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 " (L.) is a medicinal plant
that is known as Yarrow [1]. The herb is very common during May and June and it grows in all parts of
Kosovo.  " (L.) has been traditionally
used in Kosovo against skin inflammations and gastrointestinal complaints. In some countries 
"(L.) has been used internally as an herbal tea
and externally in lotions and herbal medications [13]. Plants with potential antimicrobial activity
should be tested against an appropriate microbial
model to confirm its activity [4]. The antimicrobial
effect of the plant extracts has been studied by a
number of researchers in different parts of the world
[5-12].
Aerial parts of the "(L.) are very
rich with sesquiterpene lactones and alkaloids [13].
"(L.) flower extract are more effective
against certain microorganisms than  
(L.) leaves and stems extracts [14-16].
Our research group was interested to analyze
the chemical profile of different medicinal plants,
which are growing wild in the region of Kosovo and
Albania [17-26]. The aim of this study was to investigate the antibacterial activity of Kosovo`s 
"(L.) extracts, which were grown wild in Kosovo.

Now is known that organic extracts of medicinal plants can be used as antibacterial agents. Effectiveness of extract on inhibition of bacterial growth
depends from sort of medicinal plant. In this research
we have focused in medicinal plant  
" (L.) growing wild in Kosovo. The plant 
"(L.) was used for a long time against bacterial infections. Antibacterial efficiency of 
"(L.) were examined by using methanol, ethyl
acetate, acetone, diethyl ether, water and chloroform
extracts and tested against three Gram positive bacteria !%" "" (food isolate), !%
" "" (clinical isolate),  !%!
  (clinical isolate) and Gram negative bacteria
 (clinical isolate). The antibacterial
activity was determined by using agar disc diffusion
method. The zones of inhibition from extracts were
compared to that of penicillin G as standard. More
pronounced activity was shown by water, diethyl
ether and ethyl acetate extracts of the "
(L.). The extracts of ethyl acetate and diethyl ether
showed antibacterial activity against "" (clinical isolate) and %! . The water extract
showed antibacterial activity against "" (food
isolate) and  %! . Also methanol and
chloroform extracts of the  " (L.)
showed a stronger antibacterial activity as penicillin
G against bacteria  (extract of methanol) and
"" (food isolate) (extract of chloroform). The
antibacterial activity of the  "(L.) was
due to the presence of various secondary metabolites
such as phenols and flavonoids. Hence, this plant can
be used to discover bioactive natural products that
may serve as leads in the development of new pharmaceuticals.




" !"!

3(5: 4(:,80(39 The aerial part of  
"(L.), growing wild in east part of Kosovo, was
collected in May of 2014. Voucher specimens were
deposited in the herbarium of the Department of
Plant Protection, University of Prishtina. The plant
material was air dried and ground in a mixer.

8,7(8(:0656-73(5:68.(50*,=:8(*:9A portion of the finely powdered material (100 g) was extracted three times with 70% methanol (MeOH, 2 L)
during a 24-h period. After removal of MeOH under
reduced pressure, the aqueous phase was successively extracted with four solvents of increasing polarity (methanol, ethyl acetate, diethyl ether, water,

'% !
 " (L.), Extract, Antibacterial activity
Gram positive bacteria, Gram negative bacteria.
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(clinical isolate)  ""  (food isolate),  
%! (clinical isolate). The antibacterial activity
was determined by using agar disc diffusion method.
The zones of inhibition of the extracts were compared to that of penicillin G as standard as shown in
Table 2.

" 
'0,3+96-,=:8(*:96):(05,+-86473(5:
 

chloroform and acetone). The extraction was carried
out until a colorless extract was obtained. The residue was the aqueous extract. The solvents were
evaporated by vacuum rotary evaporator (EYELA
N-1000, Japan). The extraction process yielded
methanol (10.39 g), ethyl acetate (4.0 g), acetone
(6.64 g) diethyl ether (6.24 g), water (12.68 g) and
chloroform (5.75 g) extracts. Solvents (analytical
grade) for extraction were obtained from commercial
sources (Sigma–Aldrich, Merck).

=:8(*:
Methanol
Ethyl acetate
Acetone
Diethyl ether
Water
Chloroform

5:0)(*:,80(3(*:0<0:>The antibacterial activity of the extracts methanol, ethyl acetate, acetone,
diethyl ether, water and chloroform of "
(L.) were determined applying the Kirby-Bayer
method [27] or disk method (d=5.5 mm, maximum
capacity 10 mg). Organic extracts samples were
tested  #! against bacterial strains;  ""
(food isolate), "" (clinical isolate), 
%! (clinical isolate) and (clinical isolate). Discs were previously wetted with dimethylformamide (DMF) solution of the organic extracts
with three different concentrations, 1, 3 and 5
mg/mL and then placed in a Petri dish (d=15 cm).
The disks were incubated at 37 0C for 48 h; the control was also maintained with penicillin G dissolved
in DMF in a similar manner.

'0,3+
10.39
4.0
6.64
6.24
12.68
5.75

Extracts of methanol (1, 3 and 5 mg/mL), acetone (1 and 3 mg/mL), diethyl ether (5 mg/mL), chloroform (1 and 3 mg/mL) and water with concentration 5 mg/mL shows antibacterial activities against
(Table 2). The extract of methanol with concentration of 5 mg/mL resulted in a lower activity (6
mm) than the penicillin G of the same concentration.
The extracts of methanol, acetone and chloroform
with concentration of 3 mg/mL have the same inhibition zone as the standard (6 mm). The extracts of
methanol, acetone and chloroform with concentration 3 mg/mL created an inhibition zone higher (6
mm) than the penicillin G with the same concentration (4 mm). Other extracts such as ethyl acetate (1,
3 and 5 mg/mL), acetone (5 mg/mL), diethyl ether (1
and 3 mg/mL), water (1 and 3 mg/mL) and chloroform with concentration 5 mg/mL do not create any
inhibition zone, in other words they do not show activity (Table 2 and Figure 1).

!#"!!#!!
"/,>0,3+96-,=:8(*:9+,80<,+-86473(5:
   (Table 1). In this study, the antibacterial activity of different extracts of this plant
was evaluated on: "" (clinical isolate), 



" 
5:0)(*:,80(3(*:0<0:0,96- 68.(50*,=:8(*:9

Extract
Methanol

Concentration
(mg/mL)

1
3
5
Ethyl acetate
1
3
5
Acetone
1
3
5
Diethyl ether
1
3
5
Water
1
3
5
Chloroform
1
3
5
Penicillin
1
3
5
(-) no inhibition zone

Inhibition zones diameters (mm)
(c. i.)
%! (c. i.)
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
4
2
6
6
8
10
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"" (f. i.)
6
6
6
6
6
6
6
6
6
6
6
6
4
8
10

"" (c. i.)
6
6
6
6
6
6
6
6
2
6
8

#"

  $  
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#  
5:0)(*:,80(3(*:0<0:>6-+0--,8,5:,=:8(*:6- (.(059:)(*:,80(*3050*(30963(:,

#  
5:0)(*:,80(3(*:0<0:>6-+0--,8,5:,=:8(*:6- (.(059:)(*:,80( !
*3050*(30963(:,

The extracts of ethyl acetate, acetone and diethyl ether with concentration of 5 mg/mL (6 mm)
resulted in a lower activity against "" (positive Gram bacteria) isolated in the clinical way, than
the standard with the same concentration (inhibition
zone of 8 mm). The extracts of methanol, ethyl acetate and diethyl ether with concentration of 1 mg/mL
resulted in a higher activity (6 mm) than the penicillin G (2 mm). The extracts of ethyl acetate and diethyl ether with concentration of 3 mg/mL have the
same inhibition zone as the standard (6 mm). The extracts of ethyl acetate and diethyl ether of the 
" shows a stronger antibacterial activity to bacteria "" isolated in the clinical way.
The other extracts such as methanol (3 and 5
mg/mL), acetone (1 and 3 mg/mL), water and chloroform with concentration 1, 3 and 5 mg/mL do not
create any inhibition zone (Table 2 and Figure 3).

The extracts of methanol (3 mg/mL), ethyl acetate, water and diethyl ether with concentration 1, 3
and 5 mg/mL shows antibacterial activity against 
%! (Table 2). The extracts of ethyl acetate, diethyl ether and water with concentration of 1
mg/mL resulted in a higher activity (6 mm) than the
penicillin G (2 mm). The extracts of methanol, ethyl
acetate, diethyl ether and water with concentration of
3 mg/mL have the same inhibition zone as the standard (6 mm). The extracts of ethyl acetate, diethyl
ether and water with concentration of 5 mg/L (6 mm)
resulted in lower activity than the standard penicillin
G with the same concentration 5 mg/L (10 mm). The
other extracts such as methanol (1 and 5mg/mL), acetone and water with concentration 1, 3 and 5 mg/mL
did not create any inhibition zone (Table 2 and Figure 2).

3880

#"

  $  









  !





#  
5:0)(*:,80(3(*:0<0:>6-+0--,8,5:,=:8(*:6- (.(059:)(*:,80(
  *3050*(30963(:,

#  
5:0)(*:,80(3(*:0<0:>6-+0--,8,5:,=:8(*:6- (.(059:)(*:,80(  -66+0963(:,


The extracts of methanol, ethyl acetate, water
and chloroform with concentration of 1 mg/mL created a higher inhibition zone (6 mm) compared to
penicillin G (4 mm) with the same concentration to
the "" isolated in food. The extracts of ethyl
acetate, diethyl ether, water and chloroform with
concentration of 3 mg/mL resulted in a lower activity
(6 mm) than the standard of the same concentration
with inhibition zone of 8 mm. The extracts of water
and chloroform showed activity in all the concentrations 1, 3 and 5 mg/mL. The extracts of methanol (3
and 5 mg/mL), ethyl acetate (5 mg/mL), acetone (1
and 3 mg/L) and diethyl ether with concentration 1
mg/mL did not show activity on bacteria ""
isolated in food (Table 2 and Figure 4).

eastern part of Kosovo, and extracted with cold solvents: methanol, ethyl acetate, acetone, diethyl ether,
water and chloroform. Extracts were prepared with
concentration 1, 3 and 5 mg/mL and antibacterial activities were determined by measuring the diameter
of inhibition zone against both Gram positive and
Gram negative bacteria using the paper agar disc diffusion method.
The water extract of " (L.) shows
higher antibacterial activities compared with other
organic extracts. Results for antibacterial activity obtained from water extracts are logical, based on previous studies where this extract is known for the
large amounts of secondary metabolites such as flavonoids and phenols.


#!

 !

The antibacterial activity of different extracts
of the plant " (L.) was evaluated against
a Gram negative bacteria (clinical isolate) and
three Gram positive bacteria %! (clinical isolate),  "" (food isolate) and  ""
(clinical isolate). Plant material was collected in

[1] Benedek, B., Rothwangl, K.W., Rozema, E.,
Gjoncaj, N. and Reznicek, G. (2008) Yarrow
( " L. s.I.). Pharmaceutical
quality of commercial samples, Pharmazi. 63,
23-26.
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of the most used boron compounds. It is mainly produced from the reaction of colemanite with sulfuric
acid according to following reaction [2]:
Ca2B6O11.5H2O(s) + 2 H2SO4(aq) + 6 H2O
(1)
6 H3BO3(aq) + 2 CaSO4.2H2O(s)
Gypsum is formed as a by-product through the
reaction. After filtration of gypsum, crystallization
of boric acid in high purity and efficiency is very important. Because the sulphuric acid has a strong acid,
it dissolves the colemanite together with the other
gang minerals in the boron ore, which leads to the
product contamination. In this respect, we thought to
dissolve colemanite ore with potassium bisulfate.
The reaction between colemanite and potassium bisulfate can be given as follows:
2CaO.3B2O3.5H2O(s) + 4KHSO4(aq) + 6H2O(l) →
2(CaSO4.2H2O)(s) + 6H3BO3 (aq)+ 2K2SO4(aq)
(2)
Various dissolution studies of boron ores in different medium have been found in the literature [3,
10]. In a study [11] done on the extraction of boric
acid with nitric acid from colemanite, optimum
working conditions were found as reaction temperature: 94 oC, solid-to-liquid ratio: 0.25 g.mL-1, particle size: 2.4 mm, acid concentration: 2.2 M, stirring
speed: 500 rpm and reaction time: 11 minutes. Under
these optimum conditions, the boric acid extraction
efficiency from colemanite was 99.66 %. In another
study [12], Taguchi method was used to determine
the optimum conditions for the dissolution of
Na2O·2CaO·5B2O3·16H2O in NH4Cl solutions and
the optimum levels were found to be reaction temperature: 87 oC, solid-to-liquid ratio: 0.05 g.mL-1,
NH4Cl concentration: 4 M, particle size: -300+212
mesh, and reaction time: 18 minutes. Under these
conditions, the dissolution percentage of boron was
found to be 98.37. Although there are many studies
on dissolution of boron ores, there has not been any
study on optimization of dissolution of colemanite
ore in potassium hydrogen sulfate solutions in the literature up to now. Thus, the aim of the present study
was to determine the optimum working conditions
by using Taguchi approach.
Taguchi statistical method developed by
Genichi Taguchi to improve the quality of manufac-

The aim of the study was to determine the optimum levels of the parameters for the dissolution of
colemanite ore in potassium hydrogen sulfate
(KHSO4) solutions in a mechanical agitation system
by using Taguchi approach and to declare an alternative reactant to produce boric acid. The investigated parameters and their optimum levels for the
dissolution process were determined as: solid-to-liquid ratio: 1/10 g/mL, reaction temperature: 50 oC,
particle size: -80 mesh, reaction time: 15 minutes,
and stirring speed: 600 rpm. While the solid-to-liquid ratio and particle size had the greatest effect, reaction temperature and stirring speed had virtually
less effect on the dissolution process. Under the determined conditions, extraction efficiency of the boron from colemanite ore was 100 %. Because potassium hydrogen sulfate has a less acidic character
than sulfuric acid, some useful ways to use it as dissolving agent are as follows: 1) It helps the selective
dissolution of boron from colemanite ore 2) It requires cheaper process equipment and 3) Potassium
sulfate formed as a by-product in this process can be
reacted with the stoichiometric quantities of sulfuric
acid to form potassium hydrogen sulfate. This solution can be recycled to dissolution vessel.


&$ 
Colemanite Ore, Taguchi statistical approach, dissolution,
potassium hydrogen sulfate

!"!
Turkey has the largest boron reserves in the
world. Some of Turkey’s most common commercially
boron
reserves
are
colemanite
(Ca2B6O11.5H2O), ulexite (NaCaB5O6(OH)6.5H2O),
and tincal (Na2B4O7.10H2O). Although the boron is
not used directly, its compounds are widely consumed in the production of various materials including glass, fibers, fire retardant materials, catalysis,
detergents, etc. [1]. Commercially, boric acid is one
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change the settings of the various process parameters
(Table 3).
The experimental results were evaluated by
Taguchi approach which is regarded as the robust parameter design. This method focuses on minimizing
variation and/or sensitivity to noise. In robust parameter design, the primary goal is to find factor settings
minimizing response variation, while adjusting (or
keeping) the process on target. After being determined which factors affect variation, one can try to
find settings for controllable factors that will either
reduce the variation, make the product insensitive to
changes in uncontrollable (noise) factors, or both. A
process designed with this goal will produce more
consistent output. A product designed with this goal
will deliver more consistent performance regardless
of the environment in which it is used.
In this experimentation, we tried to find an optimal combination of the control factor settings that
achieve robustness against noise factors. For this
purpose, we used Taguchi’s signal-to-noise ratio(S/N) formula for “the larger the better” criteria.
S/N ratio provides a measure of robustness. We
graphed the values of S/N ratios vs. the levels of parameters investigated (Fig. 1).
By setting those factors at their optimal levels,
the process can be made robust to changes in operating and environmental conditions. The formula of
the S/N ratio for desired characteristic is;

tured goods, and more recently also applied to, engineering, biotechnology, marketing and advertising
[13-17]. There are many ways to design a test and
one of them is a full factorial experiment. It is very
time-consuming when there are many factors. In order to minimize the number of tests required, fractional factorial experiments (FFEs) were developed.
FFEs use only a portion of the total possible combinations to estimate the effects of main factors and the
effects of some of the interactions. Taguchi developed a family of FFE matrices which could be utilized in various situations. These matrices reduce the
experimental number but still obtain reasonably rich
information. The advantage of Taguchi method on
the conventional experimental design methods, in
addition to keeping the experimental cost at a minimum level, is that it minimizes the variation in product response while keeping the mean response on target. Its other advantage is that the optimum working
conditions determined from the laboratory work can
also be reproduced in the real production environment [18, 20].
! ! 
The colemanite samples used in the experiments were obtained from Eti Mine Company located in Emet town of Kütahya province, Turkey.
The sample was crushed, ground and sieved by using
ASTM standard sieves to obtain -20, -40, -60, and 80 mesh size fractions. The chemical composition of
colemanite ore was given in Table 1. All the other
chemicals used in the experiments and analysis were
purchased in reagent grade from Merck.
The dissolution process of the colemanite ore
was carried out in a 250 mL spherical glass reactor
equipped with a mechanical stirrer having a digital
controller unit. A thermostat for controlling the reaction temperature and a back cooler to avoid the loss
of solution by evaporation were used. First, 100 mL
of potassium bisulfate solution at 1.5 M concentration was put into the reactor. Then, when the solution
reached the desired temperature, the sample was
added into the solution while the content of reactor
was being stirred. As soon as the process finished,
the contents were filtrated, and boron in the solution
was analyzed by volumetric method [21].
In order to determine the optimum conditions
for the dissolution process, orthogonal array (OA)
experimental design was used. The OA designs were
balanced, that is, no factor is weighted more or less
in an experiment, thus allowing factors to be analyzed independently from each other. The investigated experimental parameters and their levels were
given in Table 2. Because it was the most suitable
design for the conditions being investigated five parameters, each with four levels were considered,
OA16(45) experimental design was conducted to

⎧1 1 ⎫
 /  = −10 log ⎨ ∑ 2 ⎬
 ⎭
10 ⎩ 

(3)

for the n observations y in each trial. When the
analysis of some experimental results has indicated
the optimal settings for the studied parameters, estimation of the process’s future performance under
optimal conditions is usually required. This method
suggests an estimation formula based on individual
differences between the average of the chosen factor
levels and the overall mean. For example, suppose
we are interested in estimating the average yield of a
process, on the basis of the results of an experimental
which indicated that factors A and B were significant
with optimal levels A (1) and B (2). The process average under the optimal levels can be estimated by



   
   
  
(4)
where μ = process average,  = grand average of all experimental results, β = coefficient of
grand average and each parameter ( defined
by

1−

1
( , )

,

( ,  )= F- ratio of each parameter

(note that when it is (  ) , then (  ) =


 

with

  representing the ratio of the sum of squares to
the total number of all observations and
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variance),

 1=

For the evaluation of the effect of each parameter on the optimization criteria, the main effect plots
for the S/N ratio have been drown (Fig. 1). These
plots show how each factor affects the response characteristic. This criteria is present when different levels of a factor affect the characteristic differently.
For a factor with four levels, we may find that one
level increases the mean compared to the other levels. We look at the line to determine whether or not
an effect is present for a parameter. When the line is
horizontal (parallel to the x-axis), then there is no or
less effect present. When the line is not horizontal,
then there is an effect present. The greater the difference in the vertical position of the plotted points, the
greater the magnitude of the main effect.
By comparing the slopes of the lines, one can
compare the relative magnitude of the factor effects.
We try to deduce experimental conditions for graphs
given in these figures. Let us look at Figure 1 for reaction temperature (B), which shows variation of the
performance statistics with temperature. Now let us
try to determine the experimental conditions for the
first data point. The reaction temperature for this
point is at the first level (50 oC) for this parameter.
Now let us look at the Table 3 and find the experiments for the first level of reaction temperature. It is
seen from Table 3 that experiments for which column reaction temperature is 1 are the ones with experiment numbers 1,5,9 and 13. The experimental
conditions for the second data point thus are the conditions of the experiments for which column reaction
temperature is 2, and so on. Optimal levels of these
factors are the levels with the maximum performance statistics (S/N), that is, with minimum variability. The optimal levels of these factors are 4,2,4,4,
and 4 for solid-to-liquid ratio, reaction temperature,
particle size, reaction time, and stirring speed, respectively. Because of the economic factors, we manipulated the second levels of solid-to-liquid ratio
and reaction time. The optimum working conditions
were determined as solid-to-liquid ratio: 1/10 g/mL,
reaction temperature: 50oC, particle size: -80 mesh,
reaction time: 15 minutes, and stirring speed: 600. If
the experimental plan given in table 3 is studied carefully, it can be seen that 2,2,4,2,4 combination of the
factor levels was not one of the 16 combinations
tried in experiment. This is to be expected because
of the high fractionality of the experimental design
used (16 out of 45= 1024 possible combinations). Using Taguchi’s estimation formula based on the level
averages (Table 4) and the associated ‘ β coefficients’, an estimate of the performance for μ under
the optimal conditions is given by formula (4), which
yields

average yield at level (1) and

 2= average yield at level (2) .
Clearly, μ is only an estimate of the real process average under the selected conditions. To determine whether results of the confirmation experiments are meaningful or not, the confidence limits
for μ must be evaluated. (100 - α) % confidence
limits can be obtained using the formula

μ ± F(1, df e ; α ).  .  -1

(5)

 , F(1, df e ; α )and   represent
degrees of freedom at level of α , critical value from
where

the F-tables and effective number of replications, respectively. General formula for the effective number
of replications is as follows:

 =


1 + ∑ (  )
where

(6)

 is the size of the experiment and

∑ () is the total effective number of degrees
of freedom. For example, if parameter A is a k-level
factor, then  =  − 1.
Always a confirmatory experiment at the determined optimum conditions should be run to check
the predicted results. If the predicted results are in
good agreement with experimental results, the suggested optimum working conditions will adopt the
real conditions.


 "!  " 
During the dissolution of colemanite in KHSO4
solutions, the reaction can be represented as follows;
4KHSO4(aq.) → 4K+(aq.) + 4HSO4-1(aq.)
(7)
4HSO4-1(aq.) + 4H2O(l) ↔ 4H3O+(aq.) + 4SO4-2(aq)
(8)
2CaO.3B2O3.5H2O(s) + 4H3O+(aq) → 2Ca+(aq) + 6H3BO3 (aq)
(9)
+ 2H2O(l)
2Ca+2(aq) + 2SO4-2(aq) → 2(CaSO4.2H2O)(s)
(10)

General reaction is:
2CaO.3B2O3.5H2O(s)+4KHSO4(aq)+6H2O(l)
2(CaSO4.2H2O)(s)+6H3BO3(aq.)+2K2SO4(aq)

→
(11)

In this process KHSO4 can be readily produced
by mixing the potassium sulfate formed as a byproduct, with an equivalent number of moles of sulfuric acid, (K2SO4 + H2SO4 → 2KHSO4). The potassium bisulfate can be re-cycled to the dissolution
vessel and reacted with colemanite ore to form the
corresponding products according to reaction 11.
The schema of the process proposed has been given
in Figure 2. This dissolution has been performed according to the process conditions given in Tables 2
and 3.

μ =  × β ( ) + ( 2 − ) × β ( ) + ( 2 − ) × β ( ) + ( 4 − ) × β ( ) + ( 2 − ) × β () +

( 4 − ) × β ( )
3886

%$

" &   









 " #!"!



 (grand average) =84.88 with

we can find

β ( )= 1 −

also from the Table 5,

1
1
≅ 1, β ( )=1= 0.93,
675.6
14.6
1
β ( )=1≅ 1,0.985,
301.9
1
β ()=1= 0.99, β ( )=1107.2
1
= 0.99 Therefore,
107.2

β ( )= 1 −

1
(  )

where (  )

=



=

 
2
(44.92 + .... + 89.91) / 32 = 2716 2 230527 and
=
1.94
1.94
1
so β ( )=1≅1
230527

μ = 84,88 × 1 + (87.3 − 84,88) × 1 + (86 − 84,88) × 0.93 + (94 − 84,88) × 1 + (84.12 − 84.88) × 1 +

(90 − 84.88) × 0.98 = 101.7

!
-*0.('/(20325.6.212+24*75*)
Component
%

CaO
24.42

B2O3
43.52

H2O
18.9

SiO2 and others
13.16



! 
'4'0*6*45'1)6-*.4/*8*/575*).16-**93*4.0*165
Levels

Parameters
A
B
C
D
E

1
0.2
50
-20
5
300

Solid-to-liquid ratio (g/mL)
Reaction Temperature(oC)
Particle size (mesh)
Reaction time (min)
Stirring Speed (rpm)

2
0.1
60
-40
15
400

3
0.07
70
-60
25
500

B2O3 extracted (%)
1st trial
2nd trial
44.92
44.46
65.04
64.02
68.28
70.88
87.77
88.45
89.16
90.31
80.04
81.18
87.55
90.71
87.77
91.37
94.81
93.52
98.10
99.46
82.05
82.73
78.84
80.55
100
99.99
100
99.92
99.69
99.22
85.34
89.91
Grand average

Mean
44.69
64.53
69.58
88.11
89.74
80.61
89.13
89.57
94.17
98.78
82.39
79.70
100
99.96
99.46
87.63
84.88

4
0.05
80
-80
35
600

! 
93*4.0*16'/)*5.,175*)

Exp No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

A
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4

Parameters and Levels
B
C
D
E
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4
1
2
3
4
2
1
4
3
3
4
1
2
4
3
2
1
1
3
4
2
2
4
3
1
3
1
2
4
4
2
1
3
1
4
2
3
2
3
1
4
3
2
4
1
4
1
3
2
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S/N
33
36.1
36.8
38.9
39.0
38.1
38.9
39.0
39.4
39.8
38.3
38.0
39.9
39.9
39.9
38.8
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the confidence limits on the above estimate can
be calculated using formula (4) and (5)

μ ± F(1, df e ; α ).  .  -1
where 

  =1.94

(1,  ;α )

and

 =

=

Levels
1
2
3
4

 (1,16;5%) = 4.49

18
=2
1+ 2 + 2 + 2 + 2

μ ± F(1, df e ; α ).  .  -1

A
66.73
87.26
88.76
96.76

B
82.15
85.97
85.14
86.25

C
73.83
83.35
88.32
94.00

D
78.37
84.12
86.43
90.59

E
83.12
83.86
82.47
90.05

! 
#'1'/:5.5+24  *964'(6.21

=

μ ± 4.49 × 1.94 × 2 −1

= μ ± 2.09
Therefore, a 95 % confidence interval for dissolution process was given by 101.7±2.09, that was
anything from 99.61 % to 100 %. To test the predicted results, confirmation experiments were carried out at optimum working conditions. The boric
acid extraction obtained from confirmation experiment was 100 %. This value was acceptable within
the calculated confidence interval, it could be said
that experimental results were in good agreement
with predicted results within ± 5% in error.

A
B
C
D
E

3888

Source
Solid-to-liquid
ratio
Reaction
Temperature
Particle size
Reaction time
Stirring speed
Error
Total

DF

SS

MSS

F-ratio

3

3930.6

1310.2

675.6

3

84.8

28.3

14.6

3
3
3
16
31

1756.2
623.4
293.2
31.0
6719.2

585.4
207.8
97.7
1.9

301.9
107.2
50.4
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The aim of the study was to determine the optimum dissolution conditions of colemanite ore in potassium hydrogen sulfate solutions and to declare an
alternative reactant to produce boric acid. Based on
the results obtained in this research, the major conclusions derived from the present work were as follows:
• In this study, Taguchi Method assisted the
determination of the optimum working conditions
for the dissolution of colemanite in KHSO4 solutions. The optimum values of parameters were determined as solid-to-liquid ratio: 1/10 g/mL, reaction
temperature: 50oC, particle size: -80 mesh, reaction
time: 15 minutes, and stirring speed: 600 rpm. Under
these optimum conditions, boric acid extraction from
colemanite ore was 100%.
• The performance measures and ANOVA
analysis on the boric acid extraction indicated that
the significance order of the parameters were solidto-liquid ratio, particle size, reaction time, stirring
speed, and reaction temperature, respectively.
• Since H2SO4 is a strong mineral acid, it also
dissolves other gang minerals besides boron in the
ore. This leads the contamination in the final product. But KHSO4 is much weaker than the sulfuric
acid, this reactant helps the selective dissolution of
boron compounds from other gang minerals.
• KHSO4 can be readily produced by mixing
the potassium sulfate formed as a by-product, with
an equivalent number of moles of sulfuric acid and
this solution can be recycled to the dissolution vessel.
• Using KHSO4 as a dissolving reactant also
has an advantage in terms of preservation of device
corrosion.
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respiratory tract infections), or transmitted by direct
contact with contaminated pools or fields (sepsis,
leptospirosis, tetanus), or by indirect contact with
contaminated equipment, towels and clothes (herpes,
fungal infections) [3].
Especially skin infections caused by direct contact, blood-borne infections, epidemics that can happen during organizations in which athletes stay together and infections that may happen after injuries
pose a risk for athletes.
Considering the infections that may happen
during sports such as bacterial skin and soft tissue,
bone infections, environmental contamination poses
a special risk. For instance, erysipelas, which is a
skin infection, is transmitted by a person’s contacting the infected area by hand. #  $*# !
is generally found in lakes, rivers and soil and causes
infection by entering through a laceration area while
a person is swimming [4].
In previous studies, it was reported that there
were many sport injuries that came up in international organizations like world championships and
Olympic Games. According to the data from Helsinki 2012 European Athletics Championship, there
were 133 injury cases in total5. In a study in which
FIFA world championships between 2002-2010
were examined, especially fouls were reported as the
most important risk factor for the potential injuries
[5]. Infections after such injuries inevitably develop.
Factors of infections that can occur after sport injuries can be expected to be transmitted through direct
contact with such areas [6].
Sport health comes up as a result of sports
branches such as judo, wrestling, football, rugby
which involve direct contact with the opponent and
involves direct contact that may result in injuries and
may cause injuries. Collins et al. explored the epidemics that occurred in sport branches like these
which involves competition between 2005-2010 and
reported that the most frequent epidemic was skin
and soft tissue infection epidemics and %!*  
&$&#&$ (33%) and fungus (29%) are the most frequent causes of them [7].
#!$% #& caused by herpes simplex
virus is the primary microorganism that leads to
sport infections. It was reported to be correlated with

The aim of this study was to determine the microorganisms in playgrounds and sport complexes
and to offer solutions for prevention methods. For
this reason, equipment used by many people and toys
in the playgrounds, especially the parts that handled
and contacting to body, and swimming pools were
preferred. The samples were put into bloody EMB
and Sabouraud Medium, waited in 37 degree incubator and they were evaluated after 24, 48 and 72
hours. As a result of the study 218 (77,03 %) microorganisms were reproduced (217 bacteria and 1 fungus). The surfaces that bacteria were obtained from:
50 from plastic surfaces, 46 from ceramic surfaces,
43 from rubber surfaces, 31 from metallic surfaces,
25 from wooden surfaces, 17 from swimming pools,
and 6 from others. 175 (80,64 %) reproduced bacteria were specified as human pathogen. The bacteria
that reproduced the most were %!*  &$ 
$$$! $(17). As a group, the bacteria group
that reproduced the most was again $%!*  &$
(67). Cleaning these areas regularly and inspecting
them are very important in terms of infection risk.
While doing sport personal precautions like wearing
gloves should be considered in order to be protected
from such kind of infections.


#"
Sport Facilities, playground, hygiene, Kırıkkale, Gram
positive bacteria, Gram negative bacteria



 ! 
Sport activities are important in terms of a
healthy life. Especially in diseases such as coronary
artery, obesity, hyperglycemia, diabetes they were
reported to have several benefits [1, 2]. Although
they are important for a healthy life, there is the probability of occurrence of a variety of illnesses
throughout the sport activities. That is why sport
health has gained currency. Among these diseases
there are contagious infections that can be transmitted by the people contacted during sport (HBV, HIV,
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%/2.-0+1*4%/2.)4Samples were collected
from various sports facilities, playgrounds, swimming pools and schools in Kırıkkale. Samples are
taken particularly from the areas where people have
contact with. For this reason, especially the handheld and bodily contacted parts of multiple-user
sports equipment and toys at the playgrounds and the
waters of swimming pools were preferred.
All the samples were transported under refrigerated conditions into the Infection Diseases and
Clinical Microbiology Laboratory, Faculty of Medicine, Kırıkkale University and analyzed within the
same day of sampling.

especially rugby in which athletes have direct contact frequently. It was also reported that sports equipment could be the cause of contagion. %!*  
&$ %#!%  &$ and $&  $ that are present at especially sports fields and sports equipment
after sport injuries were reported to have a place in
sport injuries. Also, particularly in sports competitions like box, taekwondo and judo, since both athletes have bleedings, blood-borne infections such as
HBV and HIV pose a risk [8].
The bacteria isolated from skin and soft tissue
infections, %!*  &$&#&$ being in the first
place, are generally gram positive bacteria. Other
frequent gram positive bacteria are group A $%#!% 
 &$, group B $%#!%  &s, viridans $%#!%  
&$and %#  &$$ Less frequently isolated bacteria are gram negative bacteria such as 
%# %#, &+$%&#&% 
, #& $ and % %#$[4].
The microorganisms isolated from bone infections are no different than the ones from skin and soft
tissue infections. In their study, Prieto-Pérez et al.,
similarly, reported %!*  &$ &#&$ as the
most frequent microorganism they isolated. Apart
from this, they reported that they isolated gram positive cocci like coagulase negative staphylococcus
and also gram negative bacillary in small quantities.
The bone infections caused by these microorganisms
are quite difficult to treat. Occasionally, surgical interventions as serious as amputations are necessary.
53, 84 % of the patients involved in the same study
and who had acute osteomyelitis were reported to require surgical intervention [9].
Our study has been aimed to determine the microorganisms available in playgrounds and sport
complexes that are harmful for human health and offer solutions and prevention methods.

-'31&-1.1+-'%. %0%.84-4 Blood EMB and
Sabouraud agar were used for the cultivation of samples. The samples that are kept at 37 °C in the incubator were evaluated at 24th, 48th, and 72nd hours. The
ones reproduced were put into process. The ones that
did not reproduce were discarded after 72 hours.
Every colony detected in agar were evaluated. Gram
staining was applied to each microorganism. Microorganisms were specified as gram positive, gram
negative and fungus. The specified factors were
identified by using Vitek 2 (Biomerieux, France) device and GP, GN, YST cards.


! !
283 samples were collected in total. While collecting these samples the parts that might be in contact with people’s bodies were preferred. Surfaces
were chosen mostly among the hand contact


,)06/&)31*&%'5)3-%*31/421354%0(',-.(3)0:42.%8+3160(4
%/)1*%'5)3-%
% %#&
#  $*# !'
#  $$ #
#  &$'#$
#  $$ 
$$$$!$
#  %#&' &

6/&)3
3
7
2
2
1
1
1

&%%&)#$%$

1

#'& $&%
!
 $%$% $%# 
%# %##&

2
1
1
4

%# %##

1

%# %#  !)
#  %#$+# &!

7
3

%# %## $

4

%#  &$$$'&$
$# 
#&%$

1
7
1

#&%$

2

&## $
&##$%

9
7

%/)1*%'5)3-%
6/&)3 %/)1*%'5)3-%
6/&)3
&#'#$
1
+ &# %#
2
$!& $$!!& 
2
##%#$$
1
&*'#%#
1
##%!*&%
1
&  $% $%# $$!!# #$
2
(
1
&  $% $%# $$$!)%#&
1
(!&%#$
1
## )*%
3
!  $!& $
10
#  &$%&$*
13
%!*  &$!%$
1
%!*  &$ $$!
5
#   &$&%&$
3
 
% $$!
9
%!*  &$&#&$
8
%  #$
2
%!*  &$!#$
10
# %&$'&#$# &!
1
%!*  &$"& #&
1
$&  $#& $
9
%!*  &$ *%&$
11
%!*  &$ $$$!
17
$&  $$
1
 $
$&  $& #$$
1
%!*  &$%#&$
2
$&  $&% 
3
%!*  &$%&$
2
%!*  &$$!# !*%
$&  $ 
2
4
&$
$&  $$%&%+#
4
%!*  &$'%&&$
1
$&  $!&%
2
%!*  &$(##
4
$&  $ #*+%$
2
%!*  &$$&$
1
% %# !  $% 
1
$% % *%
1
!
 $  $#
1

$% !%%
1


3892

%$

" &   









 " #!"!


%!*  &$ were isolated at most (10). In our
study we isolated %!*  &$ at most (30,73 %).
When only pathogen bacteria were considered this
rate was found to be 38,06 %. In previous studies,
staphylococcus were reported as the most frequently
encountered bacteria that cause musculoskeletal infections [11].
Aaron et al. monitored 190 footballers in 6
schools for 1 year. Swab samples of athletes were
examined and skin infections that developed during
1 season was researched. In 44 athletes nasal MSSA
was detected. Skin infection rate developed in one
season was reported as 5,3 %. In the survey conducted before the season, 21% skin infection was reported and 11% of them were reported to be connected with MSSA [12].
109 grams positive (Gr +) 108 grams negative
(Gr -) bacteria reproduced. 70 Gram Positive bacteria (64,22%) and 105 Gram Negative (97,22%) were
specified as pathogen (Table 2).
Although most bacteria were obtained from
plastic surfaces, when pathogen bacteria rates were
considered the highest rates were obtained from
swimming pools with 94,11% (Table 3).
After the gram stain separation of isolated bacteria, their distribution by surface that they are obtained from were shown in Table 4. According to
that, while especially in the samples from the water
and water contact showers Gr negative bacteria came
into prominence, in other surfaces Gram positive
bacteria were observed to be dominant (Table 4).
Contaminated swimming pools pose a risk for
athletes. This contamination is generally caused by
environment. Contamination from sewage systems
constitutes an important problem presently. By this
way contamination by Gram (-) bacteria is possible.
For this reason, swimming pools should be inspected
consistently against bacterial contamination [13]. In
our study, in the water samples Gram (-) bacteria
were isolated mostly.

parts. Also, the areas that were in contact with other
body parts and that might cause contamination as a
result of injuries such as swimming pools and wrestling mats were involved in our study. From the samples 218 (77,03 %) microorganisms were reproduced
(217 bacteria and 1 fungus). The surfaces that bacteria were obtained from: 50 from plastic surfaces, 46
from ceramic surfaces, 43 from rubber surfaces, 31
from metallic surfaces, 25 from wooden surfaces, 17
from swimming pools, and 6 from others. 175 (80,64
%) reproduced bacteria were specified as human
pathogen (Table 1). The bacteria that reproduced the
most were %!*  &$ $$$! $(17).
As a group, the bacteria group that reproduced the
most was again $%!*  &$ (67).
In our study, bacteria which threaten human
health and are difficult to treat, such as MRSA, 
#& $ % %# & % %# ! 
 $ % ! were isolated. For example 
% !is resistant to numerous antibiotics as a
result of many genome areas and efflux pump it contains within itself [10]. Generally, it causes nosocomial infections. Obtaining this difficult-to-treat
bacterium from sport areas is thought-provoking.


-453-&65-101*/-'3113+%0-4/4-0421354%0(
',-.(3)0:42.%8+3160(4
Total
Pathogen
%

Gram negative
108
105
97,22

Gram positive
109
70
64,22

Fungus
1
1
100

In the study conducted by Kirsten et al., in the
samples taken from exercise equipment, reproduction of bacteria and virus was detected. In 63% of the
samples taken from the areas which were in contact
with hands virus was isolated, and it was also found
that there was no meaningful decline in viral reproduction after disinfection. In bacterial cultures



 
-453-&65-101*%'5)3-%*31/21354%0(,-.(3)0:4.%8+3160(4&85,)63*%')4%0(
%5,1+)0%'5)3-%%5)4

Number of Bacteria
Number of pathogens
% pathogens

Pool
17
16
94,11

Wood
25
23
92

Ceramic
46
41
89,13

Surface
Metal
31
24
77,41

Plastic
50
38
76

Rubber
43
31
72,09

Other
6
4
66,66


 
-453-&65-101*3%/14-5-7))+%5-7)%'5)3-%-021354%0(,-.(3)0:4.%8+3160(4&8
63*%')1*&5)05-10
Gram (+)
Gram (+) %
Gram (-)
Gram (-) %

Pool
2
0,92
15
6,91

Wood
18
8,29
6
2,76

Ceramic
7
3,22
39
17,97
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Metal
22
10,13
9
4,14

Plastic
28
12,9
22
10,13

Rubber
27
12,44
16
7,37

Other
5
2,3
1
0,46
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In the collected samples 8 %!*  &$&
#&$$&  $#& $($&
!%  reproduced. From the other dangerous
bacteria that might cause disease in humans 3 
% %#&, 11 Enterobacter, 7 $#
 , 10 !  $!& $, 8 %!*  
&$ &#&$ and 1 % %# !  $ % !
were reproduced.
100 of these bacteria especially accepted as
pathogen were subjected to antibiogram testing. In
76 of them, no antibiotic resistance against any type
of antibiotics was found. In 1 %!*  &$&#&$
and 6 coagulase %!*  &$ negative (CNS)
strain, Methicillin resistance was found. In 2 #&
 $1 %# %## $1  $
%$% $%#  strain, carbapenem resistance was
found. In one of the 3 # # )*%
strains obtained, extended spectrum beta-lactamase
(GSBL) suspected for development of resistance
against 3rd generation cephalosporin group antibiotics was found. 7 of the 10 !& $strains were
found as resistant against cholistin.
For prevention of during-sports infections it is
important to train sport activity supervisors and athletes (to avoid using other people’s stuff such as towels, razors etc.), do skin examination before activity,
take shower after activity and disinfect clothes and
medical stuff with water-based agents, to clean the
sports facility and to remove potential infection
sources. Disposable stuff should be destroyed certainly and shouldn’t be used again. Skin diseases
should be detected before the sports activities and
they should be given the appropriate treatment and
should be traced [14].
The precautions taken should cover all other
microorganisms. Not only bacterial infections but
also many other microorganisms threaten sport
health. Especially in organizations in which many
athletes stay together, such as big tournaments, various epidemics might occur. CDC reported a norovirus epidemic which developed during men’s basketball tournament in Kentucky in 2012 [15]. In previous publications, a %!*  &$ &#&$ epidemic which developed in 5 players of a rugby team
was reported [16].
Although in developed countries and in organizations that professional athletes participate detecting epidemics is easy, in our study we focused on
areas used by amateur athletes and public sport facilities. These places cannot be cleaned professionally
due to economic reasons. For these reasons, amateur
athletes and those using these sport centers should
especially be careful about personal protection. Also,
during-sports infections affect the performances of
athletes. Acute febrile illnesses cause underperformance as a result of reasons such as muscle weakness and motor coordination impairment. Besides, it
can be dangerous to do sports in the presence of a
case such as myocarditis. That is why the examina-

tions to be done before the sport activity is also important for sport health [17].
!
Although sport has many benefits for health, if
not done properly and safely it may cause health
problems. One of those problems is infections that
might develop while doing sports. Infections may
develop as a result of various injuries as well as due
to direct contact without the presence of any kind of
injury. In this case, environmentally transmitted bacteria pose a risk for sports health. In our study we
examined the bacteria and fungi that might cause developing infections by exploring these threats in
sport equipment, places where sport competitions
take place and swimming pools. The results of our
study has revealed similar microorganism rates as in
the literature and has shown that environmental contamination is an important source in musculoskeletal
infections.
Sport can be very beneficial for health if done
properly but under suboptimal conditions it may
even be harmful. Cleaning these areas regularly and
inspecting them are very important in terms of infection risk. While doing sport personal precautions like
wearing gloves should be considered in order to be
protected from such kind of infections.
" 
The work was financially supported by the
Kırıkkale University Scientific Research Projects
Coordination Unit, Turkey (BAP Project No.
2012/120).

10*.-'5 1* 05)3)45. The authors declare that
they have no conflict of interest.

[1] Marongiu, E. and Crisafulli, A. (2014) Cardioprotection Acquired Through Exercise: The
Role of Ischemic Preconditioning. Curr Cardiol
Rev. 10(4), 336-348.
[2] Santos, J.M., Tewari, S. and Benite-Ribeiro,
S.A. (2014) The effect of exercise on epigenetic
modifications of PGC1: The impact on type 2
diabetes. Med Hypotheses. 82(6), 748-753.
[3] Sharp, J.C. (1994) ABC of sports medicine. Infections in sport. BMJ. 308(6945), 1702-1706.
[4] Gold, W.L. and Salit, I.E. (1982) #  $*
# ! Infections of Skin and Soft Tissue: Report of 11 Cases and Review, Clinical Infection
Diseases. 16(1), 69-74.

3894

%$

" &   









 " #!"!


[5] Edouard, P., Depiesse, F., Branco, P. and
Alonso, J.M. (2014). Analyses of Helsinki 2012
European Athletics Championships Injury and
Illness Surveillance to Discuss Elite Athletes
Risk Factors. Clin J Sport Med. 24(5), 409-415.
[6] Ryynänen, J., Junge, A., Dvorak, J., Peterson,
L., Kautiainen, H., Karlsson, J. and Börjesson,
M. (2013) Foul play is associated with injury incidence: an epidemiological study of three FIFA
World Cups (2002-2010). Br J Sports Med.
47(15), 986-991.
[7] Collins, C.J. and O’Connell, B. (2012) Infectious disease outbreaks in competitive sports,
2005-2010. J Athl Train. 47(5), 516-518.
[8] Prieto-Pérez, L., Pérez-Tanoira, R., PetkovaSaiz, E., Pérez-Jorge, C., Lopez-Rodriguez, C.,
Alvarez-Alvarez, B., Polo-Sabau, J. and
Esteban, J. (2014) Osteomyelitis: A Descriptive
Study. Clinics in Orthopedic Surgery. 6, 20-25.
[9] Crossman, L.C., Gould, V.C., Dow, J.M. (2008)
The complete genome, comparative and functional analysis of % %# !  $ % 
! reveals an organism heavily shielded by
drug resistance determinants. Genome Biol.
9(4), R74.
[10]Goldhummer, K.A., Dooley, D.P., Ayala, E.,
Zera, W. and Hill, B.L. (2006) Prospective
study of bacterial and viral contamination of exercise equipment. Clin J Sport Med. 16(1), 3438.
[11]Malani, P.N. (2010) Mandell, Douglas, and
Bennett’s Principles and Practice of Infectious
Diseases. JAMA. 304(18), 2067-2071.
[12]Lear, A., McCord, G., Peiffer, J., Watkins, R.R.,
Parikh, A. and Warrington, S. (2011) Incidence
of %!*  &$ &#&$ nasal colonization
and soft tissue infection among high school
football players. J Am Board Fam Med. 24(4),
429-435.
[13]Connell, C., Tong, H.I., Wang, Z., Allmann, E.
and Lu, Y. (2012) New approaches for enhanced
detection of enteroviruses from Hawaiian environmental waters. PLoS One. 7(5), e32442.
[14]Likness, L.P. (2011) Common dermatologic infections in athletes and return-to-play guidelines. J Am Osteopath Assoc. 11(6), 373-379.
[15]Centers for Disease Control and Prevention
(CDC) (2012) Notes from the field: norovirus
outbreak at a boys' basketball tournament - Kentucky, February 2012. MMWR Morb Mortal
Wkly Rep. 61(25), 471.
[16]Stacey, A.R., Endersby, K.E., Chan, P.C. and
Marples, R.R. (1998). An outbreak of methicillin resistant %!*  &$&#&$ infection in
rugby football team. BrJ Sports Med. 32(2),
153-154.

[17]Friman, G., Wesslén. L. (2000) Special feature
for the Olympics: effects of exercise on the immune system: infections and exercise in high
performance athletes. Immunol Cell Biol. 78(5),
510-522.

)')-7)(
  
'')25)(
   


! 

84603+)0)
Faculty of Science and Literature,
Department of Biology,
Kırıkkale University,
Kırıkkale, 71450 – Turkey

e-mail: ergene@kku.edu.tr



3895

%$

" &   

  





 " #!"!




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

2?)0,9(!521( !(+582(<"?589,1 :1(8?7?>)5<810 '+?082(<0,*15 

1


University of Warmia and Mazury in Olsztyn, Department of Environmental Chemistry, Plac Lodzki 4, 10-727 Olsztyn, Poland
2
Alcontrol Laboratories, Bessemer Way S601FB Rotherham, United Kingdom
3
University of Ecology and Management in Warsaw, Faculty of Ecology, ul. Olszewska 12, 00-792 Warsaw, Poland

"#!#

decrease in the yields of white cabbage and an increase in the mercury content in the analyzed parts
of the plants. Irrespective of the applied neutralizing
substance, an increase in the uptake of mercury was
observed to be induced by the incrementally higher
doses of mercury. Based on the content of mercury
in the tested cabbage organs, a tendency was demonstrated towards arresting mercury in roots and its
weak translocation to the aerial mass of cabbage. 

The objective of this study has been to evaluate
the effect of soil pollution with mercury on the uptake and translocation of this xenobiotic element in
white cabbage plants grown with or without the soil
application of selected mineral substances. Mercury
was applied as mercury (II) sulphate (HgSO4) in
doses of 0, 50, 100 and 150 mg kg-1 of soil. The mineral neutralizing substances were: zeolite, lime and
bentonite. Zeolite and bentonite were added to soil
in quantities corresponding to 3% of the soil mass
per pot, while the amount of lime equalled 1 hydrolytic acidity (Hh) of soil. The soil used in the experiment had the texture of light loamy sand and slightly
acidic reaction (pH w 1 mol KCl dm-3 – 5.53).Soil
pollution with mercury had a negative effect on the
yield of white cabbage. The doses of 100 and 150 mg
Hg kg-1 of soil resulted in a decreased aerial mass
yield while the doses of 50 and 150 mg kg-1 of soil
reduced the mass of roots. The application of lime
and bentonite to the substrate significantly increased
(by 13 and 29%, respectively) while that of zeolite
significantly decreased (by 13%) the average yield
of cabbage aerial mass. The mean mercury content
in harvested aerial mass was within the range of
0.366 – 0.454 mg, while being several-fold higher in
the root mass, where it reached 1.499 – 1.673 mg
kg-1 DM. The mean uptake of mercury by cabbage
aerial mass was from 0.014 mg (the series with zeolite) to 0.024 mg Hg per pot-1 (the series with bentonite). In turn, the mean uptake of mercury by cabbage roots ranged between 0.013 mg (the series with
bentonite) to 0.029 mg Hg per pot-1 (the series without added mineral substances and with zeolite). The
mean biological translocation coefficients (BTC)
equalled 0.216 to 0.293, suggestive of a regular increase in translocation of Hg to aerial mass along the
increasing soil pollution with this metal. The highest
increase (3.4-fold) of the BTC value was noted in the
series with bentonite, while the smallest one (1.6fold) occurred in the series with lime.The soil contamination with mercury contributed to a significant

&%!"
Mercury, soil, zeolite, bentonite, lime, white cabbage
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Mercury is one of the most toxic trace elements,
which is capable of accumulating in a trophic chain
[1]. The Directive of the European Parliament and
Council of 15 February 2006 [2] classifies mercury
and mercury compounds as highly toxic substances
which persist in the environment. It is estimated that
the global emission of mercury is 4400 - 7500 Mg,
while the emission of this metal in Poland is estimated to reach 25 Mg [3]. In Europe, Poland is one
of the countries with the highest emission of mercury
to the atmosphere [4], mostly due to the combustion
of fossil fuels: black and brown coal, whose average
mercury content is assessed to be 100 mg and 250
mg Mg-1, respectively [5]. Including the remaining
sources of mercury, there is a substantial risk of elevated mercury deposition in soils and terrestrial
plants, and possibly contamination of agricultural
crops with this metal. Plants take up mercury not
only through roots but also through leaves when the
metal is present in the gaseous form or is deposited
by atmospheric precipitations [6, 7]. According to
Obrist [8], mercury accumulated in aerial parts of
plants originates from the atmosphere, while that
found in roots comes from the soil. The volume and
intensity of mercury uptake from the soil solution depend on the form in which it appears as well as its
soil content and such soil characteristics as the mineral composition, oxidation-reduction conditions,
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grain-size composition, amount of colloids and oras mineral substances added to soil on the amounts
ganic matter contained in soil [9]. The most popular
of harvested biomass and the content, uptake and
agricultural practice which limits the risk of an eletranslocation of this xenobiotic element in white cabvated soil content of heavy metals is soil liming [10bage plants.

12]. Organic matter, an important soil component, is

also considered to act as a filter stopping mercury
#!"#"
[13]. However, Yu et al. [14] claim that mercury

bound to fulvic acids can be a significant source of
=6,703,49(2+,80.4A two-factorial pot exthis xenobiotic element to plants. This process is inperiment was conducted. One factor consisted of intensified in soils with granular structure and rich in
creasing mercury doses (0, 50, 100 and 150 mg Hg
fertilizing substances. According to Yao et al. [15],
kg-1 of soil), while the other comprised three mineral
interaction of Hg(II) with fulvic acids can lead to a
substances (zeolite, lime, bentonite). Mercury was
rapid increase in the soil mobility of mercury. Meradded to soil in the form of mercury(II) sulphate
cury bound to fulvic acids can be more easily acces(HgSO4) - the commercial form. Zeolite and bentonsible to plants, in contrast to mercury bound to minite were applied in quantities equal 3% of the soil
erals. Other factors which shape the sorption of mermass per pot while lime was used in an amount corcury are interactions between individual component
responding to 1 hydrolytic acidity (Hh) of soil. Benelements of the colloid system [16]. The binding aftonite used in the study was purchased in B.D.C. Pofinity of humic acids to form bonds with iron oxides
land Company. The major component this substance
limits the sorption of mercury by oxides and therewas montmorillonite, a particular form of smectite.
fore increases the phytoavailability of this xenobiotic
Zeolite originated from the zeolite deposits in the
metal. Yathavakill and Caruso [17] demonstrated the
central region of Mexico instead lime was originated
synergy between mercury and selenium. When the
from lime deposits in Bielawy (Poland). The specificontent of selenium in soil is elevated, the bioaccucation of the substances added to soil in order to neumulation of mercury is increased. Similar results
tralize the soil contamination with mercury is prewere obtained by Moreno et al. [18] regarding amsented in table 1. In addition, NPK fertilization (urea,
monium thiosulphate and sodium. Moreover, comtriple superphosphate 46% and potassium salt 57%)
plexes formed between mercury and thiosulphate
was performed including 133 mg N, 58 mg P and 129
can be easily distributed to aerial parts of plants,
mg K kg-1 of soil. Each treatment was replicated
where they accumulate in quantities up to 25-fold as
three times.
high as the Hg content of soil. Numerous studies

have suggested that roots of many plants can act as
"502(4+4:970,4997,(93,498The soil used in
an effective barrier to inorganic forms of mercury
the experiment was obtained from the humic-arable
[19, 20]. Mercury contained in the substrate affects
horizon under an arable field and had the texture of
plants in various ways. This xenobiotic element is
light loamy sand. The soil was passed through a
perceived as an antagonist of potassium in a plant
sieve with a 1 cm mesh net. The soil reaction was
[21], and can therefore decrease the content of potaspHKCl – 5.53, pHH2O – 6.25, and hydrolytic acidity
sium in plant roots, which can interfere with the up(Hh) equalled 23.8 mmol(+) kg-1 DM The content of
take of water, photosynthesis, transpiration and chloavailable forms of phosphorus (P), potassium (K)
rophyll synthesis [22]. The pollution of soil with
and magnesium (Mg) was 28.5; 60.2 and 28.7 mg kgmercury can affect, to a different degree, volumes of
1
, respectively. The content of mercury in the soil
harvested yields of crops [23-28] as well as their
taken
for the experiment was low (0.02 mg kg-1),
chemical composition [24, 26, 28]. Excess mercury
thus satisfying the quality standards for agriculturin soil can contribute to its higher uptake by plants,
ally used soils [33].
which may be modified by supplementing soil with
Batches of soil weighing 9.0 kg were carefully
neutralizing substances [26, 29]. Moreover, higher
mixed with mineral fertilizers, mercury and neutrallevels of soil contamination with mercury can alter
izing substances, after which they were transferred
values of the translocation coefficient calculated for
to labelled pots, according to the experimental dethis element in plants [30-32].
sign. Immediately after the pots had been filled with
Considering the substantial risk of mercury polsoil including appropriately added substances, the
luting agricultural crops, the following pot experitest plant was planted. 
ment was conducted and the aim was to determine
the impact of incremental doses of mercury as well

#
549,495-3,7*:7>(4+3(*754:970,4980404(*90;(904.8:)89(4*,83.1. 
Inactivating substances
Lime (CaO)
Natural zeolite type MHZ
Bentonite

Hg
n.d.
0.04
0.04

P
0.16
0.11
0.47

K
0.67
23.21
2.43

n.d. – not detected
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Mg
2.32
0.32
5.03

Ca
421.16
15.28
26.72

Na
0.13
16.12
12.11

%$

" &   

  





 " #!"!


(7;,89 (4+ 3,(8:7,3,498 The test plant
was white cabbage cv. Kamienna Głowa. Three
transplants were planted in each pot and grown for
84 days. During that time, the soil moisture was
maintained at 60% of maximum water capacity. After the harvest, cabbage plants were divided into the
aerial parts and roots, and the weight of the harvested
biomass was determined. The plant material was
combined into treatment samples, comminuted and
dried at 60°C. Afterwards, it was ashed at 500°C,
dissolved in concentrated nitric acid and filtered.
Mercury was determined with the technique of generating cold vapours in atomic absorption spectrometry (CV-AAS). 

most widely consumed vegetables in Poland and
other Central European countries. The annual production of cabbage is estimated to make up around
30% of the total production of field vegetables [36].
As cabbage makes such a substantial contribution to
human diet, it is important to recognize the response
of the plant to excess mercury in soil and the mechanism of the uptake and translocation of this xenobiotic element to the aerial parts of cabbage. Consumers may worry about the fact that plants of the family
 are rather tolerant to the presence of
heavy metals in soil [37].
Our research results point up significant correlations between the yield of both aerial mass as well
as the biomass of roots of white cabbage and the increasing doses of mercury in soil as well as the soil
enrichment with mineral substances (tab. 2). The average yield of cabbage aerial parts was between
38.84 g (the series with zeolite) to 57.55 g DM per
pot-1 (the series with bentonite). The smallest root biomass was detected in the series with bentonite (8.45
g) and the highest one in the series without any neutralizing substances (18.1 g DM per pot-1). The statistical analysis confirmed the presence of a negative
correlation between the growing soil contamination
with mercury and the average yield of cabbage aerial
mass (r= -0.343). However, this negative correlation
was affected by the two higher doses of Hg (100 and
150 mg kg-1 of soil). The aerial mass yield reduction
at the highest dose was 14% relative to the control.
In turn, the Hg dose equal 50 mg kg-1 of soil caused
a significant increase (by 12%) of the aerial mass
yield. The first and the third Hg dose (50 and 150 mg
kg-1 of soil) resulted in a significant reduction of the
quantity of root mass, while the second one raised
this parameter significantly.

"9(90890*(2 (4(2>808 Based on the determinations of the mercury content, calculations were made
to establish the uptake of the xenobiotic element with
yield. The uptake of mercury by the plants was expressed in mg Hg per plant. Additionally, the biological translocation coefficient (BTC) was calculated
as a quotient of the mercury content in aerial mass to
its content in roots. The results were statistically processed in a Statistica 12.0 programme, using a twofactorial analysis of variance ANOVA, while the
least significant differences (LSD) were determined
at the significance threshold of α=0.05 using the
Duncan’s test [34]. The relationships between the
analyzed factors were demonstrated with equations
of polynomial regression and Pearson’s simple correlation, using a Microsoft Excel package [35]. 


!"$#"
%,0./9 5- (,70(2 6(798 (4+ 75598 5- *7568
White head cabbage is one of the most popular vegetables grown in the world, and it is also one of the

# 
--,*985-85026522:9054<09/3,7*:7>549/,+7>3(99,7<,0./95-75598(4+()5;,.75:4+
6(795-*())(.,.659 
Hg dose
mg kg-1 of soil

Objects
without
amendments

zeolite

lime (CaO)

AERIAL MASS
0
46.87
41.45
53.39
50
47.17
43.72
56.59
100
47.24
38.03
48.60
150
36.95
32.14
42.32
Average
44.56
38.84
50.23

-0.753**
-0.860**
-0.857**
LSD α=0.05 for Hg soil pollution = 0.319; for amendments = 0.319; for interaction = 0.639
ROOTS
0
14.60
16.57
22.10
50
16.26
18.22
12.72
100
19.95
18.63
14.06
150
21.59
16.52
12.60
Average
18.10
17.49
15.37

0.928**
n.s.
-0.767**
LSD α=0.05 for Hg soil pollution = 0.700; for amendments = 0.700; for interaction = 1.401

bentonite

Average

50.72
68.83
57.00
53.64
57.55
n.s.

48.11
54.08
47.72
41.26
47.79
-0.343*

7.03
8.96
10.81
6.99
8.45
n.s.

15.07
14.04
15.86
14.43
14.85
n.s.

*- correlation coefficient  significant for α=0.05; ** - correlation coefficient  significant for α=0.01; n.s. – not
significant
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cate easy transport of this element from soil to cabbage roots, even though this is not an essential element for the physiological processes in the plant.
The mercury content of the aerial parts of cabbage
was positively correlated with the increasing doses
of this element in soil. The highest Hg dose caused a
nearly three-fold increase in the content of this metal
in the aerial mass of cabbage. On the other hand, the
increase in the root content of Hg caused by the
growing soil content of this metal occurred up to the
second dose (100 mg Hg kg-1 of soil) and reached
49% relative to the control. The application of the
neutralizing substances tested in our experiment significantly depressed the mean Hg content in aerial
mass in the range of 8 to 19% versus the control. Despite this positive influence consisting in the reduced
average Hg content in aerial mass, the increasing Hg
doses and their interactions with the mineral substances were positively correlated with the Hg content of aerial mass of cabbage. The correlation coefficient r, depending on the experimental series, was
within the range of 0.915 – 0.996. Slightly different
results were obtained for cabbage roots, in which a
significant decrease in the mercury content was induced by bentonite. In addition, a highly significant
and positive correlation was noted between the increasing Hg doses and the application of zeolite or
lime versus the content of mercury in cabbage roots.
The mercury contamination alone as well as its interaction with bentonite were insignificant for
changes in the discussed trait. Considering the results of our experiment, it can be inferred that the application of zeolite or lime to soil polluted with mercury decreases the content of this metal in cabbage
aerial mass but increases it in the plant’s roots, which
is a positive development for consumers. 

The correlations observed in our experiment
were also differentiated by the soil enrichment with
the tested mineral substances. The application of
lime and bentonite to soil produced a significant and
positive effect on the harvested average mass of the
aerial parts of cabbage, which was 13 and 29%
higher than in the control (no neutralizing substances), respectively. On the other hand, zeolite
caused a 13% decrease in the average yield of aerial
mass. All of the applied pollution alleviating substances caused a reduction of the root biomass, but
the significant effects were observed only after the
application of lime and bentonite.
Analyzing the correlation coefficients calculated for particular series, it is possible to conclude
that both mercury and its interactions with zeolite
and lime highly significantly and negatively affected
the volume of the cabbage aerial mass yield. The correlation coefficient r for these series was within 0.753 and -0.860. The negative impact of the increasing Hg doses and soil liming was also recorded
for the amount of root mass, in which case the correlation coefficient was likewise highly significant and
equalled r= -0.767. A reverse correlation was noted
in the case of the series without inactivating substances added to soil, where the increasing Hg doses
were highly significantly and positively correlated
with the volume of root yields (r= 0.928).

54*,497(90545-3,7*:7>049/,)053(885-
*7568The average mercury content in the harvested
aerial mass of cabbage was within the range of 0.366
– 0.454 mg, whereas in the roots it was several-fold
higher and varied from 1.499 to 1.673 mg kg-1 DM
(tab. 3). Such large discrepancies in the content of
mercury in the distinguished parts of cabbage impli-

# 
--,*985-85026522:9054<09/3,7*:7>549/,3,7*:7>*549,490475598(4+()5;,.75:4+
6(795-*())(.,3.1. )
Hg dose
mg kg-1 of soil

Objects
without
amendments

zeolite

lime (CaO)

bentonite

AERIAL MASS
0
0.204
0.187
0.221
0.201
50
0.433
0.337
0.447
0.409
100
0.502
0.418
0.425
0.469
150
0.678
0.522
0.572
0.584
Average
0.454
0.366
0.416
0.416

0.981**
0.996**
0.915**
0.972**
LSD α=0.05 for Hg soil pollution = 0.0029; for amendments = 0.0029; for interaction = 0.0059
ROOTS
0
1.079
1.406
1.108
1.326
50
1.926
1.710
1.751
1.876
100
1.919
1.932
1.783
1.672
150
1.457
1.645
1.759
1.122
Average
1.595
1.673
1.600
1.499

n.s.
0.897**
0.780**
n.s.
LSD α=0.05 for Hg soil pollution = 0.0028; for amendments = 0.0028; for interaction = 0.0056

Average

0.203
0.407
0.454
0.589
0.413
0.935**

1.230
1.816
1.827
1.496
1.592
0.309*

*- correlation coefficient  significant for α=0.05; ** - correlation coefficient  significant for α=0.01. n.s. – not
significant
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Objects
AERIAL MASS
without amendments

zeolite
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Hg uptake in mg Hg pot-1

























LSD α=0.05 for Hg soil pollution = 0.0003; for amendments = 0.0003; for interaction = 0.0006
ROOTS
without amendments
zeolite
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LSD α=0.05 for Hg soil pollution = 0.0011; for amendments = 0.0011; for interaction = 0.0023
Soil pollution with mercury (mg Hg kg-1 of soil)
*- correlation coefficient  significant for α=0.05; ** - correlation coefficient  significant for α=0.01. n.s. – not significant
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# 
--,*985-85026522:9054<09/3,7*:7>549/,)0525.0*(297(48-,7*5,--0*0,49#
Objects
without
zeolite
lime (CaO)
bentonite
amendments
0
0.189
0.133
0.200
0.151
50
0.225
0.197
0.255
0.218
100
0.262
0.217
0.238
0.281
150
0.466
0.317
0.325
0.520
Average
0.285
0.216
0.255
0.293

0.903**
0.968**
0.884**
0.939**
LSD α=0.05 for Hg soil pollution = 0.0019; for amendments = 0.0019; for interaction = 0.0039
Hg dose
mg kg-1 of soil

** - correlation coefficient  significant for α=0.01


$69(1, (4+ 97(4825*(9054 5- 3,7*:7> Despite the high Hg doses tested in this study and considerable concentrations of mercury in the distinguished parts of cabbage, the calculated uptake of
this metal per pot was not as high (fig. 1). The average uptake of mercury by the aerial mass of cabbage
varied from 0.014 mg (the series with zeolite) to
0.024 mg Hg pot-1 (the series with bentonite). The
average mercury uptake by roots was within the
range of 0.013 mg (the series with bentonite) to
0.029 mg Hg pot-1 (the series without added substances or with zeolite). The increasing doses of mercury caused a significant, nearly double increase in
the uptake of this element by aerial parts of cabbage.
In turn, the uptake of Hg by roots increased significantly only to the second dose of Hg (100 mg Hg kg1
DM of soil). At the highest Hg dose, the uptake of
mercury by roots decreased significantly, although it
still remained 22% higher than in the control variant.
Furthermore, the application of inactivating substances produced diverse effects on the uptake of
mercury by both aerial mass and roots of cabbage.
Zeolite significantly depressed (by 30%) and bentonite significantly increased (by 20%) the average uptake of Hg by aerial mass. Irrespective of the applied
soil amending substance, a tendency was observed
towards an increased Hg uptake alongside the increasing doses of this metal, which was significant
(r= 0.680) in the series with lime and highly significant in the series with zeolite (r=0.885) and bentonite
(r=0.839). With regard to cabbage roots, the application of lime and bentonite significantly decreased the
uptake of mercury by 21 and 55%, respectively,
compared to the unamended series. In the series with
the added mineral substances, no significant correlations were documented between the increasing Hg
doses and the uptake of this xenobiotic element by
cabbage roots. However, such a correlation, and a
significant one, occurred in the control series, with
no neutralizing substances added to soil, and the correlation coefficient equalled r= 0.724.
The biological translocation coefficient (BTC)
values computed in our study confirm that mercury
was easily transported from roots to aerial parts of
cabbage (tab. 4). The results of our experiment indicate more intensive transport in the mercury-polluted

Average
0.168
0.224
0.249
0.407
0.262
0.820**

treatments. Moreover, the mean coefficients calculated for all the series suggest a steady increase in the
BTC values in parallel to the increase in the mercury
doses applied to soil, which more than doubled at the
highest Hg dose. The application of such mineral
substances as zeolite and lime significantly decreased the BTC values by 24 and 11%, respectively,
relative to the control. Bentonite was an exception in
that it caused an increase in the BTC value by 3%
compared to the control. Irrespective of the experimental series, the coefficient of correlation r between
the increasing mercury doses and the achieved BTC
values was positive and highly significant (0.884–
0.968). The highest increase (3.4-fold) in the BTC
was noted in the series with bentonite, while the
smallest one (1.6-fold) occurred in the series with
lime.


