then samples were placed into flat BEEM
capsule molds, the resin was incubated overnight in
an oven at 60°c.
Samples were sectioned (90- 100 nm thick)
with ultra- microtome (Leica model EM-UC6) at
thickness 60µm, mounted on copper grids (400
mish). Ultra-thin sections were double stained with
2% uranyl acetate and 10% lead citrate, and then allowed to dry well for 10 min. followed by lead citrate
for 5 min. Stained sections were examined by transmission electron microscope JEOL (JEM- 1400
TEM, Japan) at the candidate magnification and images were captured using CCD camera model AMT.
Optronics camera with 1632x 1632 pixel formats as
side mount configuration. This work was carried out
at the TEM lab, Cairo University, Research Park
(CURP), Faculty of Agriculture.

reaction. The absorbance was recorded every 30 sec
for 3 min at 470 nm using spectrophotometer. The
enzyme activity was expressed as unit. mg-1 protein
[19]. 

#96C:308969B4/,=0,.>4@4>C##"The reaction mixture consisted of 100 µl crude enzyme, 600
µl catechol and 2.3 ml phosphate buffer (0.1 M, pH
6.5). The absorbance at 420 nm was recorded at zero
time and after 1 min using spectrophotometer. One
unit of PPO activity was defined as the amount of
enzyme that caused an increase in absorbance of
0.001 per min at 420 nm. The enzyme activity was
expressed as unit. mg-1 protein [20].
9<798,6 ,8,6C=4= The HPLC analysis was
used to determine the phytohormonesas follows: ten
grams of fresh tissue per sample was homogenized
with 70% (v/v) methanol and stirred overnight at
4°C. The extract was filtered through a Whatman filter and the methanol evaporated under vacuum. The
aqueous phase was adjusted to pH 8.5 with 0.1 M
phosphate buffer and then partitioned with ethyl acetate 3 times. After removal of the ethyl acetate
phase, the pH of the aqueous phase was adjusted to
2.5 with 1 N HCl. The solution was partitioned with
diethyl ether 3 times, and then passed through anhydrous sodium sulfate. After that the diethyl ether
phase was evaporated under vacuum and the dry residue containing hormones was dissolved in 2.0 ml of
methanol and stored in vials at 4°C. The chromatographic analysis was performed on an Agilent Model
1260 [21]. The hormones content was expressed as
g/g fresh weight.

3<97,>92<,:34. :<9.0/?<0 Acid was adjusted to different pH values with sodium hydroxide.
The Luna C18 column was equilibrated for each mobile phase condition with a time limit of 30 min. The
column temperature was maintained at constant
25°C. The separation was carried out by isocratic
elution with a flow rate of 1.0 mL/min. An injection
volume of 10 L was used for each analysis. The
standard solution of the individual acid was prepared
in the mobile phase and chromatographed separately
to determine the retention time for each acid at
Wavelength at: 210 nm [22].

9<:39692C 91 :3C>9:6,=7, :,<>4.60= Phytoplasma dip preparation technique from sesame infected plants was applied. Carbon coated cupper
grids (400mish) were dipped in sap expressed and
then negatively stained by 2% phosphotungestic acid
(PTA) for 2min then air dried. The grids were examined using transmission electron microscope JEOL
(JEM-1400TEM, Japan) at the candidate magnification. Images were captured using CCD Camera
Model AMT at 50000X. This work was done in the
TEM lab, Faculty of Agriculture, Cairo University.
Research Park (FARP).

$%'&%

%9?<.0 91 =,7:60= Sesame infected and
healthy samples were collected from Giza Governorate, Egypt. All collected samples were symptomatic with different phytoplasmas like such as phyllody, green leaf like floral, proliferation and virescence except the healthy plant as shown in Fig.(1).
Symptoms were recorded and all sampled applied directly for DNA extraction and molecular detection.
960.?6,< 0>0.>498 PCR amplification was
used for phytoplasma detection using universal phytoplasma PCR primer P1/P7 (Fig.2). Nested primer
R16F2n/R16R2 was used to confirm the infection
with a product size range about 1250 bp for all infected samples, while no results were shown in
health plants (Fig.3).
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8DC70=,.>4@4>CA study of the activity of peroxidase and polyphenols oxidase found significant
differences between infected plants and healthy
plants. The activity of the antioxidant enzymes in the
affected plants was higher than the control level as
shown in (Fig. 4). The activity of peroxidase activity
on the infected sesame was higher in the plant sesame health; this indicates an attempt to resist the
plant to disease so this indicates of enzymatic
changes of the plant. The activity of polyphenols oxidase on the infected sesame was higher than in the
healthy sesame plant and this indicates the attempt to
resist the plant disease this indicates the changes in
the enzyme in the plant.

9<798,6 ,8,6C=4= The result of hormonal
analysis due to the phytoplasma infection observed

that the Auxin hormone (IAA) in (Fig. 5A) indicates
a high proportion of the hormone in the infected
plant compared to the healthy plant. As shown in
(Fig.4B), when the Gibberellin (GIB) hormone was
analyzed, a significant increase was observed in the
infected plant compared to the control, their role in
plant defense role of these hormones in modulating
plant defense responses against the disease. The data
in (Fig.4C) show an increase in cytokine (Cyto) in
the infected plant compared with control. Data on
(Fig.4D) showed that the contents of Abscisic acid
(ABA) were reduced in the infected plant when compared with the healthy samples. These discoveries
showed the relationship of a phytoplasmas with sesame displaying distinctive sort of indication, for example, phyllody, shoot multiplication, internodes
shortening, and little leaves and blooms.
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multiple chloroplast which was arranged along the
9<:39692C91:3C>9:6,=7,:,<>4.60=Eleccell wall. The nucleus disappeared leaving goast
tron microscopy of the phytoplasma particles in dip
shape, the cytoplasm was laysed leaving the cell cavpreparation from sesame infected plants inspection
ity empty but containing few numbers of small vacafter negative staining with 2% phosphor-tungsten
uoles. Cell wall invagination was also observed. On
acid (PTA). The examination revealed the presence
the other hand, examination of phloem parenchyma
of phytoplasma particles measure from 80-800 nm.
cells revealed great cytopathological changes. The
They may be round or elongated (Fig.6), hence are
cell wall showed high degree of degeneration. The
termed pleomorphic in shape.
endoplasmic reticulum showed dilation. Regarding

the chloroplast of the phloem parenchyma cell, the
'6><,>348%0.>498&<,8=74==49860.><9874
most obvious was the degradation of grana and lam.<9=.9:C Ultra-thin sections of sesame leaves inina in a dissociation manner. The cytoplasm also
fected with phytoplasma were investigated by electron microscope. Regarding the ultrastructural cytocontained electron dense materials which might be
logical changes observed in in mesophyll layer as it
aggregated. Degradation of chloroplast membrane is
was disorganized and disordered. Chloroplasts were
also clear and the chloroplast lost its normal strucmissing sharpen, continued abnormal and the cell
ture. The psychological changes expended to the miwall was irregular. Uneven thickness of the cell wall,
tochondria, which were swollen and misshapen
disorganization of the cell membrane was clear. The
(elongated) as shown in Fig (7).
cell membrane was obliterated and invaginated in
several positions. Narcotization and vacuolization of
the cytoplasm is also obvious as a result of infection.
The palisade cells were irregular in shape contained
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Healthy plant. To study the effect of phytoplasma infection on the sesame plant hormones, several hormones, Auxin, Gibberellins, Cytokinin, Abscisic
acid were analyzed. In this study the result of hormonal analysis of each hormone. First, the analysis
of the Auxin hormone in (Fig. 4A) indicates a high
proportion of the hormone in the infected plant compared to the healthy plant. In contrast with the result
of Zafari et al. [30] who found Auxin (IAA) content
decreased significantly in sesame infected by phytoplasma comparing to that of control. As shown in
(Fig. 4B), when the Gibberellins hormone was analyzed, a significant increase was observed in the infected plant compared to the control. In contrast with
the result of Ding et al. [35] who found a decrease in
the proportion of the Gibberellins hormone in the infected plant compared to the control. The data in(
Fig. 4C) shows an increase in cytokinin in the infected plant compared with control. Data on (Fig.
4D) showed that the contents of ABA were reduced
in the infected plant when compared with the healthy
samples. These discoveries showed the relationship
of a phytoplasmas with sesame displaying distinctive
sort of indications, for example, phyllody, shoot
multiplication, internodes shortening, and little
leaves and blooms. By using negative stain method,
the phytoplasma was captured. The electron microscopy was used then to detect the cellular transformation of the infected sesame plant. The cytoplasma
narcotized and vacuolized these results were same to
Paltrinieri et al. [36] in kiwi plant. The palisade cells
were observed, which appeared containing a lot of
chloroplast and changed in shape. The disappearance
of nucleus was totally clear as shown in Lebsky and
Poghosyan [37] who showed the same cellular transformation in tomato sample. The cytoplasm was lyses and the cell cavity remained empty [38]. The
degradation of chloroplast membrane also appeared
clear. The mitochondria appeared different were
swelled and elongated [39].

It was observed that some symptoms in sesame
are like to phytoplasma symptoms such as, grouping
of branches of developing tissues, virescence which
is pigmentation of non-green flower parts to green,
phyllody, formation of bunchy fibrous secondary
roots, weakness of plants, reddening of leaves and
stems generalized yellowing, and phloem necrosis.
These symptoms are also observed by Jomantiene et
al., [23] who noticed the same symptoms in strawberry. The observation of phytoplasma was confirmed by using PCR primers P1/P7 and the result
was 1.8 kb bands in gel electrophoresis [24]. The
PCR method easily distinguishes plant and phytoplasma so that a screening of varieties for the presence of phytoplasma could take place [25, 26]. The
confirmation step is then done by using nested PCR
with specific primers R16R2/ R16F2n, this assay has
been widely used for the detection of phytoplasma
and is probably the most thoroughly investigated. It
detects all strains of phytoplasmawhereas healthy
plants do not react [27]. Nested-PCR with a combination of different universal primers can improve the
diagnosis of unknown phytoplasma present with low
titter in the symptomatic host [28]. PCR has been
widely used in the detection of many organisms including viruses and virus like. The results have
greatly contributed to determine the distribution and
diversity of the phytoplasma in sesame plants.
Among all economically important diseases affecting sesame Phytoplasma is a standout amongst the
most vital infections of sesame plants and causes
critical losses around the world. The phytoplasma
show a variety of side effects that proposes significant aggravations in the ordinary adjust of hormones
and the activity of antioxidant enzymes characterized by stunting of the plants and change of the floral
parts into leafy structures bearing no container and
seeds are currently a genuine danger for the production of sesames in many countries. Therefore, the
hormonal changes and the activity of the antioxidant
enzymes were analyzed on the proper sesame plant
and the plant infected with the phytoplasms. The activity of enzymes was analyzed and significant differences were observed between infected plants and
healthy plants. The activity of antioxidant enzymes
in the infected plants was higher than the control
level as shown in (Table 2) which agreement with
the results of previous studies who found a relationship between increased enzyme antioxidant activity
and pathogen resistance in plants [29-31]. The activity peroxidase activity and polyphenol oxidase activity on infected sesame was higher than in the healthy
sesame plant this indicates the attempt to resist the
plant to disease so this indicate of enzymatic changes
of the plant in agreement with others [32-34] who
found the activity of peroxidase and polyphenol oxidase increased with infected plant compared by

"!'%"!
From this study it could be concluded that
Plants formed many defense mechanisms and enzymes such as Peroxidase and Polyphenol oxidase
play one of the most important roles in the infection
process and pathogenesis. Plant hormones like Auxins, Cytokinin, Gibberellins and Abscisic acid assume a significant part in controlling the manner by
which plants develop and create. In addition polymerase chain reaction (PCR) with degenerate primer
P1 / P7 followed by nested primer R16R2/ R16F2n
able to identify phytoplasma of infected sesame
plants to overcome problems concerned to sensitivity of phytoplasma detection. Further studies are
needed to confirm this finding.
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their parts and products have been used to treat diseases both in humans and animals [4]. Furthermore,
one of a rapidly expanding sector of the global economy is aquaculture with an average growth rate of
8.8% per annum [5]. In connection with this intensive development, there is an increasing need for
more medicines to maintain the animal health [1].
Another aspect of the use of plant extracts is their
antifungal activity when storing fish feeds. Large
losses are caused by fungal attacks during storage,
such as weight loss and decreased feed quality, as
well as the risk to fish health if fed infected fodder
[6]. The usage of fungicides can reduce the growth
of fungi in feed, but these pesticides have side effects
which are dangerous to the health and life of the fish.
Plants with proven antimicrobial function can be
used as agents against food spoiling microorganisms
[7]. Duckweed and microalgae are widely used as
model plants for studies because they have their
small sizes, rapidly undergo vegetative reproduction,
they are easy handling and have high sensitivity to
organic and inorganic substances [8]. These aquatic
plants are cultivated because of the high protein,
fatty acids content and biologically active substances. The freshwater algae of the genera Spirulina
and Chlorella are called super foods because they
have a positive effect on every system in the body,
have antioxidant properties and strengthen the immune system. Due to the small size and high multiplication rates, Lemna sp. are one of the most used
aquatic plants in toxicity test procedures [9]. Duckweed has anti-inflammatory properties and beneficial effects on metabolism in the body. The aim of
present study was to test different extract from Spirulina sp., Chlorella vulgaris, and Lemna minuta for
antibacterial, anti-yeast and antifungal activities.

ABSTRACT
Aquatic plants play a major role in sustaining
life and are among the most productive ecosystems
in the world. The aim of present study was to test
different extract from Spirulina sp., Chlorella vulgaris and Lemna minuta for antibacterial, anti-yeast
and antifungal activities. The plant extracts (methanol and ethanol) were tested for antimicrobial activity by the ɚJDUZHOOGLIIXVLRQPHWKRG Eleven bacterial, yeast and fungal strains were used. The antimicrobial activity was evaluated by measuring zones of
inhibition of microbial growth surrounding the plant
extracts in the wells. The most effective extract was
L. minuta ethanol which showed activity against all
tested strains of microorganisms with the exception
of B. cereus. Ethanol extracts of the three studied
aquatic plants showed better activity than the methanol extracts.

KEYWORDS:
Antibacterial, anti-yeast, antifungal, Lemna, Spirulina,
Chlorella

INTRODUCTION
Aquatic plants play a major role in sustaining
life and are among the most productive ecosystems
in the world. They provide a wide range of benefits
to the population of the earth ± nutritional, healing
and purifying. In the past, people have used plants
for their antimicrobial and healing properties [1].
Nowadays, antibiotics are increasingly being used to
treat various infections. Antibiotics are harmful and
even dangerous, when applied without the ultimate
necessity [2]. They harm and disrupt the balance of
beneficial microorganisms in the intestine, and
healthy intestinal microflora is of great importance
to the immune system. Antibiotics used to treat various bacterial and fungal pathogens stress the fish
and pollute the environment [3]. As an alternative to
this are represented plants and their extracts. Plants,

MATERIALS AND METHODS
Plant material. Materials of L. minuta were
collected from the town of Banya ± Plovdiv region
(42°32'226''N 24°50'213''E). It has been developing
in a small (about 30 m2) warm swamp formed by a
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KRWPLQHUDOZDWHUIORZLQJRXWIURP³%DQFKHWR´EDWK
C. vulgaris (SKU: 100-CVC00-50) was supplied
from the Algae depot ± USA. Algae cultivation was
initiated in a laboratory bioreactor with BBM medium. The dry weight of algal biomass was used to
prepare extract. Spirulina powder bio (ZOYABG@)
was purchased.

mL inoculum of the fungal strains (1-2 x 104
CFU/mL) was introduced on the surface of the agar
plate and the wells were made by using sterile cork
borer of size 6.0mm. 0.1ml of methanolic and ethanolic plant extracts were introduced in the wells. An
incubation period of 3- 7 days at 23°C was maintained for observation of antifungal activity of plant
extracts. Methanol and ethanol were used as negative
solvent control.
The antimicrobial activity was evaluated by
measuring zones of inhibition of microbial growth
surrounding the plant extracts in the wells. The zones
of inhibition were measured in millimeters. Antimicrobial activity was assumed in the presence of a
groZWKLQKLELWLRQ]RQHPP>@. The tests were
performed triplicates to determine the reproducibility of the results. The complete antimicrobial analysis was carried out under strict aseptic conditions.

Extract preparation. The plant extracts were
prepared by soaking 5 g of dry, macerated plant material in20 mL 100% ethanol for 24 h. The material
ZDVWKHQILOWHUHGWKURXJKDȝm mesh before being
placed in a rotary evaporator to reduce the volume to
5 mL. A 1 in 10 dilution of each test compound was
made. The same procedure was used to prepare
methanol plant extracts.
Tested microorganisms. Reference bacterial
strains were included in this study (Staphylococcus
aureus ATCC25923, Escherichia coli ATCC25922,
Pseudomonas aeruginosa ATCC 27853), as well as
clinical bacterial (Bacillus cereus, Salmonellatyphimurium) and yeast isolates (Candida albicans,
Malassezia pachydermatis). The strains were stored
at -20 ° C. Prior to use, they were restored by trypticase soy blood agar (Himedia, India).
The fungi strains were Aspergillus ochraceus
2002 IM-BAS, Fusarium moniliforme 394 FN-9,
Fusarium graminearum 2294 IMI 155426, Penicillium verrucosum 2003 NRRL F ± 143. The medium
used for sowing the 4 mold strains is Potato-glucose
agar.

RESULTS
The antibacterial activities of the extracts of the
three tested aquatic plants are showed in Table 1.
The results presented are with inhibition zone greater
than the negative controls.
Salmonella typhimurium was resistant to positive control (Gentamycin 12.5 μg). Our study of the
methanol and ethanol extracts from the three aquatic
plants showed that they are active against S. typhimurium, with the highest effect was Spirulina sp.
ethanol extract (10.0±1.0) as the differences were
statistically significant (P<0.05).
L. minuta ethanol extract shows the highest activity against P. aerugenosa (12.0±2.3) and S. aureus (9.7±0.3) as the differences were statistically
significant (P<0.05). The same extract has less effect
on S. typhimurium (8.3±0.08) (P<0.05), E. coli
(8.2±0.02) and it is ineffective against B. cereus. L.
minuta methanol extract is effective against P. aerugenosa (8.3±0.08) (P<0.05), S. typhimurium
(8.3±0.06) (P<0.05) and S. aureus (8.2±0.02).
Against E. coli and B. cereus this extract is not active. Spirulina sp. ethanol extract has a good antibacterial effect against S. typhimurium (10.0±1.0) as the
differences were statistically significant (P<0.05),
also against E. coli (9.0±0.01), P. aerugenosa
(8.1±0.02) and S. aureus (8.1±0.01), but it is not statistically significant (P>0.05). The same extract has
milder effect on B. cereus (7.2±0.02) (P>0.05). Spirulina sp. methanol extract showed no zone of inhibition against all tested bacteria in this study. C. vulgaris ethanol extract shows a zone of inhibition
against S. aureus (10.0±1.0) (P<0.05), P. aerugenosa (9.2±0.06) (P<0.05), B. cereus (9.2±0.02)
(P>0.05), E. coli (9.1±0.02) (P>0.05) and S. typhimurium (8.1±0.02) (P>0.05). C. vulgaris methanol
extracted has activity against B. cereus (9.2±0.02),
S. aureus (10.0±1.0) and S. typhimurium (7.2±0.06),

Antimicrobial activity. The extracts (methanol and ethanol) were tested for antibacterial and
anti-\HDVWDFWLYLW\E\WKHɚJDUZHOOGLIIXVLRQPHWKRG
[10] with some modifications consistent with the
type of strains tested: instead of brain heart infusion
agar was used Mueller Hinton agar (Himedia, India).
The plates were incubated for 24 hours under aerobic
conditions instead of microaerophilic. Inoculums
were prepared in saline from 24 h bacterial and yeast
colonies incubated on trypticase soy blood agar and
they are corresponding to 0.5 of the McFarland
VWDQGDUG ɯ8cfu/mL). 20mL of Mueller Hinton
agar was poured in every Petri dish. The wells were
formed with a sterile 6 mm diameter cork borer after
pre-application of the inoculum with a sterile cotton
VZDE7KH ZHOOV ZHUH ILOOHG ZLWKȝORIWKH H[
tracts. Positive control with gentamicin at a concenWUDWLRQRIȝJPODQGQHJDWLYHZLWKWKHUHVSHF
tive solvents was performed. The plates were incubated at 37°C for 24 hours under aerobic conditions.
The methanolic and ethanolic plant extracts
were screened for antifungal activity by agar well
diffusion method [11]. The 72 hours old fungal cultures were grown on Potato glucose agar (glucose
20.0 g, potatoes 200.0 g, yeast extract 2.0 g, agar
20.0 g, pH 5.6). 20 mL of Potato glucose agar was
poured in every Petri dish. After solidification, 0.1
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ochraceus (9.0±0.1) (P<0.05) and P. verrucosum
(7.5±0.5). Spirulina sp. ethanol extract have activity
against P. verrucosum (8.0±0.1) and F. moniliforme
(7.5±0.4) as the differences were statistically significant (P<0.05). Spirulina sp. methanol extract
showed inhibitory activity against F. graminearum
(8.5±0.5) and F. moniliforme (9.0±0.1) as the differences were statistically significant (P<0.05), followed by A. ochraceus (7.5±0.05) and P. verrucosum (7.0±0.05).C. vulgaris methanol extract
showed no zone of inhibition in all tested fungi in
this study (Table 2).For C. vulgaris ethanol extract
we found the following inhibition zones against F.
graminearum (9.5±0.1), F. moniliforme (8.0±0.5),
A. ochraceus (7.5±0.1) and P. verrucosum (7.5±0.1)
as the differences were statistically significant
(P<0.05) (Table 2).

but the differences were not statistically significant
(P>0.05).
Methanol and ethanol extract of L. minuta are
the most active against Candida albicans compared
to C. vulgaris and Spirulina sp. extract (Fig. 1). In
this study an inhibition zone of 10 mm against C. albicans was observed of L. minuta alcohol extract and
9 mm of Spirulina alcohol extract. C. vulgaris ethanol extract showed 9 mm zone of inhibition while
methanol extract showed 8 mm.
Ethanol extract of C. vulgaris has a high inhibitory effect (9 mm) against M. pachydermatis (Fig.
2) .L. minuta and Spirulina sp. alcohol extracts have
an 8 mm zone of inhibition against the same yeast.
L. minuta ethanol extract has a high inhibitory
activity against all four fungi studied (from 7 to 10
mm) in this research. For L. minuta methanol extract
we found inhibition zone against Aspergillus

TABLE 1
Antibacterial activity of Lemna minuta, Chlorella vulgaris and Spirulina sp. extracted with ethanol and
methanol (mean±SE).
Plant extract
L.minuta ethanol
L.minuta methanol
Spirulina sp. ethanol
Spirulina sp. methanol
C.vulgaris ethanol
C.vulgaris methanol
Gentamycin (12.5 μg)
Ethanol
Methanol

S. aureus
9.7±0.3*
8.2±0.02
8.1±0.01
²
10.0±1.0*
8.1±0.02
21.0±0.01
²
²

E. coli
8.2±0.02
²
9.0±0.01
²
9.1±0.02
²
17.0±0.04
²
²

B. cereus
²
²
7.0±0.02
²
9.2±0.02
8.2±0.06
23.0±0.01
²
²

S. typhimurium
8.3±0.08*
8.2±0.06*
10.0±1.0*
²
8.1±0.02
7.2±0.06
6.0±0.01
²
²

P. aerugenosa
12.0±2.3*
8.3±0.08*
8.1±0.02
²
9.2±0.06*
²
15.0±0.01
²
²

² no activity, * Significantly different from the negative control values (P<0.05)

Candida albicans
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FIGURE 1
Activity of Lemna minuta, Chlorella vulgaris and Spirulina sp. ethanol and methanol extracts against
Candida albicans.
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Malassezia pachydermatis

Inhibition zone (mm)







  

       

       

  

FIGURE 2
Activity of Lemna minuta, Chlorella vulgaris and Spirulina sp. ethanol and methanol extracts against
Malassezia pachydermatis.
TABLE 2
Antifungal activity of L. minuta, C. vulgaris and Spirulina sp. extracted with ethanol and methanol
(mean ± SE).
Plant extract
L.minuta ethanol
L.minuta methanol
Spirulina sp. ethanol
Spirulina sp. methanol
C.vulgaris ethanol
C.vulgaris methanol
Ethanol
Methanol

Aspergillus
ochraceus
10.0±0.1*
9.0±0.1*
²
7.5±0.05
7.5±0.1*
²
²
²

Fusarium
moniliforme
8.5±0.5*
²
7.5±0.4*
9.0±0.1*
8.0±0.5*
²
²
²

Fusarium
graminearum
7.5±0.06
²
²
8.5±0.5*
9.5±0.1*
²
²
²

Penicilliumverrucosum
7.0±0.1
7.5±0.5
8.0±0.1*
7.0±0.05
7.5±0.1*
²
²
²

² no activity, *Significantly different from the negative control values (P<0.05).