"$""

The results of our experiment indicate that the
soil pollution with mercury generally had an adverse
effect on the yield volume of cabbage aerial parts and
roots (tab. 2). Literature data implicating the sensitivity of plants to soil contamination with mercury
have been supplied by numerous researchers. For example, Ansari et al. [23], having added to soil mercury(II) chloride in doses of 6 and 12 mg kg-1 DM of
soil, noted a decrease in the yield of mustard by 25
and 37%, respectively. Ciećko et al. [24] reported a
decrease in the yields of maize by approximately
25% due to the soil pollution with mercury(II) sulphate in a dose of 150 mg Hg kg-1. Rolka et al. [26],
at the same degree of soil contamination with Hg,
noted a 30% decrease in the aerial mass yield and a
34% decrease in the mass of roots of yellow lupine.
Rellán-Álvarez’ et al. [27], who had applied a dose
of 6 mg Hg kg-1 of soil, concluded that the maize
yield fell by 50%. Popa et al. [25] demonstrated a
negative effect of mercury on the yield of oat plants.
Soil contamination with a dose equal 13 mg Hg kg-1
of soil in the form of mercury(II) chloride lowered
the yield of oat by 32%, with an accompanying
shortening of plant roots. Similar results regarding
the effect of mercury chloride on oat were delivered
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cury in roots. Meanwhile, the translocation coefficient in the variants with the lowest mercury dose
was 2.6, compared to 0.1 for the higher doses. The
results obtained by Lopes et al. [30] proved that the
highest translocation of mercury from roots to aerial
parts in common barley (  L.) appeared in the control treatments, where the BTC was
2.8, while in the variants polluted with 20 and 40 µg
Hg g-1, the value of this coefficient was 1.8. Also, the
study completed by Moreno-Jiménez et al. [32] confirms that under more severe soil contamination with
mercury, more of this element is arrested in roots
than in aerial parts of plants, which is supported by
the calculated translocation coefficients, which were
nearly two-fold lower than in treatments with a lower
pollution level. Zarnoza et al. [45] noted that increasing doses of mercury in the range of 1.25 do 10.00
µmol L-1 did not cause significant changes in the
BTC values calculated for white lupine plants (
 L.), which were the same in the analyzed
treatments and equalled 0.1. In turn, Yu et al. [46]
conducted an experiment on the accumulation of
eight heavy metals in cabbage plants (
 L.) and found that the translocation coefficient
for all the tested elements was below 0.1, except for
mercury, in which case it equalled 1.15. Muddarisna
et al. [47], in their study dedicated to the search for
plant species suitable for phytoremediation of mercury polluted soils, proved that the species 
 could be used for this purpose owing to the
effective uptake and translocation of mercury from
roots to aerial parts, as the ratio of the mercury content in aerial organs to that in roots was 6.82. There
are investigations which verify the positive effect of
a variety of compounds or substances on the enhanced translocation of mercury to aerial parts of
plants. For instance, Smolińska [48] showed a positive influence of the soil application of compost, resulting in an increased translocation of mercury to
aerial organs of   L. In the experiment carried out by Wang et al. [49], an application
of thiosulphate to soil was demonstrated to induce a
60- to 179-fold increase in the content of mercury in
cabbage aerial organs versus the control. Smolińska
and Rowe [50], having applied sodium thiosulphate
to soil, observed a ten-fold increase in the transport
of mercury from roots to aerial parts of 
  L. compared to treatments with no addition of
Na2S2O3.

by Wyszkowski and Wyszowska [28]. In their experiment, a dose equal 20 mg Hg kg-1 of soil depressed
the oat yield by 44%. A dose of 20 mg Hg kg- 1 tested
by Shekar et al. [38] contributed to the inferior emergence of tomato seeds (" L.),
which was 40% worse than in the control variant. 
In our study, volumes of the yields of aerial
parts and roots obtained from white cabbage depended on doses of mercury and on the application
of substances neutralizing this xenobiotic element
(tab. 2). The results show that although soil liming
did not change the negative relationships between
mercury contamination and the harvested cabbage
yield, it did reduce the negative effect of mercury on
the yield of cabbage aerial parts. Others have also
noted that soil liming mollifies the decrease in yields
of maize [24] or yellow lupin [26] due to the soil pollution with mercury.
Beside reducing the yield of head cabbage, soil
pollution with mercury contributed to an increase in
the concentration of this metal in the analyzed parts
of the test plant (tab. 2-3). Typically, a higher mercury content is detected in roots than in aerial parts
of plants [39-41]. This tendency is confirmed by our
experiment, in which the average mercury content in
the aerial organs of cabbage was 0.413 mg, while
that in the roots was 1.592 mg, thus being 4-fold as
high as in the aerial parts. Similar disproportions in
the mercury content of aerial parts and roots were
observed in mustard plants [18, 23, 42] and maize
[27]. Approximately the same concentrations of
mercury in cabbage plants were determined by
Jędrzejczak [43] and Liu et al. [44].
The uptake of mercury by plants depends on a
number of factors, including the soil reaction. In
acidic soil, this element tends to be more mobile in
the soil environment. Soil liming tested in our experiment reduced the uptake of mercury by cabbage
roots by 21% compared to the control series, with no
addition of a substance inactivating this xenobiotic
metal (fig. 1). Rolka et al. [26] reported a 33% decrease in the average Hg content in aerial mass of
yellow lupine in response to soil liming. The significant role of soil reaction is also implicated in the
study by Heerman et al. [29] conducted on 
" L., in which an application of lime in the
form of CaCO3 resulted in a 50% decrease in the
content of mercury in tissues of the test plant compared to unlimed treatments.
The biological translocation coefficient (BTC)
values were computed in order to assess the extent
and direction of the translocation of mercury. The
BTC was calculated as a quotient of the mercury
content in aerial parts to that in roots (tab. 4). Mellem
et al. [31], who carried out an experiment on red
spinach ( ), demonstrated that
mercury accumulated mainly in aerial parts of the
test plant at a dose of 25 ppm, while higher doses,
i.e. 75 and 100 ppm, induced a higher content of mer-

$""

The soil contamination with mercury had a negative impact on the yield of cabbage aerial mass at
the doses of 100 and 150 mg Hg kg-1 of soil. The
mass of cabbage roots was reduced in response to the
mercury doses equal 50 and 150 mg kg-1 of soil. The
application of lime and bentonite to the substrate had
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a significant effect, increasing (by 13 and 29%, respectively) the cabbage aerial mass yield. Zeolite, in
contrast, decreased this parameter by 13%. The interaction of zeolite and lime with the increasing soil
contamination significantly highly and negatively
affected the yield of aerial mass of white cabbage.
The content of Hg in cabbage roots was on average
four-fold as high as in the aerial mass. Moreover, the
Hg content in cabbage plants was positively correlated with the increasing level of soil contamination
with this xenobiotic substance. The highest (nearly
three-fold) increase in the content of Hg in aerial
mass was induced by the highest dose of the contaminant, i.e. 150 mg, while the same effect in roots was
produced by the dose of 100 mg Hg kg-1 of soil. In
turn, the application of mineral neutralizing substances decreased significantly the average Hg content in aerial mass of cabbage. Bentonite also depressed the Hg concentration in roots, unlike zeolite
or lime, which significantly raised the Hg content in
roots. The average mercury uptake by the yield of
aerial parts of cabbage was just 26% lower than the
amount of this xenobiotic element removed from soil
with the root yield. A significant increase in the
quantity of Hg taken up by aerial mass of cabbage
was observed up to the highest dose of mercury
added to soil, but only to the dose of 100 mg Hg kg1
of soil when the root content of mercury was considered. The soil application of zeolite significantly
decreased while that of bentonite significantly increased the uptake of mercury by the aerial mass of
cabbage. The application of lime or bentonite decreased the amount of Hg absorbed by roots of cabbage. However, regardless of the applied neutralizing substance, an increase in the uptake of mercury
by aerial mass was observed against the background
of the growing mercury doses added to soil. The calculated mean BTC values indicate a regular increase
in the Hg translocation to aerial mass in parallel to
the growing soil contamination with this metal, from
0.168 in the control treatment to 0.407 in the variant
with the highest Hg dose. The highest increase (3.4fold) in the BTC was noted in the series with bentonite, while the lowest increase (1.6-fold) occurred in
the series with lime.
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Constructing a meteorological index model of
the epidemic degree of FHB in winter wheat based
on the theory of agricultural meteorology, we analyzed the potential impacts of climate change on the
epidemic degree of FHB under different variation
characteristics of meteorological indexes. The key
factor affecting FHB severity was weather condition
during the heading and anthesis stages of winter
wheat. The main meteorological factors were temperature, rainfall, rain days, relative humidity and
sunshine duration. Climate change induced variation
in the combination of meteorological factors during
heading and anthesis stages, which further altered
the regularity of FHB occurrence. The disease severity increased in some areas and stages, but decreased
in most areas.

Fusarium head blight (FHB) is one of the worst
pests affecting the winter wheat production region,
as reported by Parry et al. [4], and Osborne and Stein
[5]. Once happened, great harm to human and animal
[6, 7]. According to Bai and Shanner [8], more specifically, it is caused in susceptible individuals by the
infection of large quantities of pathogens in warm
and wet weather during the anthesis stage, which can
significantly reduce the production and quality of
winter wheat and further threaten human health.
FHB is a serious threat to the production security of
wheat [9]. It causes 5-10% loss in production in epidemic years and crop failure in pandemic years. For
this reason, the impacts of FHB on wheat production
have attracted much attention, and the environmental
conditions favoring FHB is a key area of research.
Wet and humid climate is beneficial for the spread
of FHB, and 20-25 °C is the suitable temperature
range for spreading FHB [8]. Within a certain range
of humidity, development of disease is slow when
the temperature is below 16 °C, but FHB attacks
quickly at higher temperatures, as reported by Rossi
et al. [10]. The most susceptible period of wheat is
the anthesis stage; consistent with this, the length of
the anthesis stage is positively correlated with FHB
incidence [11]. At the same time, the humidity of the
air in the heavy impact is bigger [12]. Thus, high
temperature and humidity are conducive to high
FHB incidence.
Research on the mechanism by which FHB exerts its damaging effects can provide scientifically
valid bases for controlling the disease. Accordingly,
many approaches have been taken, such as the cultivation of stress tolerance breeds, alteration of cultivation measures, and chemical and biological prevention. For example, Yang et al. [13] proposed that
the selection and popularization of FHB-resistant
wheat breeds is the most economical and effective
way to prevent FHB epidemic. Breeding disease-resistant varieties, reduce the heavy risk [14-16]. Several groups have reported decrease in disease incidence in wheat breeds exhibiting FHB resistance.
Duan et al. [17] found that the average disease prevention indexes of 6 types of fungicides were all
above 60% after spraying twice, and significant increase in production could be achieved through their

*("$%
meteorological index, Fusarium head blight, rainfall, anthesis stage
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As one of the three major crops in the world,
wheat ranks second in production and is a staple food
for 35-40% of the world's population. China is a major producer of wheat in the world, and the production and quality of wheat directly impacts global
food security. The climate during the growth period
of winter wheat has significantly changed with
changes in global climate by phenomena such as
global warming. The extent of variation of main meteorological factors during the growth period of winter wheat in China's Jiangsu province is as follows,
in decreasing order: wind > temperature > rainfall >
sunshine hours [1]. Climate change mainly appears
in the vegetative stage, while the variation is relatively small in the reproductive stage. FHB have reported that increasing diseases and pests and infesting weeds under climate change influence winter
wheat production, easy to reduce the per unit area
yield [2, 3].
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methods to eliminate the effect on the factor coefficients of the model because of the differences in the
dimensions among different factors. The specific
methods are described below:
Zhang and Yuan [21] showed that the standardization of comprehensive evaluation index can be a
powerful method for eliminating the influences of
index type and dimension through mathematical
transformation. In this method, indices with various
characteristics and dimensions can be integrated into
a relative number called the standardized value. In
the present study, meteorological factors are standardized by maximization. Let’s assume the data series of meteorological factors (DX) is DXt, then

use. Moreover, Champeil et al. [18] showed that
some cultivation measures such as crop rotation and
irrigation can change the survival environment of
soil microorganisms and thus lower the risk of FHB.
However, there are only a few studies on the impacts
of climate change on FHB. Therefore, it is an important model to assess the effect of the heavy [19,
20], we do an investigation was conducted during the
growth period of winter wheat in Jiangsu province,
China to study whether climate change has shaped
new weather types suitable for the occurrence and
development of FHB. Our findings provide a scientific basis for preventing FHB using natural resources.
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(1)

Temperature is denoted as T (oC), rainfall as R
(mm), rainy days as RD (d), relative humidity as U
(%), and sunshine hours as S (h). HEA and ANT refers to heading stage and anthesis stage. The index 'I'
indicates the influence of meteorological conditions
on FHB. After standardization, the following relations were obtained:

,>,=9?<.0= (1) Data for winter wheat during
the growth period were obtained from the Jiangsu
observation stations in the agricultural meteorological observation network of China Meteorological
Administration between 1980 and 2014.
(2) Data on FHB were obtained from the grassroots observation stations of Jiangsu plant protection
station from 1961 to 2015 and relevant literatures.
(3) Meteorological data consisted of the
monthly reports from Jiangsu observation stations in
the basic meteorological observation network of
China Meteorological Administration from 1961 to
2015.

9/06.98=><?.>498 The evaluation model is
constructed with an agro-meteorological index
building method. Data are processed with standard

 =   +  
  =            
  =           

(2)
(3)
(4)


$02498= Based on climate and geological characteristics, the Jiangsu province was divided into 4
regions for statistical analysis of regional features:
the whole province (WP), north of Jiangsu (SB),
middle of Jiangsu (SZ), and south of Jiangsu (SN)
(Figure 1).




'$ 
%?-,<0,,8//4=><4-?>498919-=0<@,>498=>,>498

3907



$#

! %     





!"  ! 


$%'&%

good representation of the influence of meteorological conditions in Jiangsu province on FHB occurrence. Figures 2 and 3 show that throughout the territory of Jiangsu province from heading to anthesis
stage, meteorological conditions that are conducive
to the occurrence of moderate or severe FHB accounted for 20% (11/55). The conducive weather
conditions are confined to a specific region and stage
of wheat production. Overall, the climate conditions
in Jiangsu province are suitable for moderate or
above-epidemic situation throughout the year. Specifically, the priorities of general onset trend due to
suitable weather conditions are SN Area > SZ Area
> SB Area, and heading stage > anthesis stage. On
this basis, the meteorological index of wheat's FHB
was calculated using data from Jiangsu meteorological observation stations, and the grading standards
are shown in Table 1. Statistical analysis shows that
the average historical fitting rates of grade 3, 2 and 1
in Jiangsu province were 99%, 97% and 98%, respectively. That is, IHEA and IANT offer good representation of the influence of meteorological conditions in Jiangsu province on FHB occurrence. Figures 2 and 3 show that throughout the territory of
Jiangsu province from heading to anthesis stage, meteorological conditions that are conducive to the occurrence of moderate or severe FHB accounted for
20% (11/55). The conducive weather conditions are
confined to a specific region and stage of wheat production. Overall, the climate conditions in Jiangsu
province are suitable for moderate or above-epidemic situation throughout the year. Specifically, the
priorities of general onset trend due to suitable
weather conditions are SN Area > SZ Area > SB
Area, and heading stage > anthesis stage.

0>09<96924.,6 48/0B 79/06 19< >30 9..?<
<08.09148A48>0<A30,> According to Shang
[22], the comprehensive evaluation index system
with multiple factors that have opposite properties
can be established via multiplication and division.
Thus, the formula (3) and (4) can be further described as:

  =

  =

 ×   ×   ×




 
×   ×   × 
 

(5)

(6)

According to formulas (5) and (6), a larger I
value indicates that the meteorological condition is
more conducive to the occurrence of FHB. The calculated results showed that the index was consistent
with the FHB occurrence rate. For instance, the FHB
incidence rate in the north region of Jiangsu was less
severe than that in Jiangsu. However, the index in the
latter part of April 2012 reached 0.16, and the natural
ear disease rate in Suyu District, Suqian in north
Jiangsu was as high as 93%. The indexes in the latter
part of April 2000 and in the early and mid-parts of
May were 0.00 and 0.04, respectively. The attack
was light, and the regional natural ear disease rate
was 0.0%. On this basis, the meteorological index of
wheat's FHB was calculated using data from Jiangsu
meteorological observation stations, and the grading
standards are shown in Table 1. Statistical analysis
shows that the average historical fitting rates of
grade 3, 2 and 1 in Jiangsu province were 99%, 97%
and 98%, respectively. That is, IHEA and IANT offer

& 
<,/0=9170>09<96924.,68/0B98A30,>
6,==414.,>498
 
!&


<,/0 %0@0<0
HEA≥0.15
ANT≥0.15
≥0.30

<,/0  9/0<,>0
0.15>HEA≥0.05
0.15>ANT≥0.05
0.30>≥0.10

<,/0 423>
HEA<0.05
ANT<0.05
<0.10

'$ 
<,/0=9170>09<96924.,68/0B98A30,>/?<482>30:0<49/9130,/4820@0<CC0,<
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8,6C=4=91.647,>0.3,820><08/Guo and
Ding [23] suggested that climate change is often reflected by climate trend rate (CTR):

DX t = a + b × t
CTR = 10 × b

Deviation of statistical objects caused by climate change, i.e., the degree of deviation of CTR
from the normal value, is a commonly used metric.
The relative change can be described by the ratio of
two CTR values of two time periods, which is referred to as relative rate of climate change (RT) [24].

(7)
(8)
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Jiangsu province in 2003 [29]. The occurrence of
pandemic FHB in Jiangsu province in 2010 has been
ascribed to abnormal climate during the heading
stage, such as large rainfall, rainy days, and high humidity [30]. In late April of 2012, it was the time of
heading and anthesis for wheats in most parts of
Jianghan, Jianghuai and Huanghuai Area, east of
southwest China, and south of north China. Ceng and
Jiang [31] determined that large-scale rainfall and
high temperature benefited the spread of FHB and
thereby caused FHB explosion. According to the experimental results of Bai and Shanner [8] and the investigation of Liu et al. [29], we can conclude that
the weather types beneficial for FHB include high
temperature, large rainfall, rainy days, high humidity
and few sunshine hours. Therefore, we took rainfall,
rainy days, temperature, humidity and sunshine
hours as factors to study the impacts of climate
change on FHB during heading and anthesis stage of
winter wheat. 
In 2010, the Plant Protection Unit of Jiangsu organised a technical team to conduct a survey on the
FHB conditions in 40 counties, which are the major
wheat production regions in the province. The result
shows that the disease status in most wheat production regions was severe. The rate of the natural ear
disease affecting the normal cultivars ranged from
30% to 50%, and the rate of the natural ear disease
of the highly susceptible cultivars was approximately 60%. The major cause of this finding was attributed to the high amount of rainfall in the whole
province in the mid and latter parts of April 2010 in
the wheat booting, laceration and heading stages; the
number of rainy days in typical regions in 2010
ranged from 9 d to 14 d, and this finding was 3.2 d
to 5.9 d higher than that in other years. The accumulated amount of precipitation in 2010 was normally
70 mm to 110 mm, and this amount was 80% to
120% higher than that in other years. The accumulated number of rainy days in typical regions ranged
from 15 d to 19 d, which exceeds the FHB outbreak
empirical index of 9 d to 12 d between the latter part
of April and the latter part of May in 2010, which
corresponded to the wheat heading, flowering and
grain filling stages. In Yancheng, Jiangsu, the temperature in winter and spring in 2014 was evidently
higher, and this temperature increased the growth
rate of wheat. The heading and flowering stages in
2014 occurred 3 d to 5 d earlier than those in other
years. The average temperature in the wheat heading
and flowering stages (latter part of April 2014) was
16.6 °C, which was 1.1 °C higher than that in other
years but was 2.3 °C lower than that in the same
month in 2012. The number of rainy days was 4 d,
which was similar to that in 2012. The rainfall
amount was 26.1 mm, which was in the same level
observed in that in 2012 (25.9 mm). The germ quantity in the field exceeded that in 2012, but the incurrence grade was much lower than 2012. The daily

(9)

Data from 39 representative sites (specific site
information is omitted here) were calculated using
formulas (7), (8) and (9). The CTR and RT of index
I were analyzed to draw the following conclusions:
(1) Heading stage of winter wheat in Jiangsu
province: Figure 4(a) shows that meteorological conditions developed towards alleviating the epidemic
degree of FHB as climate change, and it was the most
obvious north of the SB Area and in the middle of
the SN Area. Figure 5(a) suggests that with climate
change, the meteorological conditions of FHB also
changed. There were obvious changes from the middle and north of SN Area to the south of SZ Area, as
well as in the north of the SB Area. It was relatively
stable in the middle and south of the SB Area.
(2) Anthesis stage of winter wheat in Jiangsu
province: Figure 4(b) suggests that with climate
change, meteorological conditions in the north of SB
Area developed toward aggravating the epidemic
status of FHB. However, the trend was opposite in
other regions in Jiangsu province, especially in the
Yangtze River estuary in south-eastern Jiangsu. Figure 5(b) indicates that with climate change, meteorological conditions of FHB showed obvious change
in the coastal region of the SZ Area and the western
edge of SZ to SN Area. There were relatively few
changes in the SB Area.
(3) Heading to anthesis stage of winter wheat in
Jiangsu province: Figure 4(c) indicates that meteorological conditions developed toward reducing the
occurrence of FHB, showing a zonal distribution
characteristic. The most obvious change was observed in the SN Area. Figure 5(c) shows that, as a
result of climate change, the meteorological conditions of FHB were relatively stable in the middle of
the SB Area, but there were remarkable variations in
other areas.
%'%%"!

FHB is considered by Zhao et al. [25] as a typical climate-related disease; the differences in the degree of epidemic across regions and years depend
mainly on climate condition. Also, Zhang [26] indicated that the climate condition at the growth stage
of crops is a determinant of the degree of epidemic
of FHB. It was found in the study by Xiao et al. [27]
that the possibility of FHB occurrence increased
with continuous rainy days during the heading stage.
The main meteorological factors influencing the incidence of FHB were rainfall, temperature, humidity
and sunshine hours. Wheat ears are infected by FHB
at temperatures above 15 °C and relative humidity
above 80%; the disease develops fast under high
temperature and high humidity conditions, as reported by Tang et al. [28]. Frequent rainfall, high humidity and low sunshine caused pandemic FHB in
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6
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7.9
of other years
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epidemic degree of FHB. Some areas are less affected, whereas the epidemic degree is aggravated or
alleviated in other areas. Despite the diversity of
viewpoints of scholars, a consensus that climate
change causes changes in the severity of FHB development in winter wheat has been reached. Therefore,
it is necessary to conduct further epidemiological
studies on the variation of FHB in winter wheat
caused by climate change in order to provide a basis
for accurate prediction as well as active prevention
and control.
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mean temperature in Jintan, Jiangsu between April
15 and 30 in 2015 was 15.4 °C to 23.2 °C, and the
daily mean temperature between May 1 and 15 in
2012 was 17.0 °C to 25.2 °C, which was apparently
higher than that recorded in the same months of other
years. Five precipitation processes occurred between
April 9 and 13, April 24 and 25, April 29 and May 1,
May 7 and 8 and May 13 and 15. The relative air
humidity was >80%, the rate of natural incidence
reached 60%, the average ear disease rate was
reached 70.5% and the average disease index was
33.21, which reached the degree of severity. The climatological data of 2003, 2010 and 2012 were analysed. The results revealed that the temperature was
high, the precipitation amount was high, the number
of rainy days was high, the humidity was high and
the number of sunshine hours was less in the years
when the FHB outbreak occurred in Suyu District,
Suqian, Jiangsu in the heading and flowering stages.
Some of the factors simultaneously conform to this
trend. The outbreak was due to the comprehensive
effect of these factors (Table 2).
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It is generally accepted that the main meteorological factors driving the epidemic spread of FHB
in winter wheat include temperature, rainfall, rainy
days, relative temperature and sunshine hours. However, there is no consensus on which factor is dominant. Nevertheless, it has been widely accepted that
high temperature, high humidity and sunlight shortage is the weather type promoting FHB development
in wheat. Therefore, it is necessary to strengthen the
weather monitoring and warning system, particularly
for high temperature, high humidity and sunlight
shortage during the heading and anthesis stages of
winter wheat. This is important to ensure appropriate
and timely response, as well as for active prevention
and control of the disease.
Since climate change is the main feature of
global warming, the combination of temperature,
rainfall and sunshine is likely to vary across different
regions during the heading and anthesis stages of
winter wheat. This results in varying influence on the
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industrial activities, municipal waste disposal and
sewage sludge [2-4]. Although, heavy metals such
as copper, iron, zinc, manganese etc. are required at
trace levels for human growth and functioning of
the body, higher levels of these metals have been
reported to be very toxic and interfere with the adsorption of other essential elements [5]. For instance, zinc helps to maintain metabolic and biochemical reactions in the body when consumed at
required concentration but when consumed at higher concentration, it is found to be very toxic. The
permissible daily limit of zinc in the body is around
10 to 50 mg kg-1 according to the World Health
Organization (WHO) while intake of zinc above
150 to 600 mg kg-1 makes it very toxic to the body
[6]. In plants growing on soil polluted with heavy
metals, growth reduction brought about by changes
in biochemical and physiological processes have
been reported. Decrease in the growth of plants
may lead to food and drug shortages [7-9, 31] and
high heavy metal presence in plants specifically
medicinal plants could be a major route of transportation of heavy metals to human when consumed.
Medicinal plants are plants used by humans for the
treatment of diseases and illnesses because they
contain substances that are beneficial to man [10].
Due to their therapeutic tendencies and abilities,
medicinal plants have been shown to be a very important aspect of human life. For instance, many
countries, races, religion and cultures use these
plants as cure for the treatment of diseases and ailments. According to the survey carried out by the
World Health Organization (WHO) [11]. Medicinal
plants are preferred over synthetic drugs for the
treatment of illnesses by majority of the world population with an estimated 80% of the population of
developing countries reported to use drugs made
from medicinal plants for their primary health care.
By 2050, it has been estimated that the total global
market for herbal drugs will grow from the current
US $62 billion to US $5 trillion. In addition, the
world market for drugs made with medicinal plants
(including finished products and raw materials) has

ABSTRACT
Investigation into the heavy metal contents of
two plant parts (leaf and stem) of Pelargonium inquinans collected from cultivated field (Alice) and
wild population (Grahamstown) both in the Eastern
Cape Province, South Africa were carried out by
using wet digestion method followed by aspiration
into Flame Atomic Absorption Spectrophotometer
(FAAS). Five heavy metals (Cu, Zn, Fe, Mn and
Pb) were studied in both plants parts. The results
obtained showed that all the heavy metals were
below acceptable limits for herbal plants except Mn
which was slightly higher than the permissible limit
in the cultivated population as recommended by
WHO/FAO. Furthermore, the leaf parts of the
plants were found to have higher heavy metal content than the stem part except for Zn which has a
higher content in the stem. Traces of Pb detected in
some plant parts from both populations did not exceed permissible limit in plants. These results indicate that there is huge possibility of the accumulation of different heavy metals by Pelargonium inquinans if the cultivation is not controlled or prevented from environmentally polluted soil so as to
prevent health risk. The implication of the findings
on the optimum use of this plant for medicinal purposes was discussed.

KEYWORDS:
Heavy Metal, Plant Parts, South Africa, Pelargonium
inquinans, assessment.

INTRODUCTION
Heavy metal contamination has become a very
serious environmental concern today. Besides natural occurrences, almost all human activities could
potentially contribute to the presence of heavy metals in the environment [1]. Among these activities
include agriculture, mining, burning of fossil fuels,
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Africa. The sample parts were identified by Dr T.
Dold; a taxonomist, in Selmar Schonland Herbarium of Rhodes University, Grahamstown and the
specimens voucher was deposited in the Department of Botany, University of Fort Hare with
voucher number T01. The collected materials were
stored separately in polyethylene bags and transported to the laboratory for further processing.

an estimated growth rate of between 5 and 15% per
annum [12]. Pelargonium inquinans is an indigenous South African flora belonging to the Geraniaceae family. It grows predominantly in shale soil
and also commonly found on the coastal bush regions. The colour of this plant makes it an attractive
and striking species for beautification and decoration of coastal gardens. Indigenous South Africans
particularly the Xhosas, Zulus, Sothos and KhoiSans have used the scented and unscented species
of Pelargonium to treat various diseases and illnesses [6]. The different parts of Pelargonium inquinans species are known to be very effective for
different ailments. For instance, the leaves and
stems of this plant have been reported to be effective for the treatment of headache and flu by traditional herbalists. These two parts are ground together or separately and used to cure different cold
related ailments. Pelargonium roots together with
the root of Knowltonia vesicatoria have also been
used for the treatment of cold and influenza. Several works have been reported on the assessment of
heavy metal contents in medicinal plants. For instance, early investigation [13], reported the abundance of heavy metals (although below permissible
limits) in the leaf and flower of Cymbopogon validus and Hyparrhenia hirta species. In a similar
study, [14] the heavy metal contents in ten different
medicinal plants in environmentally diversed regions with varying degrees (below or above permissible limits) was reported. To the best of our
knowledge, no study on the heavy metal assessment
of the stem and leaf of P. inquinans has been previously reported in literature.
In this study, we report the concentration levels of five heavy metals (Fe, Zn, Mn, Cu and Pb) in
the leaves and stems of cultivated and wild Pelargonium inquinans sampled at two environmentally
different locations in the Eastern Cape Province of
South Africa using FAAS. This study further highlights the distribution of these heavy metals in the
different plant parts and correlated the concentration of these metals with the environmental activities of the collection sites. Also, the choice of Pelargonium inquinans is as a result of the economic
importance of this plant for medicinal purposes and
perfumery.

Sample treatment. The materials sampled
were first washed with running tap water and thereafter with deionized water to ensure that dust particles and parasitic organisms were removed. The
samples were cut into smaller pieces and then airdried at room temperature, ground into powder
form and stored in an airtight bottle for further
study.
Sample digestion. Wet digestion method was
used to digest the samples as follows: briefly, previously dried powdered sample (2 g) were taken
into a digestion tube containing 20 mL mixture of
HNO3 and HCl in mole ratio of 3:1 [16], then heated in a water bath at 80°C until a clear solution was
obtained. The sample was then cooled, filtered, and
transferred to 25 mL volumetric flask and diluted
with deionized water up to the mark [17].
Heavy metal analysis. Plant extract (digested
sample) were analyzed for heavy metals according
to AOAC [15] using flame atomic absorption spectroscopy (FAAS) for the cultivated and wild parts
of Pelargonium inquinans. Calibration curve for
each element Fe, Zn, Mn, Cu and Pb were obtained
from the dilution of 1000 mgL-1 stock solution purchased from Merck Chemicals, (Germany) prior to
analysis of the samples. For heavy metal analysis,
the samples in triplicate were aspirated into Flame
Atomic Absorption Spectrophotometer (Thermo
Fisher Scientific) Model Ice 3500 with Shimadzu,
Wizard software. Operating conditions for FAAS
(Flame Atomic Absorption Spectrophotometer) of
the different heavy metals as adopted from previous
study in our laboratory are presented in Table 1
[13]. Blank and standard solutions were used to
calibrate the instrument prior to analysis.
Statistical analysis. Cultivated and wild samples were analyzed using ANOVA and means were
separated at 5% level of significance.

EXPERIMENTAL
Chemicals and reagents. All chemicals and
reagents used in this study were of analytical grade
and used as received from the suppliers.

RESULTS AND DISCUSSION
Due to population growth, global climate
change and industrialization, the environment has
experienced its fair share of pollution. This pollution caused by the presence of dangerous inorganic
and organic chemicals in the environment is also
transferred to plants harboured in this area. The

Sample collection. Leaf and stem parts of
Pelargonium inquinans were collected from cultivated plots and wild populations at the University
of Fort Hare, Alice and road sides of Grahamstown
respectively in the Eastern Cape Province of South
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species. It is worthy of note that the concentration
of all the five heavy metals studied was higher in
plant population collected from cultivated plots
compared with the wild population although the
concentrations for both populations were within the
threshold for daily human consumption; except for
Mn. The increase in the concentration of metals in
the cultivated plots could be attributed to the application of fertilizers to crop fields over a period of
time compared with the wild habitat.
Manganese (Mn) is an essential metal for
plants and animal survival. Although high ingestion
of manganese causes dangerous effects in the lungs
and brains of humans while its deficiency results
into severe reproductive abnormalities in mammals
[18]. The intake of Mn in considerable amount aids
fat and carbohydrate metabolism [19]. As reported
in Tables 2 and 3 and Figure 1(a), the amount of
manganese in the leaves of cultivated and wild
population is between 2.41 and 3.30 mg kg-1 while

heavy metals from inorganic chemicals in the polluted environment are usually deposited in the plant
parts growing in this area and thereafter enter humans when the plant parts are eventually consumed
through human diets. Tables 2, 3, 4 and Figure 1
show the results of analysis of five heavy metals Fe,
Zn, Mn, Cu and Pb analyzed in leaves and stems of
cultivated and wild Pelargonium inquinans. Accumulation of these metals were in the following order: Fe > Zn > Mn > Cu > Pb in leaf samples of
wild Pelargonium inquinans, while stem samples
were in the order: Zn > Fe > Mn > Pb > Cu. However, in the cultivated samples of Pelargonium inquinans, concentration of metals in the stem was in
the order: Fe > Zn > Mn > Cu > Pb; but the leaf
recorded: Fe > Mn > Zn > Cu > Pb. These results
indicate that Zn and Fe were found in moderate
amounts while Cu was found in very small concentration and Pb was not detected in both parts studied for wild and cultivated plant populations of the

TABLE 1
Operating conditions of FAAS for the analysis of heavy metals in plant materials (leave and stem) [13]
Elements
Cu
Zn
Fe
Mn
Pb

ߣmax (nm)
324.8
213.9
248.3
279.6
283.3

Slit (nm)
0.5
0.2
0.2
0.5
0.5

Flame type
Air/acetylene
Air/acetylene
Air/acetylene
Air/acetylene
Air/acetylene

Flow rate(L/min)
1.1
1.2
0.9
1.1
1.2

TABLE 2
Concentration (mg kg-1) of heavy metals in leaf and stem of Pelargonium inquinans collected from the wild
in Grahamstown (mean ± SD).
Plant part
Stem
Leaves
ND- Not Detected

Cu
0.14 ± 2.210
0.47 ± 1.753

Zn
4.54 ±1.679
2.92 ±0.147

Fe
2.57 ± 6.876
8.91± 0.905

Mn
1.31 ±3.06
2.41±0.417

Pb
0.24 ±2.523
ND

TABLE 3
Concentration (mg kg-1) of heavy metals in leaf and stem of Pelargonium inquinans collected from
cultivated plot in Alice (mean ± SD).
Plant part
Stem
Leaves
ND- Not Detected

Cu
0.27 ± 1.451
0.64 ±1.496

Zn
5.19 ±0.309
2.65 ±0.42

Fe
7.85 ± 0.271
9.16 ± 0.972

Mn
2.35±0.69
3.30 ±0.93

Pb
ND
ND

TABLE 4
Average metal concentration of the studied plant parts (mg kg -1) from the two populations
Plant
Cu
Zn
Fe
Mn
Pb
Cultivated
0.455
3.92
8.505
2.825
ND
Wild
0.305
3.73
5.74
1.86
0.24
FAO/WHO
10.0
50.0
2
10.0
ND-Not Detected, FAO/WHO RS-Food and Agriculture Organization/World Health Organization Recommended Standard.
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for the stem of cultivated and wild plant materials is
within 1.31 and 2.5 mg kg-1. Manganese concentration in this plant is higher in the leaves of the plant
than in the stem. Interestingly, the manganese concentration in the plant parts of Pelargonium inquinans is beyond the permissible limit for edible
plants except for the stem of wild plant. WHO limit
for manganese on medicinal plants is yet unknown
but that of edible plants by FAO/WHO is 2 mg kg-1
[20, 21]. This therefore informs our conclusion that
manganese concentration on these plant parts are
slightly above the standard set for edible plants.
Zinc (Zn) is a very important element of protein synthesis in plants and excess amount of the
element in plant is very toxic. Concentration of zinc
was observed to be higher in the stem samples of
the cultivated plant (5.19 mg kg-1) and lowest in the
leave sample of cultivated plant (2.65 mg kg-1)
(Figure 1(b)). This result is consistent with previously published data for plant parts on zinc concentration [13, 14]. Zinc plays a significant role in insulin synthesis, storage and discharge in human.
Therefore, the result obtained in this study is within
the acceptable limit of 50 mg kg-1 for zinc in herbal
medicines [22-24].
Iron (Fe) is another important element for
plants and animals. It is essential in plants for food
generation through photosynthesis and in animals
by helping to nourish the haemoglobin of human
and as well accelerates protein, carbohydrate and
fats oxidation for body weight and sugar regulation

Fresenius Environmental Bulletin

and maintenance [25]. In contrast, high intake of
iron in the body can cause anaemia and neurodegenerative conditions in man [26] and low iron
intake could result into nose bleeding, and gastrointestinal infection [27]. As observed in Figure 1(c),
the concentration of iron in the different plant parts
studied is higher in the leaves of both plant populations than the stems. However, in the cultivated
plant, the stem showed a significant amount of iron
than in the wild plant. This result showed that the
different plant part of cultivated and wild P. inquinans were within acceptable limits for iron accumulation.
Copper (Cu) is an essential trace metal which
is required for enzymatic growth and development.
High content of copper results into fever, hair and
skin discolorations, dermatitis, respiratory tract
diseases and some other dangerous diseases in man
[25]. The content of copper in the plant parts of
cultivated and wild P. inquinans was investigated
for leaf and stem parts. The samples tested contain
significant amount of copper with the highest level
of copper found in leaves of cultivated plant (0.64
mg kg-1) and the lowest found in the stem of wild
plant population (0.14 mg kg-1). WHOs permissible
limit of copper in medicinal plants is 10 mg kg-1
and in food intake is 3 mg per day [28, 24]. This
result therefore indicates that the copper concentration in the plant parts of cultivated and wild population of P. inquinans is within permissible limit for
medicinal plant.

FIGURE 1
Level in mg kg-1 of (a) Mn, (b) Zn (c) Fe (d) Cu and (e) Pb in plant parts
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Lead (Pb) is not in the list of essential metals.
It causes oxidative stress and disrupts the delicate
antioxidant balance of a mammal through lead poisoning. Excess amount of lead in the body causes
anaemia, colic brain damage, headache and central
nervous system malfunctioning [29]. Some of the
major sources of lead in the ecosystem are in the
excessive use of fertilizers, leaded gasoline and
sewage sludge [14]. Lead concentration in the plant
parts is not detected except for the stem of the wild
plant with 0.24 mg kg-1. This result indicates that
lead is not present in both plant parts except in the
stem of wild plant population with a trace amount
which is far less than the permissible limit recommended by WHO (10 mg kg-1) [30].
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Cadmium (Cd) is one of the most hazardous pollutant and poses threat to the environment [4-6]. It is
included in the US Environmental Protection
Agency’s (EPA) list of priority pollutants [7]. Cd is
known to be present in water, air, food and even cigarette smoke [8]. Furthermore, Cd is considered as
one of the most harmful and widespread pollutants
in agricultural soils, and can express a direct contact
risk to both human and ecological receptors due to
its strong toxicity and readily uptake by plant [9-11].
After absorption by human body, cadmium could be
transported into the liver, blood, kidneys, pancreas,
lungs and bones [12]. Vegetables are an important
part of the human diet [13-14]. Unfortunately, some
plants are a major source of Cd [10]. During 1998–
2001, rice was estimated to represent 36–50% of the
total oral intake of Cd for Japanese population [15].
In China, about 13,330 ha of farmland in 11 provinces have been contaminated by cadmium mainly
due to anthropogenic activities, such as industrial
emission, the application of sewage sludge and phosphate fertilizers including the municipal waste disposal containing Cd [10].
The effects and mechanisms of heavy metals
such as Cd stress on plant organisms have been
widely studied [16-17]. Some researchers have
shown that Cd can enhance lipid peroxidation
(MDA), stimulate formation of reactive oxygen species (ROS), and induce damage to various tissues
[18]. The disruption of the balance between the ROS
production and the antioxidative system activities
(SOD and POD), is the main contributing factor to
ROS accumulation in plant tissues [19-20]. Under
normal conditions, concentration of oxygen radicals
could remain low because of the activity of these antioxidative enzymes. However, the free radical species forms of the active oxygen can increase in the
stress condition, which will enhance the activities of
these detoxifying enzymes [21]. The first response to
Cd stress is activation of signal transduction pathways. Plants possess specific signalling effects

The widespread accumulation of heavy metals
in the environment due to the anthropogenic activities is becoming a problem for the environment. We
have evaluated the alleviation of cadmium-induced
root growth inhibition and oxidative stress in the
seedlings of cucumber and wheat by magnetic nanoparticles (nano-Fe3O4). The results showed that cadmium (Cd) adversely affected the seedling growth of
both cucumber and wheat by reducing seed germination and decreasing root and shoot length. Cadmium
exposure also significantly decreased the activities
of superoxide dismutase (SOD) and peroxidases
(POD), and increased the malondialdehyde (MDA)
content in the seedlings of both cucumber and wheat.
Among the nano- Fe3O4 with different sizes (6nm,
50nm and 100 nm) and bulk-Fe3O4, only the addition
of nano-Fe3O4 (6nm) significantly decreased the Cd
accumulation, Cd-induced seedling growth inhibition and oxidative stress in the seedlings of both cucumber and wheat. The effect of nano-Fe3O4 (6nm)
on oxidative stress was more evident in cucumber
seedlings than in the wheat seedlings. The alleviating
effect of nano-Fe3O4 to reduce Cd stress in the tested
seedlings is probably associated with their adsorption capacity of heavy metals. Our results may imply
a size and species-dependent protective effect of
magnetic nanoparticles against the toxicity of cadmium during the seedling growth.


"/-&()
Cadmium, nano-Fe3O4, inhibition, oxidative stress, cucumber, wheat.
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The widespread accumulation of heavy metals
in the environment due to anthropogenic activities
poses acute problems in all kinds of organisms [1-3].
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effects of Cd will be reduced by enhancing the antioxidant mechanisms using magnetic nano-Fe3O4.
We further hypothesized that the reducing effects of
nano-Fe3O4 would be dependent on particle size and
plant species. To test these hypotheses, we evaluated
the alleviating effects of nano-Fe3O4 on Cd stress in
terms of root elongation, Cd accumulation and oxidative stress.

which can mobilize defense mechanism [22]. Protection of cells from Cd-induced oxidative processes
caused by ROS and free radicals depend on the form
of both enzymatic and non-enzymatic defense mechanisms present in the cell. Antioxidative enzymes include the enzymes, superoxide dismutase (SOD), peroxidases (POD) and other elements, which have
been evolved by plants as protective defense mechanisms to scavenge ROS and alleviate their deleterious effects [23]. Superoxide dismutase (SOD) can
eliminate O2 and decrease peroxidation of membrane
lipids, hence maintaining the cell membrane stability
[20]. Similarly, peroxidases (POD) can decrease
H2O2 accumulation, eliminate MDA resisting cell
peroxidation of membrane lipids and maintain cell
membrane integrity [20-21]. Increases, decreases or
no changes in POD activity in response to heavy
metal exposure has been previously reported in other
plants [24-25].
Recently, many studies have reported various
methods and techniques to remediate Cd-polluted
soils, including the electrokinetic remediation, biosorption, bioleaching and phytoremediation [7].
With the fast development of environmental molecular science and engineering, the application of nanoscale materials in the remediation of polluted soils
and water has gained more attention in recent times
[7, 26]. Two biocompatible technologies (adsorption
by nanoparticles or stabilization of heavy metals by
nanoparticles in soil) have been largely investigated
to eliminate organic pollution and heavy metal ions
from contaminated water, wastewater and soil [27].
Moreover, the possibility of considering nanoparticles as cost effective method to reduce the phytotoxicity of heavy metals has been proposed in some
studies [7, 28]. The application of nanoparticles to
alleviate Cd toxicity and reduce plant Cd uptake in
medium or slightly contaminated farmlands might
offer a practically acceptable strategy for the complete utilization of natural resource and safe food
production [10].
The results from previous studies have shown
that magnetic nanoparticles (nano-Fe3O4) can be successfully used to adsorb metal ions [27]. It is of considerable interest to know whether nano-Fe3O4 with
its importance in the water/soil remediation could act
as a regulator or is capable of initiating antioxidant
intervention strategy to respond to oxidative stress
induced by Cd in plants. Wang et al. [7] studied the
effects of six types of nanoparticles (Kaolin, montmorillonite, hydroxyapatite, and 3 types of iron oxide nanoparticles (Fe3O4, a-Fe2O3 and g-Fe2O3)) on
the Cd toxicity in four plants species (tomato, cucumber, carrot and lettuce) and found positive effects of iron oxide nanoparticles (Fe3O4) on Cd-induced growth inhibition in the tested species. However, little information exists about the mechanisms
underlying the alleviation of Cd stress by nanoFe3O4.
Therefore, we hypothesize that the inhibitory

$*( #)%$*&)
%1=> 2C;: 5& 1=4 ?;1=BA. Bulk-Fe3O4
was purchased from Sigma-Aldrich Co (USA) with
purity over 95%. Nanoparticles (Fe3O4) with different average sizes of about 6.8nm, 56nm and 101.76
nm were synthesized following the procedures from
Xiao et al. and Yin et al. [29-30]. Cadmium Chloride
(CdCl2) was purchased from Xilong Chemical Co.,
Ltd., China. Other chemicals of analytical grade
were obtained from the Beijing Chemical Works.
Cucumber (Cucumis sativus L. var.zhongnong
No.16) and wheat (Triticum aestivum L. var. liangxing 99) seeds were purchased from Chinese Academy of Agricultural Sciences. The average germination rates of both cucumber and wheat were greater
than 95% according to our preliminary experiment.
The seeds were refrigerated at 4oC until use.

81@13B5@9H1B9>= >6 =1=>  1=4 2C;: 5& 
For morphological observation, TEM pictures of different sizes of nano- or bulk-Fe3O4 were obtained
from Tecnai G2 20 S-Twin transmission electron microscope 119 (FEI company, Japan) operating at 200
KV. The agglomeration of nano- or bulk-Fe3O4 in
water was evaluated by Dynamic Light Scattering
(DLS) equipment (ZETA SIZER 90, Nano series,
Malvern, UK). Their characteristics are listed in (Table 1).

)55475@<9=1B9>=1=4@>>B7@>EB8C=45@5F
?>AC@5 B> 4 B@51B<5=B  Experiment was performed to evaluate the physiological effects of different concentrations of cadmium on cucumber and
wheat seeds germination. In the experiment, we used
six treatments of different concentrations (0, 1, 5, 10,
50 and 100 mg/L). Cadmium ion solution was prepared by dissolving Cadmium Chloride (CdCl2) in
deionized water (DI-water).
Uniform seeds of cucumber or wheat were selected and sterilized in a 10% sodium hypochlorite
solution for 10 min and rinsed thoroughly several
times with deionized water to ensure surface sterility
[31]. Then, 10 seeds were placed on piece of wet paper in 100 mm × 15 mm Petri dishes with about 1 cm
or an appreciable distance between each seed [32],
and after that 5 ml of each concentration treatments
was added. Only distilled water was added to the Petri dishes for the control treatment. All the Petri
dishes were covered, sealed with parafilm, and
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All the Petri dishes were covered, sealed with parafilm, and placed in the dark in a growth chamber at
25 °C with 75% relative humidity. After 5 days,
seedling root length was measured by a millimeter
ruler. The experiments to determine the effects of
three sizes of nano-Fe3O4 (6nm, 50nm and 100nm)
and bulk-Fe3O4 on seedlings (cucumber and wheat)
ran concurrently for each species. Similarly, effects
of the three sizes of nano-Fe3O4 and bulk-Fe3O4 on
cadmium-induced root growth inhibition were studied for each species. All experiments used a completely randomized design with four replicates per
treatment.
After measurement of root and shoot length,
seedlings from the experiment 1 were also used to
determine Fe and Cd content. Thus, roots and shoots
were separated and dried at 60 °C. The dry samples
were ground to fine powders by the high-speed pulverize. Each sample with an amount of 15-20 mg
was soaked in 5mL HNO3 for 24 h, and then 3mL
H2O2 were added. After 30 min, the mixture was digested by using an electricity plate at 160 °C for 5 h
until 1mL of solution remained. The residue was
transferred into a 10 mL flask and diluted with deionized water to the specific volume. Total Fe and
Cd contents in the plant tissues were measured by
Inductively Coupled Plasma Mass Spectrometry
(ICP-MS,Thermo X7, USA). Both experiments to
determine Fe and Cd contents in wheat and cucumber ran concurrently. Each experiment was carried
out in four replicates.

6653BA >6 =1=> 5& =< >@ 2C;: 5&
>=@54C39=74 9=4C354>F941B9D5AB@5AA The experiment 1 was repeated to examine cadmium-induced oxidative stress and investigate the effects of
nano-Fe3O4 (6nm) or bulk-Fe3O4 on the reduction of
cadmium-induced oxidative stress to the seedlings.
All species received magnetic (Fe3O4) nanoparticles
(6nm) or bulk-Fe3O4 at 0, 50, 500 and 2000 mg/L
using Cd (25 mg/L) solution as solvent. Two controls (H2O and 25 mg/L. Cd) were used. Effects of
Cd were compared to water to determine the cadmium-induced oxidative stress before to examine alleviation effects of nano- or bulk-Fe3O4 on the cadmium-induced oxidative stress to the seedlings. Each
experiment was carried out in four replicates.

=B9>F941=B 5=HG<5 13B9D9B95A 1=4 ;9?94 ?5
@>F941B9>= 1AA1GA  Seedlings of cucumber and
wheat treated with Cd solution or Cd+(nano- or bulkFe3O4) for 5 days were used to determine antioxidant
activities and MDA concentration. The fresh roots or
shoots (0.2g) from each treatment were homogenized with 1.8 mL of 0.05M sodium phosphate
buffer (pH 7.8) under ice bath to make 10% sample
compound liquid. The homogenate was centrifuged
at 10000 × g and 4 °C for 15 min, and the supernatant
was collected for the analyses of superoxide dismutase (SOD), peroxidase (POD) activities and

placed in the dark under 25 °C in a climate incubator.
After 5 days, the germination was halted and seedling shoot and root length were measured by a millimeter ruler. The seeds which the radicle showed at
least 2 mm in length were considered as germinated
[33]. All experiments used a completely randomized
design with four replicates per treatment.
'@5?1@1B9>=>6%'AACA?5=A9>=A9=E1B5@1=4
314<9C<9>=A>;CB9>= The effects of different sizes
(6nm, 50nm and 100nm) of magnetic (Fe3O4) nanoparticles or bulk-Fe3O4 on seedling of the investigated plants, the toxicity of Cd to the root growth and
their effects on reducing the phytotoxicity of Cd and
mainly the cadmium-induced oxidative stress to
plants were examined, using germinating seedlings
in petri dishes. Four concentrations (0, 50, 500 and
2000 mg/L) of nano- or bulk-Fe3O4 were used in this
experiment. We chose 2000 mg/L as the highest concentration in this study because, according to the US
EPA guidelines [31], those NPs could be regarded
with minimal phytoxicity on tested plants if they
have no negative effect on seedling growth under
such a high concentration. Nano- or bulk-Fe3O4 particles were suspended directly in deionized water or
the Cd (25 mg/L) solution, and then an ultrasonic vibration was applied for 40 min to obtain properly
dispersed and stable nano- or bulk-Fe3O4 suspensions of each concentration.
)554;9=75F?>AC@5 Cucumber or wheat seeds
were soaked in 10% sodium hypochlorite solution
for 10 min and then rinsed several times with DI-water to ensure surface sterility [31]. Seeds (in groups
of 50) were then placed on one piece of wet filter
paper in 100 mm × 15 mm Petri dishes. Only distilled water was added to the Petri dishes. Next, seeds
were left on wet filter paper in covered Petri dishes
to produce radicals within 24h in the dark in a growth
chamber at 25 °C with 75% relative humidity. Once
approximately 90 to 95% of the seeds of the particular species produced a radical, the seedlings were
then exposed to the test solutions as described below.
6653BA>6=1=> >@2C;: 5&>=A554;9=7A
1=4B85@54C39=7314<9C< 9=4C354@>>B7@>EB8
9=8929B9>= Experiments were performed to investigate the effects of nano- or bulk-Fe3O4 on: (1) seedling growth, (2) reducing cadmium-induced root
growth inhibition in the seedlings of cucumber and
wheat. In the experiment 1, ten seedlings were
placed on piece of wet paper in 100 mm × 15 mm
Petri dishes with about 1 cm or an appreciable distance between each seedling (Ma et al., 2010), and 5
mL of a test medium (nanoparticles suspensions or
Cd + (nano or bulk-Fe3O4) was added. Distilled water or Cd (25mg/L) solution was added to the Petri
dishes for the control treatment of nono- or bulkFe3O4 and Cd +(nano- or bulk-Fe3O4) respectively.

3922

%$

" &      





 " #!"!


6.61nm and 184.70 ± 4.12nm respectively. We observed that the hydrodynamic diameters of all nanoparticles were smaller in water compare to bulkFe3O4 (1186 ±150.8 nm). The surfaces of all nanoparticles except nano-Fe3O4 (6nm) were positively
charged, -12.3± 0.36, 27.9± 0.37, 29± 0.11 and 9.8±
0.6 mV, respectively for 6nm, 50nm, 100nm and
bulk (Table 1). The zeta potential results also
showed that nano-Fe3O4 (100nm) surfaces were
slightly more positively charged followed by nanoFe3O4 (50nm).

MDA contents as previously described by Le et al.
[34].

)B1B9AB931; 1=1;GA9A  Each treatment was conducted with four replicates and the results were expressed as mean ± SD (standard deviation). One-way
ANOVA followed by Tukey's HSD (equal group
size) or Bonferroni (unequal group size) test was employed to determine the statistical differences.
P<0.05 was considered to be a significant difference.
All statistical analyses were performed using Statistical Packages for the Social Sciences (SPSS) Version 20.0. Other relevant calculations about Cd exposure were made based on references [4, 35]. Tolerance indices (T.I.) were determined using the following formula given by Iqbal et al [36]:
  4

          
3 
# *,++.(#*%.&'*"'-.'((#"/ .#,

The length of shoot and root were recorded
through use a centimeter scale, % Phytotoxicity for
shoot and root of seedlings were determined by the
following formula given by Chou and Lin [37]:
    
&++.(#*%.&+$!+*.,+( 2 -&++.(#*%.&+$.,# .)#*.
4
&++.(#*%.&+$!+*.,+(
3 
    
++.(#*%.&+$!+*.,+( 2 ++.(#*%.&+$.,# .)#*.
4
++.(#*%.&+$!+*.,+(
3 

 +( 
*$9<175A1=4A9H549AB@92CB9>=
89AB>7@1<1234>65&%'A=< 1
 =< 2
=< 31=4C;: 5& 4 

Germination percentage was calculated based
on the following relation given by Saberi et al. [11]:
#,)'* .'+* 4

0
1

3 

*# 
)9H549AB@92CB9>=1=4H5B1?>B5=B91;A>6
=1=> 1=42C;: 5&
%1=>?1@B93;5A
)9H4 =<
05B1<,
>@2C;:
5&=<
255±9.09
-12.66±0.36
5& =< 242.2±6.61
27.9±0.37
=< 184.7±4.12
29±0.11
5&
1186±150.8
9.8±0.6
C;: 5&

6653BA>6314<9C<5F?>AC@5>=7@>EB8?1
@1<5B5@A>63C3C<25@1=4E851BA554;9=7A Table
2 shows the effects of the concentrations of Cd on
seed germination and root elongation of cucumber
and wheat grown on Petri dishes. In general, seed
germination reduced as Cd concentration increased.
100% and 97.5% germination were observed in control seeds of cucumber and wheat respectively. The
50 and 100 mg/L dose of Cadmium solution significantly reduced the seed germination of both cucumber and wheat (P< 0.05). From this study, we observed that at concentrations of 50 and 100 mg/L,


()+#*)

81@13B5@9H1B9>= >6 =1=>  1=4 2C;: 5&
TEM image and size distribution histograms of
nano-Fe3O4 (Aa, Bb and Cc) and bulk-Fe3O4 (Dd)
are shown in Fig.1. The particle sizes of nano-Fe3O4
(6nm, 50nm and 100 nm) are ranged from 3.9812.06nm, 26-80nm and 60-132 nm with average
sizes about 6.8 ± 1.67, 56 ± 11.71, 101.76 ±
19.81nm, respectively. Bulk-Fe3O4 particles are
ranged from about 22 nm to 247 nm with an average
size about 144.46 ± 60.95 nm.
When suspended in the water, the hydrodynamic diameters of 50 mg/L of all sizes of nano- and
bulk-Fe3O4 were larger than the results measured by
their corresponding TEM images. This is due to their
agglomeration. The Table1 shows that nano-Fe3O4
particles were more aggregated. The aggregation
level appeared in the order of 6nm>50nm>100nm
with the particles averages 255 ± 9.09nm, 242.20 ±
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*>;5@1=35 9=45F 1=4 7@>EB8 @1B5 9=8929
B9>=(   The seedlings of cucumber and wheat
were tested for tolerance to heavy metals, using different aqueous concentrations of cadmium. The Fig.
2a shows indices of tolerance for tested species at
different treatments of Cd. Tolerance index decreased from control (0 mg/L) to 100 mg/L (100% to
12.62% and 100% to 8.24%) in the seedlings of cucumber and wheat, respectively. The inhibitory effects of Cd on the root and shoot lengths of young
seedlings of cucumber and wheat exposed to different concentrations of Cd were given in the Fig. 2b.
Exposed to different concentrations (0, 1, 5, 10, 50
and 100 mg/L) of Cd, seedling growth rate inhibition
increased by 0%, 27.21%, 31.49%, 40.62% 47,40
and 75.47, in the shoots and 0%, 17.94%, 22.88%,
40.26%, 76.80% and 87.37%, in the roots for cucumber. In wheat seedlings, growth rate inhibition increased by 0%, 10.09%, 27%, 43.83%, 72.49%, and
79.29%, in shoots and 0%, 16.22%, 46.95%,
61,99%, 85.12% and 91.75%, in the roots.

seed germination of cucumber was significantly inhibited by 57.5%-87.5%, and for wheat by 69.23%92.30%, respectively (Table 2). However at the lowest concentration of Cd, seed germination was not
significantly inhibited compare to control.
In the present study, the toxicological effects of
Cd on the cucumber and wheat seedlings growth
were observed. The inhibitory effects of Cd on the
root and shoot lengths of young seedlings were evaluated (Table 2). The results showed that root and
shoot lengths of the tested species were negatively
related to the exposure concentration of Cd in solutions. Seedling growth of cucumber and wheat was
strongly disturbed and reduced by the treatment of
about 5–10 mg/L Cd. When they were exposed to
10-50 mg/L Cd, seedlings of all tested species grew
very slowly, the root length was strongly retarded.
At 100 mg/L, root and shoot lengths of seedlings
which survived after 5 days exposure, were less than
1cm and 2cm, respectively. After 5days Cd treatment, seedling growth was severely retarded, and
short browning roots of the tested species were observed.



*#
5@<9=1B9>=@1B51=4@>>B5;>=71B9>=>6E851B1=43C3C<25@16B5@5F?>AC@5B>49665@5=B3>=35=B@1B9>=A
>646>@41GA
-851BC3C<25@

4<7 #

(>>B
;5=7B83<

)8>>B
;5=7B83<

5@<9=1B9>=


(>>B
;5=7B83<

)8>>B
;5=7B83<
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8.06 ±1.61
7.38±1.92
97.5
7.54±1.82
5.44±0.89
100
6.75±2.05
6.63±1.28
95
6.19±1.15
3.96±0.59
97.5
4.28±1.54*
5.39±1.84*
97.5
5.81±1.30*
3.73±0.63*
95
3.06±1.11*
4.14±1.99*
82.50*
4.50±1.21*
3.23±0.43*
87.5
1.20±1.01*
2.03±1.06*
30.00*
1.75±0.74*
2.86±0.34*
42.50*

0.66±0.79*
1.63±0.48*
7.50*
0.95±0.41*
1.33±0.42*
12.50*
The values were expressed as mean ± SD (standard deviation) of four replicated samples with 10 seeds for each replication.
* indicated significant difference from the control (P< 0.05)

 +(
*>;5@1=359=45F1=47@>EB8@1B59=8929B9>=>6A554;9=7A>6E851B1=43C3C<25@16B5@B859@5F?>
AC@56>@41GAB>    1=4 <7 #4 
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)8>>B1=4@>>B;5=7B8>6A554;9=7A>63C3C<25@1 21=4E851B3 416B5@B859@5F?>AC@56>@41GAB> 
   <7 #>6B8@5549665@5=BA9H5A>6=1=> 5&=< =< =<1=42C;: 5& *85D1;C5A
E5@55F?@5AA541A<51=I)AB1=41@445D91B9>=>66>C@@5?;931B54A1<?;5AE9B8 A554;9=7A6>@5138
@5?;931B9>= )97=96931=B49665@5=35A6@><3>=B@>;AE5@5<1@:54E9B81AB5@9A:'  


 +(
)8>>B1=4@>>B;5=7B8>6A554;9=7A>63C3C<25@1 21=4E851B3 416B5@B859@5F?>AC@56>@41GAB> 
  1=4 <7 #>6B8@5549665@5=BA9H5A>6=1=> 5&=< =< =<1=42C;: 5&?@5
?1@54E9B84A>;CB9>=<7 #1AA>;D5=BA *85D1;C5AE5@55F?@5AA541A<51=I)AB1=41@445D91
B9>=>66>C@@5?;931B54A1<?;5AE9B8 A554;9=7A6>@5138@5?;931B9>= )97=96931=B49665@5=35A6@><3>=B@>;
<7 #4E5@5<1@:54E9B81AB5@9A:' 

3925

%$

" &      





 " #!"!


6653B>6=1=> 1=42C;: 5&ACA?5=A9>=A
>=A554;9=77@>EB8 In order to evaluate the effects
of different sizes of nano-Fe3O4 (6nm, 50nm and
100nm) and bulk-Fe3O4 on the root growth of tested
plants, the concentrations of 0, 50, 500, 2000 mg/L
were adopted in this investigation. The results indicate that both nano-Fe3O4 with different sizes and
bulk-Fe3O4 particles showed no obvious effects on
shoot and root growth of both cucumber (Fig. 3ab)
and wheat (Fig. 3cd).

6653BA>6=1=> 1=42C;: 5&>=@54C39=7
314<9C< 9=4C354 @>>B 7@>EB8 9=8929B9>=  In detail, nano-Fe3O4 (100nm) and bulk-Fe3O4 suspension
had no statistically obvious effect on the Cd toxicity
in the seedlings of both cucumber and wheat. NanoFe3O4 (50nm) suspension had also no significant effect on wheat seedlings but promoted the root growth
of cucumber at higher test concentrations (Fig. 4b).
Interestingly, the growth of root and shoot were
all promoted in the presence of the nano-Fe3O4
(6nm) suspensions at higher test concentration compared with the controls for all tested species (Fig. 4ab
and 4cd). In cucumber seedlings, the addition of
nano-Fe3O4 (6nm) significantly (P < 0.05) decreased
Cd-induced root growth inhibition by 59.78% and
122.98% at 500 and 2000 mg/L, while the shoot

growth inhibition was decreased only at 2000 mg/L
by 100.23% (Fig. 4ab). The addition of nano-Fe3O4
(50nm) significantly (P < 0.05) decreased Cd-induced cucumber root growth inhibition by 61.96%
mg/L at 2000mg/L (Fig. 4b). Similar results were obtained in wheat seedlings with the addition of nanoFe3O4 (6nm), where root and shoot growth inhibition
decreased by 70.52% and 40.43 % respectively at
2000 mg/L (Fig. 4cd).
6653B >6 =1=>  >@ 2C;: 5& >= 4 133C
<C;1B9>= 9= 3C3C<25@ 1=4 E851B A554;9=7A  In
general, the total Fe contents in roots of cucumber
grown in the solution of Cd+(nano- or bulk-Fe3O4)
increased significantly at 500 mg/L and 2000 mg/L
as compared with the control (P < 0.05) (Fig. 5b).
We observed that Fe content in cucumber roots appeared in the order of 6nm>50nm>100nm 5 bulk.
However, the total Fe contents in cucumber shoots
were not significantly different between the Cd +
(nano- or bulk-Fe3O4) treatment and the control (Fig.
5a). In the root and shoot of wheat seedlings, Fe content was not significantly different between the Cd +
(nano- or bulk-Fe3O4) treatment and control, except
the addition of nano-Fe3O4 (6nm) where the Fe content increased significantly at 2000 mg/L (Fig. 6cd).