DISCUSSION

al. [8] established that L. minor extract was very sensitive to the addition of P. aeruginosa, even in a
small amount. In our study, ethanol and methanol extracts of L. minuta showed the highest effect against
P. aeruginosa compared to other tested bacterial
strain. L. gibba methanol extract showed a zone of
inhibition < 7 mm against S. aureus and B. cereus
[1]. In this study L. minuta methanol extract did not
show antimicrobial activity against B. cereus, but
have a larger zone of inhibition against S. aureus
compared to L. gibba. Therefore, it is important to
investigate other species of genus Lemna because
they have different antibacterial activity. Usharani et
al. [13] established that the zone of inhibition of S.
platensis methanol and ethanol extracts against different bacteria was more than 9 mm. Our study confirms these results of the Spirulina sp. ethanol extract
but the methanol extract did not show activity
against the studied bacteria. Ahmed [3] found that S.
platensis crude extract have no effect against Pseudomonas and E. coli, which also corresponds to our
results. Chakraborty et al. [15] studied ethanol S.

Studies of plant products with antioxidant and
antimicrobial activity have been increasing over the
last decade. There are known compounds in plants
that have antimicrobial activity, but they have been
little studied in aquatic plants [13]. Aqueous or alcoholic extracts from plants with proven antibacterial
or antifungal function can be used as antimicrobials
against various pathogens and food spoilage microorganisms. Aquatic plants contain many biologically
active metabolites. They can be used against various
types of pathogenic organisms. Syed et al. [14] tested
C. vulgaris ethanol extracted the samples showed the
maximum inhibitory activity against E. coli (15mm),
Bacillus sp. (13mm) and Pseudomonas (12mm). The
present study also showed the inhibitory effect of C.
vulgaris ethanol extract, but inhibition zones against
the same bacteria were about 9.2 mm (Table 1).
Lemna sp. develops in stagnant waters that are the
habitat of many microorganisms such as bacteria that
can compete with duckweed for nutrients. Zhang et
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platensis extract against bacteria and reported zones
of inhibition of S. aureus (13 mm), P. aerugenosa
(13 mm) and E. coli (10 mm), which are higher than
this study. E. coli is resistant to all three methanolic
aquatic plant extracts in our study, which may be due
to developed sustained mechanisms against the active substances produced by these plants.
Fungi are spread all over in the environment,
and fungal pathogens infection has become more
common [16]. Some fungi produce mycotoxins,
which can accumulate in the food and feed. This will
lead to a health risk of human and animal consumers.
Fusarium graminearum is mycotoxigenic fungus
that has a toxic effect on the reproductive system of
animals [17]. F. moniliforme produced toxin
fumonisins which cause acute toxicity of domestic
animals [18]. Some species of Aspergillus and Penicillium produced Ochratoxin A - a nephrotoxic and
nephrocarcinogenic compound, which can be found
in cereals [19]. Spirulina sp. can produce cellular
metabolites with different biological activity [20].
Usharaniet al. [13] found the inhibition zonesof
methanol (14 mm) and ethanol (12 mm) extract of S.
platensis (10 mg/ml) against C. ablicans. ElSheekhet al. [21] studied ethanol and methanol extract of C. vulgaris and Spirulina platensis against C.
albicans and found that Chlorella sp. extracts have a
stronger effect. Our results showed that both microalgal ethanol extracts have equal effect on C. ablicans, but Spirulina sp. methanol extract is 12.5%
stronger than C. vulgaris methanol (Fig. 1). In a review of the literature we found no studies of the activity of extracts of L. minor, C. vulgaris or Spirulina
sp. against Malassezia pachydermatis. It is yeast
which can cause dermatitis or inflammation of the
skin. Our study showed that the strongest effect
against Malassezia pachydermatis has the ethanol
extract of C. vulgaris.
Ahmed [3] established that S. platensis and C.
vulgaris have no effect against Aspergillus fumigatus. In this study we also did not find any activity of
Spirulina sp. ethanol extractand C. vulgaris methanol extract against A. ochraceae. There are studies of
the activity of methanol and ethanol extracts of S.
platensis against Aspergillus flavus, A. niger, A. fumigatus [13], but not against A. ochraceus. In this
experiment, three extracts showed an inhibitory effect against A. ochraceae, as the most powerful activity has L. minuta ethanol extract (Table 2).
Effiong and Sanni [22] established that L. pauciscostata ethanol extract had a low effect against Penicillium digitatum ɢAspergillus niger. In the present
study, L. minuta ethanol extract has higher effect
against A. ochraceae and F. moniliforme and lower
against P. verrucosum and F. graminearum.
With the exception of Spirulina sp. extracts ethanol extracts of the investigated aquatic plants had a
better antifungal effect compared to methanol extracts. Similar findings were reported by Lucia et al.
[23] on the antifungal properties of some plants.

Generally, ethanol extracts of the three studied
aquatic plants showed better activity than the methanol extracts. The most effective extract was L.
minuta ethanol which showed activity against all
tested strains of microorganisms with the exception
of B. cereus. When added to the food and feed, extracts from the three aquatic plants can be used as
supporting therapy against infections caused by susceptible microorganisms as well as agents against
food spoilage microorganisms.
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lead to many bare steep slopes. Especially in
mountain areas, highway construction broke the
balance of ecological environment [1], such as the
destruction of natural soil and natural vegetation,
the lack of species diversity, and the increased soil
erosion and landslides [2]. It is necessary to renovate the damaged slopes by using the ecological
and sustainable strategies.
The design and arrangement of the plant
community is considered from a hierarchical perspective in layers. Plant planning should be separated and color-coded in accordance with plant layers. Vegetation plays a significant role in protecting
highway slope due to controlling the erosion by
intercepting rainfall, reducing runoff velocity [3]. It
also increases the permeability, and stabilizes the
highway slope through the strong root systems [4].
However, in the initial stage of the highway construction, it is an especially challenge to restore the
cover of vegetation on bare slopes as it is often limited by temperature variability and high rainfall.
The high-density vegetation restoration with
mulching could have efficient effect in protecting
highway slope [5]. Actually, in the practical project,
the slope surface could cause the high mortality of
plants because of the low infiltration and high runoff [6]. Moreover, the soil temperature stress and
soil moisture stress could limit the improvement of
the vegetation restoration on slopes at the initial
stage [7].
In order to regulate the balance for plant
growth and control soil erosion during the vegetation restoration, mulching treatments were implemented in this research. Mulching measures and
vegetation have efficient effect on the restoration of
destroyed construction site. Mulches could supply
economic and environmental benefits to bare land
[6, 8]. The problem of soil in Qin-ba mountain areas needs the combination of plant and ecological
design and soil assessment. At present, in the soil
and vegetation restoration fields, there is a close
relationship between ecology and planning. The
ecosystem not only exists at the large-scale as environmental protection and urban and rural planning but also presents at the multi-scale, small-scale
space environment. The ecosystem is composed of
biological communities and habitats. "Habitat" is

Highway construction broke the balance of
ecological environment, especially in mountains
areas. However, the plant community reconstruction at the highway slope can reduce the destruction
effect, especially at the beginning of the project. In
this study, three types of geotextiles including
coir-straw blanket (CB), straw blanket (SB) and
nonwoven geotextile net (NG) were paved on
slopes and the effects on soil erosion, the soil hygrothermal condition and vegetation growth were
investigated. The results of artificial rainfall experiment showed that CB, SB and NG could delay
the time to runoff, reduce the runoff and decrease
the erosion, effectively. In both 2016 and 2017, the
research was implemented on a restored highway
slope in Qin-ba mountain areas of South-Shaanxi,
China. The results of field experiments, based on
two years of research, showed that the geotextiles
as mulching material had multiple benefits including protected the topsoil and seeds from being
washed away from the no vegetation covered slope,
and enhanced vegetation growth by improving soil
conditions, particularly in the beginning stage of
slope vegetation restoration. In addition, the study
provided a good example of using geotextiles to
restore vegetation on highway slope. The mulching
measures would have efficient effect, and the natural geotextiles will be most useful for further development of the vegetation restoration in highway
construction.
*( #$
Highway slope, geotextiles, erosion control, plant community, vegetation restoration

%# &% 
With the development of the economic and society, urbanization has increased the constraints of
fragile ecological environments to development.
The construction of highway construction projects
have been progressed rapidly, which represented
the country economic construction and development level. But the construction of highway must

5742

#"



  $  









       !



thickness (2 mm) and lighter weight (80–100 g m-2).
Furthermore, in order to further describe the characteristics of the three types of geotextiles, the
physical properties parameters (tensile strength,
CBR puncture strength, moisture absorption capacity, degradation rate of one year) were measured
(Table 1).

described as a spatial or environmental type, and
habitat characteristics decide the type of community
and interact with each other [9]. In addition, lots of
geotextiles are made of permeable, biodegradable
and environmentally friendly materials [10], which
can provide organic matter and nutrients for soil
after degradation.
In previous studies, geotextile mulches played
a positive role in protecting road slope from erosion.
For example, Bühmann et al. found that the sediment yield from tailing dam slopes could be reduced 55% by the geotextiles constructed from
leaves of the palm in South Africa [11]. Jankauskas
et al. also described the soil losses can be decreased
91.1–94.8% from bare fallow soil by the cover of
palm-mat geotextiles [12]. However, there are few
researches for the effects of geotextiles on highway
slope restoration, especially their effects on soil
temperature and humidity conditions and vegetation
restoration. Moreover, most of research only study
one type of geotextile, and little test has been conducted to compare the effects of different geotextiles.
Thus, three types of geotextiles were selected
for the experiment in the study. The geotextiles
were made from different materials (natural fibers
and synthetic) and in different forms (blanket and
net). Therefore, the objectives of the research were:
(1) to contrast the erosion controlling ability of the
three types of geotextile through experiments of
artificial rainfall in the laboratory; (2) to investigate
the potential of different geotextiles to improve soil
conditions; (3) to compare the geotextile performance in affecting plant growth and development
through field studies.

#+360+44 :35<4+;376364+,79+;79@ Laboratory experiments were conducted in the artificial
rainfall laboratory, to investigate the surface runoff
and soil erosion. Runoff plots (1.5 m × 0.8 m, 35°)
were filled with the substrate, consisting of a mixture of soil (75%), plant ash (20%), water retaining
agent (0.5%) and soil adhesive (0.5%), and the
thickness of substrate layer is up to 20 cm. Then
four treatments were set up: three types of geotextiles and a control bare plot (CP). The rainfall simulator uses Fulljet 1/3 nozzles, with water pressure
of 0.03 MPa, height of 4.5 m, average dropping
speed of 0.1–8mm s-1, rainfall evenness coefficient
of 82–90%. All the plots were exposed to the rain
for 1 h with three kinds of rainfall intensity (5 mm
h-1, 10 mm h-1 and 30 mm h-1). In order to ensure
the starting conditions consistent, the moisture of
substrate layer should be kept around 10% before
the artificial rainfall event. The starting time (min)
of the runoff was recorded, runoff was collected
and total runoff volume (L) was measured in a
rainfall event. After the artificial rainfall event, the
collect samples of runoff should be dried at 105 °C
for 36 h and the sediment concentration (g L-1)
should be measured. Then multiply the mean sediment concentration by total runoff volume to calculate the total sediment load (g). In order to increase the accuracy of this experiment, each treatment and rainfall event were repeated three times.