 +(
53>=B5=B1 21=443>=B5=B3 49=B85A8>>B1=4@>>B>6B853C3C<25@A554;9=7A16B5@B859@5F?>AC@5
6>@41GAB>    <7 #>6B8@5549665@5=BA9H5A>6=1=> 5&=< =< =<1=42C;:
5&?@5?1@54E9B84A>;CB9>=<7 #1AA>;D5=BA *85D1;C5AE5@55F?@5AA541A<51=I)AB1=41@4
45D91B9>=>66>C@@5?;931B54A1<?;5AE9B8 A554;9=7A6>@5138@5?;931B9>= )97=96931=B49665@5=35A6@><
3>=B@>;<7 #4E5@5<1@:54E9B81AB5@9A:' 
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 +(
53>=B5=B1 21=443>=B5=B3 49=B85A8>>B1=4@>>B>6E851BA554;9=7A16B5@B859@5F?>AC@56>@
41GAB>    <7 #>6B8@5549665@5=BA9H5A>6=1=> 5&=< =< =<1=42C;: 5&
?@5?1@54E9B84A>;CB9>=<7 #1AA>;D5=BA *85D1;C5AE5@55F?@5AA541A<51=I)AB1=41@445D9
1B9>=>66>C@@5?;931B54A1<?;5AE9B8 A554;9=7A6>@5138@5?;931B9>= )97=96931=B49665@5=35A6@><3>=
B@>;<7 #4E5@5<1@:54E9B81AB5@9A:' 

The Fig. 5cd and Fig. 6cd shows the effects of
nano- or bulk-Fe3O4 on Cd accumulation in cucumber and wheat seedlings. Nano-Fe3O4 (6nm and
50nm) showed significant positive effects on the Cd
accumulation in cucumber seedlings (Fig. 5cd),
while, only nano-Fe3O4 (6nm) affected significantly
the Cd content in wheat seedlings (Fig. 6cd). The addition of nano-Fe3O4 (100nm) or bulk-Fe3O4 to the
Cd solution had no statistically significant effect on
the Cd accumulation in the seedlings of both cucumber and wheat (Fig. 5cd and 6cd).
In detail, addition of nano-Fe3O4 (6nm) significantly (P < 0.05) decreased Cd concentration by
34.13% and 61.32% at 500mg/L and 2000mg/l, respectively in roots and 58.89% at 2000mg/L in
shoots of cucumber seedlings (Fig. 5cd). The nanoFe3O4 (50nm) decreased Cd content in the cucumber
root by 40.64% only (Fig. 5cd). On other hand, nanoand bulk-Fe3O4 did not affect Cd accumulation in the
wheat seedlings except nano-Fe3O4 (6nm), which
significantly decreased Cd concentration in root and
shoot by 47.2% and 52.12%, respectively at higher
tested concentration (2000mg/L) (Fig. 6cd).

6653B>6314<9C<5F?>AC@5>=1=B9>F941B9D5
5=HG<513B9D9BG 1=4 $ 3>=B5=B  In this study,
effects of Cd were compared to water to determine
cadmium-induced oxidative stress before to examine
alleviation effects of nano- or bulk-Fe3O4 on the cadmium-induced oxidative stress. The results shown

that, SOD and POD activities decreased significantly
in shoot and root of both cucumber and wheat, compare to control (P<0.05). In general, SOD and POD
activities in the seedlings of the tested species exposed to Cd solution were less than in control (Fig.
7ab-cd and Fig. 8ab-cd).
The MDA contents in roots and shoots of the
tested species exposed to cadmium were significantly high (< 0.05) when compared with control
(H2O), after 5 days. Compared to control (H2O),
MDA concentration increased significantly ( <
0.05) in roots and shoots of cucumber and wheat
treated with cadmium (25 mg/L) solution in the present investigation (Fig. 7 ef and Fig 8. ef).

;;5D91B9>=>64 9=4C354>F941B9D5AB@5AA9=
B85A554;9=7A>63C3C<25@1=4E851B2G=1=> >@
2C;: 5&  Different concentrations (0, 50, 500
and 2000 mg/L) of nano-Fe3O4 (6nm) or bulk-Fe3O4
were added to Cd (25 mg/L) solution to examine
their effects on Cd-induced oxidative stress in the
seedlings of cucumber and wheat using H2O and 25
mg/L Cd solution as controls. The results show that,
the addition of nano-Fe3O4 (6nm) reduced the Cdinduced oxidative stress more than that in the addition of bulk compare with control (25 mg/L Cd)
(Fig.7 and Fig.8). We also observed that, the addition
of nano-Fe3O4 (6nm) significantly declined the oxidative stress in cucumber seedlings than that in
wheat seedlings (Fig.7 and Fig.8).
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 +(
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The values are presented as the mean ± standard deviation (SD). * indicated significant difference from the
control (P< 0.05). Treatment: 2000mg/L (nano or bulk) + 25mg/L (Cd)


2000mg/L, respectively (Fig. 7f). The presence of
bulk-Fe3O4 did not affect MDA content in cucumber
seedlings (Fig. 7e, f). The result also showed that the
MDA concentration in the wheat seedlings did not
change at the presence of the nano-Fe3O4 (6nm) or
bulk-Fe3O4 compared with the controls (Fig. 8ef).

4A>@25=BABC495A>6=1=> 1=42C;: 5& 
To understand the removal efficiency of cadmium
absorbed by magnetic nanoparticles (Fe3O4), and
confirm their reducing effects on Cd-induced oxidative stress in seedlings, different sizes (6nm, 50nm
and 100nm) of magnetic (Fe3O4) nanoparticles and
bulk-Fe3O4 (2000mg/L) were added to the solution
of Cd (25mg/L). Cadmium concentrations were determined at three different times (1d, 2d and 5d) by
ICP-MS, after removed nanoparticles by magnet and
centrifuged Cd solution at 10000 × g and 4 °C for 15
min.
As seen, Table 3, cadmium concentration has
been significantly reduced in the solution with the
addition of the small size nano-Fe3O4 (6nm) followed by nano-Fe3O4 (50nm). While, nano-Fe3O4
(100nm) and bulk-Fe3O4 did not change Cd concentration in the solution compared with the control
treatment (P<0.05). The results show that, the removal efficiency of cadmium was as follows: 6nm >
50nm > 100nm5bulk.


 )+)) &%

@>EB8 9=8929B9>= 1=4 >F941B9D5 AB@5AA 9=
4C3542G45F?>AC@5 Cadmium is a risk hazard in
living organisms including plants when its concentrations exceed the threshold value [38]. As an environmental stressor, Cd can induce disturbance in the
life cycle of an organism and consequently, decrease
its growth [11]. Several studies using seed germination and root elongation tests have been conducted to
evaluate Cd stress on plants [3-4, 11]. The results
from our experiment showed that Cd can reduce seed
germination and seedling growth in the tested species in a dose-dependent manner (Table 2). Seed
coats play an important role in protecting the embryo
from harmful external factors due to their selective
permeability [19, 32], but the protective effect of

In detail, addition of nano-Fe3O4 (6nm) significantly (P<0.05) increased the SOD activity in cucumber shoot by 29.38% and 24.70% at 500 and
2000mg/L respectively (Fig.7a). However, the presence of nano-Fe3O4 (6nm) had no obvious effect on
SOD activity in cucumber root (Fig.7b). There were
no significant effects of the addition of bulk-Fe3O4
on SOD activity in the cucumber shoot (Fig. 7a),
while SOD activity increased significantly by 40.07
% in cucumber root at 500 mg/L (Fig.7b). In the present study, the POD activity increased in cucumber
shoot by 30.46% and 57,42% at 500mg/L and
2000mg/L, respectively with the addition of nanoFe3O4 (6nm) (Fig. 7c). No significant effect was observed between nano-Fe3O4 (6nm) and control
(25mg/L Cd) in cucumber root. The addition of bulkFe3O4 did not affect POD activity in cucumber seedlings (Fig. 7cd).
In the seedlings of wheat, only the higher concentration had showed positive effects on the antioxidant enzymes (SOD and POD) activities in the shoot
with the addition of nano-Fe3O4 (6nm). A significant
increase of SOD and POD activities in the shoot of
wheat by 24.52% and 32.86%, respectively were observed at 2000 mg/L (Fig. 8a and Fig. 8c). NanoFe3O4 (6nm) had no effect on the SOD and POD activities in the roots of wheat seedlings (Fig. 7b and
Fig. 8d). No significant effects of the additions of
bulk-Fe3O4 on SOD and POD activities were noted
in wheat seedlings (Fig. 7ab and Fig. 8cd).
The present study shows that, MDA content did
not change significantly in shoots and roots of cucumber with the addition of bulk-Fe3O4, but declined
in the shoots and roots with the presence of nanoFe3O4 (6nm) (Fig. 7ef and Fig.8ef). On the other
hand, the MDA content in shoot and roots of cucumber decreased significantly with different tested concentrations of nano-Fe3O4 (6nm), while, no significant difference between all tested concentrations of
nano-Fe3O4 (6nm) and control (25mg/L cd) was observed in wheat seedlings.
In detail, MDA content in cucumber shoots was
decreased significantly by 35.65% and 16.90% at
500 and 2000mg/L, respectively with the addition of
nano-Fe3O4 (6nm) (Fig.7e). In the cucumber root, the
addition of all tested concentrations of nano-Fe3O4
(6nm) significantly decreased MDA concentration
by 35.82%, 42.60% and 38.10% at 50, 500 and
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among the oxide NPs used, only nano-Fe3O4 suspension had no obvious phytotoxicity on all tested
plants. Previous reports show that different nanoparticles like magnetite (Fe3O4) nanoparticles could
pose either negative, positive and/or no effects on
seed germination, root elongation and plant growth
[55-56]. The discrepancies between these results, on
the biological effects of magnetic nanoparticles in
plants, might be caused by the differences in research methods, particle sizes, the concentration of
NPs in each application and plant species utilized.
Soybean seedlings treated with 9nm Fe3O4-NPs
showed no signs of toxicity, even though NPs were
translocated into the soybean stems (Pariona et al.,
2016). In a recent study, engineered hematite and
ferrihydrite NPs showed no biological indicators of
toxicity or stress in maize seedlings [54]. On the contrary, the growth of maize increased with increase in
the NPs treatments. Truijillo-Reyes et al. [57] have
also investigated the effects of core-shell Fe/Fe3O4
and Cu/CuO NPs on lettuce plants. The authors
found that iron/NPs did not affect the physiological
parameters of seedlings when compared with control. However, Cu ions/NPs reduced different biological indicators of lettuce plants (water content and
root length) and induced oxidative stress in the seedlings. Iron ions are essential to the plants, animals
and humans. Several biological roles and beneficial
effects of nano-Fe3O4 on Cd exposure have been observed in plants [56]. Nano-Fe3O4 could alleviate the
toxicity of Cd on growth of cucumber and wheat
seedlings (Fig.4). However, it should be noted from
our results that the effect of nano-Fe3O4 on Cd-induced root growth inhibition in cucumber and wheat
seedlings could be dependent on particle size and
concentration.
The decrease in SOD and POD activities under
Cd stress (Fig. 7-8) was significantly up-regulated
mainly by the addition of nano-Fe3O4 (6nm) in the
shoots or roots. The increase of SOD in the shoots
and roots of cucumber seedlings (Fig. 7ab) with the
addition of nano-Fe3O4 (6nm) suggests that, SOD activity was rapidly induced by synthesized nanoparticles at a higher concentration, which caused the increasing ability of cucumber shoot and roots to scavenge O2- radicals and prevent the oxidative stress to
cells. The higher POD activity in cucumber (Fig.
7cd) indicates that the H2O2 scavenging mechanism
is more effective in cucumber than in wheat. POD
activity coordinated with SOD activity play a central
protective role in the O2- and H2O2 scavenging process [24]. POD is widely distributed in the plant
kingdom and it is one of the most principal enzymes
involved in the elimination of active oxygen species
(AOS), which catalyses H2O2 dependent oxidation
of substrate [19]. There were significant differences
in POD activity between cucumber seedlings and
wheat. This also indicates that cucumber seedlings
maybe more efficient in averting damage from heavy
metals than the wheat seedlings.

coats could only be effective at the low concentration
(Table 2). In general, Cd solution demonstrated a
concentration-dependent inhibition of seedling
growth (Table 2). Previous studies showed similar
phenomenon on phytotoxicity of Cd on wheat [4],
cucumber [25], "  # ! [3] and sunflower
plants [39].
In higher plants, heavy metals, induce oxidative
stress by generation of superoxide radical such as hydrogen peroxide (H2O2), hydroxyl radical (HO), and
singlet oxygen (O2), which are collectively termed
ROS [19]. All types of biomolecules such as nucleic
acids, proteins, lipids, and amino acids, can be attacked by ROS, leading to the metabolic dysfunction
and cell death [40]. Cadmium interferes with many
cellular processes in plants including displacement
of essential metal ions from plasma membrane, alteration of antioxidant system and accumulation of
reactive oxygen species (ROS), all leading to oxidative stress [41]. Therefore, the induction of antioxidant enzymes including SOD and POD is an important protective mechanism to mitigate oxidative
damage in the plants [42-44]. Cadium-induced antioxidant enzymes activities such as SOD and POD
have been observed in cucumber [45], rice [46], peas
[47], and Phaseolus vulgaris [48]. The decrease in
SOD activity at 25 mg/L (Cd) treatment (Fig. 7ab8ab) compared to control (H2O), indicated that the
oxygen scavenging function of SOD was impaired,
which is in agreement with the results from Alyssum
species [49], Allium sativum [20] and Arabidopsis
thaliana [50]. However, contrasting results such as
increases in the activities of the antioxidative enzymes (SOD and POD) under Cd stress have also
been observed previously, which could be attributed
to metal tolerance in the plants [19]. Increasing
MDA content in seedlings of cucumber and wheat
(Fig. 7ef and 8ef) shows that Cd (25 mg/L) might
cause severe oxidative stress by stimulating the generation of the reactive oxygen species (ROS) which
may result in damaged plant cells [51-52]. Similar
observations have been found in Lactuca [42], cucumber plants [25], and strawberry [53]. The increase in MDA content under Cd exposure could be
attributed to the increased lipid peroxidation in plant
cells [10].

*85?@>B53B9D556653BA>6<17=5B93=1=>?1@
B93;5A1719=AB4AB@5AA Iron oxide nanoparticles are
gaining a lot of interest in research due to their potential application in biomedicine and environmental
remediation [54]. Both magnetic (Fe3O4) nanoparticles with different sizes and bulk-Fe3O4 particles did
not affect shoot and root growth of both cucumber
(Fig. 3ab) and wheat (Fig. 3cd). In a study on the effects of oxide NPs (i.e. Fe3O4) and other nanoscale
particles such as kaolin on root growth of four plant
species (i.e. tomato, cucumber, carrot and lettuce)
were investigated [7]. These results indicated that,
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and increase plant cell integrity.

*851;;5D91B9>=>64AB@5AA9A1AA>391B54E9B8
453@51A59=4133C<C;1B9>= Cadmium contamination of agricultural areas has become a growing
concern in the recent years. That is why, strategies
for reducing contamination or toxicity and related
health risks are urgently desired [35]. For the detoxification of heavy metals, plants have a range of potential mechanisms, which appear to be involved primarily in preventing the buildup of toxins at sensitive sites within roots and their damaging effects
[10]. Previous studies showed that different plant
growth performance indicators could be positively
affected by Fe3O4-NPs and ᵧ-Fe2O3-NPs [63]. However, previous information in literature and the
knowledge on the reducing effect of iron (II, III) oxide nanoparticles on the uptake of metals by plants is
very limited. Further research on the interaction of
magnetic nanoparticles and higher plants is necessary. The present study does not only show the pronounced role of nano-Fe3O4 in protecting cucumber
and wheat from Cd toxicity, but also its importance
in reducing Cd concentration in the seedlings of cucumber and wheat (Fig. 5). Among different particle
sizes used in this study, all seedlings grown in the
solution of Cd + nano-Fe3O4 (6nm), showed a general response pattern that lowered Cd concentration
both in roots and shoots (Fig. 5cd and 6cd), as compared to Cd-alone treatment. The results of Lin et al.
[10] demonstrated that Selenium (Se) reduced Cd
concentration in leaves, roots and stems of rice.
Nano-Fe3O4 particles were observed on root surface
of the tested species. Nano-Fe3O4 particles attached
to the root surface and /or taken up by the root might
improve the adsorption capacity of Cd and protect
seedlings roots against Cd toxicity.
The removal efficiency of cadmium was as follows: 6nm > 50nm > 100nm≈bulk (Table3). A previous study reported that, cadmium concentration
was significantly reduced by the increase in the
amount of iron oxide nanoparticles in the soil [64].
The adsorption capacity of Fe3O4 nanoparticles
could be due to a different electrostatic attraction between heavy metal cations and negatively charged
adsorption sites [65]. As seen in the Table 1, the zeta
potential results, only nano-Fe3O4 (6nm) was negatively charged. Among the environmental detoxification methods, adsorption is a conventional but efficient technique to remove toxic metal ions and bacterial pathogens [66]. In particular, the use of magnetite nanoparticles as adsorbents in environmental
treatment provides a convenient approach for separating and removing the contaminants by applying
external magnetic fields. The control of the size is
very important because the properties of the nanocrystals strongly depend upon the dimension of the
nanoparticles [66]. It has been reported that, magnetite particles with size of less than 30 nm have a large

The present study has provided evidences of the
protective role of nano-Fe3O4 against oxidative
stress resulting from Cd exposure (Fig 7-8). Our results have shown that nano-Fe3O4 (6nm) can reduce
Cd-induced oxidative stress as reflected by the lower
level of MDA concentration. Cucumber is better protected from oxidative damage, and its antioxidative
system can rapidly be up-regulated, as shown by the
decrease in MDA concentration in cucumber seedlings with the addition of nano- Fe3O4 (6nm) compared to that in the wheat seedlings (Fig. 7ef and
Fig.8ef). The MDA reduction in the cucumber seedlings resulted from the increase in the activities of
SOD and POD and their synergetic function [19,58].
It has been reported that ROS can affect cell membrane and consequently disturb its functions [10].
The maintenance of membrane integrity and stability
is of major importance to stress tolerance, because
cell membranes are among the first targets by a number of plant stressors [59]. It is well known that results of cell viability in roots are consistent with
measurements on Cd stress generated ROS. Plants
possess regulatory mechanisms which include signaling mediated by plant hormones [60]. Plant hormones include ethylene, salicylic (SA) and absicis
acid (ABA) which play an important role in cadmium signal transduction. It has been reported that
SA could protect plants against toxic effects of cadmium. In the present study, the addition of nanoFe3O4 significantly reduced growth inhibition by Cd
stress (Table2), but also mitigated the decline in the
activities of antioxidant enzymes (SOD and POD)
and decreased the MDA concentration in the seedlings of cucumber and wheat (Fig.7-8). Our results
are in agreement with those reported by Guo et al.
[46], who investigated the time-dependant changes
in enzymatic and non-enzymatic antioxidants, and lipid peroxidation in roots of rice ( &' !"$) exposed to Cd solution with or without salicylic acid
(SA). The results showed that, the exposure to Cd
without SA significantly decreased root growth as
well as SOD and POD activities, but increased the
MDA concentrations. In contrast, the addition of SA,
increased the activities and decreased the MDA content in the Cd-stressed rice as compared with the Cd
treatment alone. The authors concluded that the SA
effect on reducing Cd toxicity in rice ( &'!"$)
was related to the antioxidant defense system. The
observations were attributed to the ability of SA
treatment to enhance activities of antioxidant enzyme and strongly suppress Cd stress in the rice
roots. As the effects of SA on Cd toxicity, the addition of absicis acid (ABA) enhanced tolerance and
decreased its uptake [61-62]. These facts suggest
that, nano-Fe3O4 might be probably involved in signaling mechanisms that lead to a decrease in MDA
content. We also suggest that the positive effects of
nano-Fe3O4 are partly due to the improvement of antioxidant defense enzymes, and the positive change
in seedling growth. All these parameters characterize
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surface area and exhibit super paramagnetic properties, which can make them prone to magnetic fields.
These properties are strongly useful in the development of novel separation processes [67]. Combining
the above-mentioned observations from our study
showed that the decrease in cadmium toxicity in the
tested plants could be associated with the adsorption
capacity of Cd according the particle sizes.
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Our findings suggest that Cd toxicity induced
growth inhibition in cucumber and wheat seedlings.
The total activity of SOD and POD decreased, and
the MDA content increased under Cadmium stress.
Nano-Fe3O4 did alleviate the toxicity of Cd in the
growth of cucumber and wheat seedlings. Among
the three sizes (6nm, 50nm and 100nm) of magnetic
(Fe3O4) nanoparticles and bulk-Fe3O4, only the small
size (6nm) indicated positive effects on the Cd toxicity in all the tested species. The addition of nanoFe3O4 (6nm) significantly decreased Cd-induced root
growth inhibition, reduced and alleviated oxidative
stress in the seedlings of cucumber and wheat compared to control (25 mg/L.Cd). The present study indicates that the effects of nano-Fe3O4 on cadmium
toxicity depend to different parameters such as plant
species, particle sizes and the different concentrations in the growth medium.
Furthermore, the reducing effect of nano-Fe3O4
is associated with their adsorption capacity of heavy
metals. Taken together, evidence from this study
showed that nano-Fe3O4 (6nm) enhanced the enzymatic antioxidants in the seedlings of cucumber and
wheat, thus mitigating Cd-induced oxidative stress,
growth inhibition and enhancing Cd tolerance in the
tested species and especially in the cucumber seedlings. Future research needs to focus on the effects
of different sizes of magnetite (Fe3O4) nanoparticles
on Cd toxicity in plant using soil.
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In this study, the effects of different concentrations and combinations of plant growth regulators
(PGRs) on the cotyledon node explants of     
   L. have been studied. For micropropagation studies, cotyledon node explants have been isolated from the plantlets obtained from germinated seeds. The explants were cultured on MS (Murashige and Skoog, 1962) medim supplemented with
individually 6-benzylaminopurine (BAP) (1.0; 2.0
mg/l) or combined with indole-3-butyric acid (IBA)
(0.1-0.5 mg/l) at different concentrations. At the end
of eight weeks of culture, the highest number of
shoots (13.14 units ± 2.72) was observed in MS medium supplemented with 2.0 mg/l BAP + 0.5 mg/l
IBA, the longest shoots (1.62 cm ± 0.13) was observed in MS medium supplemented with 1 mg/l
BAP and the highest callus induction rate was 100%
in MS medium supplemented with 2.0 mg/l BAP +
0.1 mg/l IBA containing plant growth regulators.
Various concentrations of IBA (0.3, 0.5 and 1 mg/l)
were applied to the plantlets obtained for rooting.
The best rooting was observed in the MS medium
supplemented with 0.3 mg/l IBA (77%). This report
represent an efficient method for the  micropropagation of         L.

     is a 20-40 cm high medicinal
plant, known for its ornamental plant properties,
which has annual or multiannual taproots and presents with 20 varieties [2]. The chemical compounds
identified in methanol extracts of      include polar compounds phenolic acids (e.g. vanillic,
protocatechuic, syringic, p-coumaric, caffeic and
chlorogenic acid) and flavonoid glycosides (e.g. rutin, narcissin, 3-glucoside of isohamnetin, isoquercitrin) [3]. Other constituents include sterols, steriods, terpenoids, free and esterified triterpenic alcohols [4]. As a result of the studies performed with 
    the anticancer [5], antimicrobial [6], antileishmanial [7], anti-HIV [8], antioxidant [9], cytotoxic, antitumor [10], antiviral [11], antiinflammatory [12], edema amplifier [13], hypoglycemic [14],
uterotonic [15], effects and its utilization in the treatment of venous ulcers [16], as well as the biligenic
[17] pharmacologic effects of this plant have been
reported in many studies.
Commercialized medicinal plants have many
disadvantages such as growth in field conditions the
supply of high quality seed and shoot materials and
especially the costly production of organic material
the environmental risk factors and labor force costs.
Nowadays, many solutions can be proposed for these
situations using biotechnology and tissue culture.
Tissue culture allows for high level production of the
target plant within a short time and has an important
role in the production of secondary metabolites, in
protection of germplasm, in ensuring the continuity
of the plant generations, and in physiological studies
and genetic engineering [18].
In this study, plant regeneration and micropropagation protocols were studied by analyzing the effect of plant growth regulators 6-Benzlaminopurine
(BAP) and Indole-3-butyric acid (IBA) on cotyledon
node explants of         L. on the leaf
number and shoot length, by identifying the most adequate IBA plant growth regulator concentration for
the rooting of the shoots obtained 






(& "#
       , , Murashige and Skoog, regeneration, tissue culture.
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The number of medicinal plants used for treatment purpose is 21,000 according to the research of
World Health Organization (WHO) [1]. More than
80% of medicinal plants are used in traditional drug
preparation. The basis of the growing importance of
medicinal and aromatic plants on the world market
is the wide use of the ‘secondary metabolites’ obtained from bioactive compounds extracted from
leaves and fruits at different levels of the industry
such as medicine, cosmetics, painting production,
and perfumes.
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In tissue culture studies performed under aseptic conditions, in order to decrease as much of the
plant-originated contamination problems as possible, instead of using explants from an external environment, it is best to provide them from plants obtained under sterile and conditions. Moreover, the explants obtained from plants grown in tissue culture nutrient medium present an easier regeneration and can be used directly without requiring a
sterilization procedure [20]. Thus, the explants to be
used for this study were obtained from the plantlets
produced from seeds that were germinated on MS
medium.
At the end of the surface sterilization procedure, which was performed by incubating the seeds
in 70% ethyl alcohol for 3 min, in 0.5% bleach for 5
min, and rinsing 3 times with incubation for 3 min in
distilled water, the germination and contamination
rates were determined as 43%-46% and 10%-30%
respectively. The utilization of longer or more powerful disinfectant was not considered appropriate due
to the possibility of decreasing the germination rate.
In plant tissue culture studies, plant growth regulators play an important role in organ differentiation.
The rate of auxin and cytokinin hormones, which are
the most commonly used hormones in tissue culture
applications, define the organogenesis. The high cytokinin/auxin rate promotes the formation of the
shoots, the high auxin/cytokinin rate promotes the
formation of roots, and the equal rate of auxin and
cytokinin promotes the development of callus [2122]. According to the data obtained at the end of the
study, the different plant growth regulators applied
the on cotyledon node explants were found to have a
statistically significant effect on the     
callus formation rates (F = 3.818, P<0.05). The highest callus formation rate was found to be 100% for
the MS medium containing 2.0 mg/l BAP + 0.1 mg/l
IBA. The application of high cytokinin and low
auxin levels to     and in previous studies
by many researchers led to a high level of callus formation, similar to the results of the present study [23,
24, 25]. The development of the shoots from the callus located at the basal region of the cotyledon node
explants were observed began on day 10; the effect
of the plant growth regulators on the number of
shoots formed on the cotyledon node explants of 
    was found to be statistically significant (F
= 2.375, P < 0.05). According to the results of the
TUKEY-HSD multiple analysis, the highest number
of shoots was observed with the 2.0 mg/l BAP + 0.5
mg/l IBA (13.14 units ± 2.72), the lowest number of
shoots was observed with 1.0 mg/l BAP + 0.5 mg/l
IBA (5.77 units ± 1.06). In the study of Kim et al.
[26] on  
   plants, the highest
number of shoots was observed with MS medium
containing 2.0 mg/l BAP + 0.5 mg/l IBA, similar to
our results. The effect of the plant growth regulators 

$"#$ #

!2)49 3)9-71)2 The seeds used in the study
were obtained from Hekim Sinan Medicinal Plant
Research Center of in the municipality of Kutahya.
For the micropropagation studies,       
  L. cotyledon nodes were used as explants. MS
medium (Murashige and Skoog, 1962) [19] was used
as nutrient medium for the  studies.

!7-6)7)9154)4,89-7121?)91545.8--,8 
   seed pods were unshelled, separated, and
washed using distilled water. After surface sterilization in 70% ethyl alcohol for 3 min and 0.5% NaOCl
for 5 min, the seeds were rinsed 3 times and incubated for 3 min in distilled water. They were then
dried on sterile tissue and germinated in jars containing 30 mL MS medium.
1+756756)/)9154 89:,1-8 Cotyledon node
explants were transferred into MS medium supplemented with different plant growth regulators at 6
different concentrations and combinations; BAP (1.0
or 2.0 mg/l) and IBA (0.1 or 0.5 mg/l). Explants producing shoots were subcultured twice at a 2 weeks
interval. Brown tissues and callus formed on the
shoots obtained were removed. IBA at concentrations of 0.3, 0.5, and 1.0 mg/l was applied to shoots
produced  from the cotyledon nodes, which
presented developed leaves of 3-5.

++213)91?)915489:,1-8 Firstly, the lids of the
jars in the root medium were opened briefly on day
1, next, the exposure time of the jars with the open
lids was increased on day 2. On day 3 of the assays,
the plants present in the  environment were
washed under running water to remove the agar and
were pricked in sterile earth within capped plastic
bottles. During these first days, the lids of the bottles
were left open for 1 h each day, and this time was
then increased progressively in the following days.

:29:7- +54,191548 Seed germination was
performed at 24 ± 2 °C, under the light of a 4000 lux
white fluorescent light, in a plant growth cabinet;
shoot development and rooting studies were performed at 24 ± 5 °C, under the light of 2000 lux white
fluorescent light, in a plant growth cabinet for a
light/dark photoperiod of 16:8.

#9)91891+)2 )4)2>818. The statistical analysis
were performed using JMP (SAS) software. The
ANOVA analyses were performed using the plant
growth regulator as the main factor, the shoot number, shoot length and callus formation rate as variables and the results were considered statistically significant at P< 0.05. Among the multiple comparison
methods, the HSD-TUKEY test was applied to the
data.
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,  3/ 2!-  3/ 2!  3/ 2.  3/ 2! 3/ 2
applied to the    cotyledon node explants
was found to be statistically significant for the length
of the shoots formed (F = 3.453, P<0.05). According
to the results of the TUKEY-HSD multiple analysis,
the longest shoot (1.62 cm ± 0.13) was observed with
MS medium containing 1 mg/l BAP (Table 1) (Figure 1).
In the study of Dakah et al. [27] on  
  L. plants, the longest shoot obtained was 1.8
cm, as in our study There are many studies using
auxin plant growth regulator for the rooting of shoots
obtained from micropropagation. Plant growth regulators from the auxin group play an important role in
the coordination of almost all the development processes and also in the structuration of plant roots [28,
29]. In plants, the most frequently found auxin hormone is indole-3-acetic acid (IAA); however, the
IBA or NAA-naphthaleneacetic acid (NAA) auxin
groups are preferred for vegetative multiplication
[30]. Auxin at concentrations of 0.3 mg/l, 0.5 mg/l
and 1 mg/l IBA were applied to the shoots developed
from the cotyledon nodes (Figure 2). The first root
formations were observed at the end of 6 weeks. The



highest level of root formation was identified as 77%
with MS medium supplemented with 0.3 mg/l IBA.
The plantlets that developed roots in the acclimatization studies and developed into a full plant were
transferred into turf earth within closed plastic containers.
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age them. They are responsible for multibillion dollar losses in worldwide [3, 4]. R. solani found in agriculture soil and sclerotia develop between the crops
on plant rhizosphere [5]. Pythium species mostly
found in root rot and this water loving pathogen survive in soil as oospores [6]. To control the damages
caused by R. solani and P. aphanidermatum, various
strategies have been practiced including the use of
fungicides, plant extracts, biocontrol agents and cultural practices. In fact, fungicides provide quick and
effective control and most of the farmers depend
upon them to get rid from such destructive pathogen.
However, their extensive use caused potential threats
to non target organisms, plants and consumers.
Therefore, scientists have been trying to develop
some alternate control measures which could be as
effective as fungicides as well as eco-friendly. In this
regard many researchers have been frequently tested
medicinal plants extracts against the wide number of
plant pathogens causing diseases in crop plants [2, 710].
Medicinal plants have been widely distributed
as traditional medicine products in all over the
world, such as phenols, quinons, flavonoids, alkaloids, saponins, sterols, tannins, and volatile essential oils [11-16]. However, these secondary metabolites have many functions as well as antimicrobial,
pesticide and appetite suppressant properties [17, 18,
19]. Glycyrrhiza has long been used as licorice powder for its various properties and fight against peptic
ulcer disease, constipation, cough, and other diseases
since antiquity [20]. Moreover, their residues have
been used for production of biogas, ethanol fuel and
microbial oil and contain huge amount of cellulsoe
and hemicelluloses [21, 22]. Furthermore, Glycyrrhiza glabra investigations of ethanolic plant extract
were used against different important fungal and oomycete pathogens [23, 24]. However, G. uralensis
extract has not been so much investigated against
plant pathogenic fungi.
In this study, we investigated the in vitro antifungal and anti-oomycets activities of methanolic
extracts of 103 Chinese medicinal plants against R.
solani and P. aphanidermatum. Furthermore, it was

ABSTRACT
Medicinal plants have been found to natural
anti-fungal and anti-oomycete compounds to defend
plants against pathogenic organisms. Here we evaluated in vitro anti-fungal and anti-oomycete effect of
the crude methanol extract from 103 Chinese medicinal plant species against Rhizoctonia solani and
Pythium aphanidermatum. Twelve crude methanolic
extracts showed strong anti-fungal and anti-oomycete activities against both pathogens using the paper
disc diffusion method. The highest anti-fungal and
anti-oomycete plant extract Glycyrrhiza uralensis
that showed significant inhibitory effect against both
pathogens and preferred for more assessment. Most
effective solvent of methanolic extract from G. uralensis was separated through silica gel plates and
each phase was evaluated for anti-fungal and antioomycete activity. The ethyl acetate phase of G. uralensis completely suppressed the radial growth of R.
solani and P. aphanidermatum in vitro and in vivo.
Taken together, our results indicate that ethyl acetate
phase is an important antimicrobial constituent of G.
uralensis, and that its anti-fungal and anti-oomycete
effect is attributed to the control strategies of these
pathogens.

KEYWORDS:
Glycyrrhiza uralensis, Silica gel plates, Ethyl acetate,
Heat-stable antifungal factor

INTRODUCTION
Fungal and oomycete diseases are major threat
for the production of vegetables, fruits and crops in
worldwide. Damping-off, root rot and wilt diseases
caused by Rhizoctonia and Pythium species are most
problematic challenges on vegetables and field crops
and responsible for serious economic losses [1, 2].
Both fungal and oomycete pathogens cause infections in the roots of crop plants and ultimately dam-
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PDA Petri plates. Briefly, the crude extract paste of
each medicinal plants were weighed with the concentration of 2 mg/ml and placed on the medium,
subsequent to the fungal colony diameter reached 3
cm. HSAF and methanol (2ul/disc) were used as a
positive and negative controls. Inhibition zones were
measured to assess anti-fungal and anti-oomycete
activity. The plates were incubated at 25°C and the
radial zones were measured to evaluate anti-fungal
and anti-oomycete activity. The experiments were
arranged as CRD with four replications and repeated
twice.

aimed to control the fungal and oomycete pathogen
through potent organic phase under the greenhouse
conditions.

MATERIALS AND METHODS
Plant and Chemical materials. Four different
organic phase extracts including petroleum ether,
ethyl acetate, 1-Butanol and aqueous were used in
this study. One hundred three Chinese medicinal
dried plants belong to different families were purchased from the laboratory of Nanjing Agricultural
University. The identification of medicinal plant
parts were examined based on the morphological
characteristics and each voucher sample under a
given registration number was preserved in the Herbarium of Nanjing Agricultural University, Nanjing,
China.

Extraction and isolation from crude extract
of Glycyrrhiza uralensis. To find out the antifungal
compounds produced by G. uralensis (appeared as
most effective against both pathogens), the extract
was consecutively partitioned three time through rotary evaporator using silica gel plates and to give the
yield of petroleum ether (A, 1.0 g), ethyl acetate (B,
2.8 g), 1-Butanol (C, 3.2 g) and aqueous (D, 4.2 g).
Each fraction was applied for anti-fungal and antioomycete activity against radial growth of R. solani
and P. aphanidermatum.

Preparation of crude extracts. The dried parts
of Chinese medicinal plant leaves, stems, roots,
EXOEV DQG ÀRZHUV ZHUH JURXQG DQG PDFHUDWed to
make fine powder, which passed through a sieve of
24 mesh. The fifty grams powdered of each sample
were extracted in 80% methanol. To prepare the
methanolic extract, 500 ml methanol was added in
50 g powder of each sample and boiled for three
hours at 55ºC. The mixture was filtered through a
:KDWPDQ ¿OWHU SDSHU 1R  DQG WKH VROYHQWV ZHUH
dried by vacuum evaporation at 50ºC to obtain the
crude extract. The paste was re-dissolved in 10 ml
methanol as mother extracts. Which were stored at
5ºC in darkness till further use.

Seed treatment with most active phase.
Seeds of chilli pepper (Capsicum annum L.) were
purchased from local seed company in Nanjing,
China. The seeds were dipped in 5% sugar solution
for 30s followed by 1.0% sodium hypochlorite for 2
min. The adhesive chilli pepper seeds were completely mixed with the paste of ethyl acetate phase of
the G. uralensis extract. The weight of the seeds after
adhesive was about 8% w/w of the most active
phase.

Preparation of pathogen inoculums. The culture of R. solani and P. aphanidermatum and antifungal agent Heat-stable antifungal factor (HSAF)
were kindly provided by Dr. Guoliang Qian of Key
Laboratory of Integrated Management of Crop Diseases and Pests, College of Plant Protection, Nanjing
Agricultural University, China. For using in vitro assays, both pathogen were maintained and multiplied
on PDA plates. For pot experiment, they were multiplied on soil + wheat flour. For this purpose, 90g
soil was sieved, mixed with 10g wheat flour and
10ml distilled water in a 250-POÀDVN7KHPL[WXUH
was, autoclaved and at cooling four culture disks (5
mm diameter) of both were mixed separately and incubated at 28°C until the fungus completely covered
the soil surface.

Control of both pathogens with most active
phase. The soil infestation was performed by mixing
the sterilized soil with prepared inoculum of R.
solani and P. aphanidermatum @ 1% w/w and filled
in theromople pot of 8 cm diameter. Ten seeds of
chilli pepper were sown in each thermopole pots
containing infested or non-infested soil. The experiment consisted of the following treatments: 1)
treated seeds sown in soil inoculated with pathogen;
2) treated seeds sown in soil without pathogen; 3)
un-treated seeds sown in soil inoculated with pathogen and 4) un-treated seeds sown in soil without
pathogen. Plants were irrigated with sterilized water
regularly and the seed germination data was recorded up to 10 days of sowing. The disease assessment was monitored after 35 days sowing following
the plant mortality, root infection, plant height and
plant weight of carefully uprooted plants. Five replicates were performed with each treatment that was
arranged in complete randomized block design.
'XQFDQ¶VPXOWLSOHUDQJHWHVW 63666WDWLVWLFDOVRIW
ware version 16.0) was used for statistical analysis
(P,0.01).

Inhibitory effect of Plant extract. Two common pathogenic fungi, R. solani and P. aphanidermatum were used to screen the antifungal activity of the plant extracts. A disc of pathogen (5 mm
diameter) were made with a tool from the edge of the
fresh cultured on PDA medium and put in the new
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TABLE 1
In vitro screening for antifungal activity (mean of radius inhibition zone ± standard error) of plant
extracts at a concentration of 5 mg/paper disc. Each mean was calculated from four replicates
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

Scientific name
Achyranthes bidentata
Aconitum carmichaelii
Adenophora tetraphylla
Agrimonia pilosa
Alisma orientalis
Allium macrostemon
Amomum villosum
Anemarrhena asphodeloides
Angelica dahurica
Angelica pubescens
Angelica sinensis
Arctium lappa
Artemisia annua
Artemisia argyi
Artemisia capillaris
Arnebia euchroma
Asparagus cochinchinensis
Aster tataricus
Astragalus complanatus
Astragalus membranaceus
Belamcanda chinesis
Bletilla striata
Bupleurum chinense
Cassia angustifolia
Cassia obtusifolia
Carthamus tinctorius
Chaenomeles lagenaria
Chrysanthemum morifolium
Cinnamomum cassia
Cistanche deserticola
Citrus aurantium
Citrus reticulata
Codonopsis pilosula
Coix lachryma
Coptis chinensis
Crataegus pinnatifida
Cyathula officinalis
Cynanchum paniculatum
Cyperus rotundus
Dipsacus japonicus
Dioscorea opposita
Drynaria fortunei
Ephedra sinica
Eucommia ulmoides oliver
Eupatorium fortunei
Fagopyrum cymosum
Forsythia suspensa
Fritillaria thunbergii
Gardenia jasminoides
Gastrodia elata
Glehnia littoralis
Glycyrrhiza uralensis
Houttuynia cordata
Isatis indigotica
Leonurus heterophyllus
Ligusticum chuanxiong
Lilium brownii
Lindera strychnifolia
Lophatherum gracile
Lonicera japonica
Lycium barbarum
Macrocarpium officinalis
Magnolia liliflora
Magnolia officinalis
Melia toosendan
Mentha haplocalyx
Morinda officinalis
Morus alba
Notopterygium incisum

Chinese name
Huai niu Xi
Wu tou
Nan sha shen
Xian he cao
Ze xie
Xie bai
Yan chun sha
Zhi mu
Bai zhi
Du huo
dang quai
Niu pang zi
Qing hao
Ai ye
Yin chen
Zi cao
Tian dong
Zi wuan
Sha yuan zi
Huang zhi
She gan
Bai ji
Chai hu
Fan xie ye
Jue ming zi
Hong hua
Mu gua
Ju hua
Rou Gui
Rou cong rong
Zhi shi
Cheng pi
Dang shen
Yi yi ren
Huang Lian
Shan zha
Chuan niu xi
Xu chang qing
Xiang fu
Xu duan
Shan yao
Gu sui bu
Ma huang
Du zhong
Pei lan
Jin qiao wai
Lian qiao
Zhe bei mu
Zhi zi
Tian ma
Bei sha shen
Gan cao
Yu xing cao
Song lan
Yi mu cao
Chuan qiong
Bai he
Wu shao
Dan zhu ye
Jin yin huang
Ni xia gou qi
Shan zhu yu
Xin yi
Hou pu
Chuan lian zi
Bo he
Ba ji tian
Sang ye
Qiang huo

Plant parts
Roots
Roots
Roots
Whole plant
Roots
Bulbs
Fruit
Roots
Roots
Roots
Roots
Seed
Whole plant
Leaves
Whole plant
Roots
Roots
Roots
Seed
Roots
Roots
Bulbs
Roots and stem
Leaves
Seed
Flower
Leaves
Flower
Bark
Bulbs
Fruit
Fruit coat
Roots
Seed
Roots
Fruit
Roots
Roots
Roots and stem
Roots
Roots
Roots
Stem
Bark
Whole plant
Roots
Fruits
Bulbs
Fruit
Roots
Roots
Roots
Whole plant
Roots
Whole plant
Roots
Bulbs
Roots
Leaves
Flower
Fruit
Fruit
Flower
Bark
Fruit
Stem and leaves
Roots
Leaves
Roots
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Inhibition rate (%) (mean + S.E)
R. solani
P. aphanidermatum
38.6±1.5
0.0±0.0
42.3±2.0
0.0±0.0
32.0±6.9
0.0±0.0
50.3±2.0
0.0±0.0
36.0±6.9
0.0±0.0
43.0±2.6
0.0±0.0
52.6±1.5
0.0±0.0
61.3±8.3
0.0±0.0
48.3±1.5
0.0±0.0
65.3±2.3
0.0±0.0
49.3±6.1
0.0±0.0
68.6±2.0
0.0±0.0
29.3±6.1
0.0±0.0
52.0±2.6
38.6±2.0
50.6±6.1
0.0±0.0
34.6±2.3
0.0±0.0
7.0±1.0
0.0±0.0
49.0±1.0
0.0±0.0
49.6±.0
0.0±0.0
73.3±6.1
0.0±0.0
49.3±1.5
60.6±1.5
46.6±6.1
0.0±0.0
51.0±2.6
0.0±0.0
35.6±1.5
0.0±0.0
48.6±2.0
0.0±0.0
56.0±4.0
0.0±0.0
23.0±2.0
0.0±0.0
17.3±3.0
0.0±0.0
65.3±3.2
48.6±2.5
44.0±6.9
0.0±0.0
0.0±0.0
0.0±0.0
30.3±1.5
0.0±0.0
42.6±6.1
0.0±0.0
60.6±1.5
0.0±0.0
51.0±2.0
43.3±3.0
46.6±2.3
0.0±0.0
27.3±2.0
0.0±0.0
54.6±2.3
0.0±0.0
48.0±8.0
0.0±0.0
25.3±4.6
0.0±0.0
45.3±4.6
0.0±0.0
51.0±3.0
0.0±0.0
33.6±2.0
0.0±0.0
48.0±1.0
0.0±0.0
62.6±4.6
0.0±0.0
52.0±4.0
0.0±0.0
52.0±4.0
0.0±0.0
74.6±2.3
0.0±0.0
69.6±2.0
0.0±0.0
69.6±2.0
0.0±0.0
60.3±2.5
0.0±0.0
87.3±2.5
90.3±1.5
55.3±4.5
0.0±0.0
46.3±2.0
0.0±0.0
61.3±2.3
0.0±0.0
69.0±2.6
34.0±1.0
51.3±2.0
0.0±0.0
61.3±2.3
0.0±0.0
46.3±5.6
0.0±0.0
29.6±1.5
0.0±0.0
27.3±3.0
0.0±0.0
69.3±2.3
0.0±0.0
69.3±2.3
0.0±0.0
93.6±2.0
90.3±1.5
47.0±2.6
0.0±0.0
42.6±2.3
0.0±0.0
55.6±3.5
0.0±0.0
71.3±2.0
0.0±0.0
61.0±1.0
0.0±0.0
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

Scientific name
Ophiopogon japonicus
Paeonia lactiflora
Paeonia lactifo lia Pall
Paeonia suffruticosa
Panax notoginseng
Perilla frutescens
Peucedanum praeruptorum
Phellodendron amurense
Plantago asiatica
Platycodon grandiflorus
Pogostemon cablin
Polygala tenuifolia Willd
Polygonatum brownii
Polygonum cuspidatum
Polygonum multiflorum
Portulaca oleracea
Prunella vulgaris
Pseudostellaria heterophylla
Pueraria lobata
Rehmannia glutinosa
Rheum palmatum
Rubia cordifolia
Salvia miltiorrhiza
Saposhnikovia divaricata
Saussurea lappa clarke
Schisandra chinensis
Schizonepeta tenuifolia
Scrophularia ningpoensis
Scutellaria baicalensis
Sophora flavescens
Taraxacum mongolicum
Trichosanthes kirilowii
Viola yedoensis
Xanthium sibiricum
Methanol
HSAF

Chinese name
Mei dong
Bai shao
Chi yao
Mu Dan Pi
San qi
Zi su
Qian hu
Huang Po
Che qian zi
Jie geng
Huo xiang
Yuan zhi
Huang Jing
Hu zhang
He Shou Wu
Ma chi xian
Xia ku cao
Tai zi shen
Ge gen
Di huang
Da huang
Chian C. Gen
Dan shen
Fang feng
Mu xiang
Wu wei zi
Jin jie
Xuan shen
Huang chin
Ku shen
Pu gong ying
Gua lou
Di ding
Canger zi
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Plant parts
Roots
Roots
Roots
Bark
Roots
Whole plant
Roots
Bark
Seed
Roots
Whole plant
Roots
Roots
Roots
Roots
Whole plant
Fruit
Roots
Roots
Roots
Roots and stem
Roots
Roots
Roots
Roots
Fruit
Stem
Roots
Roots
Roots
Whole plant
Fruit
Whole plant
Fruit

Inhibition rate (%) (mean + S.E)
R. solani
P. aphanidermatum
49.3±2.3
0.0±0.0
41.6±2.0
0.0±0.0
50.0±2.6
0.0±0.0
65.3±6.1
0.0±0.0
54.0±2.0
0.0±0.0
43.0±2.6
0.0±0.0
58.6±2.3
0.0±0.0
36.0±3.0
0.0±0.0
68.0±8.0
0.0±0.0
48.6±2.0
0.0±0.0
60.6±2.0
0.0±0.0
49.3±6.1
0.0±0.0
40.0±1.0
0.0±0.0
62.6±4.6
38.0±2.0
58.6±2.3
46.3±1.5
57.3±8.3
0.0±0.0
29.3±1.5
0.0±0.0
58.6±6.1
0.0±0.0
38.6±2.3
0.0±0.0
40.0±1.0
0.0±0.0
62.3±2.0
0.0±0.0
59.3±1.5
0.0±0.0
71.6±3.5
0.0±0.0
45.6±2.0
0.0±0.0
78.3±2.0
59.6±1.5
40.6±3.0
0.0±0.0
62.6±4.6
0.0±0.0
47.0±3.0
0.0±0.0
50.3±2.0
0.0±0.0
66.6±1.5
57.0±2.6
43.0±1.0
0.0±0.0
60.6±2.0
0.0±0.0
52.0±1.0
37.6±2.5
20.6±2.0
0.0±0.0
0.0±0.0
0.0±0.0
90.6±2.5
91.3±2.0

inhibitory activity against both pathogens, whereas
M. officinalis, S. lappa and S. flavescens showed
least effectiveness against above pathogens compared with the other eight crude extracts. In addition,
G. uralensis crude extracts showed highest antifungal activity against R. solani and P. aphanidermatum
followed by M. officinalis in Table 2. Therefore, the
G. uralensis extracts was subjected to further analysis against R. solani and P. aphanidermatum.

RESULTS
Screening of plant methanolic extracts for
antifungal activity. In initial stage we applied crude
extracts of 103 Chinese medicinal plants against fungal and oomycete species R. solani and P. aphanidermatum in Table 1. Out of tested plant extracts,
twelve extracts from Artemisia argyi, Belamcanda
chinesis, Cinnamomum cassia, Coptis chinensis,
Glycyrrhiza uralensis, Ligusticum chuanxiong,
Magnolia officinalis, Polygonum cuspidatum, Polygonum multiflorum, Sophora flavescens and Viola
yedoensis showed significant inhibitory activity
against mycelial growth of both pathogens. Other
then above twelve Chinese medicinal plant extracts
left over extracts showed inhibitory effect against
only R. solani. However, the crude extracts activity
against both tested pathogens was less than the
HSAF activity as a positive inhibitory control equal
to 90.0 ± 2.0 and 90.6 ± 1.1, methanol as a negative
inhibitory control equal to 0.0 ± 0.0 and 0.0 ± 0.0
against R. solani and P. aphanidermatum, respectively.
On the basis of results from Table 1 twelve
plant extracts were selected and applied different
concentrations against both fungal and oomycete
pathogens to obtain the strong fungicidal inhibitor.
However, only crude extracts of G. uralensis showed

Antifungal activity of organic phase extracts
of Glycyrrhiza uralensis against both pathogens.
Four different organic phase extracts including petroleum ether, ethyl acetate, 1-Butanol and aqueous
were isolated from G. uralensis crude extract and
yield were obtained by a rotary evaporator. Different
organic phase extracts (10 μg ml-1) and DMSO (10
ml 1-1) were evaluate against mycelial inhibition of
R. solani and P. aphanidermatum pathogens. As
demonstrated in Table 3, the ethyl acetate extract exhibited the active metabolites against R. solani and
P. aphanidermatum with an inhibitory rate of 77.6 ±
1.2 and 62.6 ± 1.0, followed by the petroleum ether
69.4 ± 1.0 and 53.5 ± 0.8, respectively. However, 1Butanol, aqueous phases and DMSO did not affect
the mycelia growth. Phase of ethyl acetate was the
most active metabolite to inhibit the growth of both
pathogens.
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TABLE 2
Effect of twelve plants extracts with different concentrations on mycelial growth of
R. solani and P. aphanidermatum
Inhibition rate (%) (mean+S.E)
Scientific name
1
Artemisia argyi

2

Methanol
Belamcanda chinesis

3

Methanol
Cinnamomum cassia

4

Methanol
Coptis chinensis

5

Methanol
Glycyrrhiza uralensis

6

Methanol
Ligusticum chuanxiong

7

Methanol
Magnolia officinalis

8

Methanol
Polygonum cuspidatum

9

Methanol
Polygonum multiflorum

10

Methanol
Saussurea lappa clarke

11

Methanol
Sophora flavescens

12

Methanol
Viola yedoensis

Concentration (mg)
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3
0.75
1.5
3

Methanol
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R. solani
46.4±1.3qr
47.2±0.9q
49.8±1.3op
0.0±0.0v
41.4±1.2tu
42.6±0.9st
44.±1.1rs
0.0±0.0v
58.4±0.8l
61.3±1.0jk
62.4±0.7ij
0.0±0.0v
40.4±0.7u
44.6±1.0rs
47.6±1.3q
0.0±0.0v
82.5±1.1c
86.4±0.8b
90.3±1.0a
0.0±0.0v
61.5±0.7j
64.5±0.8i
67.5±1.0h
0.0±0.0v
72.5±1.0fg
76.5±0.7d
80.8±0.4c
0.0±0.0v
50.7±1.0o
56.3±1.2m
60.4±0.7jkl
0.0±0.0v
51.4±1.2o
53.5±0.8n
54.6±1.1mn
0.0±0.0v
70.5±0.8g
73.5±1.1ef
74.6±1.2de
0.0±0.0v
59.4±0.7kl
61.5±0.7j
62.4±0.9j
0.0±0.0v
46.7±1.1qr
48.3±1.2pq
51.0±1.2o
0.0±0.0v

P. aphanidermatum
32.6±0.8op
34.5±0.6mn
36.5±0.8l
0.0±0.0t
49.4±0.9h
50.6±0.7h
54.5±0.7f
0.0±0.0t
38.6±0.8k
41.6±0.9j
33.7±0.9no
0.0±0.0t
33.6±0.9no
35.6±0.7lm
40.7±1.0j
0.0±0.0t
80.5±0.8d
84.5±1.2b
88.4±1.0a
0.0±0.0t
26.3±1.0s
28.5±0.9r
31.6±0.8pq
0.0±0.0t
77.5±1.2e
79.5±0.9d
82.4±1.1c
0.0±0.0t
26.7±0.9s
30.6±1.0q
34.6±1.0mn
0.0±0.0t
38.5±0.9k
40.0±1.5jk
43.7±1.1i
0.0±0.0t
49.3±1.0h
52.6±0.8g
55.6±1.0f
0.0±0.0t
50.6±1.0h
52.5±0.8g
55.6±0.7f
0.0±0.0t
31.3±0.9pq
33.6±1.1no
34.7±1.1mn
0.0±0.0t
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TABLE 3
Percentage of mycelial growth inhibition of the both pathogens induced by different concentrations
of G. uralensis separated by organic phase
Different organic phase extracts (10 lg mL1)
Yield
R. solani
0.8g
69.4±1.0b
1.2g
77.6±1.2a
2.0g
28.5±1.1c
2.6g
9.4±0.7d
10 ml 1-1
0.0±0.0e

Phase
Petroleum ether phase
Ethyl acetate phase
1-Butanol phase
Aqueous phase
DMSO (Negative control)

P. aphanidermatum
53.5±0.8b
62.6±1.0a
31.7±0.3c
8.4±1.2d
0.0±0.0e

TABLE 4
Effect of both pathogens on chilli seed germination and seedling mortality with the ethyl acetate
phase of the G. uralensis

Treatment
A
B
C
D

Seed germination (%)

R. solani
No. of dead
seedlings

Mortality
(%)

88.00

6

13.63

82.00

9

21.95

100.00

0

0

100.00

0

0

54.00

23

85.18

50.00

24

96.00

100.00

0

0

100.00

0

0

Treated seed+Inoculum
Treated seed+without
Inoculum
Un-treated seed+Inoculum
Un-treated seed+without Inoculum

P. aphanidermatum
Seed germination
No. of dead
(%)
seedlings

Mortality (%)

TABLE 5
Effect of ethyl acetate phase on growth of chilli plants inoculated with both pathogens
Treatment
A
B
C
D

Treated seed+Inoculum
Treated seed+without Inoculum
Un-treated seed+Inoculum
Un-treated seed+without
Inoculum

Plant height
(cm)
7.52±0.13b

R. solani
Plant
weight (gm)
3.12±0.02b

Plant infection (%)
22.0

Plant height
(cm)
7.23±0.07b

P. aphanidermatum
Plant weight
Plant
(gm)
infection (%)
2.75±0.07c
28.0

8.07±0.24a

3.47±0.08a

0.0

8.07±0.24a

3.47±0.08a

0.0

5.25±0.17c

2.23±0.12c

80.0

4.82±0.10c

1.91±0.06d

92.0

7.95±0.16ab

3.25±0.07b

0.0

7.95±0.16a

3.25±0.07b

0.0

The phase of ethyl acetate successfully inhibited the activities of the both inoculated pathogens R.
solani and P. aphanidermatum in treated plants and
significantly least infection was found in plants. The
maximum plant infection was recorded in inoculated-untreated plants. Reduction in pathogen infection brought enhancement in plant growth of treated
plants. The plant height and weight were significantly greater in treated plant inoculated with R.
solani and P. aphanidermatum than un-treated plants
inoculated with those pathogens in Table 5. These
results indicated that ethyl acetate appeared as the
highly effective phase of the G. uralensis extract to
improved pepper plant growth inoculated with pathogens.

Control of R. solani and P. aphanidermatum
on pepper plants with ethyl acetate phase. Seed
treatment by most active phase of ethyl acetate significantly enhanced the seed germination in pepper
plants inoculated with both pathogens R. solani and
P. aphanidermatum as compared to the control (untreated seed + inoculum). The highest seed germination was recorded in treated seed inoculated with R.
solani and P. aphanidermatum (88% and 82%, respectively) as compared to un-treated seed inoculated with R. solani and P. aphanidermatum (54%
and 50%, respectively). The 100% germination was
observed in treated and un-treated seed without pathogens. The minimum seedling mortality was recorded when treated seed inoculated with R. solani
and P. aphanidermatum (13.63% and 21.95%, respectively) as compared to un-treated seed inoculated with R. solani and P. aphanidermatum
(85.18% and 96% respectively). No seedling mortality was observed in treated and un-treated seed without pathogens in Table 4. These results suggested
that ethyl acetate phase have no side effect on the
seedlings stage.

DISCUSSION
Many plant diseases are caused by R. solani and P.
aphanidermatum, that leads to significantly annual
yield losses worldwide [3, 4]. To manage the plant
diseases, farmers mainly based on the application of
fungicides, crop rotation and resistant varieties.
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anti-oomycetes experiments of several plant extracts
showed that they had varying degree of anti-fungal
and anti-oomycetes effect against different phytopathogen [28-32]. Our study indicated the dual (antifungal and anti-oomycetes) effect of G. uralensis in
vivo against the both pathogens under greenhouse
conditions.
Based on our results, G. uralensis methanolic
extracts and their organic phase could be valuable
botanical fungicide against R. solani and P. aphanidermatum pathogens. Further studies of organic
phase ethyl acetate extracts expressed here should be
performed to purify the active compounds and to reveal the chemical formula. The anti-fungal and antioomycetes activity of the compounds against R.
solani and P. aphanidermatum could be applied on
the plants in the field.

However, medicinal plants have been found to contain natural anti-fungal and anti-oomycete compounds, effective against pathogenic organisms. In
this study, we screened medicinal plants for their
possible anti-fungal and anti-oomycete activities to
its associated endophytes.
Interestingly, twelve plant extracts exhibited strong
anti-fungal and anti-oomycete activities, indicating
the prospect that Chinese medicinal plant would developed as a reliable source for anti-fungal and antioomycete compounds.
G. uralensis was selected as the most strong
plant species against both pathogens. Previous work
reported that G. uralensis was a significant producer
of bioactive compounds isolated from rhizomes,
such as glycyrrhizin and flavonoids with the high
quantity of starch, cellulose and hemicelluloses [25].
The residue of G. uralensis enhanced enzymatic hydrolysis and oil production with combined fungal
and mild acid pretreatment [26]. However, G. uralensis also exhibited significantly microbial inhibition activities against fungal and bacterial pathogens
[27]. In this study, G. uralensis was also characterized as the bioactive component responsible for the
anti-fungal and anti-oomycete activities. Different
organic phase from the methanolic extract of G. uralensis were initially purified through silica gel plates
and the purified compound ethyl acetate exhibited a
remarkable antifungal activities followed by the petroleum ether toward R. solani and P. aphanidermatum pathogens. These results are supported by other
studies in which G. uralensis compounds were reported to exert activity against five fungal pathogens
including Botrytis cinerea, Colletotrichum gloeosporioides, Fusarium oxysporium f. sp. cucumeris,
Gaeumannomyces graminis var. tritici, Rhizoctonia
solani and four bacterial pathogens Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus when applied as antimicrobial agents [27].
As regards to the greenhouse experiments antifungal and anti-oomycete effects, organic phase
ethyl acetate exhibited a strong inhibitory results
against both plant pathogens tested. Most active
phase of ethyl acetate significantly enhanced the
seed germination in pepper plants inoculated with
both pathogens R. solani and P. aphanidermatum as
compared to the control (un-treated seed + inoculums). The minimum seedling mortality was recorded when treated seed inoculated with the pathogens. The plant height and weight were significantly
greater in treated plant inoculated with R. solani and
P. aphanidermatum than un-treated plants inoculated with these pathogens. However, highest plant
infection was found in inoculated-untreated plants as
compared to inoculated-treated plants. These results
indicated that ethyl acetate appeared as the highly effective phase of the G. uralensis extract to improved
pepper plant inoculated with pathogens. Earlier
greenhouse studies on the analysis of anti-fungal and
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STUDY ON THE REMEDIATION OF
ANTHRACENE-CONTAMINATED SOIL BY REVERSE
MICELLES LACCASE SYSTEM AND EK TECHNIQUE
Huiwen Guo, Shuqin Zhang, Dajun Ren*, Shuyue Guo, Jie Gong, Tao Feng
College of Resource and Environmental Engineering, Wuhan University of Science and Technology, Wuhan, 430081, China

system. It was found that the nonionic surfactant Triton X-100 promoted the catalytic performance of
laccase [2]. In addition, the study shows that Triton
X-100 has a good solubilization effect on PAHs, and
the characteristics of strong dissolving power, good
stability, easy degradation and easy desorption after
being adsorbed by soil which make Triton X-100 has
been widely used in remediation of PAHs contaminated soil [3]. Therefore, this article selected Triton
X-100 to expand the relevant research.
Yaleinb. Acar [4] proposed the electrokinetic
repair technique in 1993 for the first time. The original EK device simply uses the electrode in the contaminated soil, resulting in the role of electromigration and electrodialysis to achieve the purpose of removing contaminants in the soil. In recent years,
with the continuous development of EK repair technology, it has been widely used to remove heavy
metals and organic pollutants in contaminated soil,
and it shows a good application prospect. However,
there are few studies on the remediation of PAHs
contaminated soil by EK repair technique. The direction of the research is also focused on finding an effective chemical additive to enhance the removal of
PAHs by EK. Reddy et al. [5-8] studied the effects
of surfactants, organic cosolvents, soil components,
and anode pH on the migration of EK in contaminated soils. It was found that the pH of the anode
chamber was controlled to maintain a large EOF. At
the same time, the nonionic surfactants Tween 80
and the organic cosolvent can significantly enhance
the migration effect of phenanthrene in electrokinetic soil remediation.
Anthracene is a typical polycyclic aromatic hydrocarbons pollutants present in the soil environment, which with a stable cyclic structure and difficult to biodegradable [9]. At present, theoretically
and technically feasible remediation techniques for
soil remediation [10, 11] mainly include physical remediation technology (thermal adsorption, steam
extraction, microwave heating, multiphase extraction and other physics remediation technology),
chemical remediationtechnology (soil curing-stabilization technology, leaching technology, oxidationreduction technology, bioremediation (photocatalytic degradation technology, electrodynamics Repair technology, etc.). The existing technology has

ABSTRACT
In this study, anthracene was selected as the
target contaminant to study the remediation of anthracene-contaminated soil by combination of EK
and reverse micelles laccase system constructed with
nonionic surfactant Triton X-100. Through the comparison of the following four groups of experiments:
EK alone (EK), reverse micelles system combined
with EK (reverse micelles / EK), reverse micelles
laccase system combined with EK (reverse micelles
laccase / EK) and reverse micelles laccase (ABTS)
system combined with EK (reverse micelles laccase(ABTS) / EK). The effects of four groups of experimental current, electroosmotic flow (EOF), soil
moisture content, pH and anthracene migration and
transformation were compared and analyzed. It was
found that the reverse micelles system could enhance
the migration of anthracene in the polluted soil, also,
2,2 'amino-bis (3-ethyl-benzothiazolinosulfonic
acid-6) ammonium salt (ABTS) could enhance the
remediation of anthracene-contaminated soil by reverse micelles laccase / EK. In the four groups, reverse micelles laccase(ABTS) / EK had the best effect on the remediation of anthracene-contaminated
soil. The maximum migration conversion rate was
45.8%.
KEYWORDS:
Anthracene, reverse micelles system, laccase, electrodynamics, migration and transformation

INTRODUCTION
Reverse micelles are surfactants dissolved in
organic solvents, spontaneous formation of thermodynamically stable, transparent or translucent macroscopic homogeneous, microscopic multiphase media [1]. The surfactant contains both oleophilic (hydrophobic) and hydrophilic (oleophobic). When the
concentration of the surfactant in the oil phase exceeds the critical micelle concentration, it will spontaneously form reverse micelles with a polar core
which hydrophilic inward and lipophilic outward.
The polar micelles of the reverse micelles can wrap
hydrophilic laccase to form a reverse micelleslaccase
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some problems in PAHs contaminated soil remediation, such as poor stability of the repair method, adsorption of pollutants and soil, and low mass transfer
efficiency. This paper put forward to solve the problem that the laccase and organic pollutants have low
mass transfer efficiency in the soil environment by
constructing a high-stability and environment-resistant reverse micelles laccase system. In addition,
EK technology can promote the reverse micelles laccase system in the soil environment diffusion, and
thus reverse micelles laccase system and EK combined technology was proposed. This technology belongs to the green repair technology and in situ repair
technology, in line with the current development
trend of soil pollution remediation technology, has a
good application prospects.

Fresenius Environmental Bulletin

EK remediation system. The electrokinetic
soil repair device was constructed as shown in Fig.
1, in which 1500 mL of 100 mM NaAc solution was
added into the anode graduated cylinder while 1500
mL of 100 mM HAc solution was added into the
cathode graduated cylinder, then the constant-flow
pump was set at 20 rpm. After 24 hours, Triton X100 was injected into the soil surface to form a reverse micelles system.
Extraction and analysis. Current: 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.
Cumulative EOF: 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.
Soil moisture content: Soil moisture content
was measured using oven-drying method.
Soil pH: Soil pH was measured with the following steps: first, a 1g 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 the sample was
completely sit, the supernatant was extracted and
measured by a pH meter.
Determination of anthracene concentration in
soil: First, using Soxhlet extraction method, after
WKDW WKH VROXWLRQ ZDV ILOWHUHG WKURXJK D  ȝP
membrane and the anthracene content was measured
using HLPC. The measurement conditions described
below. Thermo SCIENTIFIC C18 reverse column
(4.6250 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
&DQGWKHVDPSOHVL]HZDVȝ/

MATERIALS AND METHODS
Materials. Laccase (Trametes versicolor,
Sigma); anthracene (Sigma); ABTS (Sigma); UltiMate 3000 High Performance Liquid Chromatography (Dionex); other chemical reagents are homemade analytical.
Construction of reverse micelles laccase system. The isooctane and n-hexanol solutions were
mixed at a volume ratio of 1:1, and then a certain
amount of Triton X-100 was weighed and mixed
with the above solution to prepare a mixed solution
of isooctane / n-hexanol / Triton X-100, Finally, the
appropriate amount of laccase solution (NaAc-HAc
buffer solution with a certain concentration of laccase solution) was added to form a reverse micelles
laccase system.