%#$% $
3/4.9/:/+9-2For the purpose of comparing

the application effect of three kinds of geotextiles, a
/7;/?;34/: In the researches, three patterns
field research was implemented on Xikang highway
of geotextiles were proposed. The first one was
slope in Qin-ba mountain areas of South-Shaanxi,
coir-straw blanket (CB); these blankets use a
China
(Figure 1). Its geographical coordinates are:
coir-straw mixture concluding the 30% coconut coir
N
33°42′32″–33°42′35″,
E 108°47′12″–108°47′14″,
and 70% wheat straw. It was 15 mm thick and
with average elevation of 1270 m. The site micro400–500 g m-2 with double net design. Another type
climates is unique sub-tropical mountain monsoon
of geotextile, the straw blanket (SB), was consisted
humid, warm in winter and cool in summer, short in
of paddy straw. It had a similar multiple-layer
cold period, and not hot in summer. The mean anstructure as CB. The entire thickness of SB is 15
nual temperature is 18.2°C and average annual
mm, and the weight was 450–500 g m-2. Additionrainfall is 692 mm, the average monthly maximum
ally, nonwoven geotextile (NG) was also applied in
temperature is 26°C to 27.8°C, the average monthly
this research. It only had one layer which was made
from durable polypropylene, leading to smaller

%
!2@:3-+48978/9;3/:8+9+5/;/9:701/7;/?;34/:<:/.36;23::;<.@
Parameters
CB
SB
NG
Tensile strength (kN/m) [ASTM D: 4595–2005]
2.6
2.2
0.12
CBR puncture strength (N) [ASTM D: 6241]
950
860
40
Moisture absorption capacity (%) [ISO: 9073-6-2000]
80
72
85
Degradation rate of one year (%) [ASTM D: 6400-12]
45
65
80
ASTM, American Society for Testing Material; ISO, International Standardization Organization; CBR, California Bearing Ratio.
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$-2/5+;3-4+@7<;70/-74713-+44@9/:;79/.2312>+@:478/
minimum temperature is 4.6°C, relative humidity is
80%, and the sunshine duration is more than 8
hours per day. The height of the highway slope
ranged from 5 m to 8 m with a mean gradient of 33°
(ranging from 30° to 35°). The soil texture is sandy
loam (sand = 68.5%; silt = 23.2%; clay = 8.3%)
with huge quantities of sand, so it's easily eroded.
Plant seeds mainly consisting of    
 ,     ,     , 
 and   (1:1:1:1:1; w/w) were
used for the vegetation restoration of the highway
slope. The seeding density was 40 g m-2 of uniform
mixing seeds material. Because they are drought
resistance in the poor environment, due to the excellent root system, lush foliage, bright leaves and
quick growth native variety [13]. Four experiment
field plots were set up through the treatments: CB,
SB, NG and CP, and the dimensions of each plot
are about 140 m2. The slope restoration engineering
began in mid-March and ended in early April of
2016. The measurement was carried out including
the soil condition and plant growth during the
2016–2017.
The four observation points were designed
along the slope for investigation for each field plot.
These observation points acted as four replicates for
each plot. The soil moisture of research sites were
measured by soil hygrometer, which was placed in
5–10 cm depth of slope surface. Besides, the soil
temperature was measured by soil thermometer at 5
cm depth of research sites. Soil moistures were
measured from 11 June to 10 July, and soil temper-

atures were tested from 1 June to 15 June, in both
2016 and 2017. What’s more, the rainfall amount
was monitored by the automatic meteorological
station (Vantage Pro2). Vegetation and plant
growth were investigated by counting the survival
rates (%) and measuring canopy breadths (cm),
ground diameters (mm), the plant heights (cm) and
herbaceous coverage (%) in August both 2016 and
2017.

$;+;3:;3-+4+6+4@:3:In this study, the calibration of the effectiveness of CB, SB and NG on soil
erosion, the soil hygrothermal condition and vegetation growth were evaluated based on statistical
analysis. Microsoft Excel 2013 was used for all data
statistics. Our research tested the statistical differences by one-way ANOVA of SPSS. Duncan’s
multiple range tests was used for mean separation
when ANOVA showed statistical significant difference at  < 0.05. Besides, mean values of all
properties and their standard error (SE) were show
in the relevant table.
#$&%$$&$$ 

$<90+-/ 9<6700 +6. :734 /97:376 70 +9;303-3+4
9+360+44 /=/6; The results of the artificial rainfall
experiments are showed in Figure 2. Compared
with the CP, the geotextile protected plots can significantly extend the time of produce runoff in
normal conditions. At the lowest rainfall intensity
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$7345763;793613603/4.847;:The soil moistures and rainfall amount of the research sites during the study period were presented in Figure 3.
There were 12 rainfall events from 10 June to 10
July in 2016, with a total rainfall amount of 354.2
mm (Figure 3(a)). The trends of soil moisture
change were consistent, but the values with significant differences. The average soil moisture of CB,
SB and NG plots was 64.5%, 58.7%, and 50.2%, all
the data was different in the CP (43.5%) ( < 0.05).
In 2017, there were 9 rainfall events during the
same observation period, and the total rainfall
amount was 231.4 mm (Figure 3(b)). Similarly, the
mean soil moisture was highest for CB (60.4%),
followed by SB (54.3%), NG (47.5%) and lowest
for CP (43.1%). It can be demonstrated that the soil
moistures change trend for field plots was consistent, but the total rainfall of the study period was
different.
During the study period, the daily maximum
temperatures (Tmax) and daily minimum temperatures (Tmin) were presented in Figure 4. It can be
showed that Tmax had the tendency of CB < SB <
NG < CP, with the average temperatures of 32.5°C,
33.9°C, 36.3°C and 37.4°C in June 2016 (Figure
4(a)), and 28.8°C, 29.8°C, 31.8°C and 32.7°C in
June 2017 respectively (Figure 4(b)). This phenomenon suggested that geotextiles could inhibit
soil temperature increase. On the contrary, Tmin of
the research sites were CB > SB > NG > CP, with
the average temperatures of 16.4°C, 15.5°C, 14.3°C
and 13.1°C in June 2016 (Figure 4(c)), and 16.8°C,
15.6°C, 14.4°C and 13.1°C in June 2017 (Figure
4(d)), which demonstrated that geotextiles could
make the low soil temperature into high level.

(5 mm h-1), the time required to initiate runoff on
CB, SB and NG plot was 13.2 min, 11.1 min, 8.4
min, while CP generated runoff only 6.2 min after
the rainfall (Figure 2(a)). In the case of highest
rainfall intensity (30 mm h-1), CP generated runoff
only 1.2 min, runoff initiation was delayed by 0.4
min, 1.7 min and 2.1 min on CB, SB and NG plot,
respectively. Consistent with time to runoff, the
total runoff amount (L) of CP was highest, following with the NG, SB, and lowest in CB plot. At the
highest rainfall intensity (30 mm h-1), the runoff
amount (L) of CP was 18.2 L, while it was 3.6 L,
4.3 L and 13.4 L for CB, SB and NG plot (Figure
2(b)). This indicated that geotextiles, especially the
CB and SB, can significantly reduce the runoff
amount. And this effect was more significant and
obvious with lower rainfall intensity.
In this experiment, the testing results of soil
erosion amount were also different among treatments. Compared with the CP, CB and SB plots
generated little sediment, with very low concentration of 2.0 g L-1 and 3.3 g L-1 even under the highest
rainfall intensity. However, CP generated more
sediment; the concentration was 46.7 g L-1 (Figure
2(c)). By the same token, the total soil loss of these
four plots had significant differences. The experimental data showed that the total soil loss of CB
plot (7.2 g) and SB plot (14.3 g) were far lower than
that of CP (845.3 g) under the highest rainfall intensity (Figure 2(d)). This illustrates that CB and
SB could significantly control soil erosion, especially at higher rainfall intensities. But the control
effect of NG on soil erosion was not obvious in this
artificial rainfall events, only a little better than CP.

&# 
$478//97:376-2+9+-;/93:;3-:704+,79+;79@847;:<6./9.300/9/6;9+360+4436;/6:3;3/:
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/+6:<9=3=+49+;/:70.300/9/6;:8/-3/:3603/4.847;:
Species
   
    
    
  
   

CC (means ± SE)
2016
2017
94.5 ± 7.5a
92.6 ± 9.3a
92.8 ± 6.9a
88.2 ± 5.2a
55.6 ± 8.1a
50.3 ± 5.8a
20.3 ± 5.3a
15.7 ± 3.0a
12.1 ± 5.0a
8.6 ± 4.6a

SC (means ± SE)
2016
2017
92.1 ± 7.2a
88.5 ± 6.8a
90.9 ± 7.0a
88.3 ± 5.9a
45.2 ± 3.3b
42.2 ± 7.8b
15.0 ± 1.8ab 11.9 ± 3.2ab
10.8 ± 3.1a
9.1 ± 1.6a

SN (means ± SE)
2016
2017
82.9 ± 5.0b 78.3 ±5.5b
80.1 ± 6.5b 75.0 ± 4.1b
35.4 ± 6.0c 30.1 ± 5.2c
10.8 ± 2.6b 8.8 ± 4.1b
7.8 ± 1.8ab 6.8 ± 2.7ab

CP (means ± SE)
2016
2017
78.3 ± 5.1b 74.1 ± 4.9b
70.6 ± 5.3c 65.6 ± 4.2c
32.7 ± 4.5c 28.2 ± 5.6c
8.2 ± 2.1b
7.9 ± 1.4b
5.8 ± 1.2b
5.6 ± 0.8b

Different lowercase letters in the same row indicate significant differences between plots and years at  < 0.05.

&#
'/1/;+;376197>;270.300/9/6;03/4.847;:

97>;2 +6. ./=/4785/6; 70 =/1/;+;376
  by 25.1 cm, 4.7 mm and 45.3 cm. The efVegetation investigations were conducted in all the
fective of SB was less, while NG was the least.
field plots both 2016 and 2017 after restoration. The
Furthermore, the coverage of shrub species was
average survival rates of      were
investigated as well, approximately 58%, 54%, 35%
higher than 65% on all field plots, and significantly
and 32% on CB, SB, NG and CP in 2016, increasgreater ( < 0.05) than the other species, which had
ing to 83%, 70%, 48% and 44% in 2017 respecmean survival rate less than 30% (Table 2). For this
tively.
reason, in order to compare with the vegetation

development of different field plots,   
97:376 -76;974 /00/-; Runoff is the most
  were selected to further measure their canopy
significant index to relate to the effectiveness of
breadths (cm), ground diameters (mm) and heights
soil and water conservation treatments [14]. The
(cm). Compared with the control bare slope, the
results of the artificial rainfall experiments indicatvegetation restoration effect of highway slopes
ed that the geotextiles could delay the time to runoff
covered by geotextiles was remarkable (Figure 5).
generation effectively (Figure 2(a)). In this study,
Plants of different research sites had consistent
the erosion-reducing effects of geotextiles had been
provided by monitoring the processes of runoff and
growth trend, but the growth rate had significant
soil loss. Under the highest rainfall intensity (30
differences ( < 0.05). The field plot which covered
mm h-1), the minimum time to runoff and the largwith CB had more beneficial to promote plant
est runoff were appeared in the control bare plot,
growth. Combining previous research dates, the
meanwhile the runoff values of three plots showed
canopy breadth, ground diameter and average
significantly lower than the control bare plot which
height of    hadincreased by 31.2
were covered with different geotextiles (Figure
cm, 5.9 mm and 22.3 cm, and those of   

5747

#"



  $  









       !



efficiently, which allowed them to replenish water
for the topsoil in the dry season. Secondly, the
slopes covered with geotextiles could improve the
water permeability of soil, thus inhibiting the generation of topsoil runoff [23]. Thirdly, geotextiles
played an important role on protecting topsoil from
strong winds, sunlight and elevated temperature, so
consequently reduced the soil moisture evaporation
and kept the soil moisture [24].
Therefore, the geotextiles would intensify the
soil moisture by reducing the evaporation, increasing the water retention capacity of the topsoil. It
was particularly vital for slope vegetation recovery
in the mountain areas, where the topsoil usually
with high bulk density, low porosity and limited
infiltration capacity. In the initial stage, if there was
no topsoil covered with geotextiles, most of rainfall
or irrigation water cannot penetrate into soil and
could runoff easily. On the contrary, geotextiles
could promote the potential water use efficiency
obviously and furtherly reduce the irrigation frequency, so as to protect plants from drought [25].