Experimental program design. T-1 experimental group is the blank control group, only a single
EK effect. At the end of 24 hours, 30 mL of the reverse micelles solution(the volume ratio of n-hexanol to isooctane was 1: 1, the concentration of Triton
X-100 was 50 mM)was injected into the soil in the
T-2 experimental group; 30 mL of the reverse micelles laccase solution was injected into the soil surface in the T-3 experimental group; 30 mL of the reverse micelles laccase solution containing ABTS
was added to the T-4 experimental group. The concentration of laccase in the experimental group was
3U / mL, and the concentration of ABTS was
0.5mM. The specific experimental design is shown
in Table 1 below.

1-DC stabilized power supply; 2-ampere meter; 3Anode chamber;
4-Cathode chamber;5, 6-Graphite electrode; 7,8-Air
outlet;
9,10-Constant flow pump; 11,12- Graduated cylinder
FIGURE 1
Illustration of the structure of EK remediation
system
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TABLE 1
Reversal study of anthracene-contaminated soil by reverse micelles / EK
Number
T-1
T-2
T-3
T-4

Additives
30 mL of the reverse micelles solution
30 mL of the reverse micelles laccase solution
30 mL of the reverse micelles laccase(ABTS) solution

Voltage gradient (V / cm)
1
1
1
1

Repair time (h)
96
96
96
96

FIGURE 2
Variation of soil electric current with time

gradual decline of current. At the later period of the
experiment, the graphite electrode at the cathode
would form a layer of white film which would hinder
the electric conduction on the surface in wire process. This repressive effect is a phenomenon of activation polarization. In addition, the produced H2 and
O2 in electrode reaction were attached to the electrode surface which made the resistance increased
(resistance polarization). This kind of polarization
[12] as well as the losses of electrodes, would also
lead to the levelling-off or gradual decrease in current value.
From the overall trend of current value: current
value of Group T-2, Group T-3 and Group T-4 (in
which reverse micelles solution added) appeared to
be larger in value than Group T-1. From the comparison of Group T-2 and Group T-1, on the one hand,
the strong desorption of organic solvents and surfactants in the reverse micelles makes the adsorbed
metal ions released in the soil, thus increasing the
concentration of free ions in the soil. On the other
hand, the presence of organic solvents and surfactants reduces the resistance of soil viscosity to void
water flow, thereby increasing the flow of anode
buffer to the cathode.The flow greatly increases the
ion concentration and flow into the soil rate, it¶s the
reason why overall trend of the current value is significantly increased compared to the single EK effect. In addition, the current values in the Group T-4
(in which reverse micelles laccase (ABTS) solution

EXPERIMENT
RESULTS AND DISSCUSSION
Variation of current. The current changes in
the soil repair process shown in Fig. 2. The experimental current of four groups trend is to rise to a certain peak after the beginning of decline. When the
electrokinetic soil repair device is just started, various ions (Na+, Ac-, H+, OH-) began to enter the soil
with the flow of the cathode and cathode buffer. At
the same time, the H+ and OH- produced by the electrode begin to increase the ion concentration in the
system and begin to enter the soil as the pore water
flows, then, the current gradually increased. During
the operation of the device, the anode buffer NaAc
partially neutralizes the H+ produced by anode,
which results in a decrease in the pH of the anode
buffer during the experiment. Likewise, the OH- produced by cathode partially neutralizes the cathode
buffer HAc and causes its pH to rise continuously.
With the acidification of the anode chamber and the
alkalization of the cathode chamber, the electrolysis
reaction of the cathode and anode is gradually weakened, and the amount of H+ and OH- produced by the
electrolysis begins to decrease. At the same time,
with the electrodialysis into the soil, H + and OH- produced in electrolysis interacted with each other to
form H2O, and the soil medium has a strong adsorption effect on various free ions, thus reducing the
amount of free ions in the whole system leads to the
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when reverse micelles laccase / EK was used to repair anthracene-contaminated soil. The current intensity can increase the flow rate of electrodialysis,
contributing to the accumulation of cumulative EOF.
Therefore, both the reverse micelles and ABTS can
enhance the electroosmotic flow in the process of
electrochemical repair of anthracene-contaminated
soil.

added) were slightly higher than Group T-2 and
Group T-3, this may be the addition of ABTS was
oxidized by laccase to form ABTS, than ABTS
slow oxidation to ABTS2+. The addition of ABTS results in an increase of the total ion concentration in
the system, which lead to the increase of the current
[13]. Therefore, ABTS to a certain extent, strengthen
the current when reverse micelles laccase / EK was
used to repair anthracene-contaminated soil.

Variation of soil moisture content. The variation of soil moisture content is mainly related to the
variation of EOF, excessive variation in water content may lead to the phenomenon of soil curing and
cracking, which is not conducive to the stability of
the electrochemical soil repair experiment [14]. Fig.
4 shows the distribution of soil moisture after soil remediation. It can be seen from the figure that the distribution of soil moisture content in the four groups
is roughly bowl-like. Soil moisture content in the anode and cathode is relatively high while the middle
is low. The soil near the anode and cathode is in direct contact with the anode and cathode buffers, the
soil moisture content at both ends was significantly

Variation of cumulative EOF. Using EK remediation, anthracene was migrated mainly through
electrodialysis, electrodialysis also can be expressed
by EOF. As shown in Fig. 3, it can be seen that the
cumulative accumulation of four groups of EOF
from small to large as follows: Group T-1, Group T2, Group T-3, Group T-4, and the cumulative EOF
of the four groups showed a trend of increasing. This
may be the presence of organic solvents and surfactants in the reverse micelles system to reduce the resistance of soil viscosity to void water flow, increasing the flow of buffer from the anode to the cathode.
In addition, ABTS can strengthen current intensity
800
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T-3
T-4

700

Cumulative EOF(mL)
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0
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FIGURE 3
Variation of cumulative EOF with time

FIGURE 4
Distribution of soil moisture content
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organic solvents and surfactants reduces in the reverse micelles system the resistance of soil viscosity
to void water flow, thereby increasing the diffusion
of H+ from the anodic electrolysis to the cathode soil,
making pH of soil which the reverse micelles is
added becomes smaller. Due to the presence of the
anode and cathode buffer solution and the soil itself
has a certain buffer, the overall change in soil pH is
controlled within a reasonable range (7.5~9.5).

higher than that of the initial soil moisture content.
In the middle section of the soil, electrokinetic repair technique produces Joule heat to make the temperature of the soil rise and accelerates theevaporation of water during soil remediation [15], and then
the soil moisture content decreases. Comparing four
groups of experiments, the overall trend of soil moisture content in GroupT-2, GroupT-3 and GroupT-4
was significantly smaller than that in GroupT-1. This
may be the presence of organic solvents and surfactants in the reverse micelles system to reduce the resistance of soil viscosity to void water flow, resulting
in the addition of part of the moisture in the middle
section is replenished by flowing from the anode to
the cathode pore water. This phenomenon is also the
reason why the reverse micelles promote EOF. In
conclusion, the reverse micelle system favors the
uniformity of soil moisture distribution and the stability of experimental operation.

Migration and transformation of anthracene
in soil. Fig. 6 shows the distributions of anthracene
content in soils using different remediation methods.
In the four groups, the order of migration and transformation of anthracene in the contaminated soil was
GroupT-4>GroupT-3>GroupT-2>GroupT-1. The
migration rate of anthracene in GroupT-4 was the
highest, and the maximum migration and transformation rate reached 45.8%. The comparison of
GroupT-2 and GroupT-1 shows that the reverse micelles system can significantly promote the migration of anthracene in contaminated soil. The mechanism of promoting may be the strong desorption of
anthracene in soil by reverse micelles system and its
presence reduce the resistance of soil viscosity to
void water flow, and thus the interaction increases
the migration of anthracene. Comparison and analysis of GroupT-3 and GroupT-2 shows that for the
treatment of anthracene. Laccase in the reverse micelles laccase system has a significant degradation.
In addition, by comparing the GroupT-4 which was
added ABTS and GroupT-3, the maximum migration and transformation rate of GroupT-4 reached
45.8%, while that of GroupT-4 only 29.9%. The results show that the addition of ABTS could significantly promote the repair of anthracene-contaminated soil by reverse micelles laccase / EK. The related studies have shown that laccase-ABTS mediator system can improve the degradation rate of anthracene [16].

Variation of soil pH value. The initial pH of
the test soil was 7.95. Fig. 5 displays the distributions
of soil pH value using different remediation methods.It can be seen that the soil pH of the four groups
showed an increasing trend from anode to cathode.
In addition, the overall pH change trend of GroupT2, GroupT-3 and GroupT-4 with reverse micelles
was less than that of GroupT-1. With the operation
of the EK device, various ions (Na+, Ac-, H+, OH-) in
the buffer continue to enter the soil because of electromigration and electrodialysis. At the same time,
the H+ and OH- produced by the electrode begin to
enter the soil. During the whole experiment, the anode buffer was gradually acidified and the catholyte
buffer was gradually basified, which resulted in a decrease in the pH of the soil near the anode and a increase in the pH of the soil near the cathode compared to the initial soil pH. The comparison of
GroupT-2 and GroupT-1 shows that the presence of

FIGURE 5
Distribution of soil pH
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FIGURE 6
Distribution of anthracene in soil

addition, ABTS acts as a catalytic medium to enhance the degradation of anthracene by laccase.
ABTS is a small molecule mediator and its way of
mediating is electronic transmission [19]. ABTS can
be used as an electron transfer carrier, so that the
electron transfer rate is improved, thereby increasing
the reaction rate of the system, further strengthening
the transformation of anthracene. Although the degradation mechanism of laccase for anthracene at present is not very clear conclusion, it is speculated that
polycyclic aromatic hydrocarbons may be hydroxylated under the action of laccase first, then followed
by oxidation and dehydration to form C=Odouble
bonds. Specifically, as shown in Fig. 7, the chemical
activity of the 9,10 position in the anthracene molecule is higher, and the C=O double bond is formed
at the position of 9 and 10 under the oxidation of the
laccase [20, 21].

MIGRATION AND
TRANSFORMATION MECHANSIM OF
ANTHRACENE IN CONTAMINATED SOIL
The main mechanism of anthracene transport in
contaminated soil is electrodialysis. To achieve
higher migration efficiency of anthracene, it is necessary to ensure greater EOF and to improve the desorption rate of hydrophobic anthracene in soil. EOF
can be expressed as a formula (ueo (ȗɽȝ [17], in
which ueo LVWKHHOHFWURGLDO\VLVYHORFLW\ (2) DQGȝ
is the viscosity of the void water in the soil. The lubricating effect of organic solvents and surfactants in
the reverse micelles system reduces the viscosity of
the void water in the soil ȝ WKHUHE\LPSURYLQJWKH
EOF within the repair system. In addition, organic
solvents and surfactants can increase the desorption
rate in the soil, and Triton X-100 has a good solubilization effect on anthracene. The reverse micelles
system can enhance the electrokinetic migration of
anthracene in contaminated soil.
The transformation mechanism of anthracene
in contaminated soil is mainly the degradation of anthracene by laccase in reverse micelles system. Reverse micelles system is helpful to improve the catalytic activity and stability of laccase. This phenomenon may be the laccase is protected by the interface
film. Under the protective effect of the interface film,
the laccase is avoided exposure to organic solvents.
At the same time, the reverse micelles system can
simulate the microenvironment in the cell perfectly
[18]. Also, the organic solvents and surfactants in the
reverse micelles laccase system are favorable for the
removal of anthracene from the soil into the liquid
phase, thus accelerating the migration of anthracene
in the soil. The chance of contact between the laccase
and the anthracene increases, thereby enhancing the
transformation of anthracene in contaminated soil. In

Anthracene

9,10-anthraquinone
FIGURE 7
The possible product of anthracene

CONCLUSIONS
In view of the shortcomings of the existing
methods in the remediation of PAHs contaminated
soil, such as poor stability of the repair method, close
adsorption of pollutants and soil, and low mass transfer efficiency. This paper proposed the reverse micelles laccase system and EK combined technology.
Through the comparison and analysis of four groups
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[6] Reddy, K.R., Saichek, R.E. (2003) Effect of soil
type on electrokinetic removal of phenanthrene
using surfactants and cosolvents. Journal of Environmental Engineering. 129(4), 336-346.
[7] Reddy, K.R., Saichek, R.E. (2004) Enhanced
electrokinetic removal of phenanthrene from
clay soil by periodic electric potential application. Journal of Environmental Science and
Health. Part A. 39(5), 1189-1212.
[8] Saichek, R.E., Reddy, K.R. (2005) Electrokinetically enhanced remediation of hydrophobic organic compounds in soils: a review. Critical Reviews in Environmental Science and Technology. 35(2), 115-192.
[9] Evans, W.C., Fernley, H.N., Griffiths, E. (1965)
Oxidative metabolism of phenanthrene and anthracene by soil pseudomonads. The ring-fission mechanism. Biochemical Journal. 95(3),
819.
[10] Virkutyte, J., Sillanpää, M., Latostenmaa, P.
(2002) Electrokinetic soil remediation²critical
overview. Science of the Total Environment.
289(1), 97-121.
[11] Mulligan, C.N, Yong, R.N, Gibbs, B.F. (2001)
Surfactant-enhanced remediation of contaminated soil: a review. Engineering Geology.
60(1), 371-380.
[12] Lee, H.H., Yang, J.W. (2000) A new method to
control electrolytes pH by circulation system in
electrokinetic soil remediation. Journal of Hazardous Material. 77(1), 227-240.
[13] Fabbrini, M., Galli, C., Gentili, P. (2002) Comparing the catalytic efficiency of some mediators of laccase. Journal of Molecular Catalysis
B: Enzymatic. 16(5), 231-240.
[14] Pamukcu, S., Kenneth Wittle, J. (1992) Electrokinetic removal of selected heavy metals from
soil. Environmental Progress. 11(3), 241-250.
[15] Ren, L., Lu, H., He, L., Zhang Y. (2014) Enhanced electrokinetic technologies with oxidization-reduction for organically-contaminated
soil remediation. Chemical Engineering Journal. 247, 111-124.
[16] Johannes, C., Majcherczyk, A. (2000) Natural
mediators in the oxidation of polycyclic aromatic hydrocarbons by laccase mediator systems. Applied and Environmental Microbiology. 66(2), 524-528.
[17] Ammami, M.T., Portet-Koltalo, F., Benamar, A.,
Duclairoirpoc C., Wang H., Le, D.F. (2015) Application of biosurfactants and periodic voltage
gradient for enhanced electrokinetic remediation of metals and PAHs in dredged marine sediments. Chemosphere. 125, 1-8.
[18] Michizoe, J., Goto, M., Furusaki, S. (2001) Catalytic activity of laccase hosted in reversed micelles. Journal of Bioscience and Bioengineering. 92(1), 67-71.

of experiments with EK, reverse micelles / EK, reverse micelles laccase system / EK and reverse micelles laccase (ABTS) / EK, it was found that the reverse micelles system could enhance the migration
of anthracene in polluted soil by electrodynamics.
The reason for this phenomenon may be the organic
solvent and the surfactant in reverse micelles system
can enhance the desorption of hydrophobic organic
matter, and the lubricating effect of organic solvents
and surfactants can reduce the resistance of the soil
to void water flow. It was also found that the addition
of ABTS could significantly promote the repair of
anthracene-contaminated soil by reverse micelles
laccase / EK. When the reverse micelles laccase system and ABTS were added, the migration and transformation of anthracene in contaminated soil was the
best, and the maximum conversion rate was 45.8%.
On the one hand, the organic solvent and surfactant
in the reverse micelles laccase system facilitate the
desorption of anthracene from the soil into the liquid
phase, which also accelerate the migration of anthracene in the soil and increase the chance of contact
between laccase and anthracene. On the other hand,
the reverse micelles system has a protective effect on
the catalytic activity and stability of laccase, thereby
enhancing the degradation of anthracene by laccase.
In addition, as a catalytic medium ABTS can
strengthen the degradation of anthracene by laccase.
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ENZYMATIC ACTIVITIES OF A NOVEL DINUCLEAR
Cu(II)-Ni(II) COMPLEX: DESIGN, SYNTHESIS AND
CHARACTERIZATION
Guvenc Gorgulu1,*, Bulent Dede2
1

Department of Science Education, Faculty of Education, Mehmet Akif Ersoy University, Burdur, Turkey
2
Department of Chemistry, Faculty of Science & Arts, Süleyman Demirel University, Isparta, Turkey

disproportionate hydrogen peroxide have been designed and studied by the researchers [17-20]. Recently, as a functional model for Mn-CAT, the reactivity of both homo- and hetero-polynuclear copper(II)±Schiff base complexes for H2O2 disproportionation has been investigated [21].
In this study, a novel heterodinuclear Cu(II)Ni(II) iminooxime complex has been synthesized
and characterized by several analytic and spectroscopic techniques, namely; elemental analysis, ICPOES, magnetic susceptibility, molar conductivity,
thermal analysis, FT-IR and UV-Vis. Also, catecholase-like activity of the complex has been tested
by the oxidation reaction of 3,5-di-tert-butylcatechol
to 3,5-di-tert-butylquinone. Similarly, catalase-like
activity of the complex has been detected by disproportionation of hydrogen peroxide to water and oxygen.

ABSTRACT
A novel heterodinuclear Cu(II)-Ni(II) complex
of iminooxime ligand has been prepared by employing several steps. The characterization and nature of
bonding of the complex have been deduced from elemental analysis, ICP-OES, FT-IR, molar conductivity, magnetic moment measurements and thermal
analysis. Elemental analyses, stoichiometric and
spectroscopic data of the metal complex indicated
that the metal:ligand ratio of the dinuclear Cu(II)Ni(II) complex have been found to be 2:1. The complex has been tested for enzymatic activity. Kinetic
studies have been revealed that the complex exhibited high catecholase-like activity with Michaelis
binding constant (KM= 1.9x10-3M) and the turnover
number (kcat= 339 h-1).
KEYWORDS:
Heterodinuclear complex, characterization, catecholase,
catalase, enzyme activity

MATERIALS AND METHODS
Physical Measurements. All the reagents and
solvents were of reagent-grade quality and purchased from commercial suppliers. The IR spectra
were recorded on a Schimadzu IRPrestige-21 FT-IR
Spectrophotometer using KBr pellets. Carbon, hydrogen, nitrogen and metal contents of the compound were determined by a LECO 932 CHNS analyzer and a Perkin Elmer Optima 5300 DV ICP-OES
Spectrometer. The thermogravimetric analysis (TG
and DTG) of the complex was measured on a Perkin
Elmer Diamond TGA thermal analyzer between 201000 oC at a heating rate of 10oC min-1 in nitrogen
atmosphere. Melting point was obtained in open capillaries on an electrothermal model IA 9100. The
UV-Vis measurements were done on a PG T80+
spectrophotometer. The room temperature magnetic
moment was measured with a Sherwood Scientific
Magnetic Susceptibility Balance (Model MX1). The
conductance measurement was carried out using an
Optic Ivymen System conductivity meter.

INTRODUCTION
Nitrogen containing metal complexes became
important recently, due to their application in material science, medicine and catalysis [1-4]. Researchers still aimed the synthesis of new imines, oximes
and their metal complexes which played an important role in the development of coordination
chemistry. Schiff bases show interesting properties,
like their ability to reversibly bind oxygen [5], catalytic activity in hydrogenation of olefin groups [6],
transamination [7], photochromic behaviors [8], and
complex forming ability with toxic metals [9]. Accordingly, oxime containing metal complexes are of
current interest due to their various physicochemical
properties, reactivity patterns and applications in
many chemical processes in the areas of medicine
[10, 11], bioorganic systems [12, 13], catalysis [14,
15], electrochemical and electrooptical sensors [16].
It is not possible to use the natural enzyme as a
drug due to its delivery problems and instability in
solution. Therefore, synthetic compounds able to

Synthesis of Complex,
[Cu(L)(H2O)
Ni(phen)2] (ClO4)2. Caution Perchlorate salts of
metal complex are potentially explosive and should
be handled in small quantities.
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7KH OLJDQG 11ƍ-bis[1-biphenyl-2-hydroxyimino-2-(4-methylanilino)-1-ethylidene]-1, 3-propanediamine used to synthesize the heterodinuclear
Cu(II)-Ni(II) complex was prepared in a similar
manner according to the reported procedures [2123].
A solution of Cu(ClO4)2.6H2O (1 mmol) in acetone (25 cm3) was added to the ligand solution (1
mmol) in 30 cm3 of EtOH, and this mixture was refluxed with stirring for 1h. After stripping off the excess solvent under reduced pressure, a crude oily
product was obtained. The mononuclear copper(II)
complex was used without further purification.
The mononuclear copper(II) complex (1 mmol)
was mixed with Et3N (1 mmol) in MeOH (20 cm3)
and stirred for 30 min. The solution of
Ni(OAc)2.4H2O (1 mmol) in MeOH (10 cm3) and
1,10-phenanthroline monohydrate (2 mmol) in
MeOH (10 cm3) were successively added to the resulting solution. A stoichiometric amount of NaClO4
(1 mmol) was then added to the resulting mixture
which was refluxed for 3 hrs. The product was filtered off, washed with H2O, MeOH and Et2O and
dried over P4O10.

round-bottom flask containing a solution of the complex (0.005 mmol solid sample) in DMF (10 cm3)
was placed in a water bath (25°C). One of the necks
was connected to a burette and the others were stoppered by a rubber septum. While the solution was being stirred, H2O2 (1.33 mmol, 0.150 cm3) was injected into it through the rubber septum using a microsyringe. Volumes of evolved dioxygen were
measured at 1 min intervals by volumometry [25].
Pyridine (50 mg) was introduced into the reaction
vessel as accelerator before the addition of H2O2.

RESULTS AND DISCUSSION
4-(chloroacetyl)biphenyl was obtained from
chloroacetyl chloride and biphenyl in the presence of
aluminum chloride according to Friedel-Crafts acylation [22]. 1-(Biphenyl)-2-chloro-2-hydroxyimino1-etanone was obtained by reacting 4-(chloroacetyl)biphenyl with isopentyl nitrite in the presence of
dry HCl gas [22]. 1-(Biphenyl)-2-hydroxyimino-2(4-toluidino)-1-etanone was synthesized reacting 1(biphenyl)-2-chloro-2-hydroxyimino-1-etanone
with p-toluidine [23]. Condensation of the 1-(biphenyl)-2-hydroxyimino-2-(4-toluidino)-1-etanone
with 1,3-diaminopropane forms the corresponding
diimine-dioxime ligand [21].
The complex was obtained in powder form, stable at room temperature and non-hygroscopic. Various attempts to obtain the single crystals of the complex have so far been unsuccessful. The melting
point, yield, color, magnetic susceptibility, molar
conductivity and elemental analyses of complex are
summarized in Table 1.

Catecholase-like activity. The catalytic oxidation of the model substrate 3,5-DTBC (3,5-di-tertbutylcatechol) by heterodinuclear Cu(II)-Ni(II) complex was evaluated spectrophotometrically in dioxygen-saturated methanol by monitoring the increase
in absorbance at 395 nm, corresponding to the formation of the quinone product 3,5-DTBQ (3,5-ditert-butyl-o-benzoquinone). Initial rates were determined by spectrophotometric determination of the
released 3,5-DTBQ. The initial reaction rates also
determined from the slope of the trace at 395 nm during the first 30 min of the reactions, when the absorption at 395 nm increases linearly. Initial rates of catechol oxidation were determined by the modified
method reported by Reim and Krebs [24]. The initial
reaction rates also determined from the slope of the
trace at 395 nm during the first 30 min of the reactions, when the absorption at 395 nm increases linearly.

FT-IR Spectra. Significant bands obtained
from the spectra were shown in Table 2. The broad
stretching band at 3234 cm-1 due to the -OH groups
of the free ligand do not appear in the IR spectra of
its complex indicating the deprotonation of the -OH
groups and the formation of M-O bonds. This is supported by the appearance of a new band at 516 cm-1
assigned to Ȟ(M-O). The IR spectra of the complex
showed a broad band at 3576 cm-1, which confirms
the presence of water molecules coordinated with the
metal ion. NO stretching vibration for the complex
was seen as medium-strong bands at 1431 cm-1.

Catalase-like activity. Volumetric measurements of evolved dioxygen during the disproportionation reactions of the H2O2 with heterodinuclear
Cu(II)-Ni(II) complex were modified and applied
from Kaizer et al. as follows: a 50 cm3 three-necked

TABLE 1
Physical properties and elemental analysis of the complex

a

Compound

Melting
Point
(oC)

Yield
(%)

Color

ȝeff
(B.M.)

ȁMa

Calculated (Found) %

Complex

233

76

green

2.93

172

0RODUFRQGXFWLYLW\ ȍ-1cm2mol-1)

3959

C

H

N

Cu

Ni

59.34
(59.59)

4.19
(4.36)

10.03
(10.36)

4.55
(4.69)

4.22
(4.25)
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TABLE 2
Significant band assignments in the FT-IR spectra of the ligand and its complex
Compound
Liganda

O-H
3234b

N-H
3377m

C=Nimine
1667s

C=Noxime
1601s

N-O
1375m

C-N
1517s

Complex

3576b

3397w

1645w

1593m

1431m

1521m

ClO4
1089s
1161w
626w

M-O
-

M-N
-

516w

418w

a: [21]
b: broad, s: strong, m: medium, w: weak
TABLE 3
Thermoanalytical results (TG, DTG) of the metal complex
Estimated & (calculated) %
Compound

Mass loss

175-202

190

1.50
(1.26)

Loss of a H2O molecule

2nd Step 202-495

260, 285

39.30
(39.10)

Loss of two perchlorate
and two phenanthroline
groups

3rd Step 495-965

695, 845

50.10
(50.75)

1st
Step
Complex

Mass Assignment

TG range
DTGmax (oC)
(oC)

A strong band at 1667 cm-1 assigned to imine
group (C=N) in the free ligand exhibits shifting 22
cm-1 to the lower side in the spectra of complex. Coordination of the ligand to the metal ions through the
azomethine nitrogen atom is expected to reduce the
electron density in the azomethine link of imine and
oxime groups and lower the Ȟ(C=N) absorption frequency. In the spectra of the new complex, the band
due to Ȟ(C=N) appears at lower wavenumber, 1645
cmí (imine) and 1593 cmí (oxime), indicative of
coordination of the azomethine nitrogen to the metal
atoms. This is supported by the appearance of a new
band at 418 cm-1 assigned to Ȟ(M-N) [26]. The complex has a strong broad band in the region of 1089
cm-1, a weak band at 1161 cm-1 and a weak band at
626 cm-1 range featuring typical characteristics of
uncoordinated perchlorates [27].

Total
loss

90.90
(91.11)

Residue

Loss of remaining groups Cu, Ni

mass loss = 1.26%), which is attributed to the loss of
one coordinated water molecule. The second estimated mass loss of 39.30% (calculated mass loss =
39.10%) within the temperature range 202-495oC
corresponds to the separation of two perchlorate and
two phenanthroline groups.
The last step probably accounted for the decomposition of remaining part of the ligand molecule
with an estimated mass loss 50.10% (calculated mass
loss = 50.75%) which is due to leaving metallic Cu
and Ni residue occurring within the temperature
range 495-965oC.
Molar Conductance. The molar conductance
of the complex is an aid for proposing its formula.
Conductivity measurement was carried out in 10 -3
mol.dm-3 N,N-dimethylformamide solution at 20oC.
&RQGXFWDQFHYDOXHRIWKHFRPSOH[ZDVIRXQGȍ1
cm2mol-1 (Table 1). The molar conductance of the
dinuclear Cu(II)-Ni(II) complex in DMF indicated
that the complex of metal(II) containing perchlorate
ions behave as 1:2 electrolytes [28].

UV-Vis Spectra. UV/Vis spectra of the synthesized complex has been recorded at room temperature in N,N,dimethylformamide as a solvent. Electronic absorption spectral data showed bands at 294
DQGQPZKLFKDUHDVVLJQHGWRLPLQHʌĺʌ DQG
LPLQH Qĺʌ  WUDQVLWLRQV UHVSHFWLYHO\ ,Q DGGLWLRQ
the electronic spectra of the complex exhibits ligDQGĺPHWDO FKDUJH WUDQVIHU WUDQVLWLRQV DW  QP
Complex exhibited less intense shoulder at 614 nm
DWWULEXWHGWRGĺGWUDQVLWLRQVRIWKH PHWDOLRQV$OO
of these data are indicative for coordination of the
ligand to the metal ions.

Magnetic Moment Study. The room temperature magnetic moment of the complex shows that the
complex is paramagnetic. The measured magnetic
moment of the complex is 2.93 B.M. (Table 1). Obtained magnetic moment value of metal complex is
slightly lower than expected for dinuclear Cu(II)Ni(II) complex. This subnormal magnetic moment
value of the dinuclear complex may be explained by
weak antiferromagnetic intramolecular interaction
since this situation can occur when two metal ions
are coupled via on exchange interaction in a polynuclear complex [29].
Overall data obtained from stoichiometric and

Thermal Analysis. The heterodinuclear Cu
(II)- Ni(II) complex is thermally decomposed in
three decomposition steps (Table 3). The first stage
of decomposition within the temperature range 175202oC with an estimated mass loss 1.50% (calculated
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spectroscopic analysis suggested a structural formula
of the synthesized heterodinuclear Cu(II)-Ni(II)
complex is given in Figure 1.

FIGURE 2
Spectral scan of 3,5-di-tert-butylquinone shows
the increase at 395 nm. [3,5-DTBC] = 5x10-3 M,
[complex] = 1x10-4 M

FIGURE 1
Structure of the heterodinuclear Cu(II)-Ni(II)
complex.

A treatment on the basis of the Michaelis-Menten model, therefore, seemed appropriate. Lineweaver-Burk (double reciprocal) plots for the complex gave reasonable straight lines, from which the
parameters such as the rate constant for the dissociation of the complex-substrate intermediate (the turnover number kcat), and Michaelis binding constant
(KM) have been obtained (Figure 3).

Catalytic Activity Studies. Catecholase-like
Enzyme Activity: The catecholase-like activity of
the complex has been determined spectrophotometrically by following the increase in maximum absorbance at about 395 nm due to the formation of
3,5-di-tert-butylquinone from the substrate 3,5-ditert-butylcatechol.

The catalytic activity studies were carried out
in methanol solution because of the good solubility
of the complex as well as of the substrate and of its
product. The complex has been exhibited significant
catalytic activity on the oxidation of 3,5-di-tert-butylcatechol (Figure 2).
First, 3,5-DTBC concentration was fixed to investigate the effect of variation of catalyst concentration. It has been found a linear relationship between the initial rates and the complex concentration
in each trial, indicating a first-order dependence of
the rate on the catalyst concentration. When the complex was treated with increasing concentrations of
3,5-DTBC, a first-order dependence on the 3,5DTBC concentration was observed at low concentrations of the complex. However, at higher 3,5-DTBC
concentrations, the complex showed saturation kinetics resulted from its low initial rate value. This
can be due to the formation of an intermediate complex-substrate adduct in a preequilibrium process
that reveals the irreversible substrate oxidation is the
rate-determining step of the catalytic cycle.

FIGURE 3
Michaelis-Menten plot shows the velocity of the
reaction vs. substrate concentration (upper).
Lineweaver±Burk plot shows the reciprocal of
velocity vs. substrate concentration (lower).
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ion is thought not to involve throughout the reaction,
actively. However, it presumably increases Cu(II)
LRQV¶UHGR[SRWHQWLDOE\SURGXFLQJDV\QHUJLVWLFLQ
fluence (Scheme 1).

The results were evaluated from Lineweaver±
Burk double reciprocal plot from which the parameters such as maximum velocity (Vmax=9.42x10-6
Ms-1), Michaelis binding constant (KM=1.9x10-3 M)
and the turnover number (kcat=0.0942 s-1),
(kcat/KM=49.58 M-1s-1).
By comparison with other catecholase model
complexes, synthesized complex shows moderate
catecholase activity and turnover rate [30, 31]. Moreover, it can be seen from the literature that the binuclear complexes show higher reactivity than the
mononuclear complexes due to the fact that this kind
of mechanism requires two metal ions in close proximity. No clear and direct correlation has been established so far between; the rates of reaction, redox potentials, and electronic effects of the complexes
[24,29]. However, other factors such as geometry,
steric factors, and interactions between the substrate
and catalyst can also influence the overall efficiency
[30].

Catalase-like enzyme activity. In catalase-like
activity studies, homodinuclear Cu(II) and Mn(II)
complexes are generally preferred to heterodinuclear
ones by researchers. In this study, synthesized heterodinuclear Cu(II)-Ni(II) complex has been tested for
catalytic activity, decomposing H2O2 at 25oC by volumetric measurements. N,N-dimethylformamide is
used for dissolving the water-insoluble complex and
the catalytic activities. Disproportionation reaction
rate increased significantly by the use of pyridine as
a heterocyclic base. The time course of the O2 evolution can be seen from Figure 4.

FIGURE 4
Increase in O2 yield resulted from H2O2 disproportion (upper). Time course of O2 evolution in
molecules of H2O2 disproportionated at 25 oC
(lower).

SCHEME 1
A proposed mechanism for catecholase-like activity of the complex

Catalase mimicking studies has been repeated
several times to ensure consistency
y of the results.

At the first step of the reaction mechanism, 3,5di-tert-butylcatechol ionizes forming 3,5-di-tert-butylcatecholate monoanion. Then, this anion attacks
Cu(II) complex forming catecholate-Cu(II) complex.
By the bonding of 1/2O2 to the complex, Cu(II) oxidized and Cu(III)-superoxide complex comprised.
The intermediate product formed by the intramolecular migration of phenolic hydrogen (rate limiting
step), takes the H2O from the medium and gives rise
to the formation 3,5-di-tert-butylquinone. At this
step, complex regenerates with a fast reaction. Ni(II)

The disproportion reaction of peroxide is completed approximately in 15 minutes. For one molecule of complex, corresponding number of H2O2 disproportionated has been found 49 for the 1st and 279
for the 15th minute. As seen from Figure 4, the reaction rate of the first minute is faster than the succeeding minutes.
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[10] Dilworth, J.R. and Parrott, S.J. (1998) The biomedical chemistry of technetium and rhenium.
Chem. Soc. Rev. 27, 43-55.
[11] Blower, P.J. (1998) Small coordination complexes as radiopharmaceuticals for cancer targeting. Transit. Met. Chem. 23, 109-112.
[12] Volkert, W.A. and Hoffman, T.J. (1999) Therapeutic radiopharmaceuticals. Chem. Rev. 99,
2269-2292.
[13] Ohta, K., Yamaguchi, N. and Yamamoto, I.
(1998) Discotic liquid crystals of transition metal complexes. Part 24 synthesis and mesomorphism of porphyrin derivatives substituted with
two or four bulky groups. J. Mater. Chem. 8,
2637-2650.
[14] Malmstrom, B.G. (1993) Vectorial chemistry in
bioenergetics: cytochrome c oxidase as a redoxlinked proton pump. Acc. Chem. Res. 26(6),
332-338.
[15] Laranjeira, M.C.M., Marusak, R.A. and Lappin,
A.G. (2000) Driving force effects in proton coupled electron transfer. Inorg. Chim. Acta. 300,
186-190.
[16] Bakir, M. and Mckenzie, J.A.M. (2003) Electrochemical reactions of CO2 with fac-Re(dpk)
(CO)3Cl (dpk = di-2-pyridyl ketone). J. Electroanal. Chem. 425, 61-66.
[17] Gao, J., Martell, A.E. and Reibenspies, J.H.
(2003) Novel dicopper(II) catalase-like model
complexes: synthesis, crystal structure, properties and kinetic studies. Inorg. Chim. Acta. 346,
32-42.
[18] Boelrijk, A.E.M. and Dismukes, G.C. (2000)
Mechanism of hydrogen peroxide dismutation
by a dimanganese catalase mimic: dominant role
of an intramolecular base on substrate binding
affinity and rate acceleration. Inorg. Chem. 39,
3020-3028.
[19] Paschke, J., Kirsch. M., Korth, H.G., de Groot,
H. and Sustmann, R. (2001) Catalase-like activity of a non-heme dibenzotetraaza [14] annulene-Fe(III) complex under physiological conditions. J. Am. Chem. Soc. 123, 11099-11100.
[20] Gao, J., Reibenspies, J., Martell, A.E., Yizhen,
S. and Chen, D. (2002) The first macrocyclic
³OD\HU-to-OD\HU´ W\SH WHWUDQXFOHDU FRSSHU ,, 
complex: structure, stability and unprecedented
catalase-like activity. Inorg. Chem. Commun. 5,
1095-1098.
[21] Dede, B., Karipcin, F. and Cengiz, M. (2009)
Novel homo-and hetero-nuclear copper (II)
complexes of tetradentate Schiff bases: Synthesis, characterization, solvent-extraction and catalase-like activity studies. J. Hazard. Mater.
163, 1148-1156.
[22] Levin, N. and Hartung, W.H. (1942) Amino alcohols. XI. 1 Arylglyoxylohydroxamyl chlorides 2. J. Org. Chem.7, 408-415.

CONCLUSIONS
A novel heterodinuclear complex [Cu(L)(H2O)
Ni(phen)2](ClO4)2 containing diimine and dioxime
moieties has been synthesized. Its physicochemical
and catalytic properties have also been studied. According to the elemental analysis, stoichiometric and
spectroscopic results; diimine-dioxime ligand has
been shown to act as tetradentate that coordinates
through the nitrogen atoms of the oxime and imine
groups. According to our findings, the copper(II) ion
of the complex was coordinated with nitrogen atoms
of the oxime and imine groups in a square pyramidal
coordination geometry. However, the other metal ion
nickel(II) was coordinated with dianionic oxygen atoms of the oxime groups and are linked to the 1,10phenanthroline nitrogen atoms. Furthermore, catecholase and catalase-like activity studies have been
revealed that, this dinuclear complex is able to oxidize 3,5-di-tert-butylcatechol to the respective o-quinone with molecular oxygen and disproportionate
H2O2 to water and dioxygen, effectively.
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Current efforts to understand the spatial architecture of plant tissue have led to several imaging solutions, from microscopic imaging based on histological sections to computed tomography (CT) scanning technology. In earlier studies, 3D reconstructions were usually implemented based on stacks of
micrographs obtained from serial sections of a sample block, such as Norway spruce [1, 2], cucumber
stem vascular bundles [3], and root vascular bundles
of winter wheat [4]. Those studies suffered from the
drawback of necessary time-consuming, labor-intensive efforts, and resulted in a generally glossy simplification of the model geometry [5]. In recent years,
the 3D structures analysis of plant tissue based on Xray micro-tomography has been proved to be of increasing interests, providing higher accuracy, faster
digitization and finer description than alternative
methods. There were several reports of its application in studies of the 3D microstructure of woody
plants [6-10], embolisms in xylem [11] and the threedimensional structure of phloem in Arabidopsis [12].
Most of these studies used synchrotron-based microCT facilities, which had greater resolution, but
higher costs than other methods [13]. The high costs
of synchrotron X-ray micro-tomography and physical properties of the biological material have restricted the broader application of 3D reconstruction
to plants such as the monocots [14]. Further research
into methods that are suitable for ordinary micro-CT
scanning will be essential for increased understanding of the tissue phenotyping traits, spatial structures
and distribution features in this species.
In the present study, high-resolution CT (HRCT)
images of maize kernel were obtained through ordinary micro-CT scan technology. Based on the CT sequence micrographs, the 3D structure models of kernel were constructed by ScanIP software (Simpleware, UK, Version: 7.0), and the quantitative analysis of 3D phenotypic information were realized. Effectively, it is simple and precise to obtain morphological descriptors of maize organs, then peel away
the exterior structure of the sample and visualize or
quantify the three-dimensional complexity at a cellular level.

The digital model is thought helpful not only to
reveal the internal structure-function relationship of
plants, but also to promote the interdisciplinary overlapping and fusion of modern agriculture studies. By
digitizing plant’s structure and function, an interactive three-dimensional model can be used to describe
plant’s external and internal structures, and help users conveniently compute the shape, size and spatial
relationship of plant internal organization. In this
study, the 3D models were generated on the kernel
geometry based on micro-CT images, which significantly improved computation accuracy for the phenotypic traits of internal tissue structures of kernel
compared with previous methods, and is expected to
be useful for illustrating relationships between phenotypic traits of tissue structures and their functions.

$"  
Maize kernel, micro-CT, 3D model, phenotypic traits

 ! 
One of the current hottest topics in digital agriculture research is to build digital models of plants
and their internal tissue structures based on visualization techniques. This digital model is thought helpful not only to reveal the internal structure-function
relationship of plants, but also to promote the interdisciplinary overlapping and fusion of modern agriculture studies. By digitizing plant’s structure and
function, an interactive three-dimensional (3D)
model can be used to describe plant’s external and
internal structures, and help users conveniently compute the shape, size and spatial relationship of plant
internal organization. Therefore, the 3D segmentation, reconstruction and visualization of plant tissues
have important practical significance and application
prospects to classify and identify features of plant
tissues, to assist intuitively and visually teaching of
botany, to reveal the relationship of internal structures and physiological functions, and to extend the
scientific knowledge of plants.
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nel used the ScanIP software version 7.0 (Simpleware LTD, UK, http://www.simpleware.com) was
given in Fig. 1.

&9*7.&18The maize seeds were planted at the
Beijing Academy of Agriculture and Foresting Sciences in Beijing, China. Rows were 60 cm apart with
a density of 60 000 plants ha–1. Sowing took place
on 11 May 2015 and plants were harvested and
brought to the laboratory for sample preparation after harvest. Seeds were naturally dried for 30 days at
room temperature, and then were scanned by microCT.

 8(&33.3,&3).2&,*&(6:.8.9.43 Samples
were scanned using Skyscan 1172 X-ray computed
tomography system (Bruker Corporation) employing a 40 kV/250 μA tungsten X-ray source and a 1.3
megapixel cooled CCD camera, and all scans were
made over 180° rotations with images taken every
0.4°. For the maize kernel, the object-to-source distance was 182.700 mm and the camera-to-source distance was 215.601mm for every scan. The obtained
raw CT data in 2K scan module was converted into
a series of CT slice images with 8-bit tagged image
file (BMP) format using Skyscan NRecon software
(Version:1.6.9.4; Bruker, Billerica, MA, USA).

2&,*574(*88.3,The CT dataset may be seen
as a series of greyscale pictures of slices of the seed.
When these 2D pictures are put together, they form
a 3D picture where each pixel in a 2D picture is
forming a voxel (a volume pixel). The greyscale
value of each voxel is saying differences of the
amount of hydrogen in the tissue; the brighter the
voxel is, the more hydrogen there is in the volume
the voxel represents. Due to different parts have different grey values, locally adaptive thresholds or region-growing techniques could be distinguished
voxels containing grey values lower or higher than
the thresholds value from the segment parts. The
global image processing procedure developed for the
segmentation of each compartment of the maize ker-

! !
The grey-scale-images were segmented with
Simpleware-ScanIP software (v.7.0) into 3 parts.
The cavity could be segmented by simple “flood fill”
and “region grow” processing. The grey value of the
embryo and the vitreous endosperm regions were so
similar that prevented the segmentation of these two
parts by “region grow” on global 3D image. However, used “region grow” method with the following
parameters number of iteration=1, multiplier=2, the
initial neighborhood radius=1 were suitable for the
segmentation of the embryo on the 2D selection
slices of X-ray images. After region growing of these
selection slices, the “close” step was operated on the
all consecutive slices to the segmentation of embryo.
The endosperm segmentation was subtracted the embryo and cavity from global seed.
The segmented, reconstructed tomography data
were converted from an image stack into a surface
mesh (*.stl) file using Simpleware-ScanIP software
(v.7.0). The surfaces generated in ScanIP often required some manual repair operations, such as patching holes, to guarantee that the mesh was closed and
manifold, as a polyhedral mesh can only be generated in a well-defined volume. Once repaired, a cube
was created which determined the control volume to
be investigated. And then, the mesh can be generated
from the bitmapped data with the SimplewareScanIP module by allowing the densification of the
mesh in the critical areas. The 3D endosperm, 3D
embryo, and the 3D kernel were made respectively
by 9,098, 1,658 and 3,582 triangles. In order to ensure that computationally efficient and mesh quality,
30% reduction in the number of computational cells
were required.
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-*7*8:1984+9-*5-*349=5.(5&7&2*9*784+2&.>*0*73*18+47*.,-9.3'7*)1.3*8
Name of inbred line

Seed volume (mm3)

cavity volume (mm3)

embryo volume (mm3)

endosperm volume (mm3)

Axi-10

227.3

12.01

26.30

189.67

zhong128

230.5

11.87

23.13

128.47

zhong7490

231.5

10.38

20.33

201.33

zhonghuang64

259.0

4.20

36.37

218.67

K12

234.7

8.47

25.80

176.00

xu178

218.3

8.66

23.77

185.67

218

213.7

5.33

27.40

181.33

zhong72

259.9

17.37

33.20

210.00


Based on this image processing, 3D models of
8 inbred lines maize kernels were reconstructed as
shown as figure 3 shown. The kernel morphological
structures of 8 different inbred lines were obviously
different, especially the morphological structure of
kernel cavity which directly affected the quality of
maize seeds.
Based on the 3D model, the volume of different
compartments (modes) of maize kernel could be calculated. Then, the absolute volume of kernel could
be calculated by eliminating cavity space:
Absolute volume of kernel = kernel volume cavity volume
(1)
Based on the cavity volume, endosperm volume, and embryo volume, we could further calculate
Kernel total volume:
Kernel volume = embryo volume + endosperm
volume +cavity volume
(2)

Moreover, based on the value of absolute volume of kernel, the absolute density of kernel could
be further calculated:
Absolute density of kernel = kernel quantity /
absolute volume of kernel (3)
All 24 scanned kernels (each inbred lines selected 3 kernels randomly, total of 8 inbred lines,
namely Axi-10, zhong128, zhong7490, zhonghuang64, K12, xu178, 218, and zhong72) were extracted volume of cavities, endosperm, embryo and
the entire kernels based on the 3D models (Table 1).
The results of the absolute densities of the eight inbred line kernels were shown in Table 2, the results
showed that the coefficient of variation of different
inbred lines was below 2.0, which indicated that the
absolute density of kernel determination results were
more reproducible.
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-*7*8:1984+9-*&'841:9*)*38.9.*84+0*73*18+47*.,-9.3'7*)1.3*8
Absolute density of kernel
Name of inbred line
Repeat 1
Repeat 2
Repeat 3
coefficient of variation
Axi-10
1.33643
1.35361
1.34079
0.6645
Zhong128
1.35306
1.37619
1.35673
0.9126
Zhong7490
1.35000
1.29908
1.32426
1.9220
Zhonghuang64
1.34451
1.35057
1.33939
0.4161
K12
1.39074
1.43361
1.40952
1.5226
Xu178
1.37753
1.36451
1.36034
0.6555
218
1.32951
1.36388
1.33514
1.3727
Zhong72
1.338050
1.35352
1.35611
0.7240
!
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In this article, we provide a simple, rapid and
reliable method to build the 3D model of kernel and
calculate a more accurate phenotypic traits of maize
kernel based on 3D models. We demonstrate the feasibility of segmentation of internal comparts morphology of maize kernel with desktop micro-CT in
standard lab environments.
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Two types of digestate were used for the fertilization of Virginia fanpetals: from Virginia
fanpetals (DVF) and from maize fermented with bovine slurry (DMS). A dose of DVF was determined
according to the fertilization demand for K, and because of a low content of N in this waste, some treatments were designed with a supplementing dose of
mineral nitrogen. In turn, the DMS was supplied to
soil in an amount sufficient to meet N fertilization
demand, but due to a small concentration of K in the
waste, some treatments were designed with supplementing potassium nutrition. In both cases, the digestates were an exclusive source of phosphorus. Because of the low amount of N supplied to soil with
DVF, the use of this element was 97 and 68%. The
use of P from digestate by plants varied from 13 to
42%. Due to the lower amount of P brought in with
DMS, Virginia fanpetals used more efficiently P
from this type of waste. The use of K ranged from
about 30 to 205%, which means that when the quantities of this element brought in with DMS were
small, the plants absorbed very intensively the K
contained in soil. The macronutrients from digestate
were used by the plants at least as efficiently as the
ones originating from mineral fertilizers. Therefore
DVF or DMS is suitable for the fertilization of Virginia fanpetals.

from biomass. More than three-quarters of the biomass will be generated from agriculture [3]. Virginia
fanpetals (      L. Rusby) is an example of such plant species. It has modest soil expectations, and can yield as much as 12 to 20 t ha-1
in the second year of cultivation [4, 5]. An additional
ecological advantage of growing Virginia fanpetals
is this plant’s ability to bind large amounts of carbon
in its well-developed root system, by which it contributes to the sequestration of this element in soil
lasting for many years [6].
Cultivation of energy crops, especially on marginal land or in plantations fertilized with sewage
sludge agrees with the principles of permanent and
ecologically sustainable economic development [710]. Biogas generated through anaerobic fermentation of the biomass of energy crops, organic residue
and animal production waste is considered to be one
of the most efficient ways of energy generation from
renewable energy resources [11].
Digestate from biogas plants is a valuable
source of nutrients for crops [12, 13]. The recycling
of digestate pulp by spreading it over the surface of
land is the easiest and cheapest way of handling this
production waste [14].
What should be remembered is that the chemical composition of digestate pulp depends on the
type of feedstock and may therefore vary from one
biogas plant to another. Using digestate as a fertilizer
contributes to the recycling of organic substance and
mineral components; it also improves the profitability of plant production by cutting down the fertilization input costs [15, 16].
Digestate is the waste generated during biogas
production which ought to be disposed - and the best
solution is by using it to fertilize energy crops. The
research objective has been to assess digestate from
biogas production as a fertilizing substance which
could be used to nourish Virginia fanpetals.

%$ 
Degistate,      , macroelement content,
plant yield, nutrient use

!"!
In the future, at least 25% of bioenergy may
originate from biogas produced from wet organic
materials, such as animal faeces, whole crop silage,
waste food and feeds [1]. One possible source of biomass is to produce it on field plantations of perennial energy crops [2]. In 2020, approximately 80%
of final energy from renewable sources will come

! ! 

+7)6/58/434,+<5+6/2+38The research was
based on a pot experiment conducted in four replications. Kick-Brauckman pots were filled with 10 kg
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each of substrate with the texture of loamy sand.
Prior to the experiment, soil pH in 1 mol KCl dm-3
was 5.70. The content of plant available macronutrients was as follows: P-86.0, K-193.0, Mg-72.6
mg·kg-1 of soil. The soil contained 8.9 g·kg-1 of organic carbon and 0.91 g·kg-1 of N-total. Two types
of digestate were used for the fertilization of Virginia
fanpetals: from Virginia fanpetals and from maize
fermented with bovine slurry. Digestate from Virginia fanpetals (DVF) was made at the Chair of Biotechnology, the University of Warmia and Mazury
in Olsztyn, while digestate from the fermentation of
maize with bovine slurry (DMS) was obtained from
the biogas plant in Boleszyn (Province of Warmia
and Mazury).
Taking into account the chemical composition
of the two types of waste (Table 1 and 2), a dose of
digestate from Virginia fanpetals (DVF) was determined according to the fertilization demand for potassium, and because of a low content of nitrogen in
this waste, some treatments were designed with a
supplementing dose of mineral nitrogen (ammonium
nitrate). In turn, the by-product of the fermentation
of maize with bovine slurry (DMS) was supplied to
soil in an amount sufficient to meet nitrogen fertilization demand, but due to a small concentration of
potassium in the waste, some treatments were designed with supplementing potassium nutrition (potassium chloride). In both cases, the digestates were

an exclusive source of phosphorus. The study also
comprised treatments fertilized only with mineral
components. All the fertilizers and digestates were
incorporated into soil before planting Virginia
fanpetals, which was grown from rooted explants.
.+2/)'1 '3'1=7/7 After harvest, the height
and the diameter of a stem at the base were measured, after which the plants were weighed. Having
fragmented and dried the plant material at 105oC, the
yield and dry matter content were determined. The
ground plant material was digested in concentrated
sulphuric acid with hydrogen peroxide as an oxidant.
The plant material thus prepared underwent the determinations of the content of nitrogen – with the
Kjeldahl’s method, phosphorus – spectrometrically
with the vanadate-molybdate method, potassium,
calcium and sodium – with atomic emission spectrometry (AES), and magnesium – with flame
atomic absorption spectrometry (AAS) [17].

8'8/78/)'1 '3'1=7/7 The results of the biometric measurements and chemical analyses were
processed statistically with a Statistica 10® software
package. The Tukey’s test at the significance level
of α=0.01 was performed to verify the significance
of differences.

!
438+384,2')64+1+2+387/3*/-+78'8+7
Dry matter
(%)
4.04
2.80

N

P

K

Mg

Ca

Na

0.47

0.09

0.28

0.25

-1

g kg
Digestate from Virginia fanpetals (DVF)
0.70
1.10
2.19
0.03
Digestate from maize fermented with bovine slurry (DMS)
3.71
0.90
1.43
0.65

! 
+7/-34,8.++<5+6/2+38
N
P
K
Mg
Specification
g per pot
Digestate from Virginia fanpetals (DVF)
DVF I
0.16
0.25
0.50
0.007
DVF II
0.32
0.50
1.00
0.014
DVF I + N min.
0.50
0.25
0.50
0.007
DVF II +N min.
1.00
0.50
1.00
0.014
Mineral fertilizer I (MF I)
0.50
0.25
0.50
0.007
Mineral fertilizer II (MF II)
1.00
0.50
1.00
0.014
Digestate from maize fermented with bovine slurry (DMS)
DMS I
0.50
0.12
0.19
0.09
DMS II
1.00
0.24
0.38
0.18
DMS I+ K min.
0.50
0.12
0.50
0.09
DMS II+ K min.
1.00
0.24
1.00
0.18
Mineral fertilizer III (MF III)
0.50
0.12
0.50
0.09
Mineral fertilizer IV (MF IV)
1.00
0.24
1.00
0.18

3971

Ca

Na

0.11
0.21
0.11
0.21
0.11
0.21

0.02
0.04
0.02
0.04
0.02
0.04

0.04
0.08
0.04
0.08
0.04
0.08

0.03
0.07
0.03
0.07
0.03
0.07
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/42+86/)86'/87'3*=/+1*4,#/6-/3/','35+8'17
Fresh matter Dry matter
Thickness of
Plant height
yield
yield
Specification
stems (mm)
(cm)
(g)
(g)
Digestate from Virginia fanpetals (DVF)
DVF I
8.18cd*
105.7a-c
78.60e
28.17e
ab
ef
ac
DVF II
8.63
114.4
103.58
30.24d
a-c
a-d
d
DVF I + N min.
8.43
108.0
94.94
29.51d
a
f
f
117.6
110.15
35.11c
DVF II +N min.
8.74
d
ab
b
Mineral fertilizer I (MF I)
7.97
103.2
89.26
32.52ab
Mineral fertilizer II (MF II)
8.44a-c
111.5c-f
102.86ac
35.32c
110.1A
96.57A
31.81A
Mean
8.40A**
Digestate from maize fermented with bovine slurry (DMS)
DMS I
7.91d
102.0a
89.53b
32.39ab
b-d
d-f
c
DMS II
8.27
113.5
100.59
37.98f
a-c
a-c
b
105.7
91.04
32.76a
DMS I+ K min.
8.55
DMS II+ K min.
8.63ab
108.6b-e
104.14a
34.82c
Mineral fertilizer III (MF III)
8.51a-c
105.7a-c
94.92d
32.92a
Mineral fertilizer IV (MF IV)
8.77a
107.7a-d
105.01a
31.65b
A
B
A
Mean
8.44
107.2
97.54
33.75B
* data in columns designated with same letters do not differ significantly at P ≤ 0.01
** data in rows designated with same letters do not differ significantly at P ≤ 0.01
 "!  " 

%/+1*'3*(/42+86/)'186/'17The yielding potential of Virginia fanpetals is high but depends on
the soil fertility and fertilization level. Kalembasa
and Wiśniewska [18] demonstrated a positive effect
of nitrogen fertilization on the height of Virginia
fanpetals plants and their yield. Other studies suggest that although nitrogen increased the height of
Virginia fanpetals, it did not result in a higher density
of shoots per area unit. On the other hand, phosphorus fertilization favoured a better stem formation and
raised their yield, especially on light soils [19]. In
our experiment, insufficient doses of both nitrogen
(plants fertilized with digestate obtained from Virginia fanpetals) and potassium (Virginia fanpetals
fertilized with digestate from maize with bovine
slurry) had a positive effect on the thickness and
height of stems of Virginia fanpetals, and on the
fresh and dry matter yield (Table 3). At harvest, the
dry matter content in plant shoots ranged from 29.19
to 37.76%. Higher doses of nutrients, irrespective of
the form in which they were supplied, generally decreased the dry matter content of the aerial parts of
Virginia fanpetals.
Volumes of yields produced by perennial
plants, including Virginia fanpetals, are significantly
affected by both environmental conditions and the
year of growth. In the first year of its growth, the
slowly developing Virginia fanpetals produces little
vegetative mass and its yield lacks any commercial
importance [4, 20]. These plants reach their optimal
yields in the subsequent years of growth.

Dry matter
content
(%)
35.89a
29.19d
31.09f
31.87g
36.43b
34.34c
33.14A
36.18ab
37.76i
35.99ab
33.44h
34.68c
30.13e
34.70B

In an experiment conducted by Barbosa et al.
[21], maize and Virginia fanpetals fertilized with digestate produced comparable yields to those obtained from plants nourished with NPK mineral fertilizers. According to Šimon et al. [22], digestate fertilization led to a higher yield of winter wheat grain.
Owing to the high content of easily available nutrients, fertilization with digestate gave much higher
aerial biomass yields of winter and spring wheat than
fertilization with manure or slurry [23]. Vegetables
which were fertilized with digestate yielded comparably or better than the ones fertilized exclusively
with mineral fertilizers [24, 25]. As claimed by Vu
et al. [26] the fertilizer value of digestate alone or in
a mixture with biochar can be quite high and should
be considered as a valuable source of crop nutrient.
According to Lošák et al. [24], the use of digestate
mass for fertilization purposes decreases the inputs
into buying mineral fertilizers and improves the
profitability of plant cultivation. However, it should
be remembered that digestate is poor in organic matter [27], which – whenever necessary – should be
supplied from other sources. In turn, Maucieri et al.
[28] underline that using digestate mass for fertilization purpose decreases the demand for energy
needed to produce mineral fertilizers and reduces the
CO2 emission to the atmosphere.
')643986/+387 )438+38 Among the determined macroelements, shoots of Virginia fanpetals
contained the most of potassium (17.47-23.69 g kg-1
d.m.), calcium (18.43-22.61 g kg-1 d.m.) and nitrogen (7.89-12.82 g kg-1 d.m.). Higher concentrations
of nitrogen, magnesium and sodium were found in
the shoots of Virginia fanpetals plants fertilized with
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DSM or an equivalent quantity of nutrients brought
in with mineral salts (Table 4). On the other hand,
more phosphorus, potassium and calcium supplied
with DVF or an equivalent quantity of nutrients in
the mineral form contributed to a significant increase
in the content of these elements in plants.
Depending on the nutrient richness of the substrate, the content of nutrients in Virginia fanpetals
biomass may vary over a wide range of concentrations [10, 29].

In the course of anaerobic fermentation, organic compounds of nutrients, especially of nitrogen, undergo mineralization, while the C:N ratio becomes more narrow. Both these changes mean that
nitrogen introduced with digestate has a short-lived
impact, with no residual effect. This facilitates precise dosage and integration with lowered doses of
mineral nitrogen fertilizers. The share of N-NH4
rises considerably when energy crops are used as a
feedstock for fermentation [30]. Liquid digestate
penetrates soil efficiently, which reduces the risk of
N-NH4 emission to the atmosphere [31]. Riva et al.
[32] claim that the incorporation of digestate under
the surface of farmland may reduce emission of NNH4 by as much as 69-77% compared to when such
waste is spread over the soil surface. By replacing
fresh natural fertilizers with fermented mass or composts it is possible to reduce the emission of noxious
odours and to limit the leaching of nitrates(V) deep
into the soil profile, as the dominant form of mineral
nitrogen after fermentation is N-NH4 [33-35]. This
solution in the management of organic matter reduces the excess of nitrogen in areas with dominant
animal production, and facilitates its allocation to areas specialized in plant production [1].
During anaerobic fermentation, the total quantity of nutrients usually remains on an approximately
same level. Meanwhile, it has been demonstrated
that the C : N ratio narrows while the N (N-NH4)
content and pH can rise [36]. The solubility of phosphorus can diminish due to the formation of struvite
(MgNH4PO4·6H2O) and poorly soluble hydroxylapatite (Ca5(PO4)2OH) [37]. According to Bachmann
et al [38, 39], the use of phosphorus from digestate

"7+ 4, 3986/+387 ,642 */-+78'8+ Depending
on the quantity of nitrogen brought to soil with digestate or with mineral fertilizers, the use of this nutrient by plants ranged from 22 to 97% (Figure 1).
Because of the low amount of N supplied to soil with
digestate from Virginia fanpetals (0.16 and 0.32 per
pot), the use of this element was the highest (97 and
68%, respectively). The supplementation of the N
dose with mineral fertilizer up to 0.5 or 1.0 g N per
pot resulted in a decreased utilization of this element
by plants, which then approximated the nitrogen use
from digestate obtained from maize fermented with
bovine slurry or from mineral fertilizers. The use of
phosphorus from digestate by plants varied from 13
to 42%. Due to the lower amount of P brought in
with digestate from maize and slurry, Virginia
fanpetals used more efficiently phosphorus from this
type of waste. The use of potassium ranged from
about 30 to 205%, which means that when the quantities of this element brought in with DMS were
small, the plants absorbed very intensively the potassium contained in soil.

! 
!.+)438+384,2')643986/+387/3#/6-/3/','35+8'17(/42''77
Specification

N

P

K
Ca
g kg-1 d.m.
Digestate from Virginia fanpetals (DVF)
DVFI
7.89d*
2.70b
19.06d
20.54a
b
b
ab
DVFII
9.48
2.79
22.93
21.57b
c
b
a
2.83
22.55
21.59bc
DVFI + N min.
10.11
a
b
h
DVF II +N min.
12.81
2.77
24.70
22.20ce
Mineral fertilizer I (MF I)
9.52b
2.72b
22.81ab
21.90bc
a
b
a-c
Mineral fertilizer II (MF II)
12.82
2.71
23.12
22.61e
A**
B
B
Mean
10.44
2.75
22.53
21.74B
Digestate from maize fermented with bovine slurry (DMS)
DMS I
9.47b
1.80a
17.47g
18.50d
a
a
e
DMS II
12.64
1.92
19.62d
20.34a
DMS I+ K min.
9.46b
1.92a
20.35f
18.43d
1.87a
23.69c
20.39a
DMS II+ K min.
12.65a
c
b
ef
Mineral fertilizer III (MF III)
10.08
2.07
19.84
19.61f
a
ab
bc
1.99
23.17
20.63a
Mineral fertilizer IV (MF IV)
12.82
A
A
A
Mean
11.19
1.92
20.69
19.65A
* data in columns designated with same letters do not differ significantly at P ≤ 0.01
** data in rows designated with same letters do not differ significantly at P ≤ 0.01
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Mg

Na

1.28f
1.55c
1.50g
1.59ac
1.62a
1.63a
1.53A

1.40ae
1.54ce
1.66cd
1.23a
1.17a
1.18a
1.36A

1.80e
1.94b
1.75de
1.91b
1.72d
1.94b
1.84B

1.66cd
2.09bf
2.14b
2.11b
2.21b
1.87df
2.01B
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by plants is similar to the uptake of this nutrient from
easily soluble mineral fertilizers or from bovine liquid manure, and therefore such waste is a valuable
source of P for plants. The separated solid fraction of
digestate is characterized by a relatively high concentration of P and a narrow N:P ratio. Dewatering
of digestate facilitates its transport and application
on soils with the low assimilable P abundance and a
low risk of the loss of this element. Vanden Nest et
al. [40] claim that the mechanically separated solid
fraction from digestate sludge and composted organic waste can replace mineral fertilizers and bovine slurry. The solid digestate fraction is a source of
easily phytoavailable P, which raises the risk of
leaching phosphorus from soil.



content of these elements in digestate and supplement the fertilization regime with mineral forms of
the nutrients which may be deficient, in particular N
or K.
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MICROPLANKTON COMMUNITY WITH EMPHASIS ON
POTENTIALLY BLOOM FORMING SPECIES OFF OF HUB
DELTA IN THE COASTAL WATERS OF PAKISTAN,
NORTHERN ARABIAN SEA
Zaib-un-Nisa Burhan*, Pirzada Jamal Ahmed Siddiqui, Seema Shafique, Nafisa Shoaib
Centre of Excellence in Marine Biology, University of Karachi, Karachi 75270, Pakistan

ciliates [1, 2]. The microplankton is an important
component of marine pelagic ecosystems [3-5]
fixing energy and carbon and transferring it to
higher trophic levels [6]. They are sensitive to environmental changes. Due to the potential ecological
importance of microplankton, several detailed studies have been carried out on the diversity, abundance, composition and trophic structure of this
group in the coastal and offshore waters in different
parts of the world [7-12]. Biodiversity is a major
aspect in ecology which directly associated with the
functioning of the ecosystems. Microplankton at the
base of food web contributes substantially in marine pelagic ecosystem [13]. These microplankton
are most abundant in coastal regions, as they are
dependent upon nutrient loading from either
through upwelling in the coastal region or from the
terrestrial source [14, 15]. Some time they reproduce enormously and become harmful, may produce toxins and cause fish kills [16, 17]. This increase in Harmful Algal Blooms (HABs) events
are closely associated with increased nutrient
release and anthropogenic influence of coastal
waters [18, 19]. This may be of concern with health
and safety of fishery product and coastal human
communities. Early warnings of the occurrence of
HABs is the most widely used management policy
throughout the world to minimise the economic
losses.
Coastal belt of Pakistan is located at the northern boundry of Arabian Sea. This northern Arabian
Sea has been known for its unique monsoonal circulation pattern and regarded as highly productive
zone during SW monsoon and NE monsoon period.
In the winter season, NE monsoonal circulation
upwelled the nutrients rich cold water and thus
provide favorable condition for phytoplankton. This
phenomenon of intense upwelling is getting responsible for bloom formation of microplankton in the
coastal waters in the Arabian Sea [20]. Therefore,
monitoring of these blooms by quantitativ determination of abundance and biomass of microplankton
on regular basis is a prerequisite for the prediction
of HAB events in future.
Few studies has been undertaken recently on
spatio-temporal variations in abundance and diver-

ABSTRACT
Harmful algal blooms recognized globally to
affect marine ecosystem. Substantial studies have
been carried out to record phytoplankton community from coastal waters of Pakistan. Of these studies,
very few have reported the occurrence of potentially harmful and bloom forming species. Owing to
the paucity of research, microplankton community
composition and abundance were determined at
three stations of increasing distance offshore in
coastal waters off the Hub delta, Karachi in the
northern Arabian Sea, Pakistan. A total of 46 different microplankton species were observed, including 16 diatoms, 9 dinoflagellates and 21 ciliates
species. Nine species of ciliates were recorded for
the first time from Pakistan waters.The mean abundance of microplankton ranged from 2160-15690
cells L-1. The bloom forming diatoms Cylindrotheca closterium and toxic Pseudo-nitzchia cf.
pungens were the most abundant species. Red tide
ciliate Mesodinium rubrum was also observed during the survey. This study is aiming to report initial
baseline data on microplankton diversity with emphasis on presence of potentially harmful bloomforming microplankton species off the Hub deltaic
region in Pakistan coastal waters. Further studies
are recommended to assess the seasonal trend of the
microplankton population, particularly with respect
to toxic species and their potential impact on human
health.

KEYWORDS:
Microplankton community, diatoms, dinoflagellates,
ciliates, HAB species

INTRODUCTION
The marine microplankton are comprised of a
highly diverse community of organisms ranging in
size 20 - ȝP DQG GLIIHULQJ LQ WD[RQRPLF FRmposition and trophic function. They include phototrophs (mainly diatoms and dinoflagellates) and
heterotrophs including mainly dinoflagellates and
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MATERIALS AND METHODS

sity of phytoplankton community including diatoms
from coastal waters of Karachi, Pakistan [21-23].
Report on ciliates from this region is non-existent
except for a preliminary report from the coastal
waters of Karachi [24]. Very little information is
available on the occurrence of HABs and HAB
related species in the coastal waters of Pakistan. A
few bloom of microlagae have been reported which
includes, i) diatom: Asterionellopsis glacialis [25]
and Navicula cancellata [26]; and ii) dinoflagellates: Prorocentrum minimum [27, 28], and Noctiluca scintillans [29-31]. Few species of diatom,
genus Pseudo-nitzschia which is known to produce
a neurotoxin, Domoic Acid (DA) and causes Amnesic Shellfish Poisoning (ASP), were also recorded (22) and confirmd through SEM [32] from Pakistan waters. Furthermore, recently the presence of
26 taxa as potential bloom forming and 39 toxin
producing species of dinoflagellates has been reported from coastal waters of Karachi [23].
It is therefore necessary to get information on
wider scale about their community composition,
distribution, diversity and ecological response to
evaluate the ecosystem health. The present study is
aiming to provide information on the distribution,
abundance and species composition of the microplankton community with emphasis on bloomforming species of off Hub delta along the Karachi,
northern Arabian Sea bordering Pakistan.

Samples were collected during the winter season along a transect in waters off of Hub Delta,
located southwest of Karachi at the junction of
Sindh and Balochistan coasts in the Northern Arabian Sea. Three stations were selected: Station I
was at 24o 51' 069" N 66o 24' 970" E in ~ 40m
depth water, Station II was at 24o 55' 347" N 66o 19'
872" E ~ 80m depth water, and Station III was at
24o 51' 606" N 66o 12' 016" E in approximately 100
m depth water (Fig. 1).
Surface water temperature at each station was
measured with a mercury thermometer held in surface water collected in a bucket, with salinity
measured in the same surface water using a refractometer. To determine Chlorophyll a (Chl a) concentration, one litre water samples were collected
using a 1.7 litre Niskin bottle from 1m depth below
the surface. Each sample was filtered onto a Whatman GF/F filter, extracted for 24 hours in 90%
acetone in the dark and analysed spectrophotometrically [33]. At each station the euphotic zone depth
(or 1% surface irradiation) was measured according
to [34] using a Secchi disc and calculated as Kd =
1.7/ ZSD, where ZSD = Secchi disk depth (m).

FIGURE 1
Map of study area off of Hub Delta showing sampling stations.
TABLE 1
Physico-chemical variables recorded from three stations in coastal waters off the Hub Delta, Pakistan
(Temperature and salinity data were collected from surface water; Euphotic zone depth was calculated
from Secchi disc depth (see method); Chlorophyll data were collected from 1 m depth).
Variables
Temperature (ºC)
Salinity (PSU)
Euphotic zone depth (m)
Chlorophyll a FRQFHQWUDWLRQ ȝJL-1)

Station I
26
39
>0.15
0.28
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Station II
27
38
>0.15
0.41

Station III
27
38.5
>0.15
0.21
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RESULTS AND DISCUSSION

To determine microplankton community composition and abundance, 200 ml water samples were
collected from the same 1.7 litre Niskin bottle from
which sample for chl a estimation has been drawn.
All samples were collected in duplicate. Each water
sample was immediately preserved with 1% final
FRQFHQWUDWLRQ DFLG /XJRO¶V VROXWLRQ IRU VXEVHTXHQW
identification and enumeration of microplankton
analysis by inverted microscopy [35]. Fifty ml
subsamples were allowed to settle for 24 h in sedimentation chamber and observed at 200-400x magnifications using inverted microscope. Microplankton cells were identified according to [36] for diatoms and dinoflagellates, and according to [37] for
ciliates. Cells were counted from the entire chamber
and abundance was calculated as cells L-1. The
species of microplankton reported in this paper
were identified on the basis of observations undertaken by light microscopy, but without the use of
histological stains or electron microscopy which
enhance the observation of taxonomically important
features. Species were therefore only identified to
species level where key taxonomic features could
be clearly observed, or where there was a clear
resemblance to species in Pakistan coastal waters
previously identified by the authors using histological stains and electron microscopy. A simple analysis of variance (ANOVA) was applied to identify
significant differences in microplankton abundance
between the three stations.

Environmental Conditions. The physical and
chemical variables measured in the surface water
did not show much variation between the stations
(Table 1). Surface water temperature and salinity
ranged from 26 to 27 ºC and 38 to 39 PSU, respectively, at all 3 stations. Euphotic zone depth was
>0.15 m. The Chl a concentrations in the water
YDULHGIURPWRȝJ L-1. The highest value
of Chl a was observed at station II.
Microplankton abundance and diversity. A
total of 46 different microplankton species were
observed during this study with the number of species observed decreasing with distance offshore
(Table 2). Few of them have been shown in Fig. 2.
Samples from Station I had 37 microplankton
species including diatoms (14 species), dinoflagellates (7 species) and ciliates (16 species). Thirtythree species of total microplankton were recorded
from Station II including 11, 4 and 18 species of
diatoms, dinoflagellates and ciliates species respectively. Station III had 19 species representing 10, 1
and 8 species of diatoms, dinoflagellates and ciliates, respectively. The mean abundance of microplankton ranged from 2160 to 15690 cells L-1 (Fig.
3) with the highest value observed at station II
associated with peaks in diatom abundance and
chlorophyll a concentrations.

FIGURE 2
Lightmicrograph of microplankton taxa. A. Coscinodiscus radiatus B. Guinardia striata C. Chaetoceros
affinis D. Pleurosigma sp. E. Gyrodinium spirale F. prorocentrum micans G. Tripos furca H. Protoperidinium sp. I. Stombidium epidemum J. Strombidinopsis sp. K. Cyrtostrombidium longisomum L. Tintinopsis
beroidea.Scale bar = 20μm.
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TABLE 2
Number of microplankton species and (genera) recorded from three stations off in coastal waters off the
Hub Delta, Pakistan.

Station I
Station II
Station III

Total Microplankton
38 (31)
34 (27)
23 (21)

Diatoms
14 (11)
11 (9)
10 (9)

Dinoflagellates
8 (8)
5 (4)
3 (3)

Ciliates
17 (13)
18 (15)
10 (9)

FIGURE 3
Abundance of microplankton taxonomic group observed in samples from study area.

FIGURE 4
Percent composition of diatoms, dinoflagellates and ciliates
relative to total microplankton community.
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TABLE 3
Taxonomic composition and mean (n=2) abundance (cells L-1) of microplankton species observed in
coastal waters off the Hub Delta, Pakistan.
Abundance (cells L-1)
Station Station Station
I
II
III

Taxa
Diatoms
Centric
Chaetoceros affinis Lauder 1864
Chaetoceros decipiens Cleve 1873
Coscinodiscus radiatus Ehrenb. 1840
Cyclotella striata (Kütz. 1844) Grunow 1880
Guinardia striata (Stolterf. 1879) Hasle 1996
Leptocylindrus minimus Gran 1915
Rhizosolenia setigera Brightw. 1858
Pennate
Amphiprora constricta
Cylindrotheca closterium (Ehrenb. 1839) Reimann &
J.C. Lewin 1964
Fragilariopsis sp.
Meuniera membranacea (Cleve 1897) P.C. Silva 1996
Navicula cancellata Donkin 1873
Navicula directa (W. Sm. 1853) Ralfs 1861
Pleurosigma angulatum (J.T Quekett 1848) W. Sm. 1852
Pleurosigma spp.
Pseudo-nitzschia cf. pungens
Total Diatoms
Dinoflagellates
Amphidinium sp.
Tripos brevis (Ostenf. & E. J. Schmidt 1901) F. Gómez 2013
Tripos furca (Ehrenb. 1834) F. Gómez 2013
Gyrodinium spirale (Bergh 1881) Kof. & Swezy 1921
Heterocapsa circularisquama T. Horig. 1995
Oxytoxum sp.
Prorocentrum micans Ehrenb. 1834
Protoperidinium sp.
Scrippsiella trochoidea (F. Stein 1883) Balech ex A.R. Loebl. 1965
Total dinoflagellates
Ciliates
Naked
Balanion sp.
Cyrtostrombidium longisomum Lynn & Gilron 1993
Laboea strobila Lohmann 1908
Leegaardiella ovalis Lynn & Montagnes 1988
Lohmanniella oviformis Leegaard 1915
Mesodinium rubrum (Lohmann 1908) Hamburger & Buddenbrock, 1929
Mesodinium sp.
Pelagostrobilidium neptuni (Montagnes & Taylor 1994) Petz, Song & Wilbert 1995
Strombidium conicum (Lohmann 1908) Wulff 1919
Strombidium emergens (Leegaard, 1915) Busch, 1921
Strombidium epidemum Lynn, Montagnes & Small, 1988
Strombidium wulffi Kahl 1932
Strombidinopsis sp.
Uronema sp.
Tontonia sp. 1
Tontonia sp. 2
Tintinnids
Dadayiella ganymedes (Entz 1884) Kofoid & Campbell, 1929
Metacylis jörgensenii (Cleve) Kofoid & Campbell, 1929
Proplectella claparedei (Entz 1908)
Tintinnopsis beroidea Stein 1867
Rhizodomus tagatzi Strelkow & Wirketis 1950
Total Ciliates
Total Microplankton
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140
50
60
130
20
70
0

70
80
70
70
60
0
0

0
60
50
70
0
20
10

20

20

20

820

11420

540

40
0
220
90
10
10
1010
2690

0
20
320
140
0
0
2000
14270

0
0
100
20
0
0
700
1590

60
0
30
320
10
70
40
150
20
700

70
10
30
100
0
0
0
10
0
220

0
0
10
20
0
0
0
20
0
50

0
100
30
150
80
810
20
30
50
180
60
0
40
110
50
20

10
20
0
240
20
360
0
50
60
140
80
10
10
0
30
10

0
10
40
0
30
430
0
20
0
20
10
0
0
0
0
0

20
30
0
20
0
1800
5190

20
130
10
10
10
1220
15710

10
10
20
0
0
600
2240
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medes, Metacylis jorgensenii) (Table 3). The ciliate
community comprised 7.8 to 34.7% (Fig. 4) of the
microplantkon population with mean abundance
ranging from 2690 to 14270 cells L-1 (Table 3). It
was numerically dominated by the functionally
autotrophic M. rubrum with concentrations ranging
from 360 to 810 cells L-1 and averaging 12.4% of
all microplankton abundance. Station I shows highest abundance (P<0.0089) as compare to other two
stations (Table 6).
Harmful algal blooms are increasing consistently in many coastal areas around the world and
affecting the health of marine organisms and humans and ultimately have adverse impact on
economiy of countries [38, 39]. The present study
reveals many bloom forming species with at least
two species in significant numbers, therefore it is
critical to monitor the area on regular basis as these
species may be implicated with environmental
quality effecting fisheries products. The root cause
of occurrence of blooms is unknown but such
blooms of plankton are often attributed to nutrient
enrichment of the waters through upwelling due to
northeast monsoonal winds, enhanced surface
cooling and convective mixing in th in the northern Arabian Sea [40]. Though recent global warming is thought to have caused stronger upwelling in
the western Arabian Sea leading to high primary
productivity [41], however in a study from the
northeast Arabian Sea [42], it has been argued that
any change in monsoonal patterns should be because of land-sea temperature contrast and should
affect strongly because of its closer proximity to the
Himalayan region compared to the southwest Arabian Sea which has been agreed in another detailed
investigation [43].

Diatoms. Sixteen diatom species were recorded from 13 genera. Only three centric (Chaetoceros
decipiens, Cosinodiscuss radiatus, Cyclotella striata) and five pennate (Amphiprora constricta, Cylidrotheca closterium, Navicula cancellata, Navicula
directa and Pseudo-nitzschia cf. pungens) species
were present at all three stations (Table 3).
Diatoms were numerically dominated the microplankton community, comprising 53 to 90%
(Fig. 4) of the population with mean abundance
ranging from 2690 to 14270 cells L-1 (Table 3).
Analysis of variance (ANOVA) indicate that
diatoms are highly abundant at station II
(P<0.0009) as compare to other two stations (Table
4). The most abundant species at all stations was C.
closterium, which contributed on average 16 to
73% of the total microplankton community, followed by Pseudo-nitzschia cf. pungens.
Dinoflagellates. Nine species of dinoflagellates were recorded from 8 genera. Dinoflagellates
were less abundant than diatoms and ciliates at all
stations comprising 1.4 to 13.5% (Fig. 4) of the
population with mean abundance ranging from 50
to 700 cells L-1 (Table 3). Gyrodinium spirale and
Protoperidinium sp. were the most abundant species but represented respective maxima of only
6.2%, and 2.9% of microplankton community
abundance at station I (P<0.00087) Table 5.
Ciliates. Twenty one species of ciliates were
recorded from 15 genera. The most common ciliates at all three stations, included four aloricate
species (Lohmanniella oviformis, Mesodinium
rubrum, Pelagostrobilidium neptuni, Strombidium
emergens) and two tintinnids (Dadayiella gany-

TABLE 4
Variation in the value of ANOVA based on number of diatom species and (genera) recorded from three
stations off in coastal waters off the Hub Delta, Pakistan.
Source of Variation
Between Groups
Within Groups
Total

SS
1.9700
1859800
1.990

df
2
3
5

MS
98696267
619933.3

F
159.2046

P-value
0.000902

TABLE 5
Variation in the value of ANOVA based on number of dinoflagellates species and (genera) recorded from
three stations off in coastal waters off the Hub Delta, Pakistan.
Source of Variation
Between Groups
Within Groups
Total

SS
454533.3
4200
458733.3

df
2
3
5

MS
227266.7
1400

F
162.3333

P-value
0.000876

TABLE 6
Variation in the value of ANOVA based on number of ciliates species and (genera) recorded from three
stations off in coastal waters off the Hub Delta, Pakistan.
Source of Variation
Between Groups
Within Groups
Total

SS
1440533
64800
1505333

df
2
3
5
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MS
720266.7
21600

F
33.34568

P-value
0.008931
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studies of these communities are necessary to assess the seasonal trend of the microplankton population and determine the ecological importance of
these species, particularly with respect to toxic
species and their potential impact on human health.

Several species of marine phytoplankton frequently form blooms and majority of them belongs
to dinoflagellates but diatoms are often more abundant among phytoplankton in warm waters and may
occasionally bloom. In the present study two diatom species (C. closterium and Pseudo-nitzschia cf.
pungens) were present in high abundance, however
there was no distinct bloom of these species. One of
these species, C. closterium, is responsible for foam
and mucilage production [44]. Pseudo-nitzschia cf.
pungens, is a toxic species [45,46] is being reported
from off of Hub delta near Churna Island, Pakistan.
This species has also been observed and confirmed
as Pseudo-nitzschia pungens through SEM for the
first time from coastal waters of Karachi, Pakistan
bordering Northern Arabian Sea [32]. These diatom
species need further evaluation, particularly with
respect to seasonal variation, toxicity and water
quality. However some studies have been reported
the presence of bloom forming phytoplankton from
Pakistan [27-31].
The present study recorded nine species of ciliates (Pelagostrobilidium neptuni, Strombidium
conicum, Strombidium emergens, Strombidium
epidemum, Dadayiella ganymedes, Metacylis
jorgensenii, Proplectella claparedei, Tintinnopsis
beroidea, Rhizodomus tagatzi) that have not previously been observed in Pakistani coastal waters.
A previous study by [47] has observed several
ciliate species in tropical coastal waters which are
indicative of polluted waters. None of these species
were observed in this study suggesting that the
waters offshore from the Hub Delta relatively unpolluted. However these ciliate indicator species
were found in a previous study from more polluted
coastal waters along Pakistan coast [24]. Planktonic
ciliates are often dominated by naked ciliates [48],
however much attention has been given to tintinnids [49, 50] due to difficulties in the identification
which mislead the contribution of these naked ciliates. The study undertaken in the central and western [48] and Southeastern [14] Arabian Sea, reported that naked ciliates were numerically dominant
than tintinnids. Similar observations were also
revealed in the present study. Despite their great
importance in microbial community, studies on
ciliates have been ignored in Pakistan waters.
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When people pay to farming, water supply was
the most important things. Among the various
sources of water supply, rivers due to the extent and
distribution of the Earth's surface that are more important, so that early civilizations along the river
such as the Nile, Tigris, Euphrates and Sindh were
formed. With the increase in population and settlement in places away from the river as well as the
need for water for agriculture, drinking water, industry, etc. One suspect was displaced and water transfer. River water and the amount of sediment to carry
that the resulting erosion of the riverbed and erosion
caused by rainfall or flowing of surface runoff occurs
on the Intake. If take action dewatering of the river,
entry sediments to Intake, the deposition will have
problems. Use the dike can have a significant impact
on flow rate and sediment input to Intake played.
Dike design needs to consider several parameters
such as position, length, type and etc. Using a good
design can increase input flow. In this study, to evaluate dike the impact on flow hydraulic conditions in
the Intake with different situations 30, 45, 60 and 90
degree with simple dike in upstream and downstream Intake for five inlet flow (0.7, 1.12, 2.84, 5.04
and 6.23 Lit/s) in the laboratory flume made by the
author as a physical model to simulate the flow of
Intake then the dike different impact on the hydraulic
flow was studied. The results of the tests show that
simple dike in upstream and downstream Intake in
the internal arc flume, increase inflow flow rate into
the Intake. And the best angle of deviation for maximum flow enters the Intake angle of 60 degrees.



of the most important limiting factors for economic
development. In our country, which is located in an
arid region the problem is more an expression. Rivers has long been regarded as one of the main sources
of water supply is human So that great human civilizations to take advantage of the gift of water in rivers
were formed, and thus have played a vital role in human life. But despite this critical role and due to lack
of the nature of rivers, during river flooding, damages to the marginalization of imports. Flow in open
channels with moving bed is often associated with
sediment transport. Scour is usually caused by
changes in the flow characteristics of the channel or
the result of human activities and actions taking
place on the river system. Activities such as building
structures in the channel or picked up from the river
bed materials. Scour as the erosion of bed sediments
around an obstacle in the flow field is defined. [24].

&# 
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Estimated balance scour depth around hydraulic structures is very important which helps us to design the shape, location and so less mistakes and we
have affordable plan. Some of these structures can
be pointed out to the dike. The geometry of the dike
in front of the rotary current and vortex is created,
which helps in the formation of scour holes. A plurality of parameters on scour phenomena the complexity it adds. Therefore requires a numerical model
that can through discretization governing equations
on flow field and sediment, and Managing a collec-

*(!#$
Intake, dike, physical model, angle of deviation, flow hydraulic, simulation
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One of the most important indicators of the progress of any country, access to quality water at the
desired time, so that lack of timely access can be one

3986

$#

! %  









!"  ! 


years is 16.12 meters, 1.374 meters per second, 7.81
square meters per second, 21.58 Nm per second
squared and 0.201 have been met. Marlyvs and Sinha
[19], showed that at an angle of 40 degrees for a single page, although the amount of scour around page
will increase, but most rotational flow is generated.
Kamanbedast, A. [7, 15, 16] investigated the flow
and Scour Around Bridge Pile in Flood with HecRas and CCHE2D Software. Saki et al. [31], investigated a newly designed rectangular weir for flow
regulation at river branch by physical and numerical
modelling. Barakdel et al. [4] examined ways of increasing the efficiency of submerged vanes. Tests
conducted by he showed that the intensity of input
seabed sediments into the basin after installing of
submerged vanes, when is low which flow rate ratio
in the width units basin to flow rate the main channel
width, is less than about 0.2.
Rostami, H. et al., Gharibvand, R. et al. and
Rouzegar, J. et al. investigate length of morning
glory spillway and labyrinth spillways with physical
modeling. [11, 28, 30]. Abbasi S, and Kamanbedast,
A.A. [2], investigated the effect of changes in dimension and the hydraulics of stepped spillways for maximization of energy dissipation. They were among
the first researchers to use flow3D to obtain a solution based on the method for the flow analysis of
stepped spillways. Shirali et al. [32] evaluated the
morning glory spillway using physical modeling
System; one with a bell shaped opening, another
with a modern square shaped opening. The result
shows measured pressure at various points on both
spillways based on a non-dimensional Froude number. By changing the shape of the cross section, its
direct effect on the pressure and cavitation indices;
in as such that with the change in the form of the upper cross section from a bell shaped form to a square
shape at a specific flow rate and specific points, the
pressure increased while the extent of cavitation decreased; also, with the increase in flow rate the
amount of pressure increased.

tion of simplifying assumptions, feeling complex relations governing this phenomenon be converted
into Simple equations and solvable. Dike recently
widely in order to organize rivers in the country are
designed and implemented. This method, as one of
the most effective ways of fixing the Riverine, they
are expanding day by day. Dike implemented in Aras
River, Atrak, Ghezel Ozoan, Sefid Roud and etc. All
of which are impermeable or closed type dike, often
have played its role successfully. The above- mentioned cases of bunds protected, or Gabion and gabion structures are rock fill.
Esmail Nejad of the year [6], by creating a micro model hydraulic inlet flow to the basin diversion
dam HAMIDIEH studied. His sedimentation in the
basin CHAMRAN and AZADEGAN to fix the problem, change the position CHAMRAN the intake, reducing the width and increasing the intake of AZADEGAN on both floor level, has introduced the most
suitable option.
Ali Naqi Zadeh Behbahani in the Year [2], used
physical models to study the hydraulic conditions in
the intakes of the angle 90 and 75 degrees. The results show that the size of the deflection angle of deviation flow rate will have a great impact on the so
that the angle of inclination of 90 ° to 75 ° in the
same condition, is further deviation than rate. The location intake (in terms of angle deviation), a great
impact on sediment deviation ratio so that Angle of
75 ° to 90 ° in the same hydraulic condition, the ratio
of deposits constituted less deviation.
Taebi et al. [33], analyzed the numerical simulation of flow in a 90 degree arc and used the model
CCHE2D respectively. The results showed that the
high speed range at the beginning bent to an angle of
50 ° arc in the inner wall of the flume and then 50
degrees after to the middle and at the end of the
flume is deflected toward the outer wall.
Azarang,F. [3], in their study simulate the hydraulic and sedimentary Karun River in Ahvaz range
Farsiat to help one dimensional CCHE2D software
is studied. The results of the model CCHE2D, the
sedimentation in the range of Ahvaz - Farsiat was
estimated at about two and a half million tons per
year. Roughanian in year [29], Karun river flow hydraulic properties may be evaluated using the model
CCHE2D and found that in the lateral arch velocity
and shear stress than other parts (inner) more.
Kamanbedast and Beheshti [17], using software simulation CCHE2D study the hydraulic characteristics
of Karun river flow in the range of Mollasani - Ahvaz. In this study, flow rate -Eshel curve hydrometric
stations in Ahvaz, as downstream boundary condition and flow hydrograph Mollasani station with return periods of 2, 10, 25, 50, 100, 200-year as upstream design boundary condition and implementation of the unsteady model for maximum water level
was achieved. For example, amounts of water surface elevation, velocity, rate per unit width, the resultant shear stress and the Froude number for the 25

%#$ 
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The study area, part of the river is
KHEIRABAD, which in the region ZYDOON plain
irrigation and drainage network, in 25 kilometers
southwest of the BEHBAHAN city in Khuzestan
province between Longitude 53 and 49 to 8 and 50
and Latitude 19 and 30 to 32 and 30 are located. The
area from north to Zohreh River and on the south by
road Omidiyeh - Deilam is limited. Access to the
area by road Omidiyeh - Deilam and BEHBAHAN Deilam possible.
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iglas’s sheet, as the direct input channels at the beginning and output channel of the end of the flume,
respectively, 4.5 and 2.5 meters, width and height respectively flume 0.5 and 0.6 meters and height of 0.7
meters above the earth's surface in the flume body.
Direct input path (to create a uniform and developed
flow), bottom made of metal sheets with a thickness
of 3 mm and a wall thickness of 10 mm of Plexiglas
to length of 4.5 meters that the effect of roughness
reduce and hydraulic phenomena are visible in the
chamber. Direct output path, bottom made of metal
sheets with a thickness of 3 mm and a wall of Plexiglas with a thickness of 10 mm with a length of 2.5
meters, after the initial length flow must enter the arc
with of 90 degrees which its outer radius is intended
to 2 meters. It is made of sheet of Plexiglas 10 mm
score to easily be placed in the arc. And for sealing
the flume used of aquarium Glues and adhesives and
fixed floor and without slope with Executive precision (slope of zero) horizontally built.
Considering that for this study the need for a
physical model for the hydraulic flow pattern intake
on a gentle bend of 90 degrees and Simple dike connected to the beach of internal arc, with a protective
layer of concrete blocks (armor) and are permeable
be executed, In the beginning, making the flume,
with the requirements of the study was on the
agenda, That according to diverse studies and laboratory conditions and how to build it, build databases
and high profile have been carried out in accordance
with the flume. And according to the following images from the beginning to set up and operation of
the flume, operations such as welding, painting, concrete work, framing, channel digging, cutting, piping, leveling (Laser Alignment), installation of accessories, install sheets of Plexiglas, glued, testing
and starting, and operation of sealing was performed
by the authors.
On the other hand, according to the study in order to simulate the physical model, based on laboratory flume, identifying the essential laboratory
equipment used. With this general attitude, to test the
impact angle of the intake on flow rate diversion of
lateral intake in the bend of the river As well as install the dike of various upstream and downstream of
the intake need a series of tools and equipment is essential, Depending on conditions and work requirements, can be manufactured components previously
used or act better and more principled spend just a
group attempted to build facilities needed to be.
Made in the laboratory flume with a 90 degree bend,
appliances or equipment, such as: Calming tank
(tank input), sliding valves to regulate water levels,
spillway triangular input and output (for measuring
flow rate), output flume tank, Channel intake with
valves, pumps water into the flume, water storage
tank ground, beaker Laboratory, concrete armor and
metal ruler was used for testing and installation. The
following images are presented. In this study for installation of dike, concrete blocks small as shown in
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Project of Water Supply and Drainage and Irrigation Network ZYDOON plain in an area of approximately 10,000 hectares of land area. In order to
use all the potential water and soil as well as the
elimination of limiting factors as well as the rehabilitation and expansion of agricultural activities.
Zohreh River is the water source of the scheme and
the amount of water required for the project land ZYDOON and Milad is 11.29 cubic meters per second.
The only source of surface water that can be irrigated
land next to the Zohreh River. The river length of
510 km is made up of two main branches called
Fahlyan and Kheirabad to the Bottom Intake been
chosen as an option.
In this study, the effect of simple dike in upstream and downstream intake, in the amount of flow
rate is made using a laboratory flume for different
flow rate (0.7,1.12,2.82,5.04 and 6.23 liters per second) in front of the intake deviation angle (30, 45, 60
and 90 degrees), a total of 80 in testing is discussed.
For laboratory studies the research, flume according to the database, specifications and picture
the following in Ahvaz Azad University by the author, was in the building which input and output
channels flume built, open-walled rectangular Plex-
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(5) was constructed by putting together them simple
mode and L shape, of a dike in the experiments was
used. In this part of the multidisciplinary wire is used
for tightening and arming them. And the length,

width and height of the above components, respectively, in sizes 4, 2 and 2 cm in three straight, Lshaped and rib built.
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of the main channel, b diversion channel width, ø angle of dewatering (Angle of deviation), θ dewatering
site in arc, L dike length, α angle of dike, n dike porosity is defined. Using the theory of Buckingham
equation (1) is dimensionless as follows:

To calibrate the physical model of this study,
graphs flow rate - Eshel spillways triangles with vertices 90 degrees, the initial and final flume was developed, which can be measured by the depth of water over spillways, by metal ruler installed the side of
them, input or the output flow rate of the flume obtained, for this, by turning water pump and water entering flume, at different heights on spillway, measurement volume of water passing in different times
by the labs beaker and graphs flow rate - Eshel two
spillways there were drawn. And the results of tests
to measure the flow rate formula for spillway triangle, and vertex 90 were compared, that all results
with flow rate - Eshel are consistent and with full
confidence of the diagram drawn were used in the
tests. And we know that triangular spillway due to
the relatively small cross-sectional area at low flow
rates are more sensitive to changes in elevation: So
in measuring low flow rates, the greater the accuracy.


)%#%! !
 $! $$ &#$

Given that in this study the parameters of L, θ,
α, R, B, b, n constant are thus dimensionless parameters (R/B, b/B, L/B) and θ, α, n is neglected. Also,
because the flow in model was completely disorganized of Re is also neglected. In this case, the
equation (2) as follows for Deviated relative flow
rate is simple:

 %$%$!
In this research, the effect of simple dike in upstream and downstream intake, in the amount of intake flow rate is made using a laboratory flume for
different flow rates (0.7, 1.12, 2.82, 5.04, 6.23 liters
per second) in front of an intake deviation angle (30,
45, 60 and 90), a total of 80 tests were investigated
with recording data and drawing the diagrams, in
part results has just been detailed.
In this test, the procedure is thus: after installation simple dike in the inner wall of the flume 90 degrees vertically upstream and downstream intake,
five different flow rates obtained in the flume. And
a different angle of the lateral arc intake, (4 angles),
intake flow rate is measure and to thus develop testing and the importance given to them which Once
installed just upstream dike and experimental and
once just downstream dike (simple dike) the installation and testing was performed and once both the
upstream and downstream dike and continue working together was installed. In the table 2, has been
classified in accordance with the experimental data.

In the study of phenomena in the laboratory, the
relationship between factors affecting the phenomenon will be examined. Here important role of dimensionless numbers in the interpretation and provide laboratory results and relationships between factors involved in understanding the phenomenon under
study, it becomes clear. The flow modeling on the
side of an intake, the main objective of determining
the amount diverted flow rate in various flow conditions in the main channel. Considering the constant
flow and constant fluid properties, the following relationship between the parameters affecting the Deviated relative flow rate is in a state of equilibrium:

In equation (1) p fluid specific density, µ fluid
viscosity, g gravity, y flow depth in the main channel, V flow rate, B main channel width, R arc radius
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flow rate
flume (L/S)
Q
Q1
Q2
Q3
Q4
Q5

Angle
intake
α
α1
α2
α3
α4

Vertical dike
upstream
Simple dike






Vertical dike
downstream
Simple dike






flow rate
intake (L/S)
Qd
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With these conditions and changes flow rates
with angles and also in upstream and downstream
dike, total 80 different states or different tests which
20 tests without dike and 60 tests with dike is installed, easily done and to review and analyze the results have been studied. As the table 3 for all modes
(i.e. there is no dike and dike) for a better analysis
and more expressive and experimental tests, charts
drawing the necessary technical and hydraulic reasons experiments described in detail.

the flow and dewatering. And makes the flow diversion intakes have increased significantly. The results
also revealed that choosing the best angle intake and
dike appropriate, increase inflow flow rate into the
intake. In general, when the Angle of deviation intake is 60 degrees and the upstream and downstream
intake used simultaneously simple dike, relative
Flow rate percent increase is desirable. On the other
hand check conditions Froude number and angle of
deviation intake; statistically significant results were
obtained, it can be said that in similar conditions of
test flow rates and lack of dike, by changing the
number of Froude and getting bigger, Of flow rate
0.7 to 6.23 liters per second, at 90 degrees, the maximum reduction percentage relative flow rate


! &$! 
Results obtained from experiments of this
study show that dike has a considerable impact on
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(40.01%) and at an angle of 60 degrees, with decreasing relative Flow rate (16.9 percent). As well as
flow rate in the same condition test and the simple
dike, in the upstream and downstream intake (simultaneously), with change Froude number and it’s

larger, at 90 degrees the greatest reduction percentage and at an angle of 60 degrees relative Flow rate
lowest loss percentage. (DIAGRAM 1- 4).
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Angle

Type
dike

Location
dike

Input
flow
rate

Degree
°
30
45
60
90
30
45
60
90
30
45
60
90
30
45
60
90
30
45
60
90

Shape
-Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness
Witness

Location
-No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike
No Dike

(L/S)
Qi
0.7
0.7
0.7
0.7
1.12
1.12
1.12
1.12
2.82
2.82
2.82
2.82
5.04
5.04
5.04
5.04
6.23
6.23
6.23
6.23

Output
flow
rate
(L/S)
Qo
0.038
0.06
0.03
0.03
0.092
0.09
0.065
0.07
0.5
0.45
0.38
0.7
1.56
1.32
1.28
2.6
1.9
1.87
1.32
2.76

Table flume testing
Deep
Water
water
depth
Intake
before
after
flow
rate
of
of
intake intake
(L/S)
(Cm)
(Cm)
Qd
Y1
Y3
0.662
4.35
3.6
0.64
4.3
3.55
0.67
4.2
3.5
0.67
4
3.5
1.028
5.16
4.22
1.03
5
4.1
1.055
4.88
3.79
1.05
4.9
4.3
2.32
7.5
6.7
2.37
7.04
6.35
2.44
6.82
6
2.12
7.6
7
3.48
9.8
9.02
3.72
9.42
8.58
3.76
9.5
8.78
2.44
10.9
9.9
4.33
10.6
9.56
4.36
10.4
9.51
4.91
10.4
9.49
3.47
11
10

Crosssectional
area
before
of intake
(m^2)
A1
0.0202
0.0200
0.0195
0.0186
0.0239
0.0232
0.0226
0.0227
0.0348
0.0327
0.0316
0.0353
0.0455
0.0437
0.0441
0.0506
0.0490
0.0483
0.0483
0.0510

Velocity
before
of
intake

Froude number
before of intake

Relative
flow
rate

(m/s)
V1
0.0347
0.0351
0.0359
0.0377
0.0468
0.0483
0.0495
0.0493
0.0810
0.0863
0.0891
0.0800
0.1108
0.1153
0.1143
0.0997
0.1273
0.1291
0.1291
0.1221

Without Dimension
Fr1
0.0531
0.0540
0.0560
0.0602
0.0657
0.0689
0.0715
0.0711
0.0945
0.1039
0.1089
0.0926
0.1130
0.1200
0.1184
0.0964
0.1251
0.1278
0.1278
0.1175

%
Qd/Qi
94.57
91.43
95.71
95.71
91.79
91.96
94.20
93.75
82.27
84.04
86.52
75.18
69.05
73.81
74.60
48.41
69.50
69.98
78.81
55.70
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Angle

Type
dike

Location
dike

Degree
°

Shape
--

Location
--

30

Witness

No Dike

45

Witness

No Dike

60

Witness

No Dike

90

Witness

No Dike

Input
flow
rate

Output
flow
rate

(L/S)
Qi
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23

(L/S)
Qo
0.038
0.092
0.5
1.56
1.9
0.06
0.09
0.45
1.32
1.87
0.03
0.065
0.38
1.28
1.32
0.03
0.07
0.7
2.6
2.76

Table flume testing
Deep
Water
water
depth
Intake
before
after
flow
of
of
rate
intake intake
(L/S)
(Cm)
(Cm)
Qd
Y1
Y3
0.662
4.35
3.6
1.028
5.16
4.22
2.32
7.5
6.7
3.48
9.8
9.02
4.33
10.55
9.56
0.64
4.3
3.55
1.03
5
4.1
2.37
7.04
6.35
3.72
9.42
8.58
4.36
10.4
9.51
0.67
4.2
3.5
1.055
4.88
3.79
2.44
6.82
6
3.76
9.5
8.78
4.91
10.4
9.49
0.67
4
3.5
1.05
4.9
4.3
2.12
7.6
7
2.44
10.9
9.9
3.47
11
10

3992

Crosssectional
area
before
of intake
(m^2)
A1
0.0202
0.0239
0.0348
0.0455
0.0490
0.0200
0.0232
0.0327
0.0437
0.0483
0.0195
0.0226
0.0316
0.0441
0.0483
0.0186
0.0227
0.0353
0.0506
0.0510

Velocity
before
of
intake

Froude number
before
of intake

Relative
flow
rate

(m/s)
V1
0.0347
0.0468
0.0810
0.1108
0.1273
0.0351
0.0483
0.0863
0.1153
0.1291
0.0359
0.0495
0.0891
0.1143
0.1291
0.0377
0.0493
0.0800
0.0997
0.1221

Without Dimension
Fr1
0.0531
0.0657
0.0945
0.1130
0.1251
0.0540
0.0689
0.1039
0.1200
0.1278
0.0560
0.0715
0.1089
0.1184
0.1278
0.0602
0.0711
0.0926
0.0964
0.1175

%
Qd/Qi
94.57
91.79
82.27
69.05
69.5
91.43
91.96
84.04
73.81
69.98
95.71
94.2
86.52
74.6
78.81
95.71
93.75
75.18
48.41
55.7
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Angle

Type
dike

Location
dike

Degree
°

Shape
--

Location
--

30

Simple

upstream
and
downstream

45

Simple

upstream
and
downstream

60

Simple

upstream
and
downstream

90

Simple

upstream
and
downstream

Input
flow
rate

Output
flow
rate

(L/S)
Qi
0.035
0.06
0.44
1.34
1.51
0.04
0.06
0.28
1.24
1.34
0.025
0.038
0.31
1.1
1.18
0.027
0.05
0.48
1.88
2.1

(L/S)
Qo
0.665
1.06
2.38
3.7
4.72
0.66
1.06
2.54
3.8
4.89
0.675
1.082
2.51
3.94
5.05
0.673
1.07
2.34
3.16
4.13

Table flume testing
Deep
Water
Intake
water
depth
flow
before
after
rate
of
of
intake intake
(L/S)
(Cm)
(Cm)
Qd
Y1
Y3
4.49
3.31
3.57
5.13
4.03
4.26
7.5
6.49
6.57
9.95
9
8.95
10.7
9.67
9.7
4.35
3.5
3.47
5
4
4.05
7.15
6.08
6.25
9.55
8.49
8.59
10.5
9.5
9.5
4.15
3.1
3.3
4.71
3.82
3.95
7.01
6.02
6.21
9.55
8.72
8.8
10.4
9.5
9.49
4
3.45
3.4
5
4
4
8
7
6.9
10.9
10
9.5
11
10.5
10

Crosssectional
area
before
of intake
(m^2)
A1
0.0208
0.0238
0.0348
0.0462
0.0496
0.0202
0.0232
0.0332
0.0443
0.0487
0.0193
0.0219
0.0325
0.0443
0.0483
0.0186
0.0232
0.0371
0.0506
0.0510

Velocity
before
of
intake

Froude number
before of intake

Relative
flow
rate

(m/s)
V1
0.0336
0.0471
0.0810
0.1092
0.1255
0.0347
0.0483
0.0850
0.1137
0.1279
0.0364
0.0512
0.0867
0.1137
0.1291
0.0377
0.0483
0.0760
0.0997
0.1221

Without Dimension
Fr1
0.0506
0.0663
0.0945
0.1105
0.1225
0.0531
0.0689
0.1015
0.1175
0.1260
0.0570
0.0754
0.1045
0.1175
0.1278
0.0602
0.0689
0.0858
0.0964
0.1175

%
Qd/Qi
95
94.64
84.40
73.41
75.76
94.29
94.64
90.07
75.40
78.49
96.43
96.61
89.01
78.17
81.06
96.14
95.54
82.98
62.70
66.29
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The interpretation of the results of the tests, it
can be said that with the approaching flow in the
main channel towards the intake, flowing lines were
influenced by it and gradually into the diversion
channel (intake) are diverted. The impact of these
deviations on the level of water in such a way will be
the diversion channel near and in the inner wall the
water level began to reduce and until the middle of
the entrance transverse intake reached its minimum
level, and then the water began to rise until near the
outer wall reaches the maximum value. This place
was the static flow point with a speed almost equal
to zero.



intake angle of 60 degrees, the following results
were obtained: At wide angle 60 degrees, intake located in the inflow arc. Therefore flow with minimal
turbulence into the intake. In other words At wide
angle 60 degrees, the pattern of inflows to the intake
due to the inflow to arc along intake, has a relative
symmetry in the intake and into the intake almost
uniformly, and therefore spans the full capacity is
used for conductivity. Flow conditions in the crater
indicates that in the deviation flow rate, Secondary
flow in the upstream edge of the intake to its power
there and the flow on the surface toward the outer arc
and in the bottom toward inner arc the incline makes
and in this area due to the dominance of secondary
flow on the input stream to the intake that are opposite each other, Sedimentary intake will not be entered and intake flow rate increases. But around the
bottom edge of the intake, secondary flow strength
is reduced and the possibility of sediment in the intake with limited the inflow is provided. And At
wide angle 60 degrees due to the aligned the inflow
into arc with intake, deviation angle between the surface and depth in the all proportions, is steep.

! $% % ! E
Based on drawing, visualization and analysis
relative flow rate diagram than Froude number for
different flow rates (0.7, 1.12, 2.82, 5.04, 6.23 liters
per second) in the all modes Tests and the effect of
simple Dike and conditions without Dike in water
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Output flow
rate

Intake flow
rate

Deep water
before of
intake

Water depth
after of intake

(L/S)

(L/S)

(L/S)

(Cm)

(Cm)

(m^2)

(m/s)

°

--

--

Witness

No Dike

Qi
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23
0.7
1.12
2.82
5.04
6.23

Qo
0.03
0.065
0.38
1.28
1.32
0.025
0.038
0.31
1.1
1.18
0.027
0.04
0.315
1.11
1.2
0.028
0.058
0.32
1.17
1.2

Qd
0.67
1.06
2.44
3.76
4.91
0.68
1.08
2.51
3.94
5.05
0.67
1.08
2.51
3.93
5.03
0.67
1.06
2.5
3.87
5.03

Y1
4.2
4.88
6.82
9.5
10.4
4.15
4.71
7.01
9.55
10.4
4.2
4.78
7.17
9.55
10.45
4.15
4.72
7.03
9.49
10.39

Y3
3.5
3.79
6
8.78
9.49
3.3
3.95
6.21
8.8
9.49
3.3
3.8
6.25
8.77
9.5
3.41
3.96
6.2
8.89
9.51

A1
0.0195
0.0226
0.0316
0.0441
0.0483
0.0193
0.0219
0.0325
0.0443
0.0483
0.0195
0.0222
0.0333
0.0443
0.0485
0.0193
0.0219
0.0326
0.0440
0.0482

V1
0.0359
0.0495
0.0891
0.1143
0.1291
0.0364
0.0512
0.0867
0.1137
0.1291
0.0359
0.0505
0.0848
0.1137
0.1285
0.0364
0.0511
0.0865
0.1145
0.1292

upstream
and
downstream
60
Simple

upstream

downstream

Without
Dimension
Fr1
0.0560
0.0715
0.1089
0.1184
0.1278
0.0570
0.0754
0.1045
0.1175
0.1278
0.0560
0.0737
0.1011
0.1175
0.1269
0.0570
0.0752
0.1041
0.1186
0.1280

Relative flow
rate

Input flow
rate

Location

Froude
number
before
of intake

Location dike

Shape

Velocity
before of
intake

Type dike

Degree

Crosssectional area
before of
intake

Angle

Table flume testing

%
Qd/Qi
95.71
94.20
86.52
74.60
78.81
96.43
96.61
89.01
78.17
81.06
96.14
96.43
88.83
77.98
80.74
96
94.82
88.65
76.79
80.74
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Angle of 90 degrees, can be the sharpest angle
Dewatering. In this angle the flow to enter the intake
must make sharp rotation. At this angle, intake perpendicular to the arc or placed along the radius of the
arc. Dewatering at this angle causes the formation of
large area rotating inside intake and as a result, in
addition to reducing Dewatering Width and increase
the local velocity, can cause trap sediment and
causes major disruption in the intake system.
In all the experiments with and without dike in
fixed flow rate, Tests by changing the angle of deviation intake, intake in a 60-degree angle had the



highest percentage of deviation that hydraulic cause
for this is that at low angles, motion vectors of flow
collide at high speed and thus is associated with a
large drop. And therefore the percentage is low deviations flow rate. And also at high angles due to excessive deviation of flow direction vectors of enters
the intake, increased drop resulting in reduced flow
rate, so in a 60 degree angle between the vectors of
flow in the inlet intake there is a balance that will
achieve the best efficiency.
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The most important factors affecting the capacity of the hydraulic conductivity or dewatering efficiency, is rotation angle of flow in front of the mouth
intake and flow pattern at the mouth and at along the
intake channel.
In light angle, dewatering such as 60-degree
angle, flow with velocity distribution is almost uniform in width, into the intake and the entire width of
the openings in the flow of their participation. There
are bi-directional flows in stream deep the openings
will reduce the capacity of the hydraulic conductivity. During the intake flow pattern that is affected by
the conditions of openings, as well as other factors
intake is the capacity hydraulic conductivity. Lateral
rotation flow through the intake channel can reduce
the effective level of flow and flow drop, the results
suggest that the capacity of the intake water conductivity at 60 degree angle than other angle has greater
efficiency.
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fields in recent years.3.6% bisultap granular formulation, is developed by Fuzhou pesticide factory and
Fujian sugarcane research institute, produced using
the new formula and processing technology.
Sugarcane is being increasingly used in several
countries as feedstock for renewable energy products, and is a major and expanding crop in southern
China [3]. Insect pests are one among the several factors responsible for the low productivity of sugarcane and accounting for a lot of loss in sugarcane
production in China [4]. Before, the prevention and
control of the sugarcane pests were mainly use terbufos and carbofuran. However, it has caused the enKDQFHPHQWRISHVW¶VUHVLVWDQFHGHFOLQHRIFRQWUROHI
fect and increase of control costs because of the
long-term, single, continuous use [5]. At the same
time, terbufos, with high toxicity and high residual,
has banned use on sugarcane because of the hidden
danger for human, livestock and ecological environment [6]. In order to ensure the reasonable alternate
use of pesticides, reduce the resistance of pests, it is
very necessary to select new pesticide to prevent and
control sugarcane pests. In addition, it is difficult to
use pesticides to control pests after sealing lines in
sugarcane fields, domestic enterprises and farmers
also hope to find a kind of new pesticides which
could use in seedling stage and be effective for a long
time. Therefore, bisultap, has low cost of production,
be a substitution of terbufos and used in sugarcane
field. What is more, not only the sugarcane pests but
also the underground pests can be control effectively
to use bisultap granular in sugarcane field.
However, the extensive use of high doses of bisultap may also lead to some problems, one for sugarcane plant, and the other for soil. Study on degradation of bisultap in sugarcane indicates that no significant potential health risk would be induced by bisultap in sugarcane. But it may cause risk to ecological environment [7]. However, apart from the speculations, little more is known about the fate and behaviour of bisultap in soil under field conditions.
Therefore, the preset study was aimed to evaluate the
dissipation, persistence and distribution of bisultap
in sandy loam soil of sugarcane ecosystem and the
effect of soil on the disappearance of bisultap.

ABSTRACT
To evaluate the risk and safety of high dose bisultap granular application on the soil of sugarcane
ecosystems in south China, two independent field
trials were performed in Guangdong and Guangxi
China in 2015 and 2016. Residue of bisultap in soil
and the quantity transmit to sugarcane under field
conditions were determined by a fast and simple
method using gas chromatography with flame photometric detector (FPD). The average recovery of bisultap in soil and sugarcane ranged from 85.99% to
115.33% with a relative standard deviation (RSD) of
2.35% to 9.95%; The dissipation rates of bisultap in
soil were described with first-order kinetics. The
half-lives of bisultap in soil were from 2.35 to 5.68
days in Guangdong and Guangxi in 2015 and 2016.
The residues of high dose (1.5 times of the recommended dosage) bisultap in soil ranged from 0.1284
to 6.4294 mg/kg at intervals of 10, 15, and 20 days.
The bisultap concentrations in sugarcane range from
0.0137 to 0.3426 from 2h to 45d. The distribution of
bisultap in soil was also investigated. The results
suggest that no significant potential health risk
would be induced by bisultap in sugarcane, but the
residues in soil may pose pollution risks of deep
layer soil.

KEYWORDS:
Bisultap, residues, dissipation, distribution, soil

INTRODUCTION
Bisultap (S, S'-2-dimethylaminopropane-1, 3diyl (dithiocarbamate), a nereid toxins bionic pesticide developed by China in 1970s. The usual formulation of bisultap consists of 25% and 30% aqueous
solutions. Its fungicidal mechanism of action is interdicting the transmission of cholinergic synapses
[1]. As a high efficiency, low toxicity and low residue organic nitrogen insecticide, bisultap is widely
used in vegetables, fruit and rice to control rice borers, diamondback moth and other insect in China [2].
However, bisultap granular also used in sugarcane
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to obtain one representative sample in every sampling time). The three layer soils included the following: top layer (0-10cm), middle layer (10-20 cm)
and bottom layer (20-30 cm). The soil samples were
minced and homogenized, respectively. All samples
stored at í20°C prior to further analysis.
To study the residue of high dose bisultap applied in soil, 3.6% bisultap granular formulation was
applied at 2700 ga.i.ha-1 (the recommended dosage)
and 4050ga.i.ha-1 (1.5 times of the recommended
dosage). The soil samples were collected randomly
from each treatment plot 10, 15, and 20 days after
spraying. All soil samples were homogenized and
placed in a deep freezer at í20°C prior to further
analysis.

MATERIALS AND METHODS
Instruments and chemical reagents. Bisultap
standard (98.0 % purity) was purchased from Dr. Ehrenstorfer GmbH (Germany); Sodium sulphide, hydrochloric acid, methanol and chloroform were purchased from CNW Technologies GmbH; Gas chromatograph (GC-2010) was purchased from Shimadzu company (Japan); Rotary evaporator (SB1000) was purchased from Eyela company (Japan);
Electronic balance was purchased from Shenhua Biological Technology Co., LTD (Guangzhou, China);
Ultrasonic cleaners (KH - 500 ) was purchased from
Kunshan Ultrasonic Instruments Co., LTD (China);
Ultrapure water meter (BV25) was purchased ELGA
Labwater Company (England); Centrifuge (CH80 type 2) was purchased from Fastwin Biological
Technology Co., LTD. (China); Constant temperature water-bath was purchased from Changfeng Instrument Co., LTD (Beijing, China); Stock standard
solution of bisultap was prepared at 100 mg/L in
methanol of HPGC grade and stored at -20°C.

Preparation of sample. A portion (10.0g) of
homogenized soil sample was weighed into a 50ml
centrifuge tube and extracted with 100ml hydrochloric acid (0.1%) by ultrasonication for 30 min. The
sample was then filtered into a florence flask, add 50
mL HCL (0. 1 mol/L) solution washing sample, repeat 2 times. Merger of the hydrochloric acid extract
and added 0. 5 mol/L Na2S water solution 9 mL to
regulate the pH to 8. 5 ~ 9. 0.The next was put the
hydrochloric acid extract in 70°C water bath pot for
3 h, added with about 80ml, 50ml, 30ml of chloroform in separatory funnel in turn, shaken vigorously
for 1 min. The sample was left undisturbed for stratification. The upper layer was inhaled into a florence
flask with a pipette and the middle interlayer also inhaled into a 5mL centrifuge tube. Next, a centrifuge
at 2000 r/min was applied to the 5mL centrifuge tube
for 4 min, the under layer added into the florence
flask. The combined solution was evaporated to near
dryness by using a vacuum rotary evaporator at 45°C
and the residue was then dissolved with 2ml methanol and then filtered through a 0.45mm membrane
filter (PTFE) into an auto sampler vial and analyzed
by gas chromatography with flame photometric detector (FPD) without further cleanup.
The sugarcane samples were processed as described above.

Field experiments. The field trials were carried out in Guangdong and Guangxi Province in
South China respectively in the year of 2015 and
2016. The field trials, including the dissipation and
terminal residue experiments, were designed according to the standard operating procedures on pesticide
registration residue field trials issued by the Institute
for the Control of Agrochemicals, Ministry of Agriculture, P. R. China (ICAMA, Institute for the Control of Agrochemicals, Ministry of Agriculture, P. R.
China, 2007) [8]. The experiment field was composed of two replicated plots. All experimental treatments involved three replicate plots and three control
plots. A buffer (1m distance) was set to separate each
plot (30m2). During the experimental period, the average temperatures in Guangdong and Guangxi
Province were 24.3°C and 24.1°C. Soil of two experimental locations both is sandy clay loam, with
3.5% and 2.7% organic matter in Guangdong and
Guangxi Province. The pH values were 6.7 and 6.8
respectively.
3.6% bisultap granular formulation was applied
in sugarcane field at a dosage of 4050 g active ingredient (a.i.) ha-1 (1.5 times of the recommended dosage) to investigate the capacity of sugarcane for
transmitting bisultap from soil to plant and the residue of bisultap in soil. Sugarcane and soil samples
were collected on days 0 (2h after application), 1, 3,
5, 7, 10, 14, 30, 45 and 60 days after spraying. The
sugarcane and soil samples were minced and homogenized, respectively. All samples stored at í20°C
prior to further analysis.
To investigate the distribution of bisultap in
soil, representative soil samples were collected by
stratified random sampling (three layers) from each
plot at 0 (2h), 1, 3, 7, 10, 14, 30, 35 and 60 days intervals after pesticides application (mix 10 samples

Detection condition. Bisultap was detected by
GC-2010 Plus with FPD (Shimadzu, Kyoto, Japan).
An Rtx-1 capillary column (30.00 m×0.25 mm×0.25
ȝP ZDVXVHG The oven temperature was set at 60°C
for 2 min and then increased to 260 °C (15 °C/min)
for 8 min. The injector and detector were held at 260
°C. The carrier gas was helium with a flow rate of 2
mL/min. The injection volume was l ȝ/. The retention time of bisultap was approximately 7.86 min.
Statistical analysis. The concentration and
half-life of the bisultap residue were calculated using
first-order kinetic equation Ct¼=C0e-kt. Where, C is
chemical concentration (mgkg-1) at time t(d), C0 is
initial concentration (mg kg-1), and k is the first-order rate constant (d-1), which is independent of C and
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C0. The DT50 of bisultap was calculated using
Hoskins formula (t1/2=ln 2/k) for each location [9].
The quantity ratio was calculated using the following
equation:
Quantity ratio (%) = Cn/ (Ct+Cm+Cb) ×100
Where Cn is the bisultap concentration in top
layer (0-10cm), middle layer (10-20 cm) or bottom
layer (20-30 cm). Ct is the bisultap concentration in
top layer, Cm is the bisultap concentration in middle
layer and Cb is the bisultap concentration in bottom
layer.

to obtain concentrations of 2.0, 1.0, 0.5, 0.2, 0.1
mg/L. It to be equivalent to nereistoxin concentrations of 0.84, 0.42, 0.21, 0.084, 0.042 mg/L. Bisultap
transformation of nereistoxin by the process of sample preparation. The standard curve was constructed
by nereistoxin concentrations (0.84, 0.42, 0.21,
0.084, 0.042 mg/L). The linear equation was y =
1559817xˉ198081.93, and the correlation coefficient (R2) was 0.9975. Recoveries were determined
at three fortification levels with five replicates to
evaluate the accuracy of the method (Table 1). The
relative standard deviations (RSD) typically ranged
from 2.35% to 9.95%. The recovery and precision
results were acceptable according to the China¶s National Standard (NY/T 788-2004) [11]. The limit of
quantitation (LOQ) was set to be the lowest fortification level at which acceptable recovery data were
REWDLQHGSHU&KLQD¶V1DWLRQDO6WDQGDUGV 1<72004). Therefore, the LOQ for all matrices were
0.004 mg/kg in this study.

RESULTS AND DISCUSSION
Method validation. In this study, bisultap was
quantified by the traditional method [10]. The accuracy was evaluated by determining the spike recoveries at various levels in a complex matrix. The 100
mg/L stock standard solution of bisultap was diluted

TABLE 1
Spiked recoveries of bisultap in soil and sugarcane
Recoveries (%)

Matrix

Spiked concentration
mg·kg-1

1

2

3

4

5

Mean (%)

Soil

0.2
0.5
2

115.33
104.93
106.98

108.77
108.24
90.13

108.57
108.02
104.6

106.62
102.33
112.3

109.7
107.11
94.7

109.8
106.12
101.74

3
2.35
8.95

Sugarcane

0.2
0.5
2

98.06
100.8
85.99

102.11
103.31
110.01

104.44
104.27
109.99

106.66
105.55
101.49

101.31
105.55
108.7

102.51
103.9
103.23

3.17
1.9
9.95

RSD (%)

TABLE 2
The concentrations of bisultap transmit to sugarcane
Time
interval (d)
2h
1d
3d
7d
14d
30d
45d
60d
Time
interval (d)
2h
1d
3d
7d
14d
30d
45d
60d

2015 Guangdong
Dissipation
concentrations
rate (%)
(mg/kg)
0.109
0.198
0.5384
0.3422
36.43
0.2071
61.54
0.0839
84.41
0.0434
91.94
0.0106
98.03
2016 Guangdong
concentrations
Dissipation
(mg/kg)
rate (%)
0.0987
0.1332
0.4337
0.3787
12.69
0.0748
82.75
0.0441
89.84
0.038
91.24
0.0072
98.34

4001

concentrations
(mg/kg)
0.124
0.6806
1.3715
0.6899
0.3909
0.1284
0.0925
0.0335
concentrations
(mg/kg)
0.132
0.7902
1.5623
1.0077
0.2436
0.1876
0.0865
0.0865

2015 Guangxi
Dissipation
rate (%)

49.69
71.5
90.64
93.26
97.55
2016 Guangxi
Dissipation
rate (%)

35.49
84.41
87.99
94.46
94.46

© by PSP

Volume 27 ± No. 6/2018 pages 3999-4005

Fresenius Environmental Bulletin

FIGURE 1
Dissipation of bisultap in soil of Guangdong and Guangxi in 2015 and 2016.
TABLE 3
Half-life of the degradation of bisultap in soil.
Sample location

Years

Dissipation equation

Correlation coefficient (R2)

Half-life (days)

Guangdong

2015
2016

C =0.252e-0.2944T
C =0.1192e-0.1221T

0.9052
0.8222

2.35
5.68

Guangxi

2015
2016

C =0.3611e-0.1642T
C =0.1684e-0.2406T

0.9042
0.8533

4.22
2.89

transmit to sugarcane. Half-lives of bisultap in soil
were from 2.35 to 5.68 days in Guangdong and 2.89
to 4.22 days in Guangxi days, respectively. Two experiment locations contained soils both characterized by clay loam and the soil pH of two locations
are all about 7, so changes in soil pH cannot explain
the differences in the Half-lives observed at these
sites. Under field conditions, the dissipation of pesticides is affected by many factors, such as the frequency and rate of pesticide application; degradation
rate [12]; environmental factors, including temperature, wind, microorganisms, volatilization, wash-off,
and photodegradation [13]; and growth dilution of
treated plants, which may play a significant role in
the diminution of pesticides in crop plants [14]. The
similar climate of Guangxi and Guangdong, which
may explain why there was no obvious difference of
the degradation rates observed in Guangdong and
Guangxi soils.

The concentration of bisultap transmit to
sugarcane. The results of transmit data from soil to
sugarcane are shown in Tab. 2. The initial concentrations of bisultap in sugarcane were 0.3426,
0.2704, 0.1458 and 0.2135 mgkg-1 0d (2h) after
spraying in Guangdong and Gaungxi in the year of
2015 and 2016, respectively. The results also
showed that bisultap increased rapidly 0 (2h) to 3
days after application and then the concentration
reached the maximum. The largest cumulants in
plant were 0.3422, 0.6899, 0.3787 and 1.0077 mgkg1 and the residual duration in sugarcane duration
more than 60d.The results shown that the absorption
of bisultap was more than the degradation in the first
three days and it was inverse 3 days after application.
At the end of the sampling period (60 days after the
application), more than 94% bisultap residues in all
testing sites were degraded. Although the residual
period was long, it was short to compare with whole
growth period of sugarcane period for 10 to 14
months in south China [4]. Therefore, the risk assessment revealed that no significant potential health risk
would be induced by bisultap in sugarcane.

Residues of high dose bisultap in soil. According to the residue results we can see in the Table
4, the residue behavior of bisultap in soil under different treatments followed a trend in which shorter
sample intervals and higher dose application led to
more residual bisultap. From the residue results in
the field experiment at two experimental sites, the
residue in soil at sample intervals of 10d and 20d was
ranged from to 0.0139 to 1.4294 mg/kg and 0.013 to
0.1923 mg/kg at the recommended high dosage
(2700 ga.i.ha-1) and 1.5-fold higher (4050 ga.i.ha-1)
at two locations.

Dissipation kinetics of bisultap in soil. The
dissipation curves of bisultap in soil are shown in
Fig.1. A sharp decrease of residue occurred from 2h
to 3d in Guangxi and Guangdong. After reaching
peak intensity, a gradual and continuous degradation
of bisultap was observed according to first-order kinetics, the dissipation dynamics of bisultap in soil
could be described by the equations shown in Table
3. This was consistent with the results of bisultap
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TABLE 4
The final residues of high dose bisultap in soil
Dosage
Years
(mgai/L)

2700
2015
4050

2700
2016
4050

Spray
times
1
1
1
1
1
1
1
1
1
1
1
1

Interval
times
(d)
10
15
20
10
15
20
10
15
20
10
15
20

Residues (mg/kg)
1
0.1523
0.0991
0.0792
1.4294
0.9185
0.1923
0.0704
0.0714
0.0487
0.8388
0.1788
0.0902

Guangdong
2
3
0.2947 0.0854
0.1743 0.0562
0.102
0.0334
0.1499 1.3901
0.7918 1.0367
0.1041 0.0889
0.2695 0.0766
0.0561 0.0402
0.0334 0.0254
1.0027 0.6535
0.1961 0.1294
0.0769 0.0796

Mean
0.1775
0.1098
0.0715
0.9898
0.9156
0.1284
0.1389
0.0559
0.0358
0.8317
0.1681
0.0823

1
0.0149
0.014
0.013
0.0218
0.0141
0.0137
0.3080
0.2580
0.1392
0.4430
0.2810
0.2183

Guangxi
2
3
0.013 0.0145
0.0129 0.014
0.0141 0.0132
0.0131 0.0139
0.0134 0.0148
0.0131 0.0147
0.2850 0.2630
0.2200 0.2540
0.1204 0.1462
0.2710 0.2940
0.3340 0.3210
0.2067 0.1897

Mean
0.0141
0.0136
0.0135
0.0162
0.0141
0.0138
0.2860
0.2440
0.1453
0.3360
0.3120
0.2132

FIGURE. 2
The distribution of bisultap residues in soil samples in Guangdong and Guangxi
in 2015 and 2016.

layer (10-20 cm) or bottom layer (20-30 cm) was increased. The average quantity ratio of bisultap in top
layer was only 7.75% after 60d, however, the values
in middle and bottom layer were 42.5% and 47.5%,
respectively. It was evident that the distribution of
bisultap in soil was time-dependent and significantly
different in the three soil layers (P<0.05). The distribution was not significantly different between

The distribution of bisultap in the soil. The
soil layer (0-30 cm, the main cultivation soil layer
for sugarcane root growing) was divided into three
parts. The distribution of bisultap in the soil of
Guangdong and Guangxi in 2015 and 2016 are presented in Fig. 2. An evident decrease in concentration of bisultap was observed in top layer (0-10cm),
at different times and the concentration in middle

4003

© by PSP

Volume 27 ± No. 6/2018 pages 3999-4005

Fresenius Environmental Bulletin

[3] Peng, L., Jackson, P.A., Deng, H.-H. (2014) Potential for Bioenergy Production from Sugarcane in China. Bioenergy Research. 7, 10451059.
[4] Pandey, S.K. (2012) Management of white
grubs in sugarcane. In: Viswanathan, R.,
Hemaprabha, G., Bhaskaran, A., Mohanraj, K.,
Jayakumar, V., Ramasubramanian, T., Nair,
N.V. (Eds.) Proceedings of International Symposium on New Paradigms in Sugarcane Research,15±18 October 2012, Sugarcane Breeding Institute (ICAR). Coimbatore, India, 271p.
[5] Cheng, L.-G., Li, F.-L., Chen, Z.-H. (2001) Realized heritability of resistance to dimehypo and
cartap in diamondback moth, Plutella xylostella.
Acta Entomologica Sinica. 44, 263-267.
[6] Choung, C.B., Hyne, R.V., Hose, G.C. (2013)
The ecological effects of a herbicide-insecticide
mixture on an experimental freshwater ecosystem. Environmental Pollution. 172, 264-274.
[7] Ramasubramanian T. (2013) Persistence and
Dissipation Kinetics of Clothianidin in the Soil
of Tropical Sugarcane Ecosystem. Water Air
Soil Pollut. 224, 1468.
[8] ICAMA (Institute for the Control of Agrochemicals, Ministry of Agriculture, P.R. China)
(2007) Standard operating procedures on pesticide registration residue field trials. Beijing,
Standards Press of China.
[9] Capizzi, T., Oppenheimer, L., Fair, L.J. (1985)
Statistical considerations in the evaluation of
chronic aquatic toxicity studies. Environ Sci
Technol. 19, 35±43.
[10] Lehotay, S.J. (2005) Validation of a fast and
easy method for the determination of residues
from 229 pesticides in fruits and vegetables using gas and liquid chromatography and mass
spectrometric detection. Journal of AOAC International. 88, 5.
[11] NY/T 788-2004. (2004) Guideline on pesticide
residue trials. Beijing, China, China agriculture
press. 95±614.
[12] Zhang, Z.Y., Zhang, C.Z., Liu, X.J., Hong, X.Y.
(2006) Dynamics of pesticide residues in the autumn Chinese cabbage (Brassica chinensis L.)
grown in open fields. Pest Manag Sci. 62, 350±
355.
[13] Li, L., Jiang, G.Q., Liu, C.Y., Liang, H.W., Sun,
D.L., Li W. (2012) Clothianidin dissipation in
tomato and soil, and distribution in tomato peel
and flesh. Food Control. 25, 265±269.
[14] Huang, F., Guo, Z.Y., Chen, L., Xu, Z., Liu, Y.,
Yang, C.M. (2010) Dissipation and evaluation
of hexaflumuron residues in Chinese cabbage
grown in open fields. J Agric Food Chem. 58,
4839±4843.