2(b)). It was due to the fact that geotextiles could
increase surface roughness and decrease overland
flow velocity [15] by setting up localized turbulence and eddying [16], thereby reducing the runoff
rate and increasing infiltration, so effectively preventing sheet erosion and rill erosion [17].
Coir-straw blanket, which weaved tightly by coir
fiber and strips of wheat straw, and provided
rougher surface and had good water-absorbing abilities and high porosities, compared to the straw
blanket, leading to lower runoff amount. Straw
blanket also had a certain ability to reduce the runoff rate effectively with high surface roughness,
even though their water absorption ability was not
strong. However, the nonwoven geotextile net acting on the runoff was the weakest due to the lowest
roughness; despite of nonwoven fabrics had certain
ability to absorb water.
In this study, due to the effectiveness of geotextiles on runoff, both the sediment concentration
and total soil loss of plots covered with coir-straw
blanket and straw blanket respectively fell behind
those of control bare plot. Plots covered with geotextiles were surveyed significantly ( < 0.05) lower erosion comparing with the bare slope (Figure
2(c) and 2(d)). This finding is corresponding with
many previous studies [18,19], and further proved
that the geotextiles can effectively reduce soil erosion compared with bare soil surfaces. The cover of
geotextiles acted as bionic mulch material, which
was essential to stabilize the slope surface and protect the slope soil against rainfall directly. In addition, the cover of geotextiles would significantly
improve the infiltration of the slope soil, thus controlling soil erosion. When the geotextiles absorbed
water and became heavier, this promoted the drapability between the geotextiles and soil surface, thus
protecting the soil from erosion. At the early stage
of highway slope restoration, geotextiles can supply
function on the temporary replacement of vegetative cover [20], thus reducing erosion effects on
vegetation restoration and creating a favorable environment for revegetation.

(+;/9 9/;/6;376 /00/-; The soil moisture
measuring showed that restored highway slopes
which were covered with geotextiles had higher soil
moisture contents comparing with the control bare
slope (Figure 3). The research demonstrated that
higher soil moisture mainly had positive effect for
the cover of geotextiles. The research results were
certificated by other studies: the soil moisture of
ground covered with coir mat was 18% higher than
the bare ground during the summer in South India
[21]. The soil moisture of the farmland which was
covered by straw blankets was 25% higher than the
bare topsoil [22].
The water retention effect could initiate
through the following aspects. Firstly, the geotextiles could absorb and store the water strongly and

%/58/9+;<9/ 57./9+;361 /00/-; Through
the research, the geotextiles covering on the highway slope could supply an adaptive soil condition
due to their ability of heat insulation. In our research, comparing with the bare slope, CB, SB, NG
could reduce the soil temperatures by 13.5%, 9.6%
and 3.7% respectively, with the elevated temperature in June of 2016 (Figure 4(a)). This identified
that geotextiles could reduce the highest soil temperature due to the effects of insulation and shading.
On the contrary, the geotextiles could improve the
soil temperatures by 21.6%, 16.3% and 8.2% at the
conditions of minimum temperature (Figure 4(c)).
According to the effect of heat preservation, the
geotextile mulches could improve the soil temperature. Relative research demonstrated that the geotextiles played a significant role in keeping the soil
moisture with appropriate temperature conditions
[26]. Besides, the mulches could regulate temperature significantly, especially in extreme temperatures. For the instance, Long et al. had found that
plant fiber mulches could significantly control the
topsoil temperature compared with bare soil surface
[27].
Soil temperature played vital role in controlling the biochemical processes and nutrient cycling
of soil. The unsuitable temperature of the topsoil
would decrease the plant survival rate due to the
temperature could affect the germination of seeds
[28]. In addition, the extreme temperature of the
surface soil could kill the fine roots and impede
generate new fine roots. Therefore, the topsoil covered with geotextiles will provide suitable soil
temperature condition for seed germination and
plant growth, in order to avoid the abiotic stress
damage in high temperature and low temperature.
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00/-;: 76 =/1/;+;376 197>;2 In the front
stage part of the slope vegetation restoration,
mulching measures could optimize microclimate of
the topsoil outstandingly. There were obvious differences in vegetation growth on different kinds of
field plot (Figure 5). The results also indicated that
both plant species were growing better on geotextiles covered slope than on the bare slope. Geotextile coverage improves soil moisture conditions,
thereby promoting seed germination and seedling
root growth [29]. In addition, geotextiles as the erosion resistance layer of slope; this can restrain erosion effectively [30]. During the field survey, plants
indicated good growth and covered the entire geotextiles-treated slope [31]. Therefore, these mulching treatments can control soil erosion effectively,
so as to increase the slope stability in rainy season.
It is wise to consider that geotextiles were highly
efficient in erosion control and vegetation establishment [32]. Such research also had proved that
the soil covered with geotextiles was effective for
vegetation growth, such as increasing the plant
height, vegetation coverage, canopy, and stem diameter. These mulching treatments also could
greatly reduce evapo-transpiration and keep soil
moisture, thus accelerating the growth of seedlings
especially in the dry periods [33]. 
This promotion of vegetation growth had
function on the protective effects of geotextiles on
soil erosion, and soil moisture and temperature. The
reduction of slope runoff and erosion can reduce the
losses of water, soil, seed and seedling as well. Due
to the high soil moisture level, the drought will not
cause a negative impact to vegetation. In addition,
the suitable soil temperature was fit for the vegetation growth, seedling survival and seed germination.
Importantly, the geotextiles patterns were identified
as the ecological mulching technology with the
vegetation restoration for highway construction.
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the vulnerable highway slope which was not covered by vegetation. Thus, contributing to achieve
the purpose of vegetation restoration quickly and
avoiding the vegetation degradation of highway
slope. These conclusions are important for providing reference and guidance for highway slope restoration in mountain areas.
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In recent years, the chemical compound flooding technology has become the main means to increase the recoverable reserves of the old area [1, 2].
Among them, ASP flooding is an important technology of enhanced oil recovery. Due to the synergistic
effect of polymer, surfactant and alkali, the ASP
flooding can get a good development effect [3, 4]. A
number of oilfields have carried out ASP flooding
field tests, and achieved more than 20% of the enhanced oil recovery results [5, 6]. ASP system is
easy to emulsify with formation crude oil due to the
existence of surfactant and alkali. Emulsification has
become one of the most important mechanism of
ASP flooding [7]. Daqing Oilfield test monitoring,
the occurrence of emulsified block emulsification
than the block recovery rate is 5-6% higher [8, 9].
The Ajay group [10] study shows that the greater the
proportion of the oil type emulsion occupies, the
higher the oil recovery. According to the definition
of emulsification and laboratory emulsification experiments, in general, the occurrence of simulated
ASP system and crude oil emulsification and emulsification are mainly affected by three conditions:
surfactant concentration, oil saturation and shear
force, in which the shear force reflected in the ASP
system and stratigraphic time and distance [11].
Most domestic researches mostly focus on the evaluation of emulsification performance of oil displacement system. The emulsification mechanism of oil
and water under the conditions of different influence
factors is investigated, and this rule is conjectured as
the emulsification mechanism in the process of oil
displacement [12, 13]. In the process of actual formation migration, these factors interact to make the
emulsification more complicated. For example,
compared with the SP system, the addition of alkali
in the ASP system increases the salinity of the system and facilitates the conversion of the resulting
O/W emulsion to the W/O type, making the ASP system and formation crude oil timing of emulsification
is more advanced, and at the same time, alkali and
crude oil react to produce new emulsifiers, which
also increase the amount and strength of emulsions

In the ASP flooding field test, rather obvious
O/W emulsion was found in most production wells.
In order to find out emulsion situation and emulsion
transformation process of ASP system and crude oil
in the formation, static contrast, microstructure analysis, long core simulation method were used, and the
effect of salinity, oil -water ratio and surfactant concentration on the emulsification and emulsion type
were also studied. The results show that, compared
with SP flooding, ASP flooding generated in the initial stage is also an O/W emulsion. However, the salinity required for the conversion of the emulsion
from O/W to water-in-oil is much lower. The shift to
W/O emulsions started when the NaCl concentration
reached 1000 mg/L. When the oil-water ratio is less
than 3:7, the O/W emulsion is mainly formed. When
the oil-water ratio reaches 5:5 and the surfactant concentration is less than 0.05%, the W/O emulsion will
start to form. Water dilution experiments with different salinity and long core emulsify-simulation experiment results show that, in the near wellbore, with
the migration of ASP in the formation, the formation
water content increases and the salinity increases.
The ASP system is affected by formation adsorption
and formation water dilution, which makes the surfactant concentration reduced, and it is easy to form
O/W emulsion in the situation of low oil saturation.
In the deep layer of the formation, the oil wall
formed in the displacement process causes the oil
saturation of the formation to be increased, which
makes the O/W emulsion transfer into the W/O
emulsion. Based on this, the law of the emulsification of ASP system and crude oil in the process of
ASP flooding was analyzed.


,*$&'
ASP flooding, Emulsification, Emulsion type, Surfactant,
Salinity
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Ion composition

Ca2+

Mg2+

Na+

Cl -

SO42-

CO32-

HCO3 -

Injected water

24.00

14.59

1738.00

1063.80

153.70

120.04

2501.82

Salinity
Content, mg/L
5616.75

solution and crude oil form a series of emulsions, the
emulsifier was used to form a series of emulsions of
ASP system with crude oil (Na2CO3 content:
100mg/L, 500mg/L, 1000mg/L, 3000mg/L,
6000mg/L, 10000mg/L, 12000mg/L, 15000mg/L,
20000mg/L); the concentration of polymer is
2000mg/L, surfactant concentration is 3000mg/L
(Daqing oilfield ASP flooding formula); the volume
ratio of oil to water is 3:7.

considerably. This paper studies the ASP system and
crude oil emulsification, the types and influencing
factors of the emulsion and the phase transitions during the migration of reservoir in the process of ASP
flooding. The results are helpful to further deepen
the emulsification mechanism of ASP flooding.
+%&"#(!

(411221/?:2'@=2-/?-9?:9/19?=-?5:9-90
$57  *-?1= &-?5: :9 8@7>5:9 The preparation
conditions of the emulsion are the same as that of
2.1.1; the ASP system formula is 2000mg/L of polymer, 500mg/L of surfactant and 12000mg/L of
Na2CO3 and 2000mg/L of polymer, 3000mg/L of
surfactant and 12000mg/L of Na2CO3, the ratio of oil
to water is 1:9, 3:7 and 5:5, respectively.