Guangdong and Guangxi, namely, the experiment
VLWH 3 ޓ7KLVPD\EHEHFDXVHERWKWZRVLWHV
have similar climate conditions. We also could find
that bisultap could be detected in the soil of 10-20cm
after 1d, it can be conjectured some of the bisultap
can easily leach into the subsoil. This shows that the
residues in soil may result in subsoil contamination.

CONCLUSIONS
A rapid and sensitive analytical method for determination of bisultap in sugarcane and soil was applied in this study. Dissipation kinetics of bisultap in
the soil of sugarcane ecosystem was studied. Halflife of bisultap in the soil was 2.35 to 5.68 days and
2.89 to 4.22 days at the single doses in Guangdong
and Guangxi Province in South China, respectively.
The largest cumulate of bisultap from soil transmit
to sugarcane reached 3 days after application and the
residual duration in sugarcane duration more than
60d. Bisultap was observed to be persistent in the
sandy loam soil of sugarcane ecosystem in south
China. The residue of high dose (1.5-fold) bisultap
applied in soil shown that high dosage would not
lead to obvious larger residues. From the above results, it is clear that the advantages of the application
of bisultap granular in sugarcane field not only could
not cause the possible health hazard in food and soil
but also could control the plant pests and underground pests. However, it was likely to cause harm
to the environment because it can easily leach into
the subsoil. Moreover, human health problems may
arise when application in other crops because of its
long persistent period in the soil.
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   , commonly known as sponge
gourd, is a member of the Cucurbitaceae and originates from America [1]. L. cylindrica was introduced into China from India during the Tang Dynasty [2]. It is now widely cultivated in tropical and
subtropical East Asia. As one of the most popular
vegetables in China, L. cylindrica is delicious in
taste and rich in nutrients. Old fruits and seeds of L.
cylindrica have long been used as plant medicine
for their anti-emetic, anti-tussive, anti-inflammatory,
cardiac stimulating and hypolipidemic activities
[3,4]. Additionally, L. cylindrica seeds are an ingredient of traditional Chinese herbal medicine to cure
ascarid infections. So it is becoming an economically important vegetables now in many parts of the
world.
Luffa is monoecious and male flower racemes
have over 10 flowers on each inflorescence. Female
floral organs, however, usually have only one flower with only exception in certain environmental
conditions. To reduce nutrient consumption, people
usually remove parts of male flowers. Luffa is a
kind of parthenocarpy plant and the quality of female flowers determines the yield and quality of
sponge gourd. Therefore, improving female flower
quality is critical in production.
The growth of fruits are usually accompanied
by sepals in    . The sepal is a part of
the flower of angiosperms. It is the outmost whorl
of a flower and usually function as the protection
and support for the petals. Some plants including
   can even retain their sepals even
after fruits become matured. Sepals can also affect
the flower development by coordinating cell division, cell differentiation and cell expansion with
other parts of the flower whorl. The morphology of
the sepals varies among species and it has been
associated to the yield and quality of the fruit [5-8].
In addition, different color of sepals can also affect
fruit content [9 -12]. In plants like pears, the fruit

Sepal is a part of the flower of angiosperms. It
is the outmost whorl of a flower and usually functions as protection and support for the petals. Some
plants can even retain their sepals even after fruits
become matured. Sepals can also affect the flower
development by coordinating cell division, cell differentiation and cell expansion with other parts of
the flower whorl. The morphology of the sepals
varies among species and it has been associated to
the yield and quaity of the fruit. Thus, many researchers utilized sepal morphology as an important
character for new species identification. However,
the correlation between sepal morphology and
flower/fruit development has only been characterized in qualitative description. To establish a quantitative relationship between sepal morphology and
flower/fruit development, we collected 15 different
subspecies of    Roem and performed
measurements of multiple traits associated with
sepal morphology and flower/fruit development.
Using Pearson partial correlation analysis, we built
trait factor loadings matrix and the factor model.
Our results suggest that larger sepal size and small
projections on backside of sepals tightly associate
with the protection of flower whorl and better fruit
quality. Through analysis using mathematical model of  ×1 = × ⋅ ×1 ×1 , we found that
sepal morphology of     is mainly
determined by sepal length and width, rather than
by sepal area and sepal shape coefficient. Our study
for the first time presented quantitative analysis and
mathematic model of correlation between sepal
morphology and flower/fruit development, which
provides tools and basis for further genetic studies
in the future.


*(!#$
    Roem, Sepal, Morphology, Pearson,
Rotated Component Matrix, Mathematical Model
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Pearson partial correlation analysis can describe the degree of association between two variables, with the effect of a number of additional controlling random variables removed. It can reduce
the data of the observation to just a few potential
factors without minimal loss of information. These
factors provide a highly summarized information in
a complex observational data, by reducing the
number of variables, reproducing the intrinsic link
between variables. Therefore, we utilized this analysis to build trait factor loadings matrix and the
factor model quantitatively explore the relationship
between the different measured traits. Our methods
can simplify variables and reduce the dimension.
Through above analysis of multiple traits inluffa,
we provide a highly summarized information of
luffa sepals from a complex observational data. Due
to its ability of reducing the number of variables,
and comparing the intrinsic link between variables,
our factor model can play an important role in sepal
morphological analysis in the future.
Based on the previously study [3], we examined loofah female calyx development and morphological analysis indicators. We further performed Pearson partial correlation analysis on those
traits, and built sepals factor loading matrix and
factor model of characters of observation data. It
provides a model for future sepal research and lay
the foundation for the study of morphological development and genetic analysis of loofah calyx.

quality of those without sepals are better than those
with sepals. Thus, in these genera, sepals appear to
negatively affect the fruit quality. However, in some
other genera like persimmon, removing sepals in
early stage of fruit development is detrimental to
the fruit growth while later stage removal appears
to have no effect. Thus sepals play role in early fruit
development in genera like persimmon. However,
there is no report so far examining the relationship
between sepals and fruit development in   
 
The morphology of sepals varies in nature.
Some species are upright and some others are
curled. Some species even form petal-like sepals
that can attract butterflies and insects [13]. During
development, some fruits can have the whole sepal
and some others have only degenerated sepals.
Some even have sepals shedded. The morphology
of sepals associates tightly with the sepal function.
Yoko Fukuda [14] showed that the alteration of
sepal shape greatly affected pollination efficiency
of Aconitum flower by Hornets. O. Ryding [15]
reported that drought conditions induced the cellulose, lignin and cell numbers which all correlated
positively with the size and width of sepals. Morphology of sepals have also been widely used for
identification of species, classification of plants and
plant phylogenetic analyses. Previous research on
the quality of flower buds and fruit mostly focused
on growth retardant, plant growth hormones, preservatives, bagging and so on. However, there were
very few reports so far focusing on relationship
between sepal morphology and flower buds/fruits.
Considering the essential roles of sepals in plant
development and the fact that previous studies only
centered on the effect of sepal colors on fruit quality,
it is very important to examine how sepal morphology affects flowers and fruits.
There have been a number of traits of sepal
morphology that were used for evaluation before
and they were highly dependent on the subjective
description of researchers and different species [16,
17]. However, the quantitative analysis of sepal
morphology and its relation with other flower parts
are still lacking.

No.
1
2
3
4
5
6
7
8

%#$ %!$

,=0;4,6<The experimental materials include
a total of 15 subspecies of Luffa, which were provided by the Luffa breeding Institute of Vegetable
Research Group in Fuzhou. Details about different
varieties can be found in Table 1. We planted 16
Luffa seedlings for each subspecies in the field of
Nantong town Minhou County, Fuzhou Institute of
Vegetable Breeding on March 28, 2015 and July 3,
2015 respectively. The seedlings were grown in a
spacing of 40 cmX80 cm.


% 
>11,,..0<<498<19;,8,6B<4<

Name
No.
Name
Jipinduanbang
9
duanbangzaoguan
taiwanrousigua
10
liuxiangduanbang
chenfengsigua
11
tianfu
yuanshuai
12
tiancai
tenengxiangsigua
13
tianxi
haoteduanbang
14
shanghaozaosigua
xiangyouduanba
15
shengyuzaojia
jingpinlvmei
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%;,4= 70,<>;0708=< We systematically observed and imaged sepal morphology of Luffa female flower from budding to pro-phase of artificial
pollination and fertilization. Among the 15 subspecies of Luffa, we randomly chose healthy Luffa
female flowers that exhibit no pests and external
compression deformation right before artificial pollination, and made systematic measurement of sepals. The main traits we measured include sepal
length, sepal width, sepal area and sepal shape coefficient. Sepal length (SEL) represents the longest
length of spreading sepals, and sepal width (SEW)
measures the widest side of spreading sepals. Sepals area (SESA) was calculated according to the
formula for the area of a triangle

also called common factor. Matrix A is called factor
loading matrix,  is called load factor, which represents the load of -th variable on the -th common
factor. The vector  is called special factors, including random error. In this test, we ignored , and
substituted  for . In this way, we reproduced
mutual relationships between components  of
original variable by to simplify variable dimensions.
#$&%$ 

8,6B<4<9179;:396924.,6.3,;,.=0;4<=4.<91
107,60 <0:,6< 91 >11, Sepals enclose the floral
organs and typically function as protection for the
flower. There are a variety of sepal shapes which
may associate tightly with the protection role. Here
we observed sepal traits of Luffa female flower in
early pollination and fertilization stage and the results were shown in Figure 1. Luffa female sepals
of different varieties all appeared triangle-like, with
two types of acute triangle and obtuse triangle. In
all 15 subspecies we examined, subspecies 3, 15
and 8 had smooth backside of sepals, while the rest
12 subspecies had noticeable small projections on
backside of sepals. Overall, those with projections
appeared smaller in flowers. Subspecies 1, 4, 15, 6,
9, 11 and 8 had larger sepals and thus larger flowers.
Subspecies 2, 3, 5, 7, 14, 13 and 12 exhibited
smaller sepals as well as smaller flowersFigure
1-2. The result suggests that sepal growth could
potentially correlate with bud quality.

(SESA= 1 ×  ×  ), and sepal shape coeffi2
cient
(SESC=  ) was calculated as the ratio of sepal


length to sepal width, Specific reference of calculation method in Figure 2(K).

9;;06,=498 ,8,6B<4< ,8/ 79/066482 The
Luffa sepal trait data were analyzed using Pearson
partial correlation method [18]. Supposing there are
 variables , ,..., , the simple correlation coefficient between each two variables can be written
in a Pearson correlation coefficient symmetric matrix as shown follows:
⎛ r11 r12 ... r1n ⎞
⎟
⎜
R= ⎜ r21 r21 ... r2n ⎟
⎜ ... ... ... ... ⎟
⎟
⎜
⎜ r r ... r ⎟
nn ⎠
⎝ n1 n2
In the matrix, (), represents a
simple correlation coefficient between each of the
two variables. If Δ was set to this matrix determinant, namely Δ =

,

the variable partial correla-

tion coefficient between
as follows:

  =

− Δ 

and




&# 
$91/4110;08=<>-<:0.40<91>11,
;,:3<<39@=3070,891-496924.,6;0:64.,=0<D
<=,8/,;//0?4,=498$3,;482=30<,7060==0;<
,-9?0=30:948=<48/4.,=089<428414.,8=/4110;
08.0<1;970,.39=30; !'E "4110;
08=60==0;<48/4.,=0=30;04<,<=,=4<=4.,66B<428414
.,8=/4110;08.0-0=@0080,.3:948= !
'E "%30;019;0=30;04<89<428414.,8=
/4110;08.0-0=@008=39<0:948=<<3,;482.97798
60==0;<@3460=30;04<<=,=4<=4.,6/4110;08.0-0
=@008=39<0@4=39>=.9779860==0;<30;048,1=0;
=30<,704842>;0 42>;0 ,8/42>;0

can be calculated

, in which Δ , Δ , Δ 

Δ  .Δ 

represent the co-factor of , ,  respectively.
Based on R-mode factor analysis of the variables of Luffa female sepals [19], we built a mathematical model as:  ×1 = × ⋅ ×1 ×1, in
which X stands for the measured p-dimensional
random vector, =T is unobservable
m-dimensional () random vector, whose various components will appear in each variable, and is
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%30,8,6B<4<91>11,107,60<0:,6=;,4=<In
order to precisely describe the morphology of Luffa
female sepal, we measured a variety of traits of
sepals, including SEL, SEW, SESA, and SESC. The
SESC can quantitatively reflect the genetic diversity of sepals. As shown in Figure 3 and 4, there was
a significant difference of SEL and SEW among
different varieties of Luffa sepals. In each variety,
SEL values are about 2 times of SEW.

As shown in Figure 5, SESA of subspecies
(variety) 3 (Chen Feng Luffa) was significantly
higher than the other 13 species while SESA of
subspecies 2 (Taiwan meat Luffa) was the lowest
among all 15 subspecies. There was no significant
difference detected among the subspecies 1, 4, 5, 8,
11and 12. As shown in the Figure 5, subspecies 8
had a significant higher SESC while some other
subspecies (1, 2, 3, 6, 7, 9, 12, 13, 14 and 15) ex-
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hibited no considerable difference. For the SEL
value, we detected no significant difference among
subspecies 1, 4, 5, 7, 9, 10, 11 and 13. This indicates SESA of different varieties of Luffa exhibited
little difference, with only a few showing a significant difference. However, we found that the smaller
the SESA, the less protective effect of buds, which
leads to poor quality, results shown in Figure
2(E-J).

scribed as follows:

 = 0.776 ⋅ 10.629 ⋅ 2
 = 0.893 ⋅ 10.447 ⋅ 2
 = 0.997 ⋅ 10.058 ⋅ 2
 = −0.094 ⋅ 10.995 ⋅ 2

9;;06,=498,8,6B<4<We conducted Pearson's
partial correlation analysis on phenotypic traits of
female flower sepals among 15 Luffa varieties. As
seen in Table 2, the SESC values displayed a significant positive correlation (R=0.552) with SEL,
while showed a significant negative correlation
(R=-0.526) with the SEW. We detected no significant correlation (R=-0.036) between SESC and
SESA. Our results suggested that the shape of the
Luffa female sepals is mainly determined by the
SEL and the SEW, but has a low correlation to
SESA.

#79/0 1,.=9; ,8,6B<4< ,8/ 7,=307,=4.,6
79/066482 We performed R-mode factor analysis
on Luffa sepal traits of female flowers in early stage
pollination and fertilization. As shown in Table 3,
Characteristic of the first two variables of the eigenvalues was greater than 1, and the total Cumulative (%) was 99.829%, indicating that the first and
the second principal components can fully explain
the four variables. The contribution rate of the first
two principal components is 60.198% and 39.631%
respectively. The contribution to the sepals shape is
in the order as: SEL> SEW> SESA> SESC. Based
on above results, we made varimax rotation on factor loadings matrix and obtain a factor model de-

and

**

Female sepal shape, smoothness and other
traits vary among different species. Here we observed some main sepal traits including shapes
(obtuse triangle or acute triangle) and smoothness
(smooth backside or small projections). Our results
indicated that sepals with larger surface area tend to


% 
9;;06,=498,8,6B<4<91<0:,6=;,4=<
SEL
SEW
SESA
1
0.412
1
0.811**
0.863**
1
-0.036
0.552*
-0.526*

Trait
XSEL
XSEW
XSESA
XSESC
*

As we can see from the factor loadings matrix
and factor model, the first main factor F1 was
mainly determined by the variable XSEL, XSEW,
XSESA, whose load on the main factors were 0.776,
0.893, 0.997 respectively. This can explain the correlation between sepal size and calculated factors
such as SEL, SEW and SESA; the second main
factor F2 is mainly determined by the XSESC and its
variable load on the main factors was 0.995, which
explains the relation of sepal shape to the calculated
factors. According to the factor loading matrix, F1
and F2 stand for the first and the second main factor,
which suggests that the sepal traits closely link to
SEL, SEW and SESA.


$&$$! 

SESC

1

correlation is significant at the 0.05 and 0.01 level



component

Eigenvalues

XSEL
XSEW
XSESA
XSESC

2.408
1.585
0.005
0.002

% 
',;4,8.091/4110;08=?,6>0<
Cumulative
Total Cumulative
Variable
(%)
(%)
60.198
39.631
0.126
0.045

60.198
99.829
99.955
100.000
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SEL
SEW
SESA
SESC

(Rotated Component Matrix)
F1
F2
0.776
0.629
0.893
-0.447
0.058
0.997
0.995
-0.094
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have more projections on backside of sepals. This
enhances ehe protective effect of sepals, which
makes buds and fruits grow better and stronger.
This conclusion is also consistent with the previous
report by Zhao Bo et al. [4-7] Our Pearson partial
correlation analysis showed that SESC and SEL
have a significant positive correlation (R = 0.552)
with sepal traits, but SEW showed a negative correlation (R = -0.526). No correlation (R = -0.036)
was detected for SESA. Together, it indicated that
the shape of the Luffa female sepals is mainly determined by SEL and SEW decision. Our R mode
factor analysis provides an order of factor contribution to sepal traits. Our mathematical model shows
that sepal shapes tightly associate to SEL, SEW and
SESA, which provides a reference model for future
research on sepal development and function. By
studying Luffa female sepals of different varieties
planted in the open air conditions, we aim to gain
factors that influence Luffa female sepals shape. In
addition, we measured the early sepal shape before
the pollination. Meanwhile, we performed the
measurement on opening quality of the gourd female flowers, fruit appearance, quality and size, as
well as plant growth conditions. We found there is a
positive correlation between sepal quality and all
other traits we measured. This provides evidence
that the better the quality of sepals are, the better
quality of Luffa female flowers and fruit are. Previous studies suggested that the presence of persistent sepals reduced fruit quality and ultimately decreased the fruit economic value. However, our
results on Luffa suggest that sepal traits could directly promote bud growth and fruit quality, which
may partially through protection role. Therefore, it
is possible that the role of sepals in different plants
is quite different.
 !( %$ 
This work was funded by Fujian Vegetable
Industry and Agricultural Technology Extension
Program (KNJ-152020), TW and FJ Vegetable
Germplasm Resources, Industry Extension Program
(KF2015110), the Innovation and Service Platform
of Facility Vegetable Seed Industry in Fuzhou,
China (2017-PT-113 and the Major Science and
Technology Projects of the Fujian Province of China (Grant No. 2013N2001).

## $
[1] Mazali, I.Q., Alves, O.L. (2005) Morphosynthesis: high fidelity inorganic replica of the fibrous net work of loofa sponge (Luffa cylindrica). An. Acad. Bras. Ciênc. 77, 25–31.

4012

$# 

! %     









    !"  ! 




[17]Novak, J., Gimplinger, D., Franz, Ch. and
Grunewaldt, J. (2002) Inheritance of calyx
shape in the genus Origanum (Lamiaceae).
Plant Breeding. 121, 462–463.
[18]Gong, H. (2013) Correlative analysis between
the metatarsalgia and the X-ray measurement
indexs under weight-bearing and non
weight-bearing of hallux valgus. China Academy of Chinese Medical Sciences.
[19]Jiang, S.K., Zhang, X.J., Wang, J.Y. (2012)
Research advancement on young panicle and
spikelet development in rice. Journal of plant
genetic resources. 13(6), 1018-1022.
[20]Jiang, Y.C. (2011) Research of differences of
endogenous hormones and quality in Calyx
persistent or fall off fruit. D. Nanjing Agri.
Univ.





#0.04?0/
  
..0:=0/
   


!##$"!  &%!#

$3>,82(>
College of Horticulture,
Fujian Agriculture and Forestry University,
15 Shangxiadian Road,
Fuzhou 350002 – China
e-mail: wus@fafu.edu.cn


















4013

© by PSP

Volume 27 ± No. 6/2018 pages 4014-4022

Fresenius Environmental Bulletin

THE IMPACT OF CLIMATE FACTORS ON THE WILDFIRE
OCCURRENCE IN SERBIA
Tatjana Ratknic1,*, Mihailo Ratknic1, Tatjana Cirkovic-Mitrovic1, Ljiljana Brasanac-Bosanac2
1

Institute of Forestry, Department of Forest Establishment, Siviculture and Ecology, Kneza Viseslava 3, 11030 Belgrade, Serbia
2
Institute of Forestry, Department of Environmental Protection and Improvement, Kneza Viseslava 3, 11030 Belgrade, Serbia

health, etc. They used to cover a much larger area
of Earth's land surface than today.
Forest cover in Serbia is close to the world
cover of 30%, but significantly lower than the European average of about 46% (Temperate and Boreal Forest Resources Assessment ± TBFRA 2000http://www.unece.org/fileadmin/dam/timber/
fra/pdf/fullrep.pdf). The total forest area in Serbia is
2,252.400 ha, 1,194.000 ha or 53.0% of which is
state owned, and 1,058.400 ha or 47.0% privately
owned. High forest stands cover 27.5%, coppice
forests 64.7%, artificially-established stand (cultures) 6.1% and plantations (poplar and willow
clones) 1.7% of the total area [1].
Wildfires are the most extreme form of devastation or complete destruction of forests. The damage they inflict and the consequences they cause, as
well as the forest area they destroy every year,
make wildfires a worldwide problem that requires
the involvement of all social institutions and entities
in their prevention and suppression. More than
50,000 forest fires occur worldwide every year,
destroying approximately 400,000 hectares of forests. The increasing number of forest fires is in
correlation with a number of factors, the most
common of which are: the frequency and duration
of drought periods, the increasing presence of people in forests, non-compliance with legislation, etc.
The occurrence of forest fires depends on climate
conditions, humidity, the amount of flammable
plant material and human activity.
According to official FAO data cited by Radovanovic, Pecelj [2], the share of wildfires of
unknown causes in the total number of fires in Europe is about 43%. The damage caused by these
fires varies from year to year, and the main problem
lies in the fact that it is hardly possible to predict
where and when they will occur.
The hard fact supported by previous research
is that wildfires, which destroy vegetation all over
the world year after year, keep endangering the
human environment as well. Despite all the
achievements of the modern era, as well as the
measures undertaken so far (at the global level), it
can be concluded that the social community is usually unable to face the phenomenon of fire. In such
circumstances, the "guilt" is attributed to the deliberate or accidental ignition by man or to atmospher-

ABSTRACT
Wildfires are the most extreme form of devastation or complete destruction of forests. In recent
decades, Serbia has experienced a dominant trend
of rising air temperatures and reduced rainfall.
Climate change increases the risk of wildfire occurrence and spread. The available statistical data point
to an increasing number of wildfires and burnt
areas.
A study of specific climate characteristics and
fire occurrences in Serbia in the period from 2005
to 2015 shows that there was a total of 2542 fires in
this period, 2151 of which were more than 500 ha
large. The total fire-burnt area in this period
amounted to 22978.7 ha, with the average area of 9
ha. All the burnt areas over 500 ha in size covered a
total of 20585.2 ha or 89.6% of the total area. The
observed period had water deficits occurring during
the summer, from July to September, with the highest potential evapotranspiration in July and August.
The summer of 2012 was the hottest on record, with
very low rainfall which mostly affected small parts
of the territory of Serbia. All these factors were
favourable for the fire occurrence, so the largest
burnt area in Serbia (11890.83 ha) was recorded in
this calendar year. The culmination of the water
deficit and potential evapotranspiration coincides
with the fire occurrence on the largest surface area.
The fire occurrences are closely related to the size
of these parameters.
The integral approach to forest ecosystem protection and their timely adaptation to climate
change is the basis for defining measures that need
to be implemented in order to improve the state and
sustainability of forest ecosystems in Serbia.

KEYWORDS:
Serbia, wildfire, climate-wildfire interactions, potential
evapotranspiration, water deficit.

INTRODUCTION
Besides their ecological role in maintaining
important life cycles, forests provide other benefits
related to the economy, tourism, trade, recreation,
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The analytical method was applied, using the results
of previous studies of climate parameters, their
changes and the impact on the state of forest fires in
Serbia.
All the fires in the territory of Serbia were registred and analyzed, including the area they covered
and the locality they affected. The study of the
impact of climate factors on the fire occurrence
GLGQ¶WLQFOXGHKXPDQ-induced fires.
The relationship between climate factors and
the burnt area was analyzed for the fires spreading
over an area of more than 500 ha in certain areas of
Serbia.
In addition to data from the Republic Hydrometeorological Service, the study included additional data on fires from the Ministry of Agriculture, Forestry and Water Management, PE "SrbiMDãXPHDVZHOODVUHOHYDQt scientific papers, studies, projects and monographs dealing with this
issue.

ic electrical discharges.
The relationship between meteorological conditions and fire occurrence is well known [3]. In
recent decades, Serbia has experienced a dominant
trend of rising air temperatures and reduced rainfall.
Climate change increases the risk of wildfire occurrence and spread. The available statistical data point
to an increasing number of wildfires and burnt
areas.
Fire preventive and repressive activities largely depend on the degree of vulnerability, the
knowledge of which enables timely and effective
protection. By determining the degree of vulnerability we predict the risk and propose measures to be
taken at a certain time to prevent wildfire.
Monitoring and recording of the fires in Serbia
in the period from 2005 to 2015, their number and
the size of the burnt area, accompanied by the analysis of specific climate parameters can be used to
demonstrate the interaction between climate characteristics and the occurrence of fires in this region.

RESULTS AND DISCUSSION
MATERIALS AND METHODS
All the burnt areas over 500 ha in size covered
a total of 20585.2 ha or 89.6% of the total area
(Figure 1).
Table 1 shows data on the number of fires and
the total area of fire for the period from 2005 to
2015. In this period, a total of 2542 fires broke out
in Serbia, 2151 of which were more than 500 ha
large. The total burnt area in this period amounted
to 22978.7 ha, while the average area was 9 ha.

Only the data obtained by systematic meteorological measurements can form the basis for a valid
assessment of the present state and its comparison
with previous periods. The data on climate characteristics and changes in Serbia were obtained from
the Republic Hydrometeorological Service of Serbia. The study of climate parameters in the territory
of Serbia in the period from 2005 to 2015 was conducted according to the Thornthwaite method [4].

  
1,''

2,''

FIGURE 1
Fires in the territory of Serbia per surface area they cover
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TABLE 1
Number of forest fires and burnt area in the territory of Serbia in the period from 2005 to 2015
Burnt
City/area of
the fire

Year

area
/
number

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Total

of fires
)UXãND
Gora
Despotovac
.UXãHYDF
Kucevo
Leskovac
8åLFH
Ivanjica
3DQþHYR

Prijepolje
5DãND
ĈHUGDS
Sombor
Sremska
Mitrovica
1Lã
Novi Sad
Boljevac
.XUãXPOLMD
Vranje
Kragujevac
/HSRVDYLü
Pirot
Loznica
%ɟOJUDGH
ɄɪDOMɟYɨ

area (ha)

6.75

13.8

number

5

11

area (ha)

2.67

2.42

number

2

3

area (ha)
number

64.01
30

109

11

42

number

498.00

19.5

2

7
2

3

3

27

57

5

1

191.35

0.94

4.88

39.05

319.93

1.14

4

4

26

area (ha)

528.61

183.71

26.53

22
2

11

90

1

96.48

777

14

370.88
13

13
3

115

0.4

576.11

1

1

8

2

33

57

3

2

6.5

36

0.1

0.5

98.51

727.24

42

2.35

number

1

2

4

1

2

12

3

1

4.5

number

1

3

area (ha)

0.6

1.6

4.5

6.3

1.8

1

2

1

1

1

area (ha)

number
9

34

1181.21

number

1

2

area (ha)
number
5.5

number

2

area (ha)

14

number
12.03

number

4

area (ha)

2.98

number

1

2.5
1

3

3

22.4

80.6

4

7

10

6

73.49

357.38

10

36

1348.22
37
469.37
55

6

45

476.55

1

60

175

1589.52

15

50

47

1

9

125

1.54

1.5

1.3

37.28

13

4

1

4

9.45

1.45

11

13

11

1290.62

492.16

12.92

81

57

10

14.24

5

4

195.97

79.7

50

536.14

34
15.38

2

5.78

1

49.06

6.18

number

number

243
38.48

0.7

area (ha)
45.5

210

48
955.04

179.09

9.81

number

21

94

375.89

97.34

area (ha)

11

802.76

121
931.7
356.61

360.35

6

area (ha)

31
95.08

1
7

858.84

area (ha)

5
155.42

0.7

22

area (ha)

62
170.69

150
1557.9

area (ha)
area (ha)

1385.7

5

3

1

3

177

0.28

1

56.31

1
1264

101.6

3

4

5

116.8

number

7

1

23

19

50

230

10

18

12

370

area (ha)

63.7

54.2

360.24

4520.5

94.57

27.32

3.18

5123.71

number

14

3

2

area (ha)

246.44

number

13

area (ha)

210

75

13

1948

37.51

15
2341.91

6

138.4

38

1
69

230

area (ha)

188.26

1910.85

66

472

11

4

1.32

45.3

2.5

10.02

2

10

2

3

1
5

1

4

3

1

4

2

1
3.18

number

2

area (ha)

2
100

113

2

10

40.2

43.38

2.5

0.1
1

3.1

36.42

5
1.5

1.65
4

number

1

3

7

23

2

0.53

11.59

167.1

14.2

1.5

number

3

3

35

7

area (ha)

%DãWD

number

TOTAL AREA (ha)
TOTAL NUMBER
TOTAL AREA (ha)
TOTAL NUMBER

30

3
0.14

149.55

3697.45

117.5

327.54

730.99

3770.72

11890.83

45.41
41
194.92

1

49

0.7

0.7

1
23.4

572
305.58

1

area (ha)

Bajina

147
2864.54

215

number
number

7
21.6

5

area (ha)
area (ha)

178.97

863.92

1
600.97

346.54

22978.7

10

17

171

13

72

58

476

1436

118

43

56

2542

13.67

131.02

3148.72

115.83

216.85

728.39

3578.97

11050.18

344.92

589.17

336.59

20585.2

4

10

109

8

51

56

420

1305

65

38

46

2151

- total burnt area larger than 500 ha
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Most of the fires, both in terms of their number and the surface area were in the area around the
city of Vranje, a quarter of all burnt areas.
.XUãXPOLMD DFFRXQWHG IRU  RI WKH WRWDO EXUQW

area larger than 500 ha, Boljevac for 11.4%. The
smallest area (2.8%), affected by fires was regisWHUHGLQWKH.UXãHYDFDUHD )LJXUH 

FIGURE 2
The share of the burnt areas larger than 500 ha per city/area in which the fire occurred
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FIGURE 3
Burnt area in the territory of Serbia in the period from 2005 to 2015
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FIGURE 4
Average, minimum and maximum daily air temperatures in Serbia during the summer 2012
(Source: SmaiODJLüHWDO [6])
TABLE 2
Water balance by Thornthwaite for Belgrade meteorological station for the period 2005-2015
METEOROLOGICAL STATION: BELGRADE
T oC
i
(PE)
I
2.6
0.37
5
II
3.2
0.51
6
III
8.3
2.16
25
IV
14.1
4.82
54
V
18.4
7.20
79
VI
21.9
9.39
102
VII
24.6
11.16
120
VIII
23.9
10.65
115
IX
19.0
7.54
83
X
13.4
4.43
50
XI
8.7
2.32
27
XII
3.7
0.62
8
ANN.
9.6
61.16
V.P.
20.3
Hum In.= 12.6893
CLIMATE: SUBHUMID

PE
P
4
59
5
60
26
65
61
42
104
92
132
79
162
64
143
59
86
60
49
53
21
39
6
56
798
727
687
395
Arid.in. = 24.0245
DRY- (C1)

The driest years of the 21st century were 2000,
2003, 2007, 2011 and 2012. The summer of 2007
was characterized by extremely high temperatures,
so a large number of major weather stations in Serbia registered absolute maximums of air temperatures and the absolute maximum for Serbia (Smederevska Palanka 44.9°C). The area affected by
fires in 2007 amounted to 4000 ha (Figure 3), and
the highest number of fires, more than 50% of
them, was recorded during the summer, in the period from June 1 to August 31.
The summer of 2012 was the hottest on record, with very low rainfall which mostly affected
small parts of the territory of Serbia. Absolute maximum number of tropical and summer days, as well
as tropical nights, was exceeded. Extremely high
maximum and minimum temperatures were measured at the beginning of June. They remained
throughout the whole summer with short interruptions [5, 6]. All these factors were favourable for

PERIOD: 2005-2015
R
SE
M
100
4
0
100
5
0
100
26
0
81
61
0
69
104
0
17
132
0
0
80
82
0
59
84
0
60
26
4
49
0
22
21
0
72
6
0
606
192
495
192
Cl. ind. = -1.7254

V
27
55
38
-19
0
0
0
0
0
0
0
0
101
-19

the fire occurrence, so the largest burnt area in
Serbia (11890.83 ha) was recorded in this calendar
year (Table 1, Figure 4). Out of a total of 1439 fires
in the territory of Serbia in 2012, 17% were recorded in the period from March to May. The summer
of the same year (from June 1 to August 31) registered 70% of all fires and another 13% were registered in September.
The study of the water balance for Belgrade
(Table 2, Figure 5) as the northern and Vranje (Table 3, Figure 6) as the southern point of the study
area reveals that the climate is dry subhumid - C1.
The average annual temperature measured at both
meteorological stations was 9.6°C. The average
rainfall total was 798 mm in Belgrade, while it was
slightly lower in Vranje, 639 mm. The study period
of 2005-2015 had water deficits during the summer,
from July to September, while the potential evapotranspiration reached the greatest values in July and
August.
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FIGURE 5
Climate chart by Thornthwaite for Belgrade Meteorological Station for the period 2005-2015
TABLE 3
Water balance by Thornthwaite for Vranje meteorological station for the period 2005-2015
METEOROLOGICAL STATION:
T oC
i
I
0.9
0.08
II
2.4
0.33
III
6.8
1.59
IV
11.9
3.73
V
16.4
6.03
VI
19.9
8.12
VII
22.6
9.79
VIII
22.7
9.89
IX
17.5
6.68
X
11.8
3.69
XI
7.0
1.68
XII
1.9
0.24
ANN.
9.6
51.85
V.P.
18.5
Hum.in.= 17.1908
CLIMATE: SUBHUMID

VRANJE
PERIOD: 2005-2015
(PE)
PE
P
R
2
1
45
100
6
5
45
100
23
24
48
100
47
53
53
100
72
94
70
76
93
118
60
18
109
144
37
0
110
135
38
0
79
82
57
0
47
46
72
25
24
20
63
69
4
4
52
100
726
639
626
314
Arid.in. = 29.2521
DRY - (C1)

SE
M
1
0
5
0
24
0
53
0
94
0
118
0
55
90
38
97
57
25
46
0
20
0
4
0
514
212
414
212
Cl. ind. = -0.3605

V
44
40
24
0
0
0
0
0
0
0
0
18
125
0

FIGURE 6
Climate chart by Thornthwaite for Vranje Meteorological Station for the period 2005-2015
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FIGURE 7
Potential evapotranspiration, water deficit and burnt area in the territory of Vranje in 2012
Fiorucci et al. [12] studied the influence of climate
parameters and topographic characteristics on the
occurrence of fires in Italy and found a very high
correlation of the air temperature with the burnt
surface area.
According to research [13, 14, 15, 16], etc.,
the frequency of forest fires is expected to increase
under the influence of climate change and human
activity.

In 2012, Vranje, as a city with the largest
burnt area, had the deficit of water recorded from
June to November. Its culmination coincides with
the time of the fire occurrence on the largest surface
area. Potential evapotranspiration was greatest in
July and the plant material with such a high rate of
water loss is highly flammable (Figure 7). Therefore, among other things, it can be concluded that
the occurrence of fire is closely related to the size of
these parameters.
The research of Pinol et al. [6] found that meteorological data could serve as indicators of the
fire hazard in eastern Spain. The research results of
Dale et al. [8] indicate that the frequency, size,
intensity, periodicity and type of fire depend on the
weather and climate besides the structure and composition of the forest. The onset of fire and its
spread depend on the amount and frequency of
precipitation, the presence of fire-causing agents
and fire-prone conditions (e.g. thunder, availability
and distribution of flammable materials, topography, temperature, relative humidity and wind
speed). RaGRYDQRYLü 3HUHLUD *RPHV >@ point out
that prolonged droughts, high temperatures, vegetation, terrain configuration, thunders, etc. can under
certain conditions make and dictate the conditions
of forest fire development. Research of Gedalof et
al. [10], RDGRYDQRYLü, Pereira Gomes [9] and others
point out that in dry areas summer blocking events
can lead to an increase in the burnt areas even if
there has been no drought. Littell et al. [11] also
point to a significant correlation between the climate and the fires in the western United States.

CONCLUSIONS
By analyzing certain characteristics of climate
and the occurrence of fires in Serbia in the period
from 2005 to 2015, it can be concluded that a total
of 2542 fires broke out in this period, 2151 of
which were more than 500 ha large. The total burnt
area in this period amounted to 22978.7 ha, while
the average area was 9 ha. All the burnt areas over
500 ha in size covered a total of 20585.2 ha or
89.6% of the total area. The observed period had
water deficits occurring during the summer, from
July to September, with the highest potential evapotranspiration in July and August.
The summer of 2012 was the hottest on record, with very low rainfall which mostly affected
small parts of the territory of Serbia. All these factors were favourable for the fire occurrence, so the
largest burnt area in Serbia (11890.83 ha) was recorded in this calendar year. The culmination of the
water deficit and potential evapotranspiration coin-

4020

© by PSP

Volume 27 ± No. 6/2018 pages 4014-4022

Fresenius Environmental Bulletin

[6] 6PDLODJLü - 6DYRYLü $ 1HãLü ' 0LOHQ
NRYLü 0 =GUDYNRYLü 6   Climatological analysis of the summer 2012 in Serbia. Seasonal Bulletin, The Republic of Serbia, Republic Hydrometeorological Service, National
Center for Climate Change, Department of
Climate Forecast, Information and Training
Department.
[7] Pinol, J., Terradas, J., Lloret, F. (1998) Climate
warming, wildfire hazard, and wildfire occurrence in coastal eastern Spain. Climatic Change
38, 345-357.
[8] Dale, V.H., Joyce, L.A., Mcnulty, S., Neilson,
R.P., Ayres, M.P, Flannigan, M.D., Hanson,
P.J., Irland, I.C., Lugo, A.E., Peterson, C.J.,
Simberloff, D., Swanson, F.J., Stocks, B.J. and
Wotton, M.B. (2001) Climate Change and Forest Disturbances. BioScience. 51(9), 723-734..
[9] Radovanovic, M., Gomes, J.F.P. (2009) Solar
activity and forest fires. Nova Science
3XEOLVKHUV1HZ<RUNɪ-139
[10] Gedalof, Z., Peterson D.L. and Mantua, N.J.
(2005) Atmospheric, climatic, and ecological
controls on extreme wildfire years in the
northwestern United States. Ecol. Appl. 15,
154-174.
[11] Littell, J.S., McKenzie, D., Peterson, D.L.,
Westerling, A.L. (2009) Climate and wildfire
area burned in western U.S. ecoprovinces,
1916-2003. Ecological Applications. 19(4),
1003-1021.
[12] )LRUXFFL3%LRQGL*&DPSR/'¶$QGUHD
M., Degli Esposti, S. (2016) Analysis of climate and topographic effect on wildfire regime
in Liguria, Italy. Geophysical Research Abstracts. Vol. 18, EGU2016-3546-2, 2.
[13] Syphard, A.D., Radeloff, V.C., Keeley, J.E.,
Hawbaker, T.J., Clayton, M.K., Stewart, S.I.,
Hammer, R.B. (2007) Human influence on California fire regimes. Ecological Applications.
17, 1388-1402.
[14] Lutz, J.A., van Wagtendonk, J.W., Thode,
A.E., Miller, J.D., Franklin, J.F. (2009) Climate, lightning ignitions, and fire severity in
Yosemite National Park, California, USA. International Journal of Wildland Fire. 18, 765774.
[15] Moritz, M.A., Parisien, M., Batllori, E., Krawchuk, M.A., Van Dorn, J., Ganz, D.J., Hayhoe,
K. (2012) Climate change and disruptions to
global fire activity. Ecosphere. 3, 1-22.
[16] Liang, S., Hurteau, M.D., Westerling, A.L.
(2017) Response of Sierra Nevada forests to
projected climate-wildfire interactions. Global
Change Biology. 23(5), 2016-2030.

cides with the fire occurrence on the largest surface
area. The fire occurrence is closely related to the
size of these parameters.
If we want to prevent the occurrence of forest
fires in the future, there is no doubt more attention
should be paid to prevention, education, raising of
environmental awareness and providing financial
means for the establishment of the so-FDOOHG³IRUHVW
ILUHEUHDNV´. These firebreaks `break` forests at
those sites that are considered to be "black spots",
registered as potential fire breaking sites every year,
especially during the summer (when air temperatures are extremely high and precipitation low).
The integral approach to forest ecosystem protection and their timely adaptation to climate
change is the basis for defining measures that need
to be implemented in order to improve the state and
sustainability of forest ecosystems in Serbia.
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14-17]. Criteria air pollutant (CAP) in the different
size through throat, nose and mouth can be drawn
deep into different parts of the lung. [12, 13, 9, 18,
19]. According report the world health organization
(WHO) yearly, approximately 800,000 people in the
all of the world are affected the respiratory and cardiovascular diseases attributed to CAP [20-23].
Based on resut epidemiologic study the most important consequences of exposure to air pollutants
are, increase hospital admission rates due to respiratory and cardiovascular disease, reduced lung function, eye irritation, cancer and respiratory and cardiovascular death [24-26, 13, 9, 1-8, 10]. The statistics
show that the air quality index (AQI) in many metropolitan cities is higher than the safe amount determined by the WHO [27-29]. Decreasing air quality
because of development industries, urbanization,
population growth, transportation, dust storm, climate change and reduce green space are the most important reasons in the reduction of the air quality index [30-32, 1, 2, 4, 6, 7, 27, 33]. Several studies reported that the criteria air pollutant have reduction of
the air quality in urban area [34, 25, 27, 35, 36]. Abadan city because of exposed to oil and gas contaminants such as heavy metal and poly aromatic hydrocarbons, pollutants caused by transportation and
Middle Eastern Dust (MED) storms is one of the
most polluted cities in Iran and the world [6-8, 37,
38]. Abadan city is located in the southwest of Iran,
and have been exposed to large amounts of Criteria
air pollutant.
The main objective of this study was association of the air quality index related (AQI) to criteria
air pollutants (CAP) outdoor air in Abadan, Iran during 2016-2017.

Air pollution because of the dangerous compounds present in it can very dangerous for humans.
Abadan due to exposed to Middle Eastern Dust
(MED) storms, heavy industries emission (petroleum and oil) and climate condition is one of the
most polluted cities in Iran. The aim of this study
was to assess the air quality index related (AQI) to
criteria air pollutants (CAP) outdoor air in Abadan,
Iran during 2016-2017. In this descriptive study, the
air quality data of were taken from the Khuzestan environmental protection agency (Khuzestan EPA)
during 2016-2017. In this study we used to EPA
guidelines for calculation of AQI. The results show
that unhealthy condition for sensitive groups with
32.87% (120 days) was highest situation air quality.
Also, according result this study good condition (41
days, 11.23%), moderate (150 days, 41.09%), unhealthy conditions (24 days, 6.57%), very unhealthy
(21 days, 5.75%) and dangerous conditions (9 days,
2.65%) were the AQI in Abadan. Result of this study
showed the mean of PM10 concentration in Abadan
was significantly higher than standard. Also, according to results level of AQI during 2016 were higher
than the standard. We can reduce the exposed to criteria air pollutant (CAP) in outdoor air by increase
environmental monitoring, decreasing CAP in
source and increase people knowledge.


*( #$
Criteria Air Pollutant, Air Quality Index, Middle Eastern
Dust, Abadan, Iran.

%# &% 

Air pollution due to urbanization, industrialization and dust storms is one of the most dangerous
that threaten human health [1-11]. Based on result
different study he most important components indoor and outdoor air pollution are particle mater
(PM10), carbon monoxide (CO), ozone (O3), nitrogen
dioxide (NO2) and sulfide dioxide (SO2) [12, 13, 9,


%#$% $

$<=.@+:/+Abadan (30°20ʹN, 48°17ʹE), with
population more than 300,000 persons, is one of the
metropolitans in Khuzestan province [37, 38]. Located Abadan in the southwest of Iran (Figure 1).
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Levels of Health Concern
Good
Moderate
Unhealthy for Sensitive Groups
Unhealthy
Very Unhealthy
Hazardous

Air Quality Index
0-50
51-100
101-150
151-200
201-300
300-500

3: ;+584361 Criteria air pollutant-monitoring sites were established and the Environmental
Protection Agency Environmental Protection
Agency (Khuzestan EPA) of Khuzestan was responsible for the maintenance and operation. Criteria air
pollutant concentrations were measured using the
Beta attenuation method. One-year data of criteria
air pollutant levels 2015 years were collected. 24hour criteria air pollutant levels were processed using Excel to calculation of air quality index.

%2/+3:9=+43<@36./?"The criteria air
pollutants data from 2016 years were collected in
Khuzestan EPA, Iran. The AQI attributed to CAP

can be calculated by the following equation [27, 39,
35]: 

 =

  −   0
(  − 0 ) +  0
 −  0

(1)

Where; Ip is the index for pollutant p, Cp is the
rounded concentration of pollutant p, BPHI is the
breakpoint that is greater than or equal to Cp, BPLo
is the breakpoint that is less than or equal to Cp, IHI
is the AQI value corresponding to BPHI and ILo is the
AQI value corresponding to BPLo [27, 39, 35]. For
judge the air quality related to criteria air pollutant
were used Table 1.
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SO2 (ppm)
CO (ppm)
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187
68
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Criteria air poullltants
SO2
PM10
CO

 $
±28.2
±6.38
±4.52
  

Air quality index
30.89
128.34
22.56
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Table 2 shows the annual average concentrations of criteria air pollutants in Abadan during
2015-2016. The maximum seasonal criteria air pollutants concentration in Abadan, with during the
cold season.
The highest amount of criteria air pollutants
was related to PM10. According result our study the
annual average PM10 concentration during 20152016 in Abadan was more than the National Ambient Air Quality Standard (NAAQS) (150μg/m3).
Table 3 indicates the value of AQI in criteria
air pollutants in the study area. According to Table
3, the highest AQI is related to the PM10. In 87 % of
the cases, the main pollutant was PM10.

in stations near industrial or high traffic areas and
situation had unfavorable [40].
In a similar work, Mokhtari et al. in 2015 assessment of health impact of exposed to environmental PM10, PM2. 5 and SO2 and calculated air quality index this pollutant [35]. Based on result this
study approximately the air quality index in 35 days
of the year was in an unhealthy condition. Also the
main pollutants responsible for high AQI was PM10
[35]. Liu in their study in urban Nanchang in 2016,
evaluated the effect of meteorological factors on
PM10 during autumn-winter [41]. They reported that
PM10 concentration in the cold season was higher
than that in the warm season that is similar to result
this study. Jafari et al. in 2017 studied seasonal and
spatial variations of air quality index and ambient air
pollutants in Isfahan [27]. According result this
study, the air quality index in 40 percent of days in
year was in an unhealthy condition for sensitive
group’s condition [27]. Based on their result that
PM10 was the main pollutants for high calculated
AQI [27].
The most important reasons related to criteria
air pollutants concentration and increase air quality
index in Abadan are located in a desert area, dust
storm, heavy industries (Oil, gas, petrochemical and
steel), population ratios and the rates of development.

$&$$ 
Criteria air pollutant which are product mostly
industries, dust storm and fuel combustion are one of
the biggest threaten for citizen health. According to
result this study, air quality index was higher than
Jafari et al. (2017) reported [27]. The main reason
higher AQI can be due to dust storms from internal
(Wetlands Hvrolazym) and external (Iraq and Saudi
Arabia) sources. In similar work, undertaken in
China in 2014 by Haosheng et al studied relationship
between effects of air pollution on daily outpatient
visits using and the air quality index [29]. They observed, the average AQI level for index days was significantly higher than that for comparison days [29].
In 2011, Kermani et al. studied the air quality index
analysis of CAP in Isfahan, Mashhad, Tehran, Tabriz and Arak [39]. They reported that the AQI was
higher than the permissible standard in more than 80
days and the most pollutants was particle mater [39].
In another study, Mohan et al studied an analysis of the annual and seasonal trends of air condition
in Delhi by air quality index method [40]. They reported that air quality index was higher than standard

 &$ 
In this study we association of air quality index
related to criteria air pollutants in Abadan, Iran during 2016. According result this study the particulate
maters was the main pollutants that due to unhealthy
condition. The results of this study showed that fuel
combustion, dust storms, emissions of industries and
climate change in this region are the main cause of
unhealthy air quality in some days in Abadan. It
should be noted that spreading mulch, development
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science, which has become more widespread in recent years worldwide. Besides the food and medicine
industries, MAPs are used in many fields, such as the
beverage, perfume and cosmetic industries [1]. In
Turkey, the number of cultivated MAPs is about 67% of the 400 total traded ones. Among the cultivated plants, poppy, caraway anise, thyme and rose
(oil) are the most common [2, 3, 4].
Studies on medicinal and aromatic plants in
Turkey are mostly carried out on the cultivation of
these plants [5, 6, 7, 8]. As in other cultivated plants,
disease and pests are one of the major factors limiting the production of MAPs. It is reported that pest
insects reduce the yield as well as the commercial
value of crops, causing symptoms and damages,
such as stubbornness, shortening between nodes,
color change in flower and body, decrease in number
and diameter of flowers, loss of absorption, leaf curling, leaf deformation and spillage in MAP [9, 10,
11]. Pests can also have adverse effects on the active
compounds (secondary metabolites) in the plant
parts used as drugs, as well as on the production and
loss of productivity [11, 12]. Secondary metabolites
have important roles, such as the defense of plants
against diseases and pests and the protection against
stress and negative environmental factors. They also
play a major role in the formation of sensory properties such as color, taste and odor of the plants [6]. As
the cultivation of medicinal plants has become a
highly commercial business in Turkey in recent
years, every effort is made to produce such crops free
from any pest attack. Also, beneficial insects such as
predators, parasitoids, pollinators and visitors could
play an important role in improving the productivity
of these plants. A number of investigations have surveyed the insects inhabiting different medicinal
plants in the Aegean region of Turkey [13, 14, 15,
16, 17, 18], though no research has been reported
from the eastern Mediterranean region. Thrips are
one of the harmful pests feeding on medicinal and
aromatic plants, including many species which are
preadapted to an invasive lifestyle. Phytophagous
species are included mainly in the Thripidae family
[19] and can be leaf and flower feeders with proclivities for facultative predation. Others are virus vectors and predators. The first checklist of Thysanoptera in Turkey included 154 species [20]. Lastly,
more than 200 species were identified from Turkey

Turkey, with a wide variety of flora, contains
many medicinal and aromatic plants. Medicinal and
aromatic plants are used primarily in the medicine
and food industries. The cultivation of these plants is
increasing each day in Turkey, but disease and pests
are one of the major factors limiting their production.
Thysanoptera species are pest insects which feed on
medicinal and aromatic plants, reducing the yield
and commercial value of these crops. In this study,
thrips on some medicinal and aromatic plants were
studied in Adana (Karaisalı and Sarıçam districts),
Turkey. Samples were collected from Karaisalı in
2015-2016 and from Sarıçam in 2016. A total of thirteen species belonging to the Thripidae (6 species),
Aeolothripidae (3 species), and Phlaeothripidae (4
species) families were identified: &# !#!!$
#(!' (Pergande), &# !#!! #($#' (Trybom), &%'((Lindeman),&%'+#''
(Morgan), &%' #)'(%' (Uzel), &($(&%'
%!!*'(' (Priesner), #%$(&%' ')##''
(Priesner), $!$(&%' $!!&' (Priesner), $!$
(&%'& (Bagnall), %!$(&%'&)(&(Karny),
%!$(&%' !*#()' (Karny),
%!$(&%'
$+, (Franklin) and %!$(&%' %,!!$%!)'
(Priesner).  $#(!' was the most prevalent
species constituting 74% of the total plant species
and 45% of the total thrips individuals. (and
+#'' shared 66% and 31% in the total samples, respectively, and they represented 33% and 8%
of the total thrips specimens, respectively. %,!
!$%!)' was recorded for the first time in Turkey
through this study. $!$(&%'$!!&'&)'#&
and &,'$%&! &# were the most numerous
and widely distributed predator species observed.


'& "#
Medicinal plant, Aromatic plant, Thysanoptera &# !#
!!$#(!', %!$(&%'%,!!$%!)'



$" %$ 
Medicinal and aromatic plants (MAPs) are being used in alternative or complementary medicinal
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#($#' (Trybom), &%'((Lindeman),
+#'' (Morgan),  #)'(%' (Uzel), &
($(&%' %!!*'(' (Priesner) from the Thripidae
family; #%$(&%'')##'' (Priesner), $!$
(&%' $!!&' (Priesner),  & (Bagnall) from
the Aeolothripidae family; and %!$(&%' &)(&
(Karny), !*#()' (Karny), $+,(Franklin) and %,!!$%!)'(Priesner) from the Phlaeothripidae family. All major species were from the
family Thripidae; representatives of Aeolothripidae
and Phlaeothripidae were relatively less common
(Table 1).
Western flower thrips (WFT),  $#(!'
was detected from 26 of the medicinal and aromatic
plants surveyed and was the predominant species,
making up 45% of all specimens recovered with 74%
frequency (Table 2). It was collected primarily from
black seed,!!'(* L., secondly from chamomile, (&& "$"!! L. and followed by
Russian sage, &$*' (&%!$! (Benth) (Table
1). WFT is a remarkably polyphagous species infesting a wide range of crops worldwide [26, 27]. It attacks the flowers and foliage of greenhouse or protected ornamental plants, vegetables, field crops and
weeds. Evidence of WFT damage can vary depending on the crop attacked and the growth stage of the
plant at the time of attack. Along with feeding on
plant fluids with their sucking mouthparts, it also
transports some viruses. WFT feeds on the pollen
and nectar of many plants, and it may be dislodged
to fall onto surrounding foliage. On flower crops
some silvering and distortion of leaves due to feeding may be noticeable. When present, the flowers are
the preferred site for feeding and petals may be
scarred or discolored. In this study, the pest was observed mostly on flowers and buds. WFT causes fruit
bronzing and fruit deformations in host plants. In
Turkey, the pest was reported for the first time in
vegetables in 1993 in the western Mediterranean region. Shortly after the invasion, it was observed at
cotton fields of the eastern Mediterranean region together with the dominant thrips species,  #($#'
(Trybom). In the three years since its entrance to
Çukurova, it replaced #($#'as the main species
of the region. Growers in the eastern Mediterranean
region have widely used pesticides against WFT
since its entrance. However, the inability of insecticides to reach the cryptic stages of the pest reduced
the efficacy of pesticides [28]. In Turkey, WFT is a
quarantine pest [29].
The second major species, onion thrips, 
( was present in 33% of the samples and constituted 66% of the specimens collected. It was found
infesting 23 of the medicinal and aromatic plants surveyed (Table 2). It was collected mostly from 
('%()! L., $#)!)"*)!& Mill. and "%
#!!')" L., respectively (Table 1). ( is a
polyphagous insect, which has spread to all continents and is recognized as an economically harmful

[21]. In Turkey almost no studies have been reported
on thrips species in medicinal and aromatic plants.
Therefore, the present study was undertaken to study
the Thysanoptera species and their predators found
on some medicinal and aromatic plants.
$"#$ #

#)473- #1;-:The studies were conducted on
thrips species associated with medicinal and aromatic plants in the experimental field of Çukurova
University, Karaisalı Vocational School (37°
15'12.96’N; 35° 4'7.28’E) in Karaisalı during March
2015 - December 2016 and Çukurova University, Ali
Nihat Gökyiğit Botanical Garden (37° 3'2.53’N;
35°21'15.49’E) in Sarıçam during May - December
2016 with non-periodical surveys. No chemical pesticides were applied in the experimental areas
throughout the sampling periods. 

#)47315/ )5, )*69);69? !96+-::15/ 6.
#7-+14-5: Thrips and their predators were monitored from a sampling of flowers and plant parts.
Five to ten plant samples from each medicinal and
aromatic plant, according to the plot size (or plant
number), were randomly selected. Five flowers or
inflorescences measuring 5 cm long from each of the
5-10 plants were tapped together into a white container for 15 seconds [22]. The samples collected
from each plant were then placed separately in plastic bags. At the laboratory, adult thrips specimens
and their larvae were extracted. They were put into
vials with 70% ethyl alcohol in order to determine
their species. Predator species were collected by both
insect net and a visual check of the five open flowers
and remaining plant parts for each of the 5-10 randomly selected plants [23]. Each specimen was labeled with information regarding its location, host
plant and date of collection.

5:-+;,-5;1.1+);165Thrips species (pest and
predator) were identified by the expert. Predator species were identified by using reference material collected at the Entomology Laboratory of Biological
Control Research Institute (Adana) and by using key
descriptions [24, 25].

"#%$##%## 

$0917::7-+1-:A total of 439 specimens were
collected from 35 medicinal and aromatic plant species from both districts during the 2 year period. In
total, 13 thrips species, belonging to 3 families, were
identified. Most of the samples were obtained during
the flowering period between March and June of
both years. The specimens were determined to be
mostly from the Thripidae family. The detected species were &# !#!! $#(!' (Pergande), 
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pest of cultivated plants [30]. Although it was commonly detected in many plant species as well as
weeds [22], it was observed in cotton [31], some
winter vegetables [32] and in fruit orchards in Turkey [33]. It damages the leaves and flowers of its
hosts as well as transports various viruses. It prefers

young plant tissue, causing holes on leaves and flowers. As the damaged surface enlarges, photosynthesis
is prevented and the plant loses water [34]. In this
study, ( was observed mostly on floral receptacles.



$ 
$0917::7-+1-:;0-19.9-8<-5+?)5,)*<5,)5+-154-,1+15)3)5,)964);1+73)5;:15
,)5)15  )5,  
$0?:)567;-9):7-+14-5:15*6;0,1:;91+;:>-9--=)3<);-,;6/-;0-9*6;0?-)9:

$0?:)567;-9)
#7-+1-:
!
$'"&#)'$#!' L.
#(%%&( L.
")"!)" L.
!!'%!#$! L.
#('%( L.
('%()! L.
#)")'((''")" L.
,")''&%,!!)" L.
*#)!'($' L.
()&$&(#''L.
&#)""$&# L.
"()"&*$!#' L.
&$*' (&%!$!
Benth.
&$%!)"
"$!* L.
!''$#!' L.
!*$#!' L.
!*&)($' Mill.
&#)"$#(' L.
&#)"*)!& L.
*#)!#)'($!
Mill.
%%&''%#$' L.
!!'(* L.
$"$&&#( L.
(&&"$"!! L.
$&#&)"'(*)" L.
$#)!)"*)!& Mill.
)&)'#$!' L.
"%#!!')" L.
!#)!$#!' L.
(!'%)&%)& L.
&#)"',&)"
*&*#
#(&*#''L.
#%)&%)& (L.)
,")'*)!&'L.
#($!#
",%&'')' L.
$ $

$



4
1
2
14

(

1
2

%

'





1

5

2
10

1
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1
7

1
5
5
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1
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1

1

7
10
13
4
1

3

3

5

2

1

7
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1

2
1
2

1
1
1
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1
2
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3

1
1
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4
1

4

3

1

3
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2
4
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16

14
22
5
19
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3
31
11

9
3
7
8
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1

1

1























 %!$(&%'%,!!$%!)' New species
$ &# !#!! $#(!'  &# !#!! #($#' ( &%'(  &%' +#''  &%'
#)'(%' % &($(&%' %!!*'(''#%$(&%' ')##''$!$(&%' $!!&' $!$
(&%'&  %!$(&%'!*#()'  %!$(&%'$+, % %!$(&%'%,!!$%!)' & %!$
(&%'&)(&
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$ 
#7-+1-:6.$0?:)567;-9))5,;0-19.9-8<-5+1-:9-+69,-,154-,1+15)3)5,)964);1+73)5;:15
,)5)$<92-?15  )5,  
$0?:)567;-9):7-+1-:





&# !#!!$#(!'
&%'(
$!$(&%'$!!&'
&%'+#''
$!$(&%'&
&%'#)'(%'
%!$(&%'$+,
&# !#!!#($#'
&($(&%'%!!*'('
#%$(&%'')##''
%!$(&%'!*#()'
%!$(&%'%,!!$%!)'
%!$(&%'&)(&
$6;)3 


9-8<-5+? 
56

26
23
13
11
4
2
1
1
1
1
1
1
1





74
66
37
31
11
6
2,8
2,8
2,8
2,8
2,8
2,8
2,8







*<5,)5+- 
56
199
45
147
33
37
8
35
8
9
2
4
<1
2
<1
1
<1
1
<1
1
<1
1
<1
1
<1
1
<1




1

Frequency: total number or percentage of MAP samples in which the thrips species was found
2
Abundance: total number or percentage of thrips individuals of the species collected

Only one individual of %,!!$%!)' was detected
on &$%!)""$!* L. When all the samples and specimens are taken into consideration, the
frequency of these samples and the proportion to the
total individuals are quite low. It was reported that
 %,!!$%!)' is distributed in Europe and Asia
(Austria, Czech Republic, Germany, Hungary, Iran,
Italy, Norway, Spain and Sweden) [38, 39, 40]. It is
a phytophagous species found at 600 m below sea
level on )'',!*( L. in Bulgaria (Ribarica)
[41]. While there is no information about the hosts
of this species in literature, it is not known whether
or not "$!* is a host of this species. As only
one individual was found in the study, it was suggested that the pest may be able to feed on this plant
or that it may have been found randomly. It was determined that to arrive at a definite conclusion, there
is a need for more research and data.
The abundance of the rest of the thrips species
were below 1% (Table 2), so they were not discussed
here.
In Turkey, the studies on pest species on medicinal and aromatic plants are very limited. Existing
studies are mostly on thyme and a few other plants
from the Aegean region [12-18]. In a review, it is reported that $#(!' is a pest of !)"
L. in Turkey [12].
In Pakistan, (was detectedon rib grass;
!#($$*(( and #)'(%' on linseed #)")'((''")"( and !*)' on
fennel, $#$)!)"*)!&; and (on fenugreek, &$#!!$#)"and cumin seed, )"#)"
,"#)" in Sindh province [42]. It was not easy to
identify the species of thrips feeding on aromatic
plants cultivated in greenhouses. However, their
presence was evident from the characteristic damage
(small leaf discoloration).

The third major species, Hawaiian flower
thrips, +#'' was present in 8% of the samples and constituted 31% of the MAP specimens collected. It was found infesting 11 of the medicinal and
aromatic plants surveyed (Table 2). The individuals
were mostly found on basil, ")" !)" L.
(Table 1). This thrips species was reported for the
first time in Mersin province in Turkey on lemons in
2015 [35].  +#'' is a highly polyphagous
flower-dwelling thrips, which is widely distributed
in Asia and the Pacific region. It is also found in
some regions of Africa and America. The species
shows invasive capacities and has been recorded recently in Europe. In southern Europe, the spread is
favoured by suitable climatic conditions, both in
open field and in protected crops. While in northern
areas, the species could develop in greenhouses very
easily. However, the potential risk for diffusion to all
of Europe and the Mediterranean Basin needs to be
monitored, considering that this species is not a viral
vector and so far has not proven to become invasive
and harmful in the non-native areas where it is newly
established [36]. It causes direct damage by puncturing flowers and fruits, inducing spot lesions, scarring, necrosis or malformations depending on the intensity of the attack. Since it also feeds on pollen,
host plant fertility problems may be noted [37]. In
surveys in Turkey, the pest was recorded on many
other crops besides lemon and was present along
with other harmful thrips species (  $#(!'
and () [35]. In this study, these three thrips
species were identified as the most common species.
The competition of this recently entered thrips species with existing ones may be revealed over time
through biological and ecological studies.
The existence of %!$(&%' %,!!$%!)'
Priesner, in Turkey was first revealed in this study.
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!9-,);69?15:-+;:6.;0917:654-,1+15)3)5,)964);1+73)5;:15,)5)$<92-?15  )5,  

 9,-9 )413?

#7-+1-:

Thysanoptera
Aeolothripidae  $!$(&%'$!!&'Priesner
 



$!$(&%'& Bagnall
Hemiptera
Anthocoridae  &)'#&Wolff
 



&)'!*()'(Fiber)
 

Miridae 
&$$&'%!!#'Reuter
 

Lygaeidae
$$&'spp.
 

Nabidae
' spp.
Neuroptera
Chrysophidae &,'$%&!&#(Stephens)
Coniopterygidae $#+#(-# Banks
Coleoptera
Coccinellidae
$#!!'%("%)#((L.
 



!%)#(((L.)
Diptera
Syrphidae
,&%)' sp.

was detected on 13 of the medicinal and aromatic
plants surveyed and was the predominant species,
which made up 8% of all specimens recovered with
37% frequency (Table 2). The species of $!$(&%'
genus are fed with nectar and pollen in the flowers
of wild as well as cultural plants, together with other
thrips, mites and small arthropods [48]. The other
predator thrips species,  & (Bagnall) was
found in a lower concentration compared to $!
!&' (Table 2). &is a facultative predator in
flowers, with a mixed diet of pollen and the larvae of
other thrips. & was observed on Fabaceae in
Italy, and it was reported that, besides insects and
mites, it feeds on nectar and pollen in the flowers of
wild as well as cultural plants [49].
Among the natural enemies detected, the generalist predator &)'spp. are hopeful in this study.
The genus &)' (Heteroptera: Anthocoridae) includes generalist predators revealed to be very effective in thrips control in both field and greenhouse
crops worldwide. They can prey on all stages of
thrips [48]. &)' spp. are concluded to be an important predator of flower thrips in Turkey [50]. In
this study,  #& was determined as the most
widespread and abundant hemipteran predator species.  #&, which is a palaearctic species, has
been observed with the pestiferous thrips in cotton,
various vegetables and in fruit orchards in the Çukurova region of Turkey [32, 51]. The other anthocorid
!*()' is widespread along the Mediterranean
and Atlantic coasts in areas with a marine influence
[52]. It is now produced by many commercial insectaries and largely used in IPM programmes worldwide, as well as in Turkey [53, 49, 54]. It was
showed to be very effective in controlling thrips outbreaks when not disturbed by chemical treatments in
different areas of Europe [55]. In Turkey, medicinal
and aromatic plant fields are areas where chemical
treatments have not been applied or are limited. So it
is unavoidable that the population of these predators
will increase in these fields and is considered hopeful

Mint was the most infested plant of 16 species
of aromatic plants. Damage of the plants was observed throughout an entire year, and thrips were the
most numerous in the warmest months (June-August) [43]. In a study in Poland, 37 medicinal and aromatic plants were surveyed, and it was detected that
the thrips composition infesting the flowers and inflorescences of herbs were very similar and not dependent on the plant species or the area of research.
They determined 12 species of thrips on sage ($
#!' L.), 5 species on chives ('$#$%&')"
L.) and 5 species on coriander ('(*)" L.). Similar to this study, $#(!' and ( were
the predominant species. The flowers of !*$
#!' L., *#)! #)'($! Mill., %( 
(& L. and &# "$#(# L. were the most infested by adult thrips. $!$(&%' species were
found as predators [44]. In total, 28 thrips species
were caught on blue and white visual traps; 23 species from ,")' *)!&' and 19 species from
!'' $#!' from May until June in Poland.
The predominant species was #($#'Trybom followed by ( [45]. On oregano (*)!&L.)
cultivated in soil, 11 species of thrips, including 
( Lindeman and  #&$%!$')', were identified [46]. It should be stressed that ( and 
$#(!' create a serious problem when it comes
to the greenhouse cultivation of various plant species
[47].

!9-,);69? 15:-+;: Many arthropods are
known to be predators of thrips. In this study on medicinal and aromatic plants, predator species belonging to 3 orders and 6 families were found. Among
these species, $!$(&%'$!!&'&)'#&and
&,'$%&! &# were the most numerous and
widely distributed species observed. The predators
of thrips observed on medicinal and aromatic plants
as a result of the trials conducted over two years in
both districts are given in Table 3.
The major predator thrips species,  $!!&',
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in biological control of thrips species and other arthropods in MAP fields. Although there are many
published papers associated with interactions between thrips and &)'populations in various crops,
knowledge about prey-predator interactions between
thrips species and &)'spp. in medicinal and aromatic plants is unstudied in Turkey. There are also
many published papers associated with interactions
between thrips and &# populations in various
crops [56, 57]. It was observed that, with respect to
other predator species, most &# eggs and larvae were found on the leaves of medicinal and aromatic plants, whereas predatory thrips species and
&)' spp. colonized mainly on the flowering structures. In a study, &)' spp. were attracted to flowers
in significantly higher numbers than to leaves of the
investigated weeds, which agree with the findings of
the present study [58].
Both coccinellid species ($#!! '%
("%)#((!%)#(() found in this study
were recorded as the predators of $#(!'in
gerbera in Turkey [50]. Female adults of  '%
("%)#(( were found to be a potential predator of
 ( on tomato leaves and consumed more
thrips insects than *%$&&$&)"[59]. $#!!
'%("%)#(( has been proved as an effective
predator when used for the biological control in controlled environments of ( In Turkey, predators of thrips were recorded from Acarina, Anthocoridae, Chrysopidae, Staphylinidae, Trombiidae and
Anthocoridae in various plant species [54].
It is evident that these predators mentioned
above occur naturally and contribute to the suppression of the thrips population. Because insecticide applications negatively affect populations of natural
enemies, the enhancement of natural enemies should
be encouraged by minimizing the insecticidal sprays
or by using botanicals or less harmful insecticides
during the onset of thrips infestation. If habitat is created to enhance the survival of natural enemies, their
population will participate in a natural control of pest
complex. The information generated can be used to
develop a bio-intensive IPM technology in medicinal
and aromatic plant ecosystems.

The author thanks Prof. Dr. Ekrem Atakan
(Çukurova University, Faculty of Agriculture, Department of Plant Protection, Adana) for identifying
the thrips species.
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     is a kind of typical arbor in the Otindag Sandy Land of northern
China. A comprehensive understanding of the dependence of    on precipitation is essential for the determination of seasonal use water
patterns.
In present work, the stable hydrogen and oxygen isotope technology, together with the direct discrimination method and multiple linear mixed model
was employed to investigate water use patterns of
populus pseudo in 2015, accompanied with qualitative analysis by graphing and quantitative calculation of contribution rate value of each water source
through Isosource approach.
It was found that the    mostly
used the shallow soil water (0-20cm) in early growing seasons with utilization rates of 75.68% (May)
and 90.4% (June); the rainwater utilization rate of
populus pseudo reached the maximum value of 77%
at the first day after raining when plants flourished
in rainy season (7.14-7.22), meanwhile, the middle
soil water (40-60cm) was used at the third and fifth
day after raining with utilization rates of 29.49% and
27.75%, respectively; the root firstly used deep soil
water (80-100cm) and then groundwater in late
growing seasons with utilization rates of 51.4%
(September) and 25.5% (October). The overall results indicate that root water uptake of populus
pseudo exhibited obvious seasonal difference and
depended highly on the rainfall in summer.
A more comprehensive and accurate study focused on more sampling plants and areas, water consumption mechanism and those might be favorable
for the establishment of hydrological ecological cycle is of great necessity to clearly understand the water use patterns of different species around different
ecological environments.



!'%"('"!
Desertification, also named      ,
has recently become a big environmental issue that
human beings confront, and China is one of the
countries severely suffering from desertification.
Particularly, as one of the four largest deserts in
Mongolia region, the Otindag Sandy Land is only
about hundred kilometers away from the capital Beijing and thus becomes the nearest sand source to Beijing and Tianjin area. Serious damage of vegetation
and accelerated degeneration of grassland induced
by both natural and human factors have made the cattle and sheep in pastoral area on the brink of extinction in the last 30-40 years. On the other hand, the
resulting sandstorm has brought about serious environmental pollution to the nearby urban residents,
such as the  in Beijing.
Generally, effective governance model of sand
can be achieved through a combination of arbors,
shrubs and grasslands. It is well known that the 
      s a common kind of tree
species for windbreak and sand-fixation in the top
north of China, which has been widely planted owing to its strong adaptability, drought-cold resistance
and more effective governance model of 
    than other ways. However, water is the
principal factor limiting plants recruitment, carbon,
fixation vegetation distribution and nutrient cycling
in the desert environment [1, 2]. And summer rainwater is important source for the desert plants. A
comprehensive understanding of the dependence of
   on precipitation is essential for the
determination of seasonal use water patterns.
Therefore, the direct discrimination method
and Isosource approach, as well as the stable hydrogen and oxygen isotope technology were applied in
present work to examine the potential water contribution to the total water-uptake of plant in different
seasons by comparing δ D and δ18O values of xylem
water with that of water sources, which was believed
to be beneficial for the further understanding of
shifted water use patterns of the dynamic plant root
in northernmost of China. Moreover, the approach of
 in the Otindag Sandy Land would be
useful for soil and water conservation and ecological
environment improvement.

*)"%&
Populus pseudo, Direct discrimination, Isosource approach, Hydrological ecological cycle, Ecological environment, Stable oxygen and hydrogen isotope
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followed by the extraction of xylem water in cryogenic vacuum, all samples were then preserved in
plastic bags with parafilms and immediately freezed
(-15 to 20°C) until extraction.
Rainwater sample: A simple rainfall collector
composed of a flask and a polyethylene bottle was
employed and a ping-pong ball was put on the funnel
to prevent evaporation [4]. When the collection
started, as soon as the end of rainfall flowed the
ready of rain sample, they were filtered with 0.22um
pore-size filter and then transferred into a screw-top
vial covered with parafilm, and eventually freezed
for the following isotope analysis.
Groundwater sample: The groundwater samples were collected from a nearby underground artesian well and the water levels at monthly intervals
were measured. The storage way of groundwater was
the same with that of rainwater as mentioned above.
Soil sample: The total depth of soil around the
plant samples was in the range between 0 cm and 100
cm and collected with a handauger at the same days
as the plants were sampled. One kind of soil samples
within 0-40 cm were sampled at 10 cm intervals, another kind within 40-100 cm were collected at 20 cm
intervals. Hence, they were divided into two aspects:
the one was sealed in aluminum specimen box for
subsequent measurement of soil moisture (SWC);
the other was stored in plastic bags with parafilms
and freezed for extraction and isotopic analysis.
The rainy season sample:The sampling of typical natural plant twigs and soil began at p.m. on July
15, the xylem water and soil water were selected
through the former ways at the first, third and fifth
day after precipitation. Based on the collected data,
the two rainfall occurred after first precipitation on

&3=/./<-;3:=398The experiment area is an artificial cultivation field of   , which
was born six years and the heart of the Otindag
Sandy Land in Zhenglangqi, which is about 443.7
kilometers away from Beijing (Fig.1). In more details, the landscape type was sand erosion with a
strong-long solar radiated summer and cold-windy
winter, the air temperature ranges from a minimum
of -36.09°C in winter to a maximum of 26.7°C in
summer, and the annual mean temperature is 3-7°C,
annual precipitation is 200-350mm. Particularly, the
area has long-time precipitation from July to September in this year (2015), thus providing abundant
water source for species to germinate and grow. The
studied samples of        
were selected from the most typical habitat, the increase of tree height in 2-6 years was pretty rapid and
thereafter became slower, the maximum of DBH
(Diameter at breast height) appeared in the ninth year
with an annual growth of 1.8cm [3]. The average
height and DBH of the samples in present work were
8-9m (±0.5m) and 9-11cm (±0.4cm), respectively.

/=/9;96913-+6.+=+The meteorological data
including air temperature, relative humidity, precipitation and wind speed was collected from an automatic weather station installed near the study site.

&+7:6/-966/-=381Xylem water sample: Three
to five individuals were randomly selected from the
26 samples of the sampling plot, the suberized twigs
of the populus with diameters of 0.15-0.35cm and
lengths of 3-5cm during May-October were chosen,
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July 18, July 20, respectively. The reason for doing
this approach is to investigate the responses of water
use patterns and the dependence of populus on the
summer rainfalls.

8+6B<3< +8. -+6->6+=398 The stating of our
experiment was the extraction of xylem water and
soil water using a Cryogenic vacuum distillation approach [5]. It is of note that 1.5-2.0 h would be required depending on the water content of samples,
the determination of the isotopic values of hydrogen
(δ D) and oxygen (δ18O) was performed by the liquid
water Isotope Analyzer (LWIA-30d), which defined
that the precision of analyzer was generally higher
than 0.1% for δ18 O and 0.3% for δ D [6], the measurement accuracy of δ D and δ18 O were 2.8±0.1%
and 1.5±0.1%, respectively, which can be derived
from the corrected procedure of Schultz et al (2011)
andXiao et al. (2012) by LGR system [7, 8].
As for the final test, the expression ofδ18 O and
δ D were relative to the permillage of Vienna Standard Mean Ocean Water (VSMOW), which is a water
standard defining the isotopic composition of fresh
water.

Analysis system, the source inclement and mass balance tolerance were defined as 1% and 0.1%, respectively.
It is noteworthy that the similarity between
δ18O and δ D values during all soil profiles was taken
into consideration and divided into three or four
groups, which would be easier for calculation.


δ 18(δ) = ⎛⎜ 

%&('&

'2/&)+8.3<9=9:/?+6>/<90<936@+=/;As
presented in Fig. 2, the SWC changed with the time
and depth, the variation of average month data
roughly demonstrated an inverted parabolic rule, accompanied with the appearance of the maximum and
minimum values on July.15 (0.038), June.04 (0.04)
and Sep.11 (0.033), respectively. Generally, SWC
had great and relative signal fluctuation monthly
within the depth of 0-40cm but showed little variation within 40-100cm, apart from the studying time
of rain reason.

⎝

 

−


(% 
'2/?+;3+=39890&)+<+0>8-=39890<936
./:=238+66</+<98<

⎞/ 
×1000
tan   ⎟⎠
tan  
(1)

where R sample and R standard are the hydrogen and
oxygen isotope composition (18 O /16 O, 2H /H molar
ratio) of the sample and standard water, respectively.

)+=/; <9>;-/ +8+6B<3< In present work, the
isotopic values of all potential water sources and xylem water were determined using the Isosource modern and the direct discrimination by the intuitive relationship charts of them, after which different outputs were compared and more accurate and comprehensive results were obtained. As for Isosource
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1;9>8.@+=/;+<+0>8-=39890.+=/
The δ18O and δ D values of soil water exhibited
similar variation tendency with that of SWC, accompanied with fluctuated values of months and depths
(Fig. 3, the common feature of month’s isotope values was that they can maintain the relative maximum
in the soil surface, and in the upper 40cm, the δ18O
and δ D were lowest in August 11, which then progressively increased and reached maximum on October 24 from -114.20‰, 12.077‰ to -42.97‰, 0.384‰, respectively. However, the increasing
depth of soil resulted in no significant variation in
40-100cm. Most importantly, compared with the values of all months, the relative isotope value happened during July and September, and the abundant
precipitation should be taken into consideration for
the following classification.

<9=9:/ ?+6>/ -2+81/ 90 AB6/7 @+=/; ;+38
@+=/;+8.>8./;1;9>8.@+=/;Figs. 3 and 4 indicated that the heaviest xylem water, rain water, and
the lowest groundwater followed in sequence. Additionally, consistent conclusion based on the standard
of δ18O and δ D values can also be found. The δ18O
and δ D values of the three maximum xylem water,
rain water and groundwater occurred on July 15,
with the values of -33.879‰, -15.131‰, -60.248‰
(δ D), and -2.549‰, -2.492, and -8.513‰ (δ18O), respectively. However, according to the δ D values, the
isotope values of the three water sources dropped to
-144.993‰, -91.03‰, -82.799‰ on October 24,
July 16 and September 17, respectively, however,
different consequence was obtained based on the
δ18O values and the lowest data were -8.302‰, 11.055‰ and -11.268‰ on the September 17, July
21 and August 11, respectively.

'2/ </+<98 -2+81/< 90 :6+8= @+=/; <9>;-/
3;/-= .3<-;3738+=398 +8. <9<9>;-/+::;9+-2
'2/+66</+<98-2+81/ +B"-=9,/;(1) The in-

tuitive relationship Fig. 5 demonstrated that the obvious potential water source during May and June
was of absence when only judged from the δ D values, while the δ18O of 10-30cm soil water was approximately close to that of xylem water, which
needed to be considered.
(2) A difference among the data of July can be
found by judging from the two parts of isotope values (δ D and δ18O), however, the δ D signed 20-40cm
soil water and the δ18O represented the rainwater. 
In August, the intersection between xylem water and the 20-40cm, 60-80cm soil water was closed
by the value of δ18O, indicating that the potential
source contribution was in middle-deeper soil profiles, meanwhile, another intersection of δ D values
occurred in 0-40cm, it was thus of necessity to obtain
convictive data proof, which would be beneficial for
present work. Notably, the xylem and ground water
had became more and more closed between the two
kinds of relationship, signifying the enhancement of
the contribution of groundwater to the plant utilization.
(3) The evaluation of the contribution of every
potential water source was more systematical and
authentic, and the data were clearly listed in tables 1
and 2. Among May, June and July, the root system
always utilized shallow water almost in the 10-20cm
with utilization rates of 75.68%, 90.4% and 91.3%,
respectively, which were derived from the average
isotope values of (δ D and δ18O) calculated by the
Isosource approach. Additionally, due to temperature and precipitation, the poplar shifted to absorb
the middle-deep (60-100cm) soil water, which was
the first to reach 20.06% during August. The above
result was consistent with the earlier conclusion derived from the direct discrimination approach at the
δ18O, and the data improved the intuitive judgment
of the above-mentioned September and October, the
contribution groundwater of which were 51.4%,
25.5%, respectively, demonstrating a primary status.
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'2/09>;@+=/;<9>;-/<C-98=;3,>=398<9<9>;-/+::;9+-20;97 +B=9"-=9,/;,+</.98 "
May.02
Contribution
June.04
Contribution
July.02
Contribution
Aug.11
Contribution
Sep.17
Contribution
Oct.24
Contribution

rainfall
0.0936
rainfall
0.0373
rainfall
0.054
rainfall
0.1719
rainfall
0.088
rainfall
0.103

groundwater
0.0264
groundwater
0.0118
groundwater
0.0054
groundwater
0.1528
groundwater
0.514
groundwater
0.255

0 cm
0.0453
0 cm
0.018
0 cm
0.0115
0 cm
0.1637
0 cm
0.104
0-10 cm
0.136

10cm
0.7568
10-20 cm
0.904
10-20 cm
0.913
10-30 cm
0.172
10-20 cm
0.063
20 cm
0.167

20-40cm
0.057
30-60 cm
0.0191
30-60 cm
0.0111
40 cm
0.139
30 cm
0.151
30-40 cm
0.135

60-100 cm
0.0209
80-100 cm
0.0098
80-100 cm
0.005
60-100 cm
0.2006
40-100 cm
0.08
60-100 cm
0.204

total
1
total
1
total
1
total
1
1
total
1

' 
'2/09>;@+=/;<9>;-/<C-98=;3,>=398<9<9>;-/+::;9+-20;97 +B=9"-=9,/;,+</.98 
May.02
June.04
July.02
Aug.11
Sep.17
Oct.24

rainfall
0.04
rainfall
0.341
rainfall
0.04
rainfall
0.103
rainfall
0.23
rainfall
0.029

groundwater
0.0613
groundwater
0.0325
groundwater
0.016
groundwater
0.068
groundwater
0.12
groundwater
0.595

0cm
0.044
0 cm
0.024
0 cm
0.018
0 cm
0.09
0 cm
0.16
0 cm
0.067

10-40 cm
0.0887
10-40 cm
0.5585
10-30cm
0.892
10-30cm
0.328
10-20cm
0.24
10-20 cm
0.175

60-100 cm
0.7664
60-100 cm
0.044
40-80 cm
0.014
40 cm
0.028
30 cm
0.095
30-40 cm
0.04

Total
1
1
100 cm
0.02
60-100 cm
0.386
40-100 cm
0.155
60-100 cm
0.094

1
1
1
1


' 
'2/09>;@+=/;<9>;-/<C-98=;3,>=39890;+38B</+<98>6 =9>6
+::;9+-2+8.,+</.98 "
July.15
Contribution
July.16
Contribution
July.19
Contribution
July.21
Contribution

rainfall
0.937
rainfall
0.286
rainfall
0.0902
rainfall
0.077

groundwater
0.0009
groundwater
0.0376
groundwater
0.174
groundwater
0.128

0 cm
0.0056
0-40 cm
0.429
0-10 cm
0.107
0 cm
0.31

10 cm
0.0017
60 cm
0.102
20-40 cm
0.4519
10-30 cm
0.245

20 cm
0.054
80 cm
0.0964
60-100 cm
0.1769
40-60 cm
0.151

' 
'2/09>;@+=/;<9>;-/<C-98=;3,>=39890;+38B</+<98>6 =9>6
+::;9+-2+8.,+</.98 
July.15
Contribution
July.16
Contribution
July.19
Contribution
July.21
Contribution

rainfall
0.617
rainfall
0.051
rainfall
0.015
rainfall
0.027

groundwater
0.0813
groundwater
0.22
groundwater
0.79
groundwater
0.101

0 cm
0.097
0-40 cm
0.191
0 cm
0.031
0-20 cm
0.717

10-30 cm
0.09
60 cm
0.1
10 cm
0.02
30-60 cm
0.12

/6/?+=/.,B<9<9>;-/
30-100 cm
0.0008
100 cm
0.049

80-100 cm
0.089

total
1
total
1
total
1
1

/6/?+=/.,B<9<9>;-/

40-80 cm
0.062
80 cm
0.287
20-100 cm
0.14
80-100 cm
0.033

100 cm
0.06
100 cm
0.15

total
1
total
1
total
1
total
1

77.7% on the July 15, which was based on the average contribution calculated by Isosource approach at
the values of δ D and δ18O, and the following water
use stayed at middle water (40-60cm) at 35.8% on
the July 16, which shifted to the (20-40cm) at
29.59% on July 19 (there was an additional rainfall
on the July 18) and went back to use the 40-60cm at
27.75% after 5 days (there was additional precipitation on July 20), meanwhile, the groundwater and
shallow water increased from 0.09% to 17.4%,
12.8% and from 0.17% to 10.7%, 12.8% at the third
and fifth days based on the values of δ18O.

The rain season change (Jul. 15-Jul. 21):
(1) After the three times rainfall on July13,
July14 and July15, it can be found from the first approach (Fig. 6) that the rainwater was the first one
closed to the xylem water at 1 day and the rainwater
use thereafter got decreased, the studied trees predominantly absorbed up-middle soil class (20-40cm,
40-60cm) at 3 days and 5 days, due to two additional
rainfall at July 18 and July 29, the relation between
shallow water and xylem water was strengthened,
which was the same as that of the groundwater.
(2) According to the second study (tables 3 and
4), the majority of dependence on rainwater was
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to occur fractionation than δ18O in the isotopic fractionation process (e.g. evaporation) and the conclusions were not in consistency in a large range by the
δ D and δ18O.
Furthermore, the conclusion would be more
comprehensive and accurate by comparing choosing
between the two common parts, and moving away
from different parts.

'2/ -2+81/ ?+6>/< 90 AB6/7 @+=/; In the
growing seasons (Figs. 4a and 4b), the increased

The present results indicated that different isotope values would give rise to different output by δ
D or δ18O, most of the previous studies had found the
above discrepancy in more details [9.10], what might
not be the systematic discrepancy during study was
the characteristics of δ D and δ18O. Actually, there
were many experimental factors that might result in
the deviation of the data to some extent, however, it
was of great importance that the δ D was more likely
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temperature, strengthened light and illumination
would contribute to the maximum of xylem water in
all study months, in addition, the isotope values of
plant would show mild change in low-temperature
seasons (such as May and June) and keep the maximum among the groundwater, precipitation was
prone to evaporation.

'2/ -2+81/ ?+6>/< 90 1;9>8.@+=/; Generally, the δ D and δ18O compositions of groundwater
were in quasi-steady state, the same findings have
also been demonstrated in various studies, probably
due in large part to the weighted average of annual
precipitation [11] and the groundwater recharge process could be divided into two aspects [12]: (1) slow
infiltration through the soil matrix and weathered
basement; (2) fast and direct recharge through inducing fissured.
In the case of the Otindag Sand Land, the much
under-well and a few surface water source around
the sand region, the underwater was mostly recharged from the surface river, and the surface river
might be slowly irrigated by running off from the
round mountain. According to the chart, the groundwater had no direct relationship with local and longer
precipitation.

'2/-2+81/?+6>/<90:;/-3:3=+=398In the top
north of China, the isotope values of precipitation
were closely linked with local air temperature in
studied area [13], the δ D and δ18O values showed
little change in July and October, demonstrating an
obvious rule with enriched and depleted values occurred in hot summer and cold winter, respectively,
the reason for which might lie in temperature, water
origins, atmospheric flow path of vapor trajectories
and precipitation [14].

'2/ &) +8. =2/ 3<9=9:/ ?+6>/ -2+81/ 90
<936 @+=/; Apparently, precipitation has an indispensible effect on SWC, especially when SWC increased up to the maximum in rainy season (July 15)
and the different soil profiles had different SWC variation, which might be correlated with the temperature, infiltration rates and evaporation rates.
In August, the long time precipitation, flowing
the not low temperature, the abundant SWC might
behave best in soil water infiltration during study
month. In addition, soil layer was easy to lose water
and to form a dry-soil layer at August. Herein, as the
thickness of the dry-soil profile increased, resistance
for evaporation would increase accordingly [15].
The soil water at the middle of rainy reason (August)
was therefore less enriched by evaporation and exhibited a decrease of isotope values than that of other
studied seasons. After three months’ constant precipitation, flowing the transitional season (September to
October), the cold temperature and limited rain, the
soil moisture deficit of the upper soil layers (0-40cm)
increased, so the previous precipitation might stay

near to the soil surface and thus result in a crucial
long-time evaporation enrichment in the soil profile.
Previous study showed that the evaporation caused
the enrichment of isotope values of surface soil water, however, the decreased evaporation and depleted
isotope concentrations were obtained with increasing depth [15], keeping consistency with that of present work. In a word, the evaporation affected more
on upper soil than deeper soil water. Then, the
change of relative humidity and precipitation recharge would result in the variation of isotope values
of δ D and δ18O of all soil profiles, especially in the
rainy season other than wet season.
&=>.B +0=/; 6981=37/ :;/-3:3=+=398 According to the above analysis ofseasonal water use patterns of the plant (      
), in the non-dry season, both the direct discrimination method and the Isosource approach
showed that the water source of   was
mostly in shallow soil water (0-40cm) as presented
in Fig. 6 and tables 3 and 4, which was due to the
fact that SWC of 0-40cm were abundant during May
and June. As the wet season progressed (July 2 - July
21) with greater precipitation, the root zone (the
roots of    distributed in the shallow
and deep soil layers) might obtain more water where
soil moisture was more available than the places with
limited water [16,17], after longtime and large summer precipitation, the SWC of soil water changed
and the values of δ D and δ18O of soil water fluctuated firstly. Evidently, the abundant rainwater gathered at the soil surface and thus changed species.
Secondly, relying on it at 77.7% on raining day (July
15), this water evaporated and infiltrated in dry summer and the populus shifted to utilize the middle soil
water (40-60.20-40, 40-60cm), at 35.8%, 29.49%,
and 27.75% after 1 day, 3 days and 5 days, respectively, even though there existed two additional precipitation on July 18 and July 20. Previous studies
have found that deep-rooted species may absorb precipitation from the up-middle layers, where the
amounts exceeded some minimum threshold [18] in
rainy seasons, which seemed that the deep soil water
or groundwater was insufficient for water absorption
by the most active site, but the following transitional
season (August 11) and dry seasons (September and
October), the change thus occurred.
On August 11, the deep-rooted species had
shifted to obtain water from the deep soil profiles
with ended long-time precipitation and the slow infiltration resulted in the luxuriant SWC during August at 20.06%. Thanks to the around 3-4m deep
groundwater table in the studied site, which was easily for populus root to make use of, the proof has
showed that the groundwater utilization rate reached
the first place at 51.4% and 25.5% in September and
October, respectively.
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In present work, stable oxygen and hydrogen
isotope technology was employed to examine seasonal water use patterns of    
   in the north of China, accompanied with
the utilization of direct discrimination approach and
the Isosource approach which rendered the common
water use patterns regardless of their different characteristics. When the upper soil water content was
sufficient in the early growing season, populus
pseudo mostly used the shallow soil water, contributing to large-long precipitation in the dry summer,
the plant showed high dependence on summer rainfall and mostly used middle soil water (after 3 days
and 5 days) apart from utilizing the precipitation after 1 day. In addition, there would be a minimum
threshold of precipitation for the roots of populus to
obtain water from upper-surface soil after long-time
rainless. As for the transitional and dry season, the
roots shifted to use the deep soil water and were
prone to depend gradually on groundwater. Particularly, the rooted and perennial plants normally
switched their water sources due to the “dimorphic
root systems” and distribution of area meteorological
factors [19], A further study which takes water consumption mechanisms of plants, more sampling areas and plant species into consideration is of great
necessity.
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such as SH\JDPEHUoLFH÷L  ]HUGDOLGLNHQL  FREDQ
kaldiran'', ''Timur dikeni'' and ''boga dikeni'' in Anatolia [13, 14, 15]. Most of Centaurea species are so
valuable due to the using traditional medicine. For
example, it can be used as a remedy for haemorrhoids; abscess and the common cold were reported
[14, 15, 16, 17]. The goal of this study was to determine the biological activity of endemic plant Centaurea pulcherrima var. freynii. Thus, in this study
total flavonoid compounds, total phenolic compounds, antioxidant properties (DPPH, ABTS), and
the in vitro antimicrobial activities of various extracts of aerial parts of the plant against strains of
some pathogen bacteria and yeasts were investigated.

ABSTRACT
Various extracts of Centaurea pulcherrima var.
freynii were investigated for total phenolic, flavonoid, antioxidant and antimicrobial activities. The
antioxidant properties of plant extracts were evaluated by free radical scavenging assays (DPPH and
ABTS). Antimicrobial activities were examined using disc diffusion methods. According to the results
of antioxidant capacity assays, the plant showed
moderately antioxidant activity in test methods. It
was found that ethyl acetate extract showed the most
effective activity including total phenolic, flavonoid,
antioxidant and antimicrobial activities.

KEYWORDS:
Antimicrobial activity, antioxidant activity, folk medicine,
plant extracts, total flavonoid, total phenolic.

MATERIALS AND METHODS
Plant materials. Plant samples were collected
LQ $XJXVW  IURP *PúKDQH DURXQG
(44°69'40.5''N 50°70'83''E). Voucher specimens
were deposited in the Genetic and Bioengineering
Department, Gümúhane University, Gümúhane Turkey. The plant aerial parts were chopped, dried
and powdered.

INTRODUCTION
Plants are the natural resource of many chemical compounds which are used to fight against several diseases or care healthy. Most of the people use
the plants as herbal medicine or foods [1]. According
to [2], nearly 60-80% of the world population firstly
apply plants for treating diseases. Because of their
components that have exhibited biological activities,
in particular, antimicrobial [3, 4] and antioxidant [5,
6] properties, plants are widely researching in recent
years.
Turkey flora consists of nearly 11000 species
of which 34.5% are endemic. And, it is believed that
the flora is containing over 3000 aromatic plants [7].
%XW WKHUH LVQ¶W enough information about the most
of aromatic plants biological activity. For instance,
Centaurea genus is one of the important aromatic
plants which belong to Asteraceae. This genus consists of approximately 700 species [8, 9, 10] and
most of them naturally growing in Turkey [11, 12].
According to [11] more than 100 Centaurea species
are endemic which growing in Turkey.
There are some local names giving by people

Extraction. The plant materials (20 g) were extracted with 400 ml each solvent at 37 °C 125 rpm
during 24 h. The extracts were filtered using Whatman filter paper (No: 1) and then concentrated under
vacuum at 40 °C using a Rotary evaporator. The residues obtained were stored in a freezer at -20 °C until
further tests.
Total phenolic content. The amount of total
phenolic content in the extract was determined according to Folin-Ciocalteu method with minor modifications [18]. 31.25 μl of sample solution (1
mg/ml) were introduced into well containing 125 μl
of Folin-&LRFDOWHX¶V UHDJHQW DQG  μl of 7.5%
Na2CO3. After 2 h incubation at room temperature,
the absorbance was measured at 750 nm with micro
plate absorbance reader (iMarkTM 1681135, BioRad). The total phenolic content was calculated as
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Statistical analyses. All the analyses were carried out in triplicate. The data was recorded as
mean±standard deviation and analysed by SPSS
(version 11.5 for Windows 2000, SPSS Inc.). Oneway analysis of variance was performed by ANOVA
procedures. P<0.05 was accepted as significant.

Gallic acid equivalents (GAE) in milligram per gram
of extract (mg GAE/g extract).
Total flavonoid content. Total flavonoid content of the extract was determined according to AlCl3
colorimetric method with some minor modification
[19]. Briefly, 20 μl of sample solutions (1 mg/ml)
was mixed with 172 μl methanol, 4 μl 10% AlCl3,
and 54 μl 1 M potassium acetate and waited 40
minutes. After incubation mixture was measured at
415 nm. The total flavonoid content was calculated
in milligrams of rutin equivalents (RE) per gram of
extract.

RESULTS AND DISCUSSION
Extraction yields, total phenolic and flavonoid contents of plant extracts. Aerial parts of C.
pulcherrima var. freynii have been characterized in
this study. Extraction yields, total phenolic and flavonoid contents of the five different extracts were
shown in Table 1. The highest yield of extract was
methanol (17.6%) and followed by water (7.8%),
ethanol (6.2%), ethyl acetate (3.9%) and hexane
(0.8%), respectively.
The total phenolic content of extracts exhibited
variable values ranged from 116.03 to 11.73 mg
GAE/g extract as shown in Table 1. Especially, the
ethyl acetate extracts have had the highest level of
phenolic content as 116.03 mg GAE/g extract. According to literature, the value is higher than most of
Centaurea species. For instance, C. calcitrapa (37.6
mg GAE/g), Centaurea spicata (17.2 mg GAE/g), C.
tchihatcheffi (22.3 mg GAE/g), C. patula (25.6 mg
GAE/g) and C. urvillei (17. 12 mg GAE/g) phenolic
contents have been reported [24, 25, 26].
Total flavonoid contents of plant extracts determined from five different solvents ranged from 2.00
to 19.77 mg RE/g extract as shown Table 1. The
highest level of the value observed in ethyl acetate
extracts similar to total phenolic. [27] Reported the
total flavonoid content of C. pterocaula extracts
were 0.67-31.44 mg RE/g extract in their study. It
was not observed a correlation between yield % of
plant extracts and amounts of total phenolic/flavonoid contents (Table 1).

DPPH Assay. The effect of the plant extracts
on 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical
was estimated according to [20] with minor modification. 125 μl of the plant extract was added to 125
μl 0.1 mM DPPH. The mixture was waited 45
minutes and measured at 490 nm. The antioxidant
capacity of each extract was calculated as trolox
equivalents (TE) (mg TE/g extract).
ABTS Assay. ABTS (The 2, 2-azinobis-3ethylbenzothiazoline-6-sulfonic acid) free radical
caption scavenging activity was determined using a
spectrophotometric method according to [21] with
minor modifications. 80 μl sample and 160 μl ABTS
solution mixed and waited at 6 minutes. The mixture
was measured at 750 nm and the antioxidant capacity
of each extract was calculated as trolox equivalents
(TE) (mg TE/g extract).
Antimicrobial Activity. Fourteen test organisms were used for determine the antimicrobial activity. Six Gram (+); Enterococcus faecalis
ATCC29212, Streptococcus epidermidis ATCC
12228, Staphylococcus aereus ATCC6538, Enterococcus faecium DSMZ13590, MRSA ATCC43300,
Enterococcus hirae ATCC10541 and six Gram (-);
Pseudomonas aeruginosa ATCC27853, Klebsiella
pneumoniae ATCC13883, Escherichia coli
ATCC29998, Yersinia enterocolitica ATCC27729,
Vibrio parahaemolyticus ATCC17802, Salmonella
typhimurium CCM5445 and two yeast Candida albicans DSMZ5817, Candida albicans ATCC10231
were used as test organisms.
Disc diffusion method was used to detect antimicrobial activity. 10 mg/ml stock solution was prepared by plant extract dissolved in DMSO. Then 20
μL impregnated discs were put on petri dishes with
inoculated test organisms (0.5 McFarland). Petri
dishes waited at 4 °C for diffusion of extracts to media. After this treatment petries were incubated at 37
°C and 25 °C for bacteria and yeast, respectively
days. Afterwards, 2 days incubation, inhibition zone
around the discs was measured as millimetre [22,
23]. As a positive control chloramphenicol was used
equal concentration with samples.

Antioxidant Capacity. Antioxidant activity of
the extracts was detected by different methods such
as DPPH and ABTS. DPPH radical scavenging activity was found to be maximum in ethyl acetate extract (329.46 mg TE /g extract) and minimum in the
aqueous extract (4.30 mg TE /g extract). All DPPH
activity assay results were summarized Table 2.
Antioxidant activity as determined by ABTS
assay was detected to similar DPPH assay the highest in ethyl acetate extract (102.88 mg TE /g extract)
and minimum in hexane extract (1.94 mg TE /g extract). ABTS radical scavenging activity of extracts
was displayed at Table 2. Consequently, the antioxidant capacity of the ethyl acetate extract was high in
both methods. Different studies about some Centaurea species enlighten that have significant antioxidant activity. As reported before, extracts of the three
endemic Centaurea species (C. polypodiifolia var.
pseudobehen, C. pyrrhoblephara and C. antalyense)
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Three Centaurea species (C. lycopyfolia, C.
balsamita, and C. depressa) were investigated in
terms of antimicrobial activity [29]. Acccording to
this study C. lycopyfolia and C. balsamita were exhibited 11 mm and C. depressa 10 mm inhibition
zone on S. aureus. It has shown antimicrobial activity on E. coli, 11 mm, 10 mm and 9 mm while P.
aeruginosa 11 mm, 8 mm, 10 mm, respectively. On
the other hand, the plants exhibited significant activity C. albicans [29]. While C. pulcherrima var.
freynii was demonstrating strong activity on S. aereus (12 mm), MRSA (12 mm), E. coli (13 mm), P.
aeruginosa (12 mm), did not effect on Candida species. In addition to this, it was found that extracts of
C. cariensis were effective on resistant bacteria including S. aereus [23].

Antimicrobial Activity. The antimicrobial activity of plant extracts was evaluated against twelve
pathogenic bacterial and two yeast strains. Antimicrobial potential of the extracts was assessed in terms
of zone of inhibition of microorganism's growth as
shown in Table 3. All extracts showed better antibacterial activity against on Gram (+) than Gram (-)
bacteria except water extract. It was observed that all
extracts affected all Gram (-) test organisms without
aquatic extract. Besides, ethyl acetate extract was
found very active on E. coli than positive control
chloramphenicol. It was found that any activity
against to Candida species.

TABLE 1
Total phenolic and flavonoid contents of C. pulcherrima extracts
Extracts

Phenolic content
mg GAE / g extract
11.73±1.35c
116.03±3.07a
25.19 ±1.60c
63.78 ±2.5b
23.33±0.01c

Yield (%)

Hexane
Ethyl Acetate
Ethanol
Methanol
Water

0.8
3.9
6.2
17.6
7.8

Flavonoid
mg RE /g extract
2.00±0.23c
19.77±2.23a
4.29±0.27c
10.87±2.13b
2.70±0.21c

Values are expressed means ± S.D. of three independent measurements, different letters in the same column indicate a significant difference (P <0.05), GAE: Gallic acid equivalents (y =0.0078x-0.006; R2 =0.09982), RE: Rutin
equivalents (y = 0.0182x - 0.004; R2 = 0.9949).
TABLE 2
Antioxidant activity of C. pulcherrima H[WUDFWV '33+ǜ$%76ǜ
Extracts
Hexane
Ethyl Acetate
Ethanol
Methanol
Water

'33+ǜ
(mg TE /g extract)
17.92±1.06d
329.46±2.08a
9.76±0.07c
19.33±2.90b
4.30±0.61d

$%76ǜ
(mg TE /g extract)
1.94±0.40e
102.88±1.60a
9.04±0.10c
55.84±1.60b
3.64±1.00d

Values are expressed as means ± S.D. of three independent measurements, different letters in the same column
indicate a significant difference (P <0.05). TE: Trolox equivalents.
TABLE 3
Zones of growth inhibition (mm) values showing the antimicrobial activities of the different extracts compared to positive control
Gram (-) bacte- Gram (+) bacteria
ria

Plant extracts
E. faecalis
S. epidermidis
S. aereus
E. faecium
MRSA
E. hirae
P. aeruginosa
K. pneumoniea
E. coli
Y. enterocolitica
V. parahaemolyticus
S. typhimurium

Hexane

Ethanol

8±0.5
-

9±0.3
8±0.4
-

Ethyl
Acetate
12±0.2
12±0.5
12±0.3
13±0.3
8±0.4
11±0.2
12±0.3

Methanol

Water

10±0.3
8±0.2
-

-

Each column represent three independent experiments, ± standard deviation.
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Positive Control
(Chloramphenicol)
15±0.2
17±0.1
15±0.2
10±0.1
15±0.2
17±0.3
16±0.1
16±0.1
12±0.2
10±0.3
15±0.2
16±0.1
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[9] Dittrich, M. (1977) Cinareae-systematic review,
in the biology and chemistry of the Compositae.
Academic Press, San Francisco. 999±1015.
[10] Bancheva, S. and Greilhuber, J. (2006) Genome
size in Bulgarian Centaurea (Asteraceae). Plant
Syst Evol. 257, 95-117.
[11] Davis, P.H. (1988) Flora of Turkey and the East
Aegean Islands. 10, Edinburgh, Edinburgh University Press.
[12] Guner, A., Ozhatay, N., Ekim, T. and Baser,
K.H.C. (2000) Flora of Turkey and the East Aegean Islands. Edinburgh, Edinburgh University
Press.
[13] Wagenitz, G. (1975) Centaurea L. In: Davis,
P.H. (ed.) Flora of Turkey and the East Aegean
Islands. Edinburgh: Edinburgh University
Press. 5, 465-585.
[14] Baytop, T. (1999) Therapy with medicinal
plants in Turkey, Past and Present. 2nd ed. IsWDQEXO7XUNH\1REHO7ÕS %DVÕPHYL
[15] Sezik, E., Yesilada, E., Honda, G., Takaishi, Y.,
Takeda, Y. and Tanaka, T. (2001) Traditional
medicine in Turkey X. Folk medicine in Central
Anatolia. J Ethnopharmacol. 75, 95-115.
[16] .DUJÕRJOX0&HQNFL66HUWHVHU$.RQXN
M. and Vural, G. (2010) Traditional uses of wild
plants in the middle Aegean region of Turkey.
Human Ecol. 38, 429-450.
[17] .DUJÕRJOX 0 &HQNFL 6 6HUWHVHU $
Evliyaoglu, N., Konuk, M., Kok, M.S. and
%DJFÕ < (2008) An ethnobotanical survey of
inner- West Anatolia, Turkey. Human Ecol. 36,
763-777.
[18] Slinkard, K. and Singleton, V.L. (1977) Total
phenol analyses: automation and comparison
with manual methods. Am J Enol Viticult. 28,
49-55.
[19] Moreno, M.I., Isla, M.I, Sampietro, A.R. and
Vattuone, M.A. (2000) Comparison of the free
radical-scavenging activity of propolis from
several regions of Argentina. Journal of Ethnopharmacology. 71, 109-114.
[20] Kirby, A.J. and Schmidt, R.J. (1997) The antioxidant activity of Chinese herbs for eczema
and of placebo herbs. Journal of Ethnopharmacology. 56, 103±108.
[21] Re, R., Pellegrini, N., Proteggente, A. Pannala,
A., Yang, M. and Rice-Evans, C. (1999) Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Free Radical
Biology and Medicine. 26, 1231-1237.
[22] Ozcan, K., Aksoy, S.C., Kalkan, O., Uzel, A.,
Hames-Kocabas, E.E. and Bedir, E. (2013) Diversity and antibiotic-producing potential of
cultivable marine-derived actinomycetes from
coastal sediments of Turkey. Journal of Soils
and Sediments. 13, 1493-1501.

CONCLUSIONS
Centaurea species have been using in folk medicine by Turkish people, extensively. However, there
is not enough information about all the individuals
because this genus has many members and a significant part of them are endemic. C. pulcherrima var.
freynii is one of these plants. In this study, we investigated biological activities (antioxidant, antimicrobial etc.) of the plant. This study has demonstrated
that extracts of C. pulcherrima var. freynii were rich
in terms of total phenolic, flavonoid content; the species have significant antioxidant and antimicrobial
activity in all of the tested methods. The extracts
might have therapeutic effects such as prevent radiFDOV¶DWWDFNVDQGLQKLELWLRQPLFURELDODFWLYLW\LQGLI
ferent applications. As a result, C. pulcherrima var.
freynii might be recommended as a new potential
source of natural antioxidants and antimicrobials in
food and pharmacological areas.
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The main features of the methods used in agriculture should be sustainable, human and animalfriendly and harmless to the environment and natural
resources. Usage of green manure instead of synthetic fertilizers are becoming prominent due to their
eco-friendly effects but allelopathic interactions
among the plants should be used as a criterion to select the effective green manure plants. In the research, germination and seedling growth of some
green manure plants (narbon vetch, forage pea, alfalfa, and soybean) were examined through allelopathy in differently concentrated aqueous leaf extracts
of three different apple cultivars which are chosen
according to their harvest time (Summer Red-Early,
Mondial Gala-Middle, Fuji-Late). The results
showed that increasing concentrations had an inhibitory effect on the growth of green manure plants
prognosticatively but stimulatory effects were also
observed in different concentrations of some cultivars. Mondial Gala (MG) showed a stimulatory effect on germination of alfalfa and soybean but the
slowest germination for soybean (2,97 days) was
recorded at 5 % concentration of the cultivar (MG5). Fuji (F) caused an increment only on the root
growth of soybean and Summer Red (SR) stimulated
the shoot growth of forage pea while it caused a decrement on the root and shoot growth of soybean.
Fresh seedling weight (FSW) of forage pea primarily
increased for all apple cultivars but than, a decrement observed in higher concentrations. SR increased the FSW of soybean but contrarily decreased
the dry seedling weight. If apple gardens were laid
out with SR and MG cultivars, alfalfa and forage pea
could be used as green manure but if the gardens laid
out with Fuji, forage pea, narbon vetch and soybean
could be recommended as green manure plants with
regard to their allelopathic interactions.



While the world population increasing regularly, arable lands decrease continuously due to mismanagement practices and urbanization. Therefore
increasing plant production in per unit area has a crucial importance to overcome food scarce predicted
for the future. To achieve this, developing cultivars
that have superior productivity and sustainable agriculture technics are required.
One of the methods that used to increase yield
is the usage of mineral fertilizer [1]. As a result of
intensive and unconscious usage of mineral fertilizers, serious adverse effects such as salinization, accumulation of heavy metals, a decrease of microorganism activity, greenhouse effect, eutrophication in
underground waters and etc. occurred in agricultural
lands [2-5]. Furthermore, it caused some disorders in
human and animal health [6-8].
Using green manures as an alternative to reduce
the use of mineral fertilizers is one of the most common methods because of the hazardous effects of
mineral fertilizer. Green manures are eco-friendly
and producing crops that do not contain toxic elements on critical levels for humans [9-11]. Also organic matter, enzymatic activities (dehydrogenase,
urease, β-glucosidase, phosphatase, arylsulfatase)
and biological properties (microbial biomass-C, soil
respiration) of soil, yield parameters and nutrition
status of plants were increased on green manure applied orchards [12]. Prevention of soilborne diseases
and weed control can be achieved by using green manures [13, 14].
Benefits of green manures on farmlands and
cropping products were determined in many studies
[15-18]. Apple which has the highest amount of
farmlands (5.051.851 ha) and production quantity
(84.630.275 tones) among all deciduous fruits in the
world is an important fruit species because of its rich
ingredient [19, 20]. Turkey is a major apple producer
country and takes place in top 5 in terms of apple
production quantity [19]. Mineral fertilizers were applied intensively in apple cultivation so finding alternatives has become extremely important due to the
undesirable effects of mineral fertilizers.
This study was planned to determine suitable

+)!$%
#! x !" Borkh, Green manure, Allelopathy,
Seedling growth, Agroforestry
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legume species used as green manure for apple gardens. For this purpose, effects of aqueous leaf solutions extracted from different apple cultivars (Fuji,
Summer Red and Mondial Gala) on germination and
seedling growth of annual legumes were considered
and extract x genotype interactions were examined.

Germination ratio, mean germination time
(mgt), shoot-root length, fresh seedling weight
(FSW), dry seedling weight (DSW) and seedling dry
matter ratio (SDMR) of forage legume species significantly varied in terms of both apple cultivars and
concentration levels (Table 1). Germination ratio
and shoot length of the species reduced in aqueous
leaf extract (ALE) of MG cultivar but on the contrary, this cultivar accelerated the germination speed
and increased the SDMR also.
The highest germination ratio was observed in
SR cultivar (92.1 %) while the lowest was in MG
(89.6 %) as explained. Germination ratio in Fuji cultivar (91.9 %) was slightly lower than SR but the difference was not statistically different. The fastest
germination recorded as 2.47 days (MG) while the
slowest was 2.57 days (Fuji) and the difference was
statistically significant. Mean germination time of
the species in SR cultivar solution (2.55 days) was
almost equivalent to Fuji. Shoot and root lengths responded differently to apple cultivars. The longest
shoot length was measured in SR (9.93 cm) but root
length was the longest in Fuji (7.88 cm). Shoot
length in Fuji (9.77 cm) was lower than the highest
but the difference was not significant. MG reduced
the shoot length (8.98 cm) and root length (7.19 cm)
and these were the lowest values also. Root length in
SR (7.41 cm) was higher than in MG but the difference was not statistically significant.
There were not any significant differences
among the apple cultivars in terms of FSW and DSW
of the species. While there were not any statistical
difference among Fuji and SR cultivars with regard
to SDMR, it was the lowest in Fuji cultivar (8.67 %)
and the highest SDMR was observed in the ALE of
MG (9.19 %).
Concentrations had significant effects on the
examined characteristics of the species. Germination
ratio was the highest in control group (96.0 %) and it
decreased down to 83.8 % (in 5.0 % concentration)
but 0.5 % level was not statistically different than
control (94.3 %). The fastest seed germination was
recorded in control but there were not any significant
differences among the control group, 0.5 % and 1.0
% concentrations (2.40, 2.43 and 2.41 days respectively). Increasing concentrations caused a
significant decrement in MGT and the slowest germination was observed in 5.0 % concentration (2.81
days).
Generally, an inhibitory effect was observed
with the increasing concentrations as expected but
shoot and root lengths were previously stimulated up
to 1 % and 2.5 % concentration level then showed a
decrement trend. The longest shoot length was measured in 2.5 % level (10.35 cm) but in 5.0 % level, it
decreased sharply down to 9.10 cm. Similar results
were observed in the root length also but the breaking point was 1.0 % concentration level in which the

&$% &!%
This research was carried out in the laboratory
of Eskisehir Osmangazi University, Department of
Horticulture. Apple plants were chosen with regard
to temporality as Fuji (late), Summer Red (early) and
Mondial Gala (middle). In the late summer of 2016,
apple leaves were collected from the trees and kept
in the room temperature for a week. Before drying
treatment, leaves were pre-treated with % 1 sodium
hypochlorite and then dried at 60 C for 24 h to
ground easily [21]. Leaf powders of the cultivars
were added separately to 1 lt distilled water to prepare aqueous extracts in different concentrations as
0.0 (control), 0.5, 1, 2.5, 5.0 % (w/v) and kept in the
room temperature for 24 h [22]. Solutions were filtered through filter paper and kept in +4 C until use.
Narbon vetch (  Crantz.), forage pea ( !# !"$# ssp.  $! L.), soybean
(& % Merr.), and alfalfa (  !"$
L.) seeds were used as green manure plants. For germinating and seedling tests, 50 seeds of the alfalfa
were placed in three rolled filter paper and wet with
21 ml of the solution. For Narbon vetch, soybean and
forage pea, 25 seeds were used with the same treatment and filter papers were wet with 42 ml of the
solution differently because of the size of the seeds.
Seeds of Narbon vetch, alfalfa and forage pea
were germinated at 20 C and soybean at 25 C in
growth chamber [23]. Germination percentage was
recorded in every 24 h until 10 days and main germination time was determined with regard to ISTA
[23]. Root and shoot lengths were measured
separately after 10 days and weighed together to calculate fresh seedling weight. Dry seedling weight
was measured after oven-dry in 70 C for 24 h [24].
The experiment was arranged in completely
randomized design with 4 replications and analyses
were carried out in SAS 9.3 statistical software package. In the research, germination rates of Narbon
vetch and shoot lengths of soybean did not distribute
normally and therefore, these parameters were subjected to square root transformation before performing ANOVA. Homogeneity tests were carried out
through Levene test and variances were found to be
homogenous in 5 % significance level (P>0.05).
Means were separated using Tukey HSD multiple
comparison test.






4053



$#

! %    





!"  ! 


green manure plant. Shen et al. [26] stated ##!
! leaves inhibited the germination of maize
and some other short plants while Zhang et al. [21]
stated that apple leaf litter increased the germination
of rape seeds. That is possibly due to different concentrations and allelochemical contents of the tree
species and this variation may occur in same species
but different cultivars. In the research, apple cultivars examined and ALE of MG inhibited the germination of the investigated green manure plants (Figure 1). Philomina and Munikumari [27] were also indicated that germination of &' !"$ and #
!  were inhibited by some tree species.
Germination ratio of forage pea was not affected significantly by the increasing concentrations of all apple cultivars. Alfalfa and Narbon vetch showed a
great decrement of germination ratio in increasing
concentrations (Figure 1) and that is possibly due to
inhibitory effect of all examined apple leaves on alfalfa and Narbon vetch as Amoo et al. [28] indicated.
Thakur [29] determined an allelopathic effect of
mulberry, plum and pomegranate on soybean but in
this research, germination of soybean was affected
only in the ALE of Fuji and SR apple cultivars (Figure 1).

longest root length was measured also (7.95 cm). After 1.0 % level, root length was observed in a tendance of decrement and significantly decreased in the
highest concentration (6.93 cm).
FSW was higher in the leaf solutions than the
control (2.15 gr) but a sharp decrement was observed
in 5 % concentration level (1.95 gr). The highest
FSW was weighed at 0.5 % level (2.43 gr) but it was
not statistically different than 1.0 % (2.39 gr) and 2.5
% (2.36 gr). There was a slight difference among the
DSW of the species with regard to concentrations.
The lowest value was observed in 0.5 % level (0.232
gr) while the highest was in 2.5 % (0.253 gr). SDMR
of the species were lower in 0.5 % (7.69 %) and 1 %
levels (7.97 %) than the control (9.54 %) but when
the concentrations increased, SDMR showed an increasing trend and it reached to the highest ratio
(10.45 %) in the highest concentration level (5.0 %).


%'%%! 
It is widely known that some tree species affect
negatively the other short plants through allelopathy
when they cultivated together [25] and this information should be considered in the selection of the
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Germination time of the plants differed significantly among the apple cultivars. In contrast to germination ratio, germination time was the shortest in
MG cultivar. Germination time of the species
lengthen with the increasing concentrations as expected but Narbon vetch showed a different response
to concentrations. In all concentrations of the apple
cultivars, Narbon vetch germinated faster than the
control but in the highest concentration of Fuji cultivar, germination time of the plant significantly
lengthen (Figure 2). Alfalfa germinated as the fastest
in control but when the concentration increased, the
germination decelerated especially in Fuji extracts
(Figure 2). Inhibitor effect of Fuji was observed
more in alfalfa with regard to germination time but
in soybean, MG and SR had more inhibitory effect.
Mgt values were similar among control group and
low concentrations of leaf extracts in soybean. Forage pea was also affected by increasing concentrations with regard to mgt. Fuji and MG cultivars had
an inhibitory effect on mgt of forage pea (Figure 2).

Findings of some researchers showed that the increasing concentrations of ALE of some tree species
prolong germination time of some crops as maize
[30] and chickpea [31].
Cultivar’s effect on the shoot length of the
green manure species was similar to germination ratio. MG negatively affected the shoot length of the
species. Narbon vetch did not show significant variance in terms of shoot length but a shortening observed in the shoot length of alfalfa as expected with
the increasing concentrations and the shortest shoot
lengths were measured in the highest concentrations
(Figure 3). Kato-Noguchi and Takami [32] were also
stated that increasing jackfruit leaf extracts reduced
the shoot growth of alfalfa. All concentrations increased shoot length of forage pea in comparison
with control except Fuji (5%) and SR (0,5%) as observed in Figure 3. Leaf extracts of MG and SR
surprisingly had a stimulatory effect on the shoot
length of forage pea. Fuji cultivar could be
containing allelochemicals that have an inhibitory
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trol with regard to root length of alfalfa but increasing concentrations significantly reduced the root
length of alfalfa (Figure 4). Kato-Noguchi and
Takami [32] also indicated that increasing concentrations of jackfruit leaf extractions reduced root
growth of alfalfa, especially in higher dosages. The
ALEs interestingly showed a stimulatory effect on
the root growth of soybean while Fuji had the positive effect particularly (Figure 4). The findings of the
research conducted by Ahmed et al. [36] showed that
leaf litters of an allelopathic tree species #&"#!
#!! stimulated the root growth of another
legume #! similarly as the result among
the apple leaves and soybean. But contrarily, Thakur
[29] indicated that mulberry, plum and pomegranate
trees had an inhibitory effect on the root growth of
soybean. This variation is possibly due to effects of
different allelochemicals that released from the different plants because it is widely known that allelopathy is called the effects of releasing allelochemicals
from the plant materials [37- 43].

effect on forage pea as observed in higher concentrations especially (Figure 3). Shoot length of soybean
slightly increased in the lower concentrations of Fuji
in proportion to control. It is possible to mention of
a stimulatory effect of Fuji but statistically, the
increment was not significant. Inhibitory effect was
observed in SR and MG cultivars but the highest
shoot length was measured in 2,5 % concentration of
MG. This instability shows that different concentrations of MG leaf extracts may have different effects
on the shoot length of soybean.
Released allelochemicals primarily contact
with the roots in the soil [33]. Therefore root growth
of the plant is one of the significant parameters to
observe allelopathic interactions among the plants
[34, 35]. In the experiment, MG and SR cultivars inhibited the root growth of the species while Fuji did
not. Concentrations had a significant effect on alfalfa
and soybean with regard to root growth. Lower concentrations were not statistically different from con

'$ 
%277;4/61;270;2/19//65,6<9/84,6;:3670;2/,884/-<4;3=,9:

'$ 
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Fresh and dry seedling weight of species were
not varied among the apple cultivars but concentrations had different effects on the species. Fresh seedling weight was compatible with the shoot and root
lengths. FSW and DSW of the species primarily increased with lower concentrations and then showed
a decrement trend with the increment in concentrations. Especially in soybean, the highest FSW was
observed in 2,5 % of MG as the highest shoot length
was measured in the same extract. FSW decreased in
the highest concentrations (Figure 5) and these findings were similar with the Das et al. [44] determined
that increasing concentrations of leaf leachates belong to different tree species reduces FSW of gram
that another legume plant. Encountered with similar
results in forage pea also but the effect of MG cultivar was stable with regard to FSW of forage pea
(Figure 5). The results showed that increasing concentrations made stimulatory effect up to 1,0 % but





higher dosages showed an inhibitory effect. In the
soybean, the highest concentration level that increased FSW and DSW was changed with regard to
apple cultivars. For example in the Fuji, the highest
FSW was measured in 0,5 % but it was 1,0 % and
2,5 % in the SR and MG respectively (Figure 5). In
the experiment conducted by Lisanework and Michelsen [45], dry weight of forage pea showed reducement trend with the increasing concentrations of
different tree species but the findings of our research
indicated that apple leaves did not have an inhibitory
effect on DSW of forage pea.
Species responded similarly to changing concentrations with regard to seedling dry matter content. Primarily a decrement was observed but the
highest concentrations stimulated the dry matter accumulation of species in seedlings. Dry matter content of soybean was higher than control in all ALE
of apple cultivars (Figure 6). Zhang et al. [21] were
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also indicated the ALE of some tree species increased the dry matter of rape shoots but in another
research, Kamara et al. [48] stated that leaf extracts
of " # "" "  caused a reduction in dry
matter of cowpea. That is possibly due to the
different allelochemical content of the plants and
changing responses to different concentrations.
Dry matter accumulations usually correlated
with the N uptake of the plants [46, 47]. According
to this, it should be thought that the concentrations
which gave higher dry matter weight could provoke
N uptake in the plants.

[3] Korkmaz, K. (2007) Tarım girdi sisteminde azot
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[12]Tejada, M., Gonzalez, J.L., García-Martínez,
A.M. and Parrado, J. (2008) Effects of different
green manures on soil biological properties and
maize yield. Bioresource Technology. 99(6),
1758-1767.
[13]Caamal-Maldonado, J.A., Jiménez-Osornio,
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manures. Crop protection. 26(7), 1067-1077.

! '%! 
The principles of sustainability in agriculture
should be adhered while farming, which protects the
natural resources, environment and live being health,
so sensitive farming methods should be followed.
For this purpose, in this study, potentials of possible
allelopathic interaction among the apple cultivars
and the green manure plants that should be used instead of mineral manure which creates harmful effects when used intensively were investigated.
It was founded that the maturity of investigated
apple cultivars is not important in terms of allelopathic interactions. If laying out the garden with Summer Red or Mondial Gala, using alfalfa and forage
pea as green manure is recommended because there
were not any negative effect determined among summer red and alfalfa and forage pea with regard to investigated parameters. Even slightly stimulatory effects were observed among these species and Summer Red in low concentrations. In apple gardens that
layed out with Fuji, forage pea, narbon vetch and
soybean species should be recommended as green
manure.
Further studies should be conducted to examine
the effects of the cultivars on germination and seedling growth of the green manure legumes in the field.
Furthermore, chemical contents of the aqueous leaf
extracts should be determined because identifying
the chemicals that causing allelopathic effects on the
species (allelochemicals) could be useful in applications of green manure, agroforestry and even in
breeding.
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the efficiency is not very high. Besides, other common fiber lasers include: erbium (Er) fiber laser with
operating wavelength being nearly 1.55μm; thulium
(Tm) and holmium (HO) fiber laser with operating
wavelength being nearly 2μm; and Er or HO-mixed
glass fiber laser with operating wavelength being
nearly 3μm. Fluoride glass fiber mixed with rare
earth can acquire laser output of visible wave band
through above-mentioned conversion process but the
power and efficiency are not high enough. However,
in many practical applications (such as gas detection,
laser radar, sodium laser guidance star magnitude),
high-power laser with specific wavelength is required but the fiber laser mixed with rare earth ion
can not meet requirements. Nonlinear optical process in optical fiber can be used to produce a laser
with new wavelength. At present, the optical fiber
with relatively rapid development surpasses light
source with super-continuum spectrum and it can
cover ultraviolet and middle-infrared band. However, the spectrum power density of the light source
in specific wavelength is very low. Furthermore, the
parametric process in optical fiber can be used to
produce laser with new wavelength. However, due
to phase matching requirements, photonic crystal fiber with adjustable chromatic dispersion is required.
Due to high requirements of pumping source, thermal effects and other limiting factors, tuning range
and output power of actually acquired wavelength
are not too ideal. Raman fiber laser with stimulated
Raman scattering in optical fiber has characteristics
of wide gain spectrum, cascadabke operation and no
need of phase matching and other characteristics,
pumping laser with suitable wavelength can be used
to produce laser output with any wavelength in transparency range of optical fiber. From the perspective
of development status, Raman fiber laser is the only
fiber laser which can realize high-power and wideband output at the same time at present. Fig. 1 is the
change of power of Raman fiber aser from near-infrared to middle-infrared band along with wavelength. When the wavelength is about 1.1μm, the
power of Raman fiber laser can be up to thousands
of kilowatts; with the increase in wavelength, the
power will show index reduction. Adopted Raman
gain fiber mainly includes silica fiber (including germanium-doped silica fiber), fluoride fiber and chalcogenide fiber and so on.
One design method of second-order cascaded

$%#%
One design method of second-order cascaded
Raman fiber laser based on Raman coefficient gain
is proposed to improve design effects of fiber laser.
First of all, nonlinear method can be used to acquire
second-order approximate solution of cascaded Raman fiber laser. Differential equation describing distribution of pumping light and Stokes light along optical fiber is simplified into algebraic equation set.
Based on this, second-order nonlinear approximation
is adopted for pumping light to acquire approximate
solutions in different input pumping powers and to
determine threshold value expression of first-order
Stokes light and second-order Stokes light in secondorder nonlinear approximation. Second-order approximate solution is used to be compared with general numerical method and the result shows that
these two items are identical.


)'!#$
Raman coefficient, Second-order cascading, Fiber laser,
Second-order approximate solution

 %#!&%! 
Due to advantages such as compact structure,
high efficiency, high quality of light beam as well as
stability and ease of use, fiber laser becomes research hotspot of laser technology at present. Highpower fiber laser has significant applications in basic
research, national defense, industrial processing,
medical treatment and other fields. Increase in power
and illuminance and expansion of operating wavelength are two important directions for development
of laser technology and they are also core topics of
fiber laser development. Raman fiber laser has its
unique advantages in expansion of wavelength.
The operating wavelength of ordinary rare
earth ion mixed with fiber laser is determined by energy level transition of rare earth ion and this kind of
laser can only operate efficiently in discrete spectrum region. The development of ytterbium (Yb) fiber laser is relatively mature and the range of operating wavelength is 1.0 to 1.1μm. The operating
wavelength can be further expanded to 1.2μm while
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Raman fiber laser based on Raman coefficient gain
is proposed in the Thesis to use nonlinear method to
acquire second-order approximate solution of cascaded Raman fiber laser. Differential equation describing distribution of pumping light and Stokes
light along optical fiber is simplified into algebraic
equation set. Based on this, second-order nonlinear
approximation is adopted for pumping light to acquire approximate solutions in different input pumping powers and to determine threshold value expression of first-order Stokes light and second-order
Stokes light in second-order nonlinear approximation. Second-order approximate solution is used to
be compared with general numerical method and the
result shows that these two items are identical to each
other.

amplifier for integration of pumping or signal.