C;1=5819?-7 8-?1=5-7> Polymer: HPAM,
relative molecular mass 2500×104, solid content
90%. Beijing Hengju, industrial product.
(1)Surfactant: Petroleum sulfonate, effective
content of 40%, industrial products.
(2)Chemicals: Na2CO3, NaOH, NaCl.
AR,Tianjin Fengchuan chemical reagents factory.
(3)Experimental water: All the water quality in
the experiment was simulated by a block in Daqing
Oilfield, the specific composition shown in Table 1.
(4)Experimental oil: On-site dewatering of
crude oil and kerosene formulated simulation oil, 45
, viscosity of 9.9mPa·s.
(5)Experiment model: artificial conglomerate
core, size is Φ2.5cm×100cm, air permeability
500~600×10-3µm2, porosity of 20.2%
(6)Experiment temperature: Reservoir temperature 45.

221/?:2>-7595?D:918@7>5:9 Preparation of
emulsion conditions and the ASP system formulation are same as above. the ASP system formula is
2000mg/L of polymer, 3000mg/L of surfactant and
12000mg/L of Na2CO3 After mixing the formation
water with the ASP system, the volume of the formation water is 20%, 40% and 100%, respectively.
The oil-water ratio is 1:1.
221/? :2 :=8-?5:9 *-?1= 57@?5:9 :9
8@7>5:9 The preparation of the emulsion is the
same as above. ASP system formulations are polymer 2000mg/L + surfactant 3000mg/L + Na2CO3
12000mg/L, respectively; After the formation water
and ASP solution are mixed, the volume of formation water is respectively 20%, 40% and 100%.
The oil-water ratio is 1:1.

C;1=5819?-759>?=@819? A2003B electronic
balance, Shanghai Jing Tian Electronic Instrument
Co., Ltd.
(1)RHY--type emulsifier, China Petroleum
Exploration and Development Institute independent
research and development.
(2)LB-1 constant current pump, Beijing satellite factory production.
(3)Nokia 820 optical camera, Finland.
(4)AXIOSKOP 40 microscopes, Carl Zeiss
Company, Germany.
(5)Centrifuge, LXJ-2B, Shanghai Anting Scientific Instruments Factory.
(6)Beckmann laser nano-particle size analyzer, Germany Beckmann company.
(7)Long core holder, high pressure gas cylinder, piston, middle container, beaker and so on.

!:93/:=118@7>525/-?5:91C;1=5819? Using
10m-length core, and simulating the emulsification
of two element system and crude oil in the formation,
we studied the emulsification status and emulsion
type transformation along different locations. The
specific experimental method and the experimental
process (Figure 1) are as follows.
(1)The core vacuuming, saturated water, and
water permeability tested.
(2)Oil saturated, Calculation of original oil saturation and Core ripening for 24h.
(3)In the constant speed condition, the water
flooding to different water cut, the water flooding recovery is calculated and the residual oil saturation in
the core is determined. According to the calculated
formation velocity, the injection velocity is con-

C;1=5819?-781?4:0 Experimental study on
the influence of emulsion type transformation.
(411221/?:2-76-75:9?4118@7>5:9 Through
the role of emulsifier (RHY--type emulsifier, 2speed 1h simulated flooding system through the interaction of porous media and crude oil), The ASP
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(41 1221/?:2 :57B-?1= =-?5: -90 >@=2-/?-9?
:918@7>5:9?D;1> The types of surfactants have an
important influence on the type of emulsion. Oil-soluble emulsifiers are easy to form W/O emulsion and
water-soluble emulsifier is easy to form a O/W emulsion [15]. ASP flooding used in Daqing Oilfield Surfactant petroleum sulfonate anionic surfactant
(heavy alkyl benzene sulfonate), a strong hydrophilic. Figures 2a, 2b, and 2c show optical photographs of emulsified emulsions with a surfactant
concentration of ternary system of 0.3% and Daqing
crude oil in a volume of 1:9, 3:7 and 5:5 respectively.
The results showed that when the ratio of oil to water
was 1:9, the resulting emulsions were all oil-in-water
emulsions. When the ratio of oil to water was 3:7,
the resulting emulsions were water-in-oil emulsions.
The concentration of NaOH in the mesophase microemulsion window is very short (1%). The concentration of Na2CO3 in the mesophase microemulsion
window is very large (1% -1.8%). When the oil-water ratio reaches 5:5, the resulting W/O emulsions.
When the ASP system surfactant concentration is reduced to 0.05% and the ratio of oil to water is 1:9,
the oil-in-water emulsion is still formed. When the
ratio of oil to water is increased to 3:7, the particle
size of the emulsion increases and a small amount of
water in the oil-in-water emulsions, multiple emulsions of water-in-oil began to occur. When the ratio
of oil to water was increased to 5:5, all of them were
water-in-oil emulsions (Figures 2d, 2e and 2f).
Therefore, when the content of water-soluble emulsifier is low and the content of crude oil is high, the
active substances such as colloidal and asphaltene
which contain the oil-soluble emulsifier dominate
the oil-water interface, Emulsions will undergo a
phase transition from O/W to W/O.

stantly adjusted in 2m as the unit, and the ASP system 1PV is injected at the constant speed. Calculate
the ratio of oil production to injection, and simulate
formation process of oil wall and injection process
of ASP flooding. The ASP system and the calculated
amount of crude oil are added to the intermediate
container every time the sample is reinjected in the
core. Repeated 5 times simulated 10-meter-long injection, repeated 10 simulations 20-meter-long injection, repeated 15 times simulated 30-meter-long injection, observe and determine the emulsification of
the effluent.
&')!('#')''$#
221/?:2#- $ /:9/19?=-?5:9:918@7>5:9
?D;1 Figure 1 shows that when Na2CO3 concentration is only 100mg/L, a large number of oil-in-water
emulsions are generated (Figure 1a). With the increase of Na2CO3 concentration to 1000mg/L, the
mixed phase of W/O and O/W appeared. The particle
size of the emulsion became smaller and smaller and
the stability became stronger and stronger (Fig.1b).
When the salinity increases to 10000mg/L, it is in the
mesophase microemulsion coexisting with water-inoil and oil-in-water (Fig. 1c). Fig. 1d is a photograph
of the emulsified sample after standing for 6 hours.
It can be seen that as the concentration of Na2CO3
increases, the degree of the mesophase microemulsion becomes stronger. This is because crude oil itself contains a high amount of acid with sodium carbonate produced after the reaction of a large number
of oily surfactants can form a stable W / O crude oil
emulsion [14].
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221/?:259:=3-95/>-7?>:9?41?D;1:218@7
>5:9 It can be seen from Figure 3 and Figure 4 that
when the concentration of Na2CO3 reaches 12000
mg/L, no matter what the concentration of NaCl, the
water-in-oil emulsions are generated, but the stability decreases with the increase of NaCl concentration, but the reduction is very small. When the NaCl
concentration increased to 100000 mg/L, the stability dropped significantly. This is because sodium
carbonate at the initial stage of 12000 mg/L provides
a sufficiently high degree of salinity, while W/O
emulsions are much more salt-tolerant than O/W.

83 

Therefore, the stability of the emulsion decreases
slowly with the increase of NaCl until the concentration of NaCl is increased to 100000 mg/L, which is
much lower than that of Na2CO3. The stability of the
emulsion is greatly decreased [16].
221/?:2057@?5:9:9?41?D;1:218@7>5:9Using formation water, mixing with ASP system according to different volume percentages, preparing
emulsions according to the volume ratio of mixed solution to oil of 7:3, and studying the influence of the
ternary system on emulsification after being diluted
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tion of each component of ternary system, the concentration of surfactant, alkali and polymer is decreasing with the increase of formation water. The
second one is the change of salinity. The salinity of
formation water in the experimental area is above
6000mg / L, so the salinity also changes with the increase of formation water. Both of these reactions
can have a serious impact on O/W emulsions and
eventually lead to the formation of neutral microemulsions [17, 18].

by formation water, The results shown in Figure 5,
when the proportion of formation water in the mixed
solution is only 20%, the resulting product is mainly
oil-in-water emulsion, with the formation water content increased, when the ratio of local formation water is increased to 40% in the mixed solution, the
W/O emulsion begins to appear; when the formation
water accounts for 100%, that is, when the mixed solution is all formation water, the resultant is W/O
emulsion. There are mainly two reactions in the process of dilution: the first is the change of concentra-
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!:93/:=1-7:93?41B-D18@7>5:9-9018@7
>5:9?D;1/4-931> Figure 6 and Figure 7 are micro
visible images from the injection well 22 m, 24 m,
30 m in different positions at the ASP system produced emulsified oil. With the increase of migration
distance of SP system in the stratum, the emulsion
particles and density gradually increase, and the distribution is even. Through the comparison of the microstructure of emulsion, when the SP system moves
to 22 meters, the O/W emulsion is produced. With
the increase of migration distance, it gradually becomes a mixed phase of O/W and W/O type. When
it moves to 30 meters, the emulsion produced is all
W/O. The above process mainly takes three steps.
The first step: when the ASP system is injected
near the well area, the fluid transport speed is fast,
the formation shear force is large, the salinity of formation water around the injection well is low, the residual oil is less, the surfactant concentration is high,
and the O/W emulsion is easy to form.
The second step: with the advancement of the
ASP system in the deep strata, the water content in
the formation becomes larger and the salinity increases, the ASP system is diluted and adsorbed, the
concentration is decreased. However, as the oil wall
is getting thicker and thicker in the process of propulsion, the oil saturation in the formation increases
and the O/W emulsion changes to the W/O type.
The third step: the proportion of crude oil continues to increase, and the W/O emulsion begins to
produce. The final formation of phase microemulsion occurs.

The second step: The produce of W/O emulsion. (Generation timing than the SP flooding in advance a lot)
The forth step: A large number of middle-phase
microemulsion generation. (SP flooding is difficult
to generate mesophase microemulsion)
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In the migration process of the ASP flooding
system in Daqing Oilfield, the emulsification and
emulsion types with the crude oil will change with
the change of reservoir conditions. When the oil-water ratio is less than 3:7, the emulsion formed with
the crude oil is O/W, and as the salinity increases,
the type gradually changes from O/W to W/O. Oil to
water ratio and surfactant concentration also have a
significant impact on emulsion type conversion.
When the ratio of oil to water is 5:5 and the surfactant concentration is less than 0.05%, Crude gum, asphaltene as a lipophilic emulsifier began to play a
major role, generating a large number of W/O emulsion. From the near well to the deep part, with the
migration of the ASP system in the reservior, the formation water content becomes larger, the oil displacing agent is adsorbed, diluted and the concentration
is decreased. The formation of oil wall during migration and the increase of oil saturation in the reservior
led to the increase of oil-water ratio. These factors
led to the conversion of O/W emulsion into W/O
emulsion and finally the formation of mesophase microemulsion.

SP Flooding
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A:7@?5:98:017:218@7>5:9 Based on the indoor test results, the field phenomena and the literature research at home and abroad [13, 19-20], initially established the emulsion transformation model
of ASP system in the process of stratum propulsion,
which is divided into 3 steps, as shown in Figure 8.
The first step: the generation of O/W emulsion.
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drugs in the world and its consumption has enlarged
in these decades [5, 6]. The TC has located at second
place among the various antibiotics at perspective of
production and consumption [7, 8]. It has significant
antibacterial potential which acts as a protein syntheses inhibitor [9, 10]. Various effective characteristics
of TC such as broad spectrum applicability, oral
availability and low cost are of main reason for increasing of its use for various purposes [11, 12].
Since the TC is of the non-biodegradable chemical,
it can easily found in wastewaters and can create adverse effect on environment [13, 14]. There is a lot
of evidence for the presence of this antibiotic in environment [15-17]. In addition, the substantial effect
of TC in promotion of antibiotic resistance is another
issue which has become more important recently
[18, 19]. Thus, the implementation of suile management methods to eliminate of the antibiotics and their
effect seems to be necessary. Since the antibiotic has
been detected at different range in water and
wastewaters, therefore various options were applied
to remove the antibiotics from aqueous [20, 21]. Of
these methods, the adsorption has located at first
place and has gained high popularity [22, 23]. Although the high cost of this process is identified as a
main weakness; however, the scientists are hopeful
and optimistic to eliminate this issue and they are
still studied to find new low-cost adsorbent [24]. Azolla Filiculoides is one the famous aquatic algae
which has been used in various studies to remove different kind of pollutants [25]. The AF has been
showed a suitable potential to grow in wastewater
and absorb inorganic and organic material from the
effluents. The rapid growing of AF is the main property which it is assumed as an issue produced by this
alga [26, 27]. The use of this alga as an inexpensive
and effortlessly available adsorbent can play significant role in alleviation of the severity of this problem. 
Thus, the present work was aimed to investigate the potential of dried AF in TC removal from
aqueous solution. Furthermore, the influence of effective parameters was evaluated in kinetic, isotherm
and thermodynamic studies.

Azolla Filiculoides (AF) were used for the
sorption of tetracycline (TC) from aqueous solution.
A systematic study of the adsorption process was
performed by varying adsorbent amount, initial TC
concentration, sorption time and temperature. The
equilibrium adsorption data were analyzed using
four widely applied isotherms: Langmuir, Freundlich, Dubinin–Radushkevich and Temkin. The results revealed that Langmuir isotherm fit the experimental results well. Kinetic analyses were conducted
using pseudo-first and second-order models and the
intra particle diffusion model. The regression results
showed that the adsorption kinetics were more accurately represented by pseudo-second-order model.
The Standard free energy changes (G0), standard
enthalpy change (H0), and standard entropy change
(S0) were calculated using adsorption equilibrium
constants obtained from the Langmuir isotherm at
different temperatures. All G0 values were negative; the H0 values and S0 values of Azolla Filiculoides biomass were 3.36 kJ/mol and 14.4 J/mol K,
respectively. Results suggested that the TC adsorption on biomass was a spontaneous and endothermic
process.


+)!$%
Adsorption, Tetracycline, Azolla Filiculoides, Isotherm,
Kinetics, Thermodynamic
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This world has involved with various environmental issues in recent centuries because the industrialization is associated with new demands and it
can also generate unwanted by-products which can
be assumed to be risk factors and hazardous for life
cycle [1, 2]. The pharmaceutical production is of
chemical that has widespread use for both human
and animals and they are recently considered as a
chief pollutant because they are released by various
types of wastewaters into environment [3, 4]. The
antibiotics constitute the largest groups of produced
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0=:<;>5:9;<:/1==The potential of dried AF
to remove the TC was evaluated in batch adsorption
system. The effect of various parameters including
contact time, temperature, adsorbent dosage and initial TC concentration were studied in neutral pH. The
250 ml flasks were utilized to prepare the samples.
The 100 ml of certain concentration of TC with certain amount of adsorbent dosage were added in to the
flasks and the pH of the solution was regulated at
neutral values. The adsorption processes for the samples were conducted in an incubator at the obtained
equilibrium time in 25 at 150 rpm. The samples
were filtered through a 0.45 µm cellulose acetate
membrane filter (MFS) at the end of adsorption process. 
The initial and equilibrium concentration of TC
in solution was determined by HPLC. In the HPLC
analysis and a SPD-10A UV–Vis detector at maximum absorption wavelength of 365 nm which was
determined using a Shimadzu UV-1700 spectrophotometer to scan from 200 to 800 nm. A 30:70 (v/v)
acetonitrile and 0.01 M aqueous oxalic acid mixture
was used as mobile phase at room temperature with
a constant flow rate of 1.0 mL min-1. The injection
volume was 10 ml. The retention time of TC hydrochloride was 4 min. All of adsorption experiments in
this study were performed in triplicate and the results
were given as average.
The amount of TC adsorbed per was calculated
by following mass-balance equation [28]:
,CoCe-(V
qe =
M
Where C0 and Ce are the initial and the equilibrium TC concentrations in liquid phase (mg/L) respectively, V is the volume of solution and m is the
mass of adsorbent.

&$% &!%

4185/-7= The tetracycline hydrochloride
(molecular formula: 480.9, molecular weight:
C22H24N2O8·HCl) was purchased from Sigma-Aldrich, USA. The chemical structure of TC is presented in Fig 1. The distilled water was used to prepare the stock solution of TC. Other chemical used
in this study were prepared from Merck, Germany.
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4A0<:/47:<501

0=:<.19>The Dried AF was the studied adsorbent in this study. The AF was collected from the
wetlands of Anzali and then were rinsed to remove
its mud and contaminants. The AF were absolutely
dried under sunlight and then were crushed into fine
particles using an electric mill. These fine particles
were treated with 0.5M H2SO4 for 2 h and then
washed with distilled water and dried at 100 for 5
h. after above process, they were sieved to obtained
the particle in range 1-2 mm. the resultant adsorbent
were stored to use in experiments. The specific surface area of A. Filiculoides before use was determined by the BET-N2 method using an ASAP 2000
apparatus based on nitrogen adsorption–desorption
isotherms at 77K. Treated AF biomass before and after use were examined using an environmental scanning electron microscopy (ESEM) instrument
(Philips XL30 ESEM-TMP) and also a X-ray diffraction spectrometer (Philips-X’ Pert Pro MPD)
with the conditions: generator voltage of 40 kV, tube
current of 40 mA, scan step size of 0.02◦, and the
scan range of 5–90◦.

$%'&% %'%%! 
The specific surface area is related to the number of active adsorption sites of dried AF. The adsorption was increased with the specific surface area
and pore volume of the sorbent. The specific surface
area of the modified A. Filiculoides was determined
in the size of 36.5 m2/g.
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Dried AF was also examined before and after
use using environmental scanning electron microscopy. Fig. 2 (a) clearly shows the pore textural structure of dried A. Filiculoides before use. However, as
shown in Fig. 2 (b), clear pore textural structure is
not observed on the surface of dried AF after use
which could be due to either agglomeration on the
surface or the incursion of TC into the pores of dried
AF biomass.
XRD patterns of dried AF before (a) and after
(b) showed the same diffused peak with maximum at
2θ 21.1◦ and 21.5◦, respectively (Fig. 3). However,
dried AF after use shows a higher intensity attributed
to TC biosorption on the surface of dried AF biomass.

sufficient.
Adsorption isotherms describe how solutes interact with sorbents. The equilibrium adsorption capacity (qe, mg/g) of biomass is the variation between
initial (C0) and equilibrium concentration (Ce)
caused by per unit weight of the adsorbent, AF. As
shown in Fig. 6, adsorption capacities increase with
the increase in equilibrium concentration of adsorbate and the slopes of adsorption isotherms decrease
gradually.


'$ 
221/>:2-0=:<.19>0:=1:9>-/>>581859,
;:9 83-90>18; 


 '$



*$;->>1<9=:20<510.5:8-==-
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221/>:2>41-8:?9>:2.5:8-==In order
to obtain the optimal amount of AF for the adsorption of TC, the adsorption experiments were carried
out by adding 0.5–8 g/L of AF to a series flasks containing 100 mL solutions. The measured results (Fig.
4) showed that when the amount of TC exceeded 4
g, the adsorption percentage was close to 91.2%.
Therefore, 4 g of AF was the optimum amount for
the adsorption of TC. The results show that as the
adsorbent concentration increased, the percentage of
adsorption also increased, but the amount adsorbed
per unit mass of the adsorbent decreased considerably. The decrease in unit adsorption with increasing
dose of adsorbent is basically due to adsorption sites
remaining unsaturated during the adsorption reaction
[29, 30].

'$
0=:<;>5:9:2&:9>:->05221<19>
>18;1<->?<1=;0:=1 3&18; B
-90/:9/19><->5:9 83

0=:<;>5:9 5=:>41<8= Fig. 5 describes the
variation of adsorption amount with adsorption time
at different temperatures. The obtained curves reflect
that the adsorption amount increases until equilibrium is attained around 75 min. This is a result of the
increase in the driving force from the concentration
gradient [31]. In the same conditions, if the concentration of TC in solution was bigger, the active sites
of AF biomass were surrounded by much more TC
ions, and the process of adsorption would carry out
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Tem
( )
273
293
313
333

qm
32.28
34.11
38.15
42.25

RL
0.854
0.709
0.591
0.515

Langmuir model
KL
R2
0.0017
0.995
0.0041
0.996
0.0069
0.997
0.0094
0.998

n
1.85
2.34
3.14
3.76

Freundlich model
KF
R2
17.41
0.964
19.85
0.971
23.32
0.969
27.44
0.983

# %

 Temkin model
KT
R2
1.46
0.845
1.11
0.801
0.84
0.779
0.63
0.756

D-Radushkevich
K
E
0.561
0.944
0.522
0.979
0.498
1.003
1.039
0.463

R2
0.923
0.894
0.878
0.874

studied concentration range. Therefore, the Langmuir isotherm fits better compared with the Freundlich and Temkin.
Isotherms in all conditions according to the correlation coefficients r. The maximum adsorption capacity of TC on AF was 32.28, 34.11, 38.15 and
42.25 mg/g at 273, 293, 313 and 333 K, respectively.
The shape of the isotherm has been discussed
with the aim to predict whether an adsorption system
is favorable or unfavorable. The essential feature of
the Langmuir isotherms can be expressed by means
of RL, a dimensionless constant referred to as the
separation factor or equilibrium parameter. RL is calculated using the following equation [40]:

RL =

In the present work, the Langmuir, Freundlich,
and Temkin models, three classic adsorption models,
were used to describe the adsorption equilibrium.
The Langmuir equation [32, 33]:
$


=
( $
$

B
31.17
26.44
21.35
16.78

%

The Freundlich equation [34, 35]:

Ln qe = Ln KF + ln Ce

The Tempkin equation [36, 37]:
!

qe= Ln KT+ ln Ce


Dubinin–Radushkevich [38]:
Ln qe = Ln q - (k )
Where qm is the theoretical maximum adsorption capacity per unit weight of the adsorbent (mg/g),
KL, KF, KT are adsorption constants of Langmuir,
Freundlich and Temkin models, respectively, and n
is the Freundlich linearity index.
Where q= theoretical isotherm saturation capacity (mg/g); K=Dubinin–Radushkevich isotherm
constant (mol2/kJ2) and  =Dubinin–Radushkevich
isotherm constant.
Langmuir model is an ideal model, which possesses perfect adsorbent surface and monolayer molecule adsorption. As an empirical model, Freundlich
model is used widely in the field of chemistry. Temkin model is a proper model for the chemical adsorption based on strong electrostatic interaction between
positive and negative charges. Dubinin–Radushkevich isotherm is generally applied to express the
adsorption mechanism with a Gaussian energy distribution onto a heterogeneous surface. The model
has often successfully fitted high solute activities
and the intermediate range of concentrations data
well [39].
The Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherm constants were determined from the plots of Ce/qe against Ce, Lnqe versus
LnCe, LnCe against qe and Lnqe vs 2 respectively, at
273, 293, 313 and 333 K. The results of fitting these
models are shown in Fig. 7a–d, and the fitting parameters for TC are listed in Table 1. Langmuir and
Freundlich isotherm models were statistically significant at a 96% confidence level. It is found that the
adsorption of TC on AF correlated well (R2>0.99)
with the Langmuir equation as compared to the
Freundlich equation.
(R2>0.960) and Temkin equation (R2>0.75)
and Dubinin–Radushkevich (R2>0.87) under the

# "

Where C0 is the initial TC concentration (mg/L)
and b is the Langmuir adsorption equilibrium constant (L/mg). The calculated RL values are listed in
Table 1. In the present investigation, the equilibrium
parameter RL was found to be between 0 and 1, hence
the sorption process was quite favorable and the adsorbent employed exhibited a good potential for the
sorption of TC.
The approach was usually applied to distinguish the physical and chemical adsorption of TC
ions with its mean free energy, E per molecule of adsorbate (for removing a molecule from its location in
the sorption space to the infinity) can be computed
by the relationship [39]:

E= ( )


The parameter can be calculated as [41]:

= RT ln (1+ )
$

Where R, T and Ce represent the gas constant
(8.314 J/mol K), absolute temperature (K) and adsorbate equilibrium concentration (mg/L), respectively.
The mean energy of adsorption is the free energy change when one mole of the ion is transferred
to the surface of the solid from infinity in the solution. Its value in the range of 1–8 KJ/mol indicates
physical adsorption, while its value in the range of
20–40 kJ/mol is indicative of the chemisorption. The
values of E in the present case (Table 2) were determined at different temperatures and found to lie between 0.944 and 1.039 corresponding to physical adsorption.
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0=:<;>5:9 6591>5/= In order to examine the
mechanism and rate-controlling step in the overall
adsorption process, three kinetic models, pseudofirst-order, pseudo-second-order and intra-particle
diffusion, are adopted to investigate the adsorption
process.
The pseudo-first-order equation can be expressed as the following equation [41]:
k1
log*qe ' qt + ) log*qe + ' 
t
2303
Where qe and qt (mg/g) are the TC adsorption
capacity at equilibrium and at time t (min), respectively, and k1 (1/min) is the rate constant of the
pseudo-first-order.
The parameters k1 and qe could be calculated
from the slope and intercept of the plots of log (qeqt) versus t (fig. 8a) and are given in Table 2. The
values of the correlation coefficient R2 obtained at
all the studied concentrations are low, in the range
0.75–0.85. Furthermore, the experimental values of
qe, exp (mg/g) are far from the calculated qe, cal
(mg/g). This suggests that the pseudo-first-order kinetic model is not suitable to describe the adsorption
process.
On the other hand, the pseudo-second-order kinetic model can be expressed in linear form as follows [42, 43]:
t
1
t
)
&
2
qt
K2  q
qe
Where K2 (g/mg min) is the rate constant of the
pseudo- second-order. Also adsorption parameters
qe, cal and k2 were determined by plotting t/qt versus
t (Fig. 8b) and are given in Table 2. It is seen that the
pseudo-second order model well represented the experimental data (R2>0.995). The suggest that adsorption TC onto Azolla biomass predominantly follows
the pseudo-second-order kinetic model. Besides, the
calculated data (qe,cal) agree well with the experimental data (qe, exp). The parameters are listed in
Table 2.
The two models above cannot identify the diffusion mechanism during the adsorption process, so
the experimental data are tested by the intra-particle
diffusion model, which can be expressed by following equation [44, 45]:

& 
! ) 

 '$

Where qt (mg/g) is the amount of TC adsorbed
at time t (min), k (mg/g.min1/2) is the intra-particle
diffusion rate constant and C is the intercept. Plots of
qt against t1/2 are shown in Fig. 9, and the values of
corresponding kinetic parameters are listed in Table
2.
The adsorption of a solute from solution by porous adsorbents is essentially related to three consecutive steps [45]. The first step is the external surface
adsorption or the instantaneous adsorption. The second step is the gradual adsorption stage where intra-
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0=:<;>5:96591>5//:9=>-9>=&-0=:<;>5:9:9>:.5:8-==
Co (mg/L)
5
50
100
200

qe exp
(mg/g)
6.18
12.11
22.84
36.42

K1
0.019
0.028
0.039
0.051

Pseudo-first order
qe
4.27
10.24
15.18
26.73

R2
0.789
0.801
0.753
0.842

Pseudo-second order
K2
qe
R2
0.0042
5.95
0.996
0.0079
11.84
0.998
0.0087
22.53
0.999
0.0035
36.17
0.997

Intra particle diffusion
K
R2
C
1.84
2.21
0.654
3.19
3.39
0.692
4.73
1.74
0.709
5.61
5.33
0.652

& 
(-7?1=:2>41<8:0A9-85/;-<-81>1<=2:<
>41-0=:<;>5:9:2&:9>:

particle diffusion is rate-limiting. The third step is
the final equilibrium stage where intra-particle diffusion started to slow down due to the extremely low
adsorbate concentrations left in the solutions. One or
more of these three steps control the adsorption rate.
The parameters are listed in Table 2 and shows in fig
8 c. Initially, it is postulated that TC is transported to
the external surface of Azolla biomass through film
diffusion within a very short time. The first linear
part could be due to the entry of TC molecules into
the Azolla biomass particle by intra-particle diffusion. The second linear part represents the final equilibrium stage. As given in Table 2, it is obvious that
values of K increase from 1.84 to 5.61 mg/g min1/2
when the initial TC concentrations increase from 25
to 200 mg/L.

Temperature
(K)
273
293
313
333

G0 
(kJ/mol)
6.14
8.83
11.55
14.66

H0 
(kJ/mol)

S0
(J/mol K)

3.36

14.4

&41<8:0A9-85/=>?051=The sorption behaviors of different concentrations TC onto AF were
critically investigated at 273, 293, 313 and 333 K,
respectively. Thermodynamic parameters were calculated from following equations [46]:
G0 = RT Ln K
Where R is the universal gas constant (8.314
J/molK), T is the temperature (K) and K is the distribution coefficient. Gibbs free energy change of adsorption (G0) was calculated using ln K values for
different temperatures. The K value was calculated
using following equation [47]:
q
K= e
Ce

Where Ce is the equilibrium concentration of
TC and qe is the amount of TC adsorbed per unit
weight of AF at equilibrium concentration (mg/g).
The enthalpy change (H0) and entropy change
0
(S ) of adsorption were estimated from the following equation [48]:
"

"

ln(K) =


The calculated thermodynamic parameters are
listed in Table 3. The negative G0 value indicates
attractive interaction between TC and AF, thus the
sorption of TC on A. Filiculoides is spontaneous.
The positive H0 value suggests that TC sorption on
AF is an endothermic process. Therefore, increases
in temperature should facilitate the sorption of TC
onto AF. Balarak et al. [6] suggested that the H0 of
physisorption is smaller than 40 kJ/mol. Based on
H0, this study suggested that the adsorption of TC
onto AF was a physisorption process. The positive
value of S0 reflects the affinity of AF for TC and
suggests some structural changes in TC and AF.

'$
0=:<;>5:96591>5/=:2&:9
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In this paper, the adsorption behavior of TC on
AF was investigated. The adsorption isotherms are
described by means of the Langmuir, Freundlich,
Tempkin isotherms. It was found that the Langmuir
equation fit better than the other equation. Adsorption data were modeled using the first and secondorder kinetic equations and intra particle diffusion
models. The second-order kinetic equation could
best describe the sorption kinetics. The results suggested the adsorption capacity increased with increasing temperature. Thermodynamic analyses indicated that the adsorption of TC onto AF was endothermic and spontaneous; additionally, the adsorption of TC onto AF was via a physisorption process.
Finally AF biomass, an inexpensive and easily available material, can be an alternative for more costly
adsorbents used for antibiotics removal in
wastewater treatment processes.
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Water activity and the weather are not stable.
This affects the individual and collective behaviors
" #"
of the species in the area. The ability of aquatic birds,
particularly the common coot, to give correct reDuring the study nine different weather condisponses to variable climatic and hydrological conditions
(sunny, partly cloudy, snowy, overcast, foggy
tions is highly developed [1- 4]. Therefore, in this
and
sunny,
snowy and overcast, windy and overcast,
study, we investigated how the common coot, which
rainy
and
overcast,
partly sunny) were recorded. But,
is a common aquatic bird, responds to varying
weather
conditions
did not affect the number of
weather conditions and water movement (wavy, nongroups
(p=0.640).
Although
weather conditions did
wavy, and slightly wavy) of the lake surface. We exnot
change
the
number
of
groups,
it affected the disamined how group properties, including the total
tance
between
the
groups
(p=0.001).
On the other
number of individuals, the number of groups, disperhand,
the
changes
in
the
weather
conditions
did not
sal distance, distance to the shore, and the distance
affect
the
distance
to
the
shore
(p=0.994).
Similarly,
between the groups, vary in the presence of those
the dispersal distance of the individuals on the lake
factors. The study was conducted at Sapanca Lake
did not vary with different weather conditions
(Turkey) between October 2015 and April 2016. A
(p=0.188). During the study depending on the severtotal of 25 field studies were conducted. Each field
ity of the wind, three different states were deterstudy was conducted at the same time of day
mined on the lake surface as wavy, non-wavy and
throughout the study (14:00–1800; each field study
slightly wavy. The mobility of water did not affect
lasted for 4 hours; the total duration of observation
the number of groups or the distance between the
was 100 hours). The distance between the common
groups. In other words, the relation between the
coot groups and the dispersal distance of the individnumber of groups and wavy, non-wavy, slightly
uals was also determined using the scaled photowavy states of the lake surface was not statistically
graphs and the UTM coordinate system. The lake
significant (p=0.475). Similarly, the distance bewas regarded as non-wavy when the wave height was
tween the groups did not change depending on the
0.00 cm, slightly wavy when the wave height was
mobility on the lake surface (p=0.823). Lake surface
0.00–0.25 cm, and wavy when the wave height was
conditions did not affect the number of groups or the
greater than 0.25 cm. The wave heights were deterdistance between the groups (Table 1).
mined using scaled photographs taken parallel to the
surface of the lake. Kolmogorov-Smirnov and
Shapiro Wilks normality tests were done. Data were
conducted using one-way analysis of variance

(ANOVA).

" 
'0+;':<343;':<71/-.81<;':<".+/78'3)++8;++38.+64957'0+>7;':+78'897;':<343
;':<71/-.81<;':<".+392(+64,-649576+1'8/437./57
892(+64,64957
!8*
".+/78'3)++8;++3
!8*+:/'8/43

+'3
+:/'8/43
8.+64957+'32
Wavy
6
40.00
3.00
Non-wavy
11
25.00
42.06
1.32
2.06
Slightly Wavy
8
10.00
14.14
3.00
4.24
Total
25
24.40
39.80
1.52
2.18
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'0+;':<343;':<71/-.81<;':<".+/78'3)+,6428.+!.46+'0+
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Wavy
Non-wavy
Slightly Wavy
Total

6
11
8
25

/78'3)+,6428.+!.46+
+'32
0.00
2.73
10.00
3.20

!8*+:/'8/43
10.77
14.14
10.69

"48'1392(+64,
/3*/:/*9'17+'3
2830.0
4980.7
7375.0
5086.2

!8*
+:/'8/43
3511.063
3288.047
3449.048

this behavior of common coots was a defense against
the force of the wind and waves.

A common coot group dispersed itself on the
lake surface, sometimes at zero point from the shore
or sometimes a certain distance from the shore. The
lake’s wave status had no effect on the dispersal distance (p=0.64). Similarly, the total number of individuals and the level of surface movement of the lake
were independent from each other. The lake’s wave
status had no effect on the total number of observed
individuals. Lake surface conditions did not affect
the total number of individuals (p=0.534).
The factors that affect the colony in the nonbreeding periods are the weather conditions and the
mobility of the lake surface. Non-competitive behaviors of common coot individuals in the colony during
the study was in line with Zhang et al. [5]. Nine different weather conditions were detected during the
study. Although Carvalho et al. [1]. suggested that
the principal limiting factor in the dispersal of the
aquatic birds was the rain, the present study showed
that weather conditions (including rainy weather)
had no effect on the common coot population in
terms of total number of individuals, the number of
groups, the distance to the shore, and the dispersal
distance--except the distance between the groups,
which changed depending on the weather conditions
[1]. This occurred as the formation of groups with
higher numbers of individuals in the colony at certain
locations of the lake, probably due to the low air temperature. Larger groups formed far from each other
and also increased the distance between themselves.
Individuals mostly preferred to wander freely on the
lake surface in some weather conditions such as
sunny, partly sunny, rainy, and sunny weathers. Irwin and O’Halloran [6] also reported that the total
number of observed individuals did not change in a
regular way with the weather conditions (especially
cold weather). Irwin and O’Halloran [6] reported
that, although there was a bird mobility due to the
cold weather, that caused no increase in the number
of individuals.
Another subject investigated in the present
study was how the colony was affected by wavy,
non-wavy, or slightly wavy states of the lake. Cramp
and Simmons [7] have reported that common coots
were located at the shore strip of the lake in the
windy-wavy days, and that they even fed from the
land. Although Cramp and Simmons [7] reported
that this was associated with a reduced human influence resulting from the absence of humans at the
lakeshore in the windy-wavy days, we believe that

 !
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