"!'# #$ # #
$#

#/</+;-29;81;/<< Early in 1970s, STOLEN
et al. researched Raman amplification process in optical fiber and then research reports in this aspect appear successively. Up to 1990s, with the development of fiber laser mixed with rare earth ion pumped
by diode, Raman fiber laser started to develop rapidly with Raman optical fiber amplifier and it is
widely concerned as distributed optical fiber amplifier in optical fiber communication network. From
the present century, the output power of Raman fiber
laser increases substantially, which is closely related
to rapid development of fiber laser mixed with Yb
light. Stimulated Raman scattering is one kind of
nonlinear optical process and it requires relatively
higher pumping power density. Output fiber of highpower and high-illuminance fiber laser with rare
earth can be directly spliced with Raman fiber laser,
which provides one kind of simple and convenient
pumping method.
Fig. 1 is the change of output power of Raman
fiber laser along with the year in which each data
point derives from relevant typical reports. It can be
seen from the figure that output power of Raman fiber laser shows increase in form of index. After comparing it with Yb fiber laser as pumping source, we
can find output power of both show increase in form
of index. However, output power of Raman fiber laser is one order of magnitude less than that of Yb
fiber laser. The optical efficiency of high-power Raman fiber laser can be up to 80% but why is its output
power one order of magnitude less than Yb fiber laser as pumping source? The main reason is that
power increase of Raman fiber laser is faced with
many challenges such as spectrum widening, combination of pumping light and signal light, high-order
Raman laser and so on. To cope with these challenges, development stage of high-power Raman fiber laser mainly includes 3 stages such as laser oscillator, amplification of master oscillator power and
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58@+7+5B<3<80#+6+7-8/003-3/7= Fig. 2 is
the structure chart of cascaded Raman fiber laser. In
the figure, FBG1 and FBG4 as well as FBG4 and
FBG3of fiber Bragg grating respectively constitutes
resonant cavity of first-order and second-order
Stokes light and FBGO will reflect the residual
pumping light to optical fiber. The output wavelength of pumping source is 1064nm. The gain medium is optical fiber and 1484nm laser output will be
produced after second-order Raman frequency shift.
In case dual-wavelength output is required, FBG1
will reflect part of Bragg grating.
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In Fig. 2, pumping light with forward and backward transmission, first-order Stokes light with forward and backward transmission and second-order
Stokes light with forward and backward transmission can be formed in cavity and these 6 kinds of
transmitted waves can be respectively expressed in
0+ , 0− , 1+ , 1− , 2+ and 2− in which ± respectively shows forward (+) and backward (-)
spread light. In steady state output of laser, the coupled equation for dynamics of Raman fiber laser is:

±
±
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respectively repre-

(7)

sents wavelength of pumping light, first-order
Stokes light and second-order Stokes light;
and

α2

α 0 , α1

But the output power of light at different levels
is:

respectively represents loss coefficient of
 = 10−0.3δ  −0.4δ  (1 −  )  + ( ) = 10−0.3δ  −0.4δ  (1 −  )    (  )

corresponding pumping light, first-order Stokes light
and second-order Stokes light;

 01 and  02

(8)

re-

spectively represents Raman gain coefficient of conversion of pumping light to first-order Stokes light
and conversion of first-order Stokes light to secondorder Stokes light. Equation set (1 to 3) in points A,
B of Fig. 2 conforms to boundary conditions:

Therefore,
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Where,  = −

Where,  is the length of optical fiber. In case
~ 4 is reflectivity of corresponding FBG and

In equation set (3), we will

know integral from 0 to , which are respectively:

(equal in all places), therefore:
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(equal in all places) and FBG has insertion loss δ 
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Equation set (6) has three undetermined constants and it conforms to new boundary conditions:

It
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We can know that:

determined when the third expression of Equation
(10) exists. At this time, the pumping power is great
enough to produce second-order Stokes light,
namely

′ >  2 . The propagation of pumping

light is approximate to linear propagation, namely

0 (  ) = 0 ( 0) + 1  ,

then second-order

Stokes light is also in linear propagation. Advantages
of this pattern are conciseness and brevity and we
can know the analytical solution approximate to actual value. In case there are  = 0 and  =  in
Equation (5), then:

2 =

(16)
Therefore, we can know the entire analytical
form of second-order threshold value:

λ1
⎧ ′
⎪0 (0) = 1 = −0 − 2  01 λ 1 cosh[1 (0)]
⎪
0
⎨
λ
⎪ ′ ( ) =  = −α − 2  1  cosh[ ( )]
1
0
01
1
⎪⎩ 0
λ0 1

δ1 (α 0  +
 2 =
01 (1 − 

(12)
It can be seen that when



1 = 4 , when the difference be-

1 and 4 is greater, the theory that propa-

gation of pumping light is approximate to linear
propagation will be challenged. In case not only output of 1484nm wavelength but also dual-wavelength
output are required, namely extra 1239nm wavelength output is required, then FBG1 can not reflect
mostly but partially. At this time, the difference between 1 and 4 becomes greater and therefore
the linear method is not accurate enough. Next, we
carry out second-order nonlinear approximate processing of

0 (0) so as to acquire more accurate ap-

proximate solution. Then, it is expanded by Taylor:

0 (  ) = 0 (0) + 1  + 2  2 + 3  3 + 4  4 +
(13)
By second-order approximation, we can know:

0 (  ) = 0 (0) + 1  + 2  2

01λ1
δ2
12 λ0

)(1 + 0 



−α 0  −

01λ1
δ2
12 λ0

)
(17)

A9/;36/7=+5 ./?3-/< Fig. 3 is the experimental device figure of Raman fiber laser and the laser is of double-ring cavity structure consisting of
annular resonant cavity of Er-dropped fiber and annular resonant cavity of Raman fiber. The annular
cavity in middle and upper part of Fig. 1 is the annular resonant cavity of Er-dropped fiber in forward
pumping and the pumping source is the multi-mode
semiconductor laser with fiber coupling output. Its
central wavelength is 974nm and maximum power
output is 10W. 974nm pumping light will be coupled
into erbium and ytterbium-dropped double-clad fiber
(EYDF) with length of about 6m through (2+1)×1
pump combiner. 1550nm polarization independent
optical isolator (ISO) is used to guarantee unidirectional transmission of laser in cavity.
1550nm/1650nm wavelength division multiplexing
(WDM) coupler is used to separate pumping light
produced in Er-dropped fiber from Raman signal
light. The ring cavity in middle and lower part in Fig.
1 is the annular resonant cavity of Raman fiber with
reverse pumping. Raman gain medium is the commercial silica-based highly nonlinear fiber (HNLF)
and the length of optical fiber is 700m and the numerical aperture is 0.35. The mode field diameter in
the place of 1550nm is 2.23μm and nonlinear coefficient is 10W-1·km-1. The chromatic dispersion is3.141PS/(nm·km) and the loss is 1.07DB/km.
1650nm polarization independent optical isolator is
used to guarantee unidirectional transmission of Raman signal light in cavity. Raman fiber will be output
through 30% port of one 30/70 coupler.

tion of pumping light will have no contradiction. At

tween

−α 0  −

01λ1
δ2 )
12λ0

("# % )$$

1 (0) = 1 ( ) and

0′ (0) = 0′ ( ) , approximate linear propagathis time, if

01λ1 1 {cosh[1 (0)] − cosh[1 ( )}]
λ0 

(14)

Therefore, it conforms to:
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The key device in the laser to realize passive
mode locking is saturable absorber of oxidized
grapheme in “sandwich” structure, namely oxidized
grapheme material is placed between end faces of
two fiber patch cords and then flange plate is used to
connect two fiber patch cords. This method is simple
and convenient with high coupling efficiency and
high repeatability. Preparation methods of oxidized
grapheme mainly include the following steps: first of
all, modified HummErS method is used to acquire
graphite oxide powder from natural graphite and
then graphite oxide is processed in ultrasonic cell
disruptor (Ningbo Scientz JY92-  D, ultrasonic
power is 200W and ultrasonic time is 2H) to prepare
high-quality graphite oxide aqueous solution with
concentration of 2mg/mL. In the end, light absorption method (laser power is 20mW and adsorption
time is 30mIn) is used to attach graphite oxide to end
surface of patch cord. Concentration of graphite oxide aqueous solution and adsorption time are adjusted to change thickness, light transparency and
other optical parameters of graphite oxide membrane
so as to optimize mode locking performance of saturable absorber of oxidized grapheme.

#/<>5=+7+5B<3< When the pumping power of
974nm semiconductor laser is 4.16W, pulse output
with repetition frequency of 250kHz is produced in
Raman laser. Fig. 4 is the stable pulse string observed via 25GHz photoelectric detector and 25GHz
real-time oscilloscope (AgIlEnTDSO-X92504A)
and the pulse separation is 4μS and the pulse separation will not change along with change of pumping
power. Fig. 5 is the spectrogram (full line refers to
spectrum of logarithmic coordinates and imaginary
line refers to spectrum of linear coordinates) of Raman fiber laser measured by spectrograph (YOkOgAWAAQ6370B) with resolution ratio of 0.02nm in
which the central wavelength is 1690.2nm and 3DB
spectral bandwidth is 2.0nm. The central wavelength
of pumping light produced from Er-dropped annular
resonant cavity and measured from experiment is
1568nm and therefore the frequency shift of Raman
laser is calculated to be 13.8THz.

&# 
$9/-=;81;+6809>5</#+6+703,/;5+</;

&#
#/5+=387<239,/=@//78>=9>=9>6937198@/;
+7.379>=9>6937198@/;





It can be seen from Fig. 6 and Fig. 7 that results
of first-order approximation and second-order approximation have slight difference from numerical
simulation results and thus can be ignored. The approximate solution is favorably identical to numerical stimulation, which shows above-mentioned hypothesis of pumping light is reasonable.
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First of all, differential equation describing distribution of pumping light and Stokes light along optical fiber is simplified into algebraic equation set.
Based on this, second-order nonlinear approximation
is adopted for pumping light to acquire approximate
solutions in different input pumping powers and to
determine threshold value expression. The result of
numerical stimulation shows that these two items are
identical to each other. Especially when dual-wavelength output is required, second-order method is
much accurate that linear method but the main disadvantage of this nonlinear method is that it is required to calculate one non-elementary integral in
process of determining approximate solution. Therefore, we need to use a certain numerical means which
has considerable applicability as for experimental
design of dual-wavelength output.
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ABSTRACT

come very popular in recent years, is being used extensively for Digital Terrain Model (DTM) production to acquire fast and accurate information, especially in large and difficult to access areas [2], [3].
For this application DTM is useful determining landforms such as agricultural soils, river flood plains,
and rigid mountains as well as their suitability for
settlements [4]. However, in order to obtain a highly
accurate DTM, it is necessary to develop a filtering
process in which the points on the LiDAR dataset
can be distinguished as ground and the non-ground
points in a manner that is closest to reality [5]. This
filtering process is rendered effective by a thorough
elimination of the outlier points in the data [6]. This
is because land slope and vegetation ratio on the surface also affect DTM accuracy [7]. Several studies
with different approaches to LiDAR data filtering
have been carried out until now. As an example, [3],
[8] and [9] developed a filtering method using the
erosion operator as the gray scale morphology in
mathematical calculations. Similar to this approach;
[10] and [11] aimed to determine the land surface using local minimum value against local gradient in
ground point and non-ground point classification.
[12] Robust Linear Identification method used to
identify tree peaks from LiDAR data in forested areas. Clustering and segmentation based filtering is
used locally in [13] and [14] or [15], [16] compared
Active Contours, Regularization Method, Modified
Sloped Filter, Spline Interpolation, Hierarchical
Modified Block Minimum, Progressive TIN Densification, Modified Sloped Filter and Hierarchical
Robust Interpolation methods for 20 data sets. [17]
compared Elevation Threshold with Expanding
Window (ETEW), Maximum Local Slope (MLS)
and Progressive Morphological (PM) methods for
the classification of LiDAR data in low relief urban
and high-relief forested areas and coastal barrier island areas. [18] developed the Progressive Terrain
Fragmentation (PTF) method for the application of
mapping techniques in the forested area. [19] developed a morphological algorithm based on multilevel kriging interpolation on 15 sample areas including urban and rural areas in order to reduce errors in ground classification. [20] adapted the hierarchical clustering method for image segmentation of
complex objects such as sea, desert, forest and urban

Airborne Light Detection and Ranging (LiDAR) technology has provided an accurate and efficient way to obtain topographic information in three
dimensions. The objective of this study was to investigate the effects of ground and non-ground classification errors in different terrain categories to obtain
a high accuracy terrain class. For this purpose, the
first priority was to clean the outliers point completely. Adaptive Triangulation Irregular Network(ATIN) method was used in both processes. For
implementation, a heterogeneous and mountainous
terrain covering the provinces of Artvin, Borçka and
Ardanuç in Eastern Anatolia Region of Turkey has
been selected as the study area. In this area, 11 different sites were identified in 4 study areas in different terrains. Here, RDAF approach was proposed
which improves the performance of the ATIN
method. As a result of the process, the performance
of the method was examined by calculating the errors of indicating inlier points incorrectly as outlier
(Type-I) and indicating outlier points incorrectly as
inlier (Type-II). In addition, different results were
obtained for different terrain classes with different
iteration angle parameters in the Earth classification.
In general, there was an increase in comparison with
naked land in both Type-I and the Type-II error percentages in areas with detailed objects on the surface
and with dense surface coverage, areas with sparse
vegetation, as well as artificial objects with complex
structure. Type-II error percentages were determined
to be lower for tall objects like electric poles, long
trees etc., in comparison with other samples.

KEYWORDS:
LiDAR, Filtering, RDAF, Ground error, Outlier error, Iteration angle

INTRODUCTION
LiDAR is the acronym for Light Detection and
Ranging; it is considered as the optical counterpart
to the familiar RADAR technique for remote sensing
measurement [1]. This technology, which has be-
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areas to the LiDAR data. [5] aimed to separate building points from non-building points with novel histogram-based methodology for 3D segmentation of
LiDAR point cloud data using two datasets in the urban area. [5] used the Cloth Simulation Filtering algorithm to classify LiDAR ground points.
The objective of this study was to classify the
ground points as close as possible to reality in a
large, hard-to-reach heterogeneous forested area by
extraction of the outlier points in the raw LiDAR
data. Adaptive Triangulation Irregular Network
(ATIN) filtering method was applied for both processes. An optimum value was sought for on different terrain classes in the study area for the parameter
values used by the ATIN method [22]. Raw Data
Analysis (RDAF) has been applied as a new approach with regard to the extraction of outlier points,
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which is one of the targeted purposes. The second
objective of the study was ground classification process in which the parameter values can be applied for
which type of land category and the percentage error
results of the classification process related to these
values by using the analysis framework proposed for
a heterogeneous, forested area.
Study area and data. A forested area, encompassing the provinces of Artvin City, Borçka and Ardanuç in Eastern Anatolia Region of Turkey was selected as the study area (Figure 1). Four test zones
were selected in this area which distributed through
different geographical characteristics depending on
natural and artificial objects in addition to the plant
cover ratio on the land surface.

FIGURE 1
Study area
TABLE 1
Raw LiDAR data system parameters
System Parameters
Airspeed
Flying height
Average swath width
Scan angle
Pulse repetition rate
Beam divergence angle
Raw point density
Footprint diameter
Nominal point spacing

110knot (203 720 km/h)
1000m (3281 feet)
1154m
60°
100 000 (1/sec)
0.5mrad
2.4 point/m2
1m
0.87m
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different for each type of land structure due to the
different characteristics of the artificial and natural
objects in each of the sites, in the application area.
As an example, site-3 has a higher and denser forested feature in comparison with other regions. Multiple reflection errors between the surface of the
ground and tree tops and data gaps make classification difficult and lead to classification errors. The
points below and above these obtained height values
are regarded as outlier points and are extracted from
the data. The distribution of these outlier points will
differ for each raw LiDAR data.
This is due to the fact that point density, system
parameters, and reflection errors are different for different surface properties during data acquisition. The
ratios of outlier points to be removed from the data
are as follows according to the comparison with respect to reference data with this application: 60% for
site-1, 25% for site-2, 33% for site-3, and 38% for
site-4 have been cleaned from the data set. ATIN filtering method was applied to the remaining points
with the aim of cleaning all outlier points. Inlier and
outlier errors were calculated for selected parameter
values during this section of the study. Accuracy
analysis was performed based on reference data. The
inlier points correctly filtered in both reference data
DQGILOWHUHGGDWDZHUHFDOOHGDQ³D´SRLQW7KHSRLQW
that was an inlier point in the reference data but
which was identified as an outlier point in the filtered
data was called a "b" (false inlier) point. The point
which was an outlier in the reference data, but was
identified as an inlier point in the filtered data was
called a "c" (false outlier) point. In addition, the
points which were identified as outlier points in both
the reference and filtered data were called "d" (correct outlier) points.
As a result of the comparison made with respect
to the reference data in the performed filtering process, Type-I errors denoted those errors due to a
wrong indication of inlier points whereas Type-II errors denoted those due to a wrong indication of outlier points [14]; (1); (2).

MATERIALS AND METHODS
LiDAR data which was used in this study, obtained between 8.32 and 11.52 hours on 08.06.2011
and between 6.56 and 11.37 hours on 06.06.2011, on
the Artvin-Borçka-Georgia route. A Riegl LMSQ560 LiDAR scanner was used for the flight. The
system parameters of the data used in the study have
been in Table 1.
The proposed analysis method consists of four
steps. RDAF was performed in the first step with the
help of a scatterplot, using the height values of the
raw LiDAR points to extract the outlier points in the
data. In the second step, ATIN filtering method was
applied for the same purpose to extract outlier points
which could not be extracted in the first step. A
framework was proposed in the third step for the selection of the parameter test interval on which the
ATIN method is used in order to generate a ground
class of a (heterogeneous, forested) site designated
as a study area. The objective in the fourth step was
to provide convenience to the user by way of the proposed analysis framework with regard to determining which parameter value can be applied for which
type of land category.
Outlier Detection. Raw LiDAR data contains
outlier points that originate from low flying and multiple reflections, sensors, dust, bird etc. objects in the
sky in addition to real earth points. These points contain elevation values that are higher or lower than
true elevation [14]. It is absolutely necessary to extract these points before proceeding to classification.
Otherwise, inclusion of these points in the classification process will lead to gaps or errors in the model.
For this purpose, reference data were generated in
the first step by way of used manually to process raw
data. RDAF was performed in the second step. A
scatterplot was generated in this process using elevation values of raw LiDAR points. Number of points
and the height values have been used as variables in
the graph. Two parallel lines are formed by determining the maximum and minimum points, at which
the elevation value of minimum deflection intersects
the vertical axis in this chart. The LiDAR points between these two lines are assumed to be those of
physical earth. The height differences are calculated
by comparing the determined minimum and maximum height values with the minimum and maximum
height values of real ground points in manually generated reference data. When these differences were
analyzed, approximations to the reference data were
as follows: 1.01m for minimum height and 7.52m for
maximum height for Site-1, -0.42m for the minimum
height and -3.60m for the maximum height for Site2, 83.98m for the minimum height and -18.15m for
the maximum height for Site-3, finally, 3.06m for
minimum height and 1.13m for maximum height for
Site-4. Approximation values were determined to be

Type-I(%) =
Type-II(%) =

b
abcd
c
abcd

x100
(1)

x100

(2)

Table 2 shows the results of Type-I and TypeII errors obtained as a extraction of outlier points
from raw data for all test sites.
Parameter Selection Analysis. The objective
after extraction of outliers from raw LiDAR data was
to classify man-made objects such as buildings, electricity poles and natural objects such as trees, slopes,
vegetation. The iteration angle parameter used in the
classification process yields different results for different values. Therefore, a preliminary analysis was
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TABLE 2
Type-I and Type-II error results of outlier points in site area
Site
(parameter)
A
1
B
C
A
2
B
C
A
3
B
C
A
4
B
C

980575

RDAF filtered method
Before After With
RDAF RDAF RDAF
986615
982941
60

759869

797371

796731

25

851342

854409

853420

33

1044159

1046804

1045812

38

Reference
data

ATIN filtered method
a b c d Type-I Type-II
978780
979779
980711
795822
795872
795905
852126
852206
852283
1044603
1044626
1044634

3044
2030
1093
281
229
190
594
474
385
311
282
264

21
21
22
59
62
62
4
24
30
4
10
10

1096
1111
1115
569
568
574
696
716
722
894
894
904

0.3097
0.2065
0.1112
0.0353
0.0287
0.0238
0.0696
0.0555
0.0451
0.0297
0.0270
0.0252

(ATIN+
RDAF)
0.0021
0.0021
0.0022
0.0074
0.0078
0.0078
0.0005
0.0028
0.0035
0.0004
0.0010
0.0010

99.68
99.79
99.89
99.96
99.96
99.97
99.93
99.94
99.95
99.97
99.97
99.97

FIGURE 2
The a-a 'section used in angle analysis
each angle value using the reference data. In comparison, the error for the LiDAR point, which was
mistakenly classified as a non-ground point when it
was actually a ground point is called Type-I error.
The error for the LiDAR point, which was mistakenly classified as a ground point when it was actually
a non-ground point is called Type-II error.
According to the obtained results, while TypeI error was 34% at 8° angle selection, it decreased
down to 27% at 20° angle selection. Whereas TypeII error decreased down to 21% at 20° from 28% at
8°. In addition, both Type-I and Type-II errors increased in number at small angle values of less than
15°. There was no change in the error results at angle
values greater than 21° (21°-25°). A reduction of 7%
was achieved in both error values when the angle
values were selected between 15° and 21°. For this
reason, it was decided to apply angle values ranging
between of 15° to 21° in the classification process to
be performed in this study.

carried out on the selection of the most suitable parameter range to be tested in the classification process.
Site-1 was selected for this preliminary analysis. The reason for selecting this region was that it
includes all of the different land structures such as
natural and artificial objects, vegetation, slope etc. It
would therefore be easier to see and interpret the effects of the analysis results. In this application, an aa 'section was identified on 1.91 ha of area in site-1
(Figure 2). The reference data were generated manually by classifying raw LiDAR data in this section.
Digital Globe satellite images [23] and orthophoto
maps produced on 8.05.2011 with a Ground Sample
Distance (GSD) of 20cm were utilized for generating
the reference data.
The ground and non-ground point classes were
formed by applying angle values of 8° to 25° separately to the raw LiDAR points in the identified a-a'
section. The percentage errors were calculated by
comparing the classification results obtained from
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FIGURE 3
Display of selected 11 sub sampling areas in 4 sites on orthophoto map
Test-1 (b) Test-2 (c) Test-3 (d) Test-4 (d)
TABLE 3
Properties of dataset for 4 sites
Test data
max-min height (m)
number of points
average point density (point/m2)
average point distance (m)
terrain type
non ground feature

Site 1
98
387
980575
1.4
0.86
low- relief
building, car,
electric pole,
power station
structure

Site 2
263
490
796713
1.5
0.82
medium relief

Site 3
1187
1553
853314
1.7
0.75
high-relief

Site 4
526
805
1045779
1.9
0.72
cliff-hill

slope, road, brush

dense-forest,
sparse-forest

low-rise
vegetation

Ground and non-ground point classes were
generated by applying iteration angle parameters between 14° -21° determined as a result of the pre-analysis process, one by one to 11 sample areas in 4 data
sets. Type-I and Type-II error percentages for each
angle were calculated (Table 4).
It was observed following an evaluation of the
acquired results that Type-I error percentage resulted
in higher values in comparison with Type-II error
percentages for all samples. According to the classification results, the maximum Type-I error rate was
obtained for a sparse forest at 21° angle with 93%.
However, when the smaller angle value of 14° was
selected, the error was reduced to 66%. Second highest Type-I error was obtained for a transformer
equipment as 44-45% for all angle values. There was
no sensitivity to angle values for this example. The
lowest Type-I error was found for a slope as 1% for
the angle value of 19 °. There was no symmetrical
increase in angle values for this sample. Type-I error,

Parameter Optimization for 11 Reference
Plots in 4 Test Sites. At this stage, the sample area
was determined in accordance with the criteria for
the slope vegetation cover rate and artificial and natural objects within the 4 test sites in the study area.
These 4 sample areas, with a total of 11 sub-sites can
be listed as follows: Site-1 includes a total of 5 manmade objects comprised of a large building, a complex building, a car, an electric pole and power station equipment. Site-2 includes 3 terrain types,
which are slope, road and brush, Site-3 includes
dense forest and sparse forest, and finally Site-4 contains cliff, valley features. Each sample contains different land categories depending on the distinction
of artificial objects (building, car, road, substation,
electricity pole) and natural objects (tree, vegetation,
forest, slope, valley, cliff) (Figure 3). The characteristics of the data sets have been shown in Table 3.
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decreased down to 7% at the small angle selection of
14°, while it was 40% at 21° in the dense forest. The
percentage of Type-I error in the cliff reduced to
12% at a smaller angle of 14°, while it was 34% at
21°. Type I error was reduced to 9% at a smaller angle of 16°, while it was 19% at 21° in the brush,
while Type-I error on the road was 37% at 20°. This
error on the road was caused by the separation of
stone, gravel and other small objects and results were
same all angle value. The lowest Type-I error on the
car was 16% at angle values of 17° and 19°. An error
rate of 16% occurred at 16° and 19° in the large
building, while it was 16% at 19° and 15% at 20° in
complex buildings. The lowest error for the electric
pole was 21% at angles of 18° and 19°. The maximum error was obtained in the car sample with 31%
at angle values of 18° -20° -21° for Type-II error.
Lowest Type-II error occurred at angle values of 14°
-18° in the slope, at 15° in the sparse forest and at all
angle values in the electric pole as 1% while Type-II
error was 16% at 21° in the brush, it was 7% at 16°
in the small angle. Sparse forest results were 13% at
20° and 21°. Type-II error especially shows minimum error when a small angle was selected. Results
regarding the cliff were 13% at angle values of 1920-21° and 2% at 16° in the smallest angle.
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on a heterogeneous and mountainous terrain were selected as the study area. These sample areas consist
of artificial objects (buildings, cars, roads, transformer equipment, electricity poles) and natural objects (trees, vegetation, forests, slopes, valleys,
cliffs). Filtering was performed on the outlier points
(except real ground point) via RDAF approach prior
to the classification process. The RDAF approach
has only been developed specifically for this work
and has been crucial to improve performance of the
outlier extraction and the classification process.
ATIN method has been applied on both outlier points
which cannot be removed by this approach as well
as the ground classification process.
As a result, accuracy values of 99.68% for Site1, 99.96% for site-2, 99.93% for site-3, and 99.97%
for site-4 were obtained for all outliers from raw
data. The percentage error (Type-I) of misclassified
ground points and the percentage error (Type-II) of
misclassified non-ground points were calculated as
part of the ground point classification process depend on iteration angle parameters. In general, TypeI error increased in areas where there were detailed
structures on the surface. Whereas Type-II error decreased for long objects such as electric pole etc.
When the samples were taken into consideration separately, it was observed that Type-I error was higher
in detailed and complex objects than in other sample.
For example transformer equipment the regions with
gaps between object, sparsely forested areas where
LiDAR rays cannot easily reach the ground. Moreover Type-I error was observed occurred more in samples where superficial artificial objects such as buildings, cars, electricity poles etc., in comparison with
locations bare earth. But it was a surprise that the
type I error had a lower result on sloping ground than
superficial artificial objects.

RESULTS
Remotely sensed data is among the significant
data types used in classifying land cover and landuse distribution. [24]. Airborne LiDAR technology
were used for this purpose in this study. The classification results in different land categories were considered as the main objective. Eleven sample areas

TABLE 4
The percentage of classification errors in the iteration angle parameter for each sample
Sample

Error (%)

1

Large building

2

Complex building

3

Car

4

Electric pole

5

Power station equipment

6

Slope

7

Road

8

Brush

9

Dense forest

10

Sparse forest

11

Clift, valley

Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II
Type-I
Type-II

14
19
8
21
4
18
30
25
1.28
45
2.6
9
1.1
38
0
11
9
7
0.9
66
9
12
5
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15
18
7
21
4
32
20
25
1.31
44
2.55
7
6
38
0
10
8
13
0.2
70
1
16
6

16
16
7
21
4
17
28
24
1.21
45
2.59
4
4
39
0
9
7
18
2
76
11
18
2

Angles
17
18
17
19
7
8
21
23
4
5
16
19
25
31
22
21
1.15
1.1
45
44
2.59
2.55
3
2
2
1
39
38
0
0
13
17
10
14
25
29
3
3
80
84
11
12
24
30
9
11

19
16
6
16
3
16
25
21
1.1
45
2.57
1
15
39
0
15
12
33
4
86
12
33
13

20
18
7
15
3
19
31
22
1.16
44
2.56
9
4
37
0
15
12
36
4
90
13
32
13

21
17
7
18
4
19
31
23
1.17
44
2.55
3
7
38
0
19
16
40
5
93
13
34
13
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As an evaluation of all other examples together
that the smaller angle values reduced the error percentage of 14°, 15° and 16° in dense forest, sparse
forests, cliffs, bush. But symmetrical increase or decrease did not occur against the angle values of both
Type-I error and Type- II error values. Type-II errors
were observed less for tall objects such as bare surfaces, long trees and electric poles in comparison
with other samples.
In this study, classification errors were calculated for different land categories. As a result of this,
different results were obtained in different terrain
classes. Especially, the areas with a dense surface
cover, low plants, artificial objects and complex
structure resulted in more classification errors than
bare earth.

Fresenius Environmental Bulletin

provide an alternative to terrestrial and photogrammetric methods in forested and dense vegetated areas
in hard terrains, as it was the case in this study. Highprecision new classification techniques should be
developed, especially in such challenging fields and
these techniques should be tested for different land
categories.
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the air quality. The API levels measured at the monitoring station throughout each city were calculated
based on the levels of five atmospheric pollutants:
sulfur dioxide (SO2), nitrogen dioxide (NO2), suspended particulates smaller than 10μm in aerodynamic diameter (PM10), carbon monoxide (CO),
and ozone (O3). In 2012, the API replaced by air
quality index (AQI), a dimensionless constant used
to assess and describe air quality. AQI is a measure
of air quality using a standardized indicator, and is
used to inform the public about how the concentration level of air pollutants on any given day may influence their health and the environment [6]. There
are six items involved in the assessment: SO2, NO2,
PM10, suspended particulates smaller than 2.5μm in
aerodynamic diameter (PM2.5), O3, and CO. Air
quality is divided into six levels [7]. The higher the
AQI value, the more severe the pollution is. This index provides a more objective assessment than that
of the API. Such indices are crucial to implementing
measures for the governance and forecasting of air
pollution.
There has been much research on air quality
analysis. Current methods of air quality spatial-temporal analysis primarily include geostatistics [8],
Spatial Econometric Model (SEM) [9], statistical
models [10, 11] and bibliometric analysis [12].
Among them, Scholars worldwide have carried out a
considerable amount of research on the spatial–temporal evolution of air quality and its factors. Bao, J.
Z. et al. found that air quality has distinct spatial heterogeneity, and that there may be significant variations in the AQI of different places, as well as distinct temporal and spatial features [13]. The study by
Malm, W. C. indicates that the distribution of haze is
a seasonal trend, and that seasons and climatic conditions can affect air quality considerably [14]. In
Kumar, A. et al., principal component regression
technique pollutants [15]. In Zou, B.et al., logistic
regression modeling and spatial autocorrelation
methods were used to examine spatial clustering patterns of air pollution exposure inequities [16]. Generally, many factors influence on the air quality including meteorological condition and urban landscape [17], rural-urban migration flows [18], industrialization and technological progress [9], population, urbanization rate, automobile density, and the

In recent years, haze has become increasingly
frequent in many cities in China, and has led to a
gradual decline in air quality, posing an immediate
threat to the public health, and raising widespread
public concern about the factors influencing air quality. Based on air quality data from January to December 2014, gathered from 13 cities, we used
Global and Local Moran’s I to measure the spatial
autocorrelation of air quality index (AQI) value, and
explored the Ordinate Least Squares (OLS), Spatial
Lag Model(SLM), and Spatial Error Model (SEM)
to qualitatively estimate the comprehensive socioeconomic and natural factors on air quality. The results
show: (1) the air quality in Northern Jiangsu and
Southern Jiangsu was better than that in the central
region with regard to spatial features. In terms of the
time of the year, the air quality in Southern Jiangsu
was worse in February, March, and December, but
better in Northern Jiangsu during these periods; (2)
the air quality in Northern Jiangsu was worse in
May, July, September, and October, but better in
Southern Jiangsu during these periods; (3) the per
capita car ownership, proportion of secondary industry, and PM10 had a greater influence on air quality.


,*"%&
Jiangsu Province, air quality index, spatial autocorrelation,
spatial econometric model, impact factor

!'%"('"!
With the enormous development in the field of
industrialization and urbanization [1], air pollution is
becoming increasingly severe due to increasing in
energy demands. The atmospheric haze can pose significant hazards to the health and lives of human beings. It not only reduces visibility, leading to traffic
accidents, it can also cause respiratory and cardiovascular diseases when toxic substances absorbed by
the surface of PM2.5 are inhaled, posing threats to
human health [2-5]. The air pollution index (API)
provides a simple and generalized way to describe

4076

$#

! %   

  





!"  ! 


proportion of secondary industry [19]. In fact, while
these factors influence on the air quality, socioeconomic factors may influence on the air quality to a
greater extent over space and time. Hao, Y. et al. utilized two spatial econometric models to investigate
the socioeconomic influential factors of urban
PM2.5 concentrations due to significant temporal–
spatial autocorrelation in PM2.5 [20]. In terms of
factors influencing on air quality, although this study
chose four indicators including per capita GDP, industrial structure, numbers of vehicle and population
density as socioeconomic influential factors as factors, another important factors was not factored into
the analysis due to the difficulty of data collection.
With the fast urbanization process worldwide,
socioeconomic factors relation to human activity are
beginning to pay an increasingly important role in
affecting air quality. In this way, fusing socioeconomic factors and natural factors into analysis is urgently needed. In addition, due to the spatial autocorrelations that exist in the distribution of haze, deviations occur when using the ordinary least squares
(OLS) estimation method. However, these methods
usually fail to analysis the factors affecting air quality based on AQI. In this case, ordinary linear regression models are no longer applicable. In this paper,
based our findings on daily AQI data from 13 cities
of Jiangsu province over 365 days, we study the spatial-temporal variations in the study area to explore
the major factors affecting air quality and reveal the
status of air pollution in Jiangsu province.

territory area of the provinces of China and has the
highest per capita gross domestic product (GDP) and
is the most competitive of the provinces in China. In
2014, the total energy consumption of Jiangsu Province was 298.6303 million tons, an increase of
6.5765 million tons from 2013, and the regional
GDP was 6.508832 trillion yuan, marking an increase of 533.495 billion yuan from 2013. Furthermore, the area of green space was 265,542 hectares
in 2014, an increase of 53090 hectares from 2013.
The air quality of Jiangsu Province is graded as moderate pollution. In 2014, Jiangsu was ranked about
20th in terms of air quality among China’s 31 provinces, and improvement from 27th in 2013.
Driving forces and their data sources. Economic development impulses often shape the urban
form itself in China, because economic development
is usually the supreme target of local government.
Economic growth, transportation development, and
pollutants have become the main factors influencing
air quality in China. Economic variables were selected based on population size, economic strength,
and area. Given that the relationship between the
population and the economy is mutually dependent
and constrained, GDP is the main indicator of economic growth, and the secondary industry plays a
leading role in the national economy. Per-capita
GDP might be the most important variable driving
rapid change in air quality. As such, this study selects population, per capita GDP (PCGDP), secondary industry increments (SI), and the proportion of
the secondary industry (SII) as the indicators of socioeconomic development. Then, PM10 is selected
as the main air pollutant. However, most of the air
pollutants come from exhaust emissions of vehicles
fueled by gasoline and diesel oil. Hence, numbers of
private motor vehicle ownership (MVO) and numbers of per capita car ownership (PCCO) are selected
as indicators of transportation development.

'%&! '"&
Jiangsu Province is located in the eastern costal
area of China (116°18´E ~ 121°57´E, 30°45´N~
35°20´ N), covering an area of 10.26×104km2
(Fig.1). Jiangsu has the smallest per capita national

(%
<0.A6<;:.=<36.;4@B#?<C6;02

4077

$#

! %   

  





!"  ! 


 is a spatially lagged dependent variable. β represents the effect of the explanatory variable  on
the explained variable  , and ε is a disturbance
term of the residual.

Taking into account data availability and the
time accumulation of the effects of factors influencing on air quality, this study investigates economies
of scale (represented by per capita GDP), population
size (represented by the annual average urban population), and population density (represented by population per unit area).
The spatial and local autocorrelations of the air
quality are analyzed to use 2014 cross-sectional data
of 13 prefecture-level cities of Jiangsu Province.
Daily AQI data were collected from 1 January 2014
to 31 December 2014 at the data center of the Ministry of Environment Protection of China (MEP).

<0.9@=.A6.9.BA<0<??29.A6<;.;.9F@6@Local
spatial autocorrelation describes the dependent relationship between sub-units in the research area. It effectively reflects the spatial heterogeneity of subunits, from which specific aggregation relationships
can be determined.

  &=.A6.9 ??<? <129 The SEM investigates the error effect of an area’s peripheral regions
on the observed value of the area. Such effects exhibiting continuity over time leads to the following
model:

 = β + ε
ε = λε + μ .

(2)

(3)
where ε is random error vector; λ is the spatial
error coefficient of the dependent variable vector,
representing the effects that the observed values of
adjacent regions may have on the study area; and
 ε denotes the error variables that are spatially
lagged.
  <129 A2@A6;4 The Lagrange Multiplier
(LM) is frequently selected to test the lagged explained variables. The LM test examines the estimated residuals of the OLS method. Here, four statistics are used for testing purposes: standard LM
(Lag), LM (Error), robust LM (lag), and robust LM
(error). Thus, we have four possible situations. Both
the LM (Lag) and the LM (Error) are non-significant, indicating that there are no lagged variables in
the models. In this case, the OLS model should be
selected. When the LM (Lag) is significant, but the
LM (Error) is non-significant, the SLM should be selected. When the LM (Error) is significant, but the
LM (Lag) is non-significant, the SEM should be selected. When the LM (Lag) and the LM (Error) are
both significant, the robust LM (lag) and robust LM
(error) need to be compared. If the robust LM (lag)
is significant, the SLM should be selected. If the robust LM (Error) is significant, the SEM should be
selected. As such, the LM test provides a method for
selecting the SLM or SEM. In addition to such tests,
we can also use log likelihood, likelihood ratio,
Akaike information criterion (AIC), goodness of fit
(GFI), and Schwarz criterion(SC) [21, 22].

&=.A6.920<;<:2A?60:<1293<?1?6C6;43<?02@
;.9F@6@ In space, a geographical phenomenon is
correlated, rather than independent, owing to spatial
interactions. That is, a geographical phenomenon in
a region is correlated with the same phenomenon in
the region, which is exhibited as spatial dependence.
The commonly used OLS method neglects spatial effects, and there is a spatial correlation between its
estimated residual variables. Hence, the OLS
method is not accurate in this case. In order to incorporate spatial correlation accurately in the econometric model, we need to address two issues. The
first is how to construct a new econometric model in
order to solve problems in spatial correlation. Once
we have the right spatial model, we need to test the
models and select the best of them. In subsequent
sections, we explain and solve these two issues using
regression models of spatial constant coefficients,
namely the spatial lag model (SLM) and the spatial
error model (SEM). The GeoDaSpace1.0 software
package for the estimation and testing of spatial
econometric models was employed.
 &=.A6.9.4 <129The SLM investigates
whether variables within a region have spill over effects. In this case, this would indicate that the air
quality of a region not only relates to the region itself, but may also be influenced by surrounding areas. In other words, when the spatial effect exhibited
by spatial dependence is reflected in the lagged dependent variables, it is expressed by the spatial lag
model. The mathematical expression of SLM is:

%&('&!&(&&"!
9</.9 @=.A6.9 .BA<0<??29.A6<; .;.9F@2@ <3
A52 .6? >B.96AF <3 6.;4@B #?<C6;02 In order to
demonstrate the aggregation of air quality in space,
it is necessary to conduct a global spatial autocorrelation using AQI data, representing the air quality. In
this study, AQI data for 2014 (12 months) are employed for the global spatial autocorrelation analyses. When conducting spatial autocorrelation analyses, we first need to determine the spatial weights
matrix. This study adopts contiguity-based and distance-based spatial weights matrices to perform a
12-month global autocorrelation analysis on air

 = ρ + β + ε .

(1)
where  is a dependent variable. ρ is a spatial
regression coefficient, representing the effects that
the observed values of adjacent regions may have on
this region.  is an exogenous explanatory variable.
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obtained from other spatial weights matrices are not
identical. The aggregation obtained from a contiguity-based spatial weights matrix may be lower than
that obtained from a distance-based spatial weights
matrix. Globally, regardless of whether contiguitybased or distance-based spatial weights matrices are
used, the spatial aggregation in both Northern
Jiangsu and Southern Jiangsu is more significant
than that in central Jiangsu. Moreover, the spatial aggregation is mainly presented as “high–high” or
“low–low”, indicating that Northern Jiangsu and
Southern Jiangsu are vulnerable to the influence of
adjacent regions. Locally, in February, March, and
December, the air quality in Southern Jiangsu was
worse, while that in Northern Jiangsu was better. In
May, July, September, and October, the air quality
in Northern Jiangsu was worse, while that in Southern Jiangsu was better. With regard to the central regions of Jiangsu, the air quality in the cities of Taizhou and Yangzhou was better than that in the city
of Nantong.

quality. The results are shown in Tables 1 and 2.
Here, Z > 1.96 indicates that regional units with similar attributes in terms of geographical distribution
tend to be gathered together. Then, Z < -1.96 indicates that different attribute values of geographical
distribution tend to be gathered together, and -1.96 <
Z < 1.96 means that spatial autocorrelation is nonsignificant.
The data illustrate that the air quality in various
regions of Jiangsu Province exhibits different correlations at different times. The calculations based on
the spatial weights matrix show that the absolute
value of Z is higher than 1.96 during February,
March, and September, suggesting small randomness and high reliability in the calculation results.
The Moran’s I for the three months were all greater
than 0.4, showing that the global spatial autocorrelation of AQI was stronger. This means that air quality
is correlated with the geographical location of
Jiangsu, rather than being random. In other words,
during these three months, the 13 prefecture-level
cities in Jiangsu Province were considerably influenced by the air quality of surrounding areas. However, in other months of the year, the effect was not
statistically significant.

?6C6;43<?02@/256;105.;42<3.6?>B.96AF
This study selects nine impact factors. However,
these factors are selected based on experience and
subjective knowledge, without practical analyses on
their impact levels and directions. Therefore, this
study conducts a Spatial Autoregression Analysis(SAR) on these factors. The spatial autocorrelation in the distribution of AQI is explained in previous sections. The spatial effects are incorporated in
the model in subsequent analyses. In order to further
illustrate whether to adopt an SLM or SEM, it is essential to conduct a diagnostic test. As shown in Table 3, based on the LM test, we find that the significance of the LM (Lag) is 0.84%, passing at the significance level of 5%. The significance of the LM
(Error) was 15.01%, suggesting that the SEM did not
pass the significance test. However, given that the
spatial error and spatial lag of this method influence
each other, we employ the robust LM (Lag) and robust LM (Error) tests. Here, the significance of the
robust LM (Lag) was 0.29%, and that of the robust
LM (Error) was 4.60%, indicating that SLM passed
the test. Hence, we select the SLM to conduct follow-up analyses.

<0.9@=.A6.9.BA<0<??29.A6<;.;.9F@2@<3A52
.6?>B.96AF6;6.;4@BLocal spatial autocorrelation
reveals the AQI of all cities in Jiangsu Province and
the specific spatial distribution features of Jiangsu’s
adjacent regions. LISA aggregation maps are used to
measure the degree of mutual influence in local regions. Figures 2 and 3 are LISA maps showing the
air quality for the 12 months. As shown, “high–high
(HH)” indicates adjacent regions with a high AQI;
“low–low (LL)” indicates adjacent regions with a
low AQI; “high–low (HL)” suggests that regions
with high a AQI are surrounded by those with a low
AQI; and “low–high (LH)” suggests that regions
with a low AQI are surrounded by those with a high
AQI. The LISA aggregation maps intuitively display
the distribution of air quality in Jiangsu Province in
different months. In April and August, the spatial aggregation of air quality across the province was nonsignificant, with weak correlations and less mutual
influence between the regions. However, the results
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.?05
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Moran’s I
0.1082
0.5160
0.4352
0.2432
0.3838
0.2521
%<<8
Z
0.3417
3.8073
3.5183
1.2123
1.0786
1.2241
Moran’s I
0.0005
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higher, indicating their considerable effect on air
quality. Of these, PCCO had the biggest impact on
the air quality of Jiangsu Province. The SO2, NO2,
and big particles in vehicle exhausts may have a severe impact on air quality. In light of this, the frequent use of private cars by city residents should be
restricted, and travel by public transport should be
encouraged. However, this will require a reduction
in the cost of public transport. This study suggests
that civil service personnel provide better services to
city residents in order to encourage them to use public transport. Furthermore, we suggest a rational distribution of subway lines be made in order to
transport city residents. The correlation coefficient
for the proportion of the secondary industry is negative, indicating that the local government has implemented certain policies to enable the transformation
of industrial development, focused on accelerating
the development of strategic emerging industries,
and paid attention to the recycling of industrial waste
gas. In addition, PM10 is another main factor in the
air pollution in Jiangsu Province. However, coalfired flue gas and the dust on construction sites and
roads are the main sources of PM10. Hence, attention
should be given to the control of dust and flue gas
emissions from factories. The effect of the population on the environment cannot be underestimated.
In recent years, the population of Jiangsu Province
has constantly increased. However, an excessively
large population may lead to the consumption of
more natural resources and may produce more domestic waste. In light of this, population control
would also be an effective method for alleviating air
pollution.

We can also analyse the selection of the three
models using an R-squared test for the GFI. The
higher the R-squared value, the better the model's
GFI will be. The results are shown in Table 4.
Among the three models, the R-squared values of the
SEM and SLM are both larger than that of the OLS.
Hence, it is clear that the SEM is more suitable. In
other words, the nine factors on the AQI have a spatial connection.
In addition to the LM and R-squared tests, the
log likelihood, AIC, and SC are also frequently used
to judge and select models. The higher the value of
the log likelihood, the lower are the values of the
AIC and SC, and the better the model will fit the
data. In order to further demonstrate that the SLM is
more suitable for investigating the distribution of air
quality in Jiangsu Province, we compare log likelihood, AIC, and SC as shown in Table 5.
As shown in Table 5, among the three models,
the value of log likelihood for the SLM is -30.529,
which is the highest. The values of the AIC and SC
were the lowest, namely 83.0579 and 89.2724, respectively. This illustrates that the SLM with spatial
dependence is the best fit for investigating air quality. Therefore, the investigations in subsequent sections are conducted using the SLM.
Given that the nine selected impact factors have
a spatial connection with the AQI, it can be inferred
from the above analyses that the SLM is suitable.
Hence, we adopt the SLM to analysis the nine factors. The results are shown in Table 6. From the
probability analysis, we find that only MVO did not
pass the test, and all other variables have a significant effect on the AQI. Of the nine variables, the correlation coefficients of PCCO, SI, and PM10 are
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addition, the government is suggested to integrate
low-carbon concepts into people's minds and daily
lives to encourage public participation. In this way,
coordinated development of the economy and the environment be achieved.

In this paper, we aimed at measuring the spatiotemporal distribution of AQI based on spatial autocorrelation models. In addition, spatial relations of
AQI in different factors were studied using spatial
econometric models. Our finds have made specific
academic and practical contributions.
Firstly, PCCO is positively correlated with air
quality, illustrating that a greater amount of PCCO
leads to worse air quality. This study suggests that
the government advocate low-carbon transportation,
adopt corresponding measures to control the usage
rate of vehicles per capita, and encourage people to
use new energy vehicles in order to improve the air
quality. The proportion of the secondary industry
was negatively correlated with air quality. This suggests that the government has controlled industrial
development, paid attention to the control of industrial waste gas, and that it has focused on industrial
restructuring, optimization, and upgrading, thus, reducing the proportion of the secondary industry
while increasing that of the tertiary industry. Given
the lower dependence of the tertiary industry on the
environment, the optimization of the industrial structure plays a positive role in improving air quality.
Secondly, PM10 has a more considerable impact on air quality. Hence, we suggest that the government pay attention to recycling and that it controls coal-fired flue gas. Moreover, the dust from
transportation, created by construction waste, is another main source of PM10. Therefore, it is necessary for the government to implement a series of
measures, including the timely removal of dust on
the roads, in order to reduce the amount of dust emissions into the atmosphere. Moreover, strict supervision is needed for the cyclic utilization of waste in
new projects, and green building policies should be
implemented.
It should be noted that the data collected for our
paper is only for the year 2014, so extending the empirical study to multiple years and further conducting
a dynamic analysis of AQI in Jiangsu may be a particular direction for our paper is further research. in
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RESPONSE IN VITRO OF LIGNIN DEGRADING FUNGI TO
SINGLE OR COMBINED APPLICATIONS OF A BIOCHAR
AND A COMPOST HUMIC ACID
Elisabetta Loffredo*, Eren Taskin
Department of Soil, Plant and Food Sciences, University of Bari Aldo Moro, Via Amendola 165/A, 70126 Bari, Italy

is expected to exert on soil organisms an activity rather different from that of the bulk material [8, 9].
Furthermore, once in soil, BC will interact with other
organic components, above all humic substances.
Humic acids (HA) have a well-known capacity of influencing both plants [10] and microorganisms [11,
12], including fungi [4, 13-16].
The role of ligninolytic fungi is of crucial importance for soil carbon cycle [17]. Their extracellular ligninolytic enzymes, namely lignin peroxidases,
manganese peroxidases and laccase, have low substrate specificity [18] which render them apt to degrade not only lignin but also numerous phenolic and
non-phenolic contaminants [19-24].
We evaluated in vitro the effects of a BC, the
water extract of BC, a HA, and the combination
BCWE-HA on the growth of six important ligninolytic fungi.

ABSTRACT
The fungi Stereum hirsutum, Irpex lacteus,
Phanerochaete chrysosporium, Bjerkandera adusta,
Trametes versicolor and Pleurotus ostreatus were
treated in vitro with a biochar (BC) from red spruce
wood at doses of 0.2% (w/v, BCLD) and 1% (BCHD),
the BC water extract (BCWE) at doses of 0.2% (w/v,
BCWELD) and 1% (BCWEHD), a compost humic acid
(HA) at a concentration of 200 mg L-1, and combinations BCWE-HA. All BC treatments stimulated P.
ostreatus growth (up to 26%). T. versicolor growth
was increased (up to 10%) and reduced (down to
33%) by BCLD and BCHD, respectively. All the other
fungi were always inhibited by BC (down to 59% for
B. adusta with BCHD). BCWELD increased hyphal
elongation of B. adusta and T. versicolor up to 22%
and 12%, respectively, whereas BCWEHD slightly
reduced that of B. adusta. In general, both HA alone
and all combinations BCWE-HA at both doses significantly stimulated mycelial growth of B. adusta,
T. versicolor and P. ostreatus (up to 22% for B. adusta) or were irrelevant. These findings indicate that
when BC is incorporated in soil, BC activity in vitro
on ligninolytic fungi might be considerably modified
by the contents of water and humic substances present in soil.

MATERIALS AND METHODS
Biochar, biochar water extract and humic
acid. The biochar (BC) sample used in this work was
obtained from 100% high quality wood of red spruce
and produced using micro-gasification with a residence time of 3 h, a peak temperature of 550 °C followed by dry cooling. It was provided in the form of
pellets by Blucomb s.r.l., Udine, Italy. Before starting the experiments, BC was ground with mortar and
pestle and 0.5-mm sieved. Some BC characteristics
were: a carbon content of 84.5%, an ash content of
4.7%, a N content of 1.21%, a pH value of 9.1 (1:10,
w/v in bidistilled water), an EC value of 420 μS
cm-1 (1:10, w/v in bidistilled water) and moisture
content of 2.6%.
The water extractable fraction of BC (BCWE)
was obtained by shaking 2 g (BCWELD) and 10 g
(BCWEHD) of BC in a volume of 1 L of distilled water for 24 h and then vacuum filtering through Whatman® No. 1 filter. The BCWE samples had a brown
colour, darker at the higher dose, thus indicating the
release in water of BC coloured components.
The humic acid sample (HA) was isolated according to conventional methods [25] from a green
compost obtained from tree and grass cuttings of urban green. Isolated HA was homogenized, freeze dried and stored before use. The main chemical and

KEYWORDS:
Biochar, ligninolytic fungi, biochar water extract, humic
acid

INTRODUCTION
Biochar (BC) is a carbon sequestering material
produced through pyrolysis at some hundreds of degrees from biomass of agricultural, urban and industrial origins. Used as soil amendment, BC may have
important consequences on soil fertility [1]. BC has
been also recently considered a promising low-cost
adsorbent for both inorganic and organic pollutants
from liquid and solid matrices [1-4]. BC exerts important effects on plants and regulate the composition and activities of soil microbiota [5-7].
In soil, the polar fraction of BC enters the aqueous phase and dissolves. BC water extract (BCWE)

4084

© by PSP

Volume 27 ± No. 6/2018 pages 4084-4092

Fresenius Environmental Bulletin

placing them upside down centrally in new plates
kept in the same conditions reported above.

functional properties of the HA used are reported in
Loffredo et al. [16]. A stock aqueous suspension of
HA was prepared at concentrations of 1000 mg L-1
by using sterile bidistilled water.

Assays on fungi. Different media were prepared for fungal growth. Aqueous solutions of PDA
(4% PDA in distilled water, w/v) were not added
(control) or added, separately, with BC at doses of
0.2% (w/v, BCLD) and 1% (BCHD), and HA at a concentration of 200 mg L-1. Then, appropriate aliquots
of BCWELD and BCWEHD were not added or added
with HA at 200 mg L-1 (BCWELD-HA and BCWEHDHA) and kept for 24 h on a mechanical shaker. Both
BCWE alone and BCWE-HA were successively
added with PDA (4%, w/v). All the media prepared
were steam sterilized in autoclave at 121°C for 15
min. The BC doses used in this study were chosen
based on recommended field application rates (8-50
t ha-1) reported in the literature [23,24].

Fungal isolates and culture maintenance.
Isolates of Stereum hirsutum (Willd.) Pers. (CBS
930.70), Irpex lacteus (Fr.) Fries (CBS 108555),
Phanerochaete chrysosporium Burds. (CBS
316.75), Bjerkandera adusta (Willd.:Fr.) Karst.
(CBS 106622), Trametes versicolor (L.:Fr.) Pilàt
(CBS 114372) and Pleurotus ostreatus (Jacq.) Kummer (CBS 145.22) were obtained from the Centraal
Bureau voor Schimmelcultures (CBS), Utrecht, The
Netherlands. The fungi were grown on potato dextrose agar (PDA, Oxoid, 4% in distilled water, w/v)
in Petri dishes in the dark at 21 ± 1°C. Fresh subcultures of these isolates were obtained collecting PDA
slants with mycelium from the growing margin and

a

b

c

FIGURE 1
Effect of biochar at low dose (BCLD, 0.2 %, w/v) and high dose (BCHD, 1 %, w/v) on the variation (%) of
radial mycelial growth of S. hirsutum (a), I. lacteus (b) and P. chrysosporium (c), compared to the control
(only error bar), as a function of time. The vertical line on each bar indicates the standard error (n = 5).
The mean of any treatment was compared to the control at any sampOLQJE\WKH/6'WHVW
3
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After autoclaving, from each cooling medium
kept under continuous agitation, aliquots of 20 mL
were poured in Petri dishes (9 cm-diameter) and let
cool to room temperature and solidify. After that, the
fungus was inoculated in the centre of the plate.
In a first series of experiments, the six fungi reported in section 2.2 were inoculated, separately, on
the media containing BC at the two doses.
In subsequent experiments, three of the six
fungi, i.e., B. adusta, T. versicolor and P. ostreatus,
chosen because of their different response to BC observed in the previous experiments, were inoculated,
separately, on the media containing BCWE at the
two concentrations, HA and BCWE-HA.
All experiments were conducted under axenic
conditions, and the plates were kept in an incubation
chamber in the dark at a constant temperature of 21
± 1 °C. Radial mycelial growth in mm was measured

Fresenius Environmental Bulletin

several times until the fungus reached the border of
the plate at least in one sample. All experiments were
replicated five times and the results were statistically
analysed using one-way analysis of variance
(ANOVA), and the means of treatments separated by
the least significant differences (LSD) test at 0.05,
0.01 and 0.001 P using CoStat Statistical Software
(Version 6400, CoHort Software Monterey, CA,
USA).

RESULTS
Effects of biochar. The presence of BC at each
dose in the fungal medium did not cause visual
changes on the mycelium of any species, with respect to the corresponding control.
a

b

c

FIGURE 2
Effect of biochar at low dose (BCLD, 0.2 %, w/v) and high dose (BCHD, 1 %, w/v) on the variation (%) of
radial mycelial growth of B. adusta (a), T. versicolor (b) and P. ostreatus (c), compared to the control (only
error bar), as a function of time. The vertical line on each bar indicates the standard error (n = 5). The
mean of any treatment was compared to the control at any sampling b\WKH/6'WHVW 3 3

3
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The effects of BC treatments at the two concentrations on the variations (%) of radial mycelial
growth of the six fungi, compared to the corresponding controls (PDA only), as a function of time, are
reported in Figures 1 and 2. At all samplings, both
the lower dose of BC and, especially, the higher dose
caused an evident inhibition on four of the six fungi,
namely S. hirsutum, I. lacteus, P. chrysosporium and
B. adusta, (Figs. 1 and 2a). Almost all the negative
variations of growth obtained in the presence of BC,
compared to the corresponding controls, were highly
significant (P  7KHPD[LPXPHIIHFWVZHUH
observed at the first sampling on S. hirsutum, P.
chrysosporium and B. adusta with BCHD which reduced the hyphal elongation of 50-60%, respect to
the controls (Figs. 1 and 2). The fungus I. lacteus was
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the least influenced by BC. Furthermore, the inhibition was generally more evident at the early-growth
stage of the fungus and then it decreased during the
experimental time (Figs. 1 and 2).
Differently, T. versicolor showed a dose-dependent response to BC appearing not influenced or
significantly stimulated (P    DW WKH ODVW WZR
samplings by BCLD and depressed by BCHD (Fig. 2b).
Only in the experiments with P. ostreatus, BC
addition to the medium at both doses produced a general significant improvement of fungal growth at any
sampling, with a maximum variation of 26%, respect
to the control, at the first sampling (Fig. 2c).
Effects of biochar water extract. Among the
fungi studied, three of them which showed different
responses to BC, namely B. adusta, T. versicolor
a

b

c

FIGURE 3
Effect of biochar water extract at low dose (BCWELD, 0.2 %, w/v) and high dose (BCWEHD, 1 %, w/v) on
the variation (%) of radial mycelial growth of B. adusta (a), T. versicolor (b) and P. ostreatus (c), compared
to the control (only error bar), as a function of time. The vertical line on each bar indicates the standard
error (n = 5). The mean of any treatment was compared to the control at any sampling by the LSD test. *
3 3
3
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P. ostreatus are reported in Figure 4.
In general, the HA sample, either alone or in
combination with BCWE at the two concentrations,
demonstrated a stimulatory activity on the growth of
B. adusta, except in the case of BCWEHD-HA that
showed negative effects on this fungus at the first
sampling (Fig. 4a). Similarly, the HA sample and its
combinations with BCWE caused null or significant
(P  positive effects on T. versicolor, with the
only exception of BCWEHD-HA after 96 h from inoculation (Fig. 4b). When the medium contained HA
or BCWELD-HA, the growth of P. ostreatus was promoted only at the first sampling, whereas no evident
variation was observed in the subsequent samplings
(Fig. 4c).

and P. ostreatus, were also treated with BCWE at
two concentrations. Results obtained are reported in
Figure 3.
At each sampling, BCWELD and BCWEHD produced similar variations (%), respect to the control,
on B. adusta but with opposite sign, i.e., the fungus
was stimulated at the lower concentration and inhibited at the higher one (Fig. 3a). Both BCWELD and
BCWEHD produced null or positive variations (P 
0.01 and P  Rn T. versicolor (Fig. 3b), and
no effects on P. ostreatus for the entire duration of
experiments (Fig. 3c).
Effects of humic acid and its combination
with biochar water extract. The effects of these
treatments on the fungi B. adusta, T. versicolor and

a

b

c

FIGURE 4
Effect of humic acid at 200 mg L-1 (HA) and combinations of HA with biochar water extract at low dose
(BCWELD-HA) and high dose (BCWEHD-HA) on the variation (%) of radial mycelial growth of B. adusta
(a), T. versicolor (b) and P. ostreatus (c), compared to the control (only error bar), as a function of time.
The vertical line on each bar indicates the standard error (n = 5). The mean of any treatment was comSDUHGWRWKHFRQWURODWDQ\VDPSOLQJE\WKH/6'WHVW 3
3
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to soil at a dose of 2.5%, and they observed an increased enzymatic activity of P. ostreatus, i.e.,
higher levels of laccase and Mn peroxidase over the
course of experiments [2]. Gravel et al. [32] added
50% (v/v) of BC in a potted medium and found a
stimulation on the fungal plant pathogen Pythium ultimum.

DISCUSSION
Effects of biochar. Among the six fungi tested,
four of them, i.e., S. hirsutum, I. lacteus, P. chrysosporium and B. adusta, evidenced general significant
suppressing effects by BC application at both doses
used in this work and throughout the course of the
experiments. Ascough et al. [5] demonstrated that
the fungi Pleurotus pulmonarius and T. versicolor
could colonize the surface and interior part of two
BC samples obtained from Scots pine at 300 and 400
ºC. In that study, the authors found that both BC at a
dose of 0.5% (w/v) reduced the hyphal extension of
both fungi, when compared to control, and that the
effects were more evident at the higher pyrolysis
temperature used [5]. Inhibitory effects on the fungus Rhizoctonia solani were observed by Jaiswal et
al. [28] using BC samples from different feedstocks
and applied at various doses, with maximum suppression at a BC concentration of 1%. Except for I.
lacteus, that showed the smallest inhibition among
fungi, all other fungi evidenced decreasing negative
effects from BC during experiments. This phenomenon might be due to degradation of some BC components in the medium or their absorption and detoxification by the fungus over time. The same trend has
been observed by the authors in experiments conducted using two types of BC and the fungus Botrytis
cinerea (personal communication). Differently, in a
field study conducted by Elzobair et al. [29], it was
demonstrated that BC had no effects on microbial biomass, community structure and arbuscular mychorrizal fungi. Hofrichter et al. [30] demonstrated that
Mn peroxidase released by ligninolytic basidiomycetes could decompose brown coal, indicating that
BC could be degraded by these fungi which could
use it as sole C source. Moreover, it seemed that no
relationship existed between fungal response to BC
and the type of ligninolytic enzymes potentially producible by each fungus [30]. It is known that the fungus B. adusta presents all the three classes of ligninolytic enzymes, i.e., laccase, MnP and LiP, whereas S.
hirsutum and I. lacteus have not LiP and P. chrysosporium lacks laccase.
The differentiated response of the fungus T.
versicolor, that was inhibited at the higher dose of
BC and stimulated at the lower one, is in agreement
with the findings of Ascough et al. [5] who reported
inhibiting effects of BC at a dose of 0.5% on this fungus. Gibson et al. [31] demonstrated that a pinewood
BC obtained at a temperature of 450 °C mildly inhibited the respiration rate of T. versicolor. These results suggest a certain caution in choosing the
amount of BC to be incorporated in soil to contain
negative effects on white-rot fungi.
The stimulatory effects of BC on P. ostreatus
observed in this work were already reported by García-Delgado et al. [2]. These researchers used a pine
woodchip BC produced at 450 °C that was applied

Effects of biochar water-extract. When BC is
incorporated in the soil, we can assume that the most
bioavailable fraction of it is the one that dissolves in
soil water. As expected, some relevant differences of
activity were observed between BC and BCWE. The
fungus B. adusta treated with both doses of BCWE
did not demonstrate the strong depressing effects
from bulk BC. In fact, BCWE significantly promoted
the growth of B. adusta at the lower dose and slightly
inhibited it at the higher dose. Also in the case of T.
versicolor, a different response was caused by bulk
BC and BCWE. At the higher dose, the latter showed
a reversed activity, compared to BC, being stimulating instead of inhibiting. On the other hand, the positive effects of BC at both doses on P. ostreatus were
not reproduced when BCWE were used. These results suggest that the water-soluble components of
BC have a lesser impact on these fungi than the bulk
material, with a definitely lower toxicity. We may
hypothesize that the toxic effects of BC on B. adusta
and T. versicolor are possibly attributable to the most
hydrophobic components of BC, which in turn are
beneficial on P. ostreatus. Very few information can
be found in the literature on the effects of BC water
extracts on fungi. Bonanomi et al. [33] tested a series
of water extracts obtained from charred plant litter
produced at different temperatures (up to 500 °C) on
various phytopathogenic fungi. In that study, extracts from materials produced at the lower temperatures differently affected the fungi, whereas extracts
from materials produced in the temperature range of
300-500 °C strongly inhibited the fungi [33]. Those
authors attributed their results to a possible progressive reduction of easily degradable C source and enrichment of recalcitrant aromatic fractions in the extract as the temperature of char production rose [29].
The general positive or null impact of BCWE observed in our study on the three ligninolytic fungi
seems to further encourage the use of BC as soil
amendment.
Effects of humic acid and its combination
with biochar water-extract. Humic acids are ubiquitous in soil and their activity on these fungi is expected. Therefore, successive trials were conducted
with the aim to simulate more likely field conditions,
i.e., the presence of either humic compounds alone
(HA) or in combination with the soluble fraction of
BC (BCWE-HA). The addition of the sole HA to the
medium showed general null or stimulating effects
on the growth of the fungi B. adusta, T. versicolor
and P. ostreatus. In a biodegradation study, Loffredo
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an extracellular polymeric substances constituted
mainly of polysaccharides, proteins, nucleic acids, lipids, mineral ions, various cellular debris [1-4] and
humic substances such as salts [5]. Given this property for microfouling is the formation of marine biofilms [6], which have widely effects on the adhesion
of marine macroorganisms, and eventually they
cause to lead to fouling [7]. The term biofilm refers
to develop in many fields, for instance, health, industry, especially equipment and materials in contact
with sea-water.
The fact remains that microbial adhesion within
the primary and secondary anticipate for biofilm formation and also substantial for microfouling. Consequently, it is important to know that how relevant to
the chemistry of this microbial adhesion. In a similar
manner to macrofouling organisms, bacteria and diatoms use glue in proteinaceous structure. However,
in their situations, polysaccharide-based adhesives
are on a par with important for secondary adhesion
[5]. All of this points to the fact that it performs varied conditions such as supplying an adhesive understructure, structural unity, bacterial conservation and
intercellular communication [1, 2]. This formation is
unwanted because of their serious impacts, especially for naval industry. It seems to be critical problems such as frustration of the surfaces, increased
roughness and fuel exhaustion, and loss of mobility
of the vessels. One of the main important difficulty
is that marine biofouling is a worldwide problem,
clearly, caused for dissipated billions of dollars per
year in marine industry by the reason of this problem
[8].
In historical development process, people who
interested in maritime industry to prevent the settlement of fouling organisms have developed antifouling coatings. The ancient applications, which proposed for preventing biofouling, were pitch, tar, wax,
heavy metals, or toxic coatings [8]. The central question then becomes: how might antifouling paints detrimental ingredients effect for the environments?
These explanations complement each other and help
to illuminate the phenomenon of struggle for fouling.
What we mean is that the efficient strategies are to
control biofilm development during the first stage of
fouling adhesion by physical or chemical technology
[7]. Despite the fact that chemical efficient approaches utilize biocide products such as, metal com-

Marine biofilms form is the first step of fouling
process and after film layer has formed, macro organisms hold on smoothly over this film and mature
the fouling process. Every year billions of dollars
have been spent in order to prevent biofouling situation. Whereas heavy metals and biocide have been
used more in antifouling coating today studies about
improving eco-friendly nontoxic coating have been
becoming widespread. For this purpose, in our study,
different concentration of varied commercially available hydrolytic enzymes and enzymes mix (Protease,
α-Amilase, Lipase, Xylanase, Pectinase, Glucanase,
Viscozyme, and Lysing Complex) were experimented as environment friendly antifouling agent
over the biofilm bacteria   
   FJ200650 and     
 FJ200649 which were isolated from İzmir Bay.
The antibiofilm potential of enzymes was evaluated
separately using the fluorescence microplate reader
at varying concentrations. The experimental method
was based on total biofilm biomass quantification by
the fluorescent dye DAPI after 3 and 24 h incubation
period. These analyses were performed as prevention
and detachment test. As a result of analysis, it is formalized by the adhesion of marine biofilm-forming
bacteria was examined in the effectiveness of hydrolases in sea-water throughout at 3 and 24 hours’ incubation processes. Overall, the mixtures of enzymes can be use as eco-friendly antifouling additives in antifouling coatings.


)' "#
Biofilm bacteria, fouling, hydrolytic enzyme, antifouling
additive,   
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Biofilm formation is an unwanted colonization
in aquatic environment. According to scientific reports, biofilm is known as a bacterial community,
which attaches to biotic and abiotic surfaces. It is important to emphasize the biofilm matrix, which is
mainly composed of water (97%) and extracellular
polymeric substances (EPS). The standard adherence
is commonly understood to mean that is inserted in
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For the purpose of the present study, we focused on preventing bacterial adhesion on polystyrene microplate surfaces similar in the marine environment by empirically examining. According to this
argument have been formalized by the adhesion of
marine biofilm-forming bacteria (as a precursor for
microfouling) was examined in the existence of hydrolases such as proteases, glycosidases, lipase and
enzyme mixes in sea-water throughout at 3 and 24
hours’ incubation processes. We focused on different
concentration of varied commercially available hydrolytic enzymes and enzymes mix with a view to
determining effects on the same bacterial genus for
different species. Our study serves as a window to an
understanding of the process to determine inhibition
activity on microbial adhesion in terms of prevention
and detachment of adhered bacteria using fluorescence analysis in polystyrene microplates.

plex, oxidant complex or synthetic non-oxidant complex. Researchers have argued that has been shown
that antifouling paints with organometallic agents
are toxic to marine organisms [9,10]. Over decades
ago, legislation on the use of biocides started a debate centering on this problem and it was limited using biocides because of European regulations (Directive 1998/ 8/EC) especially related to forbid for
organometallic compounds in antifouling paints [7].
Contemporary antifouling technologies are under a
cloud of suspicion of their potential harmful specifications for marine environment if we are broadly
speaking, these harmful effects are bioaccumulation
and ecotoxicity, and these effects give us the reasoning behind the ban for marine coatings [11]. Therefore, it is generally agreed today that is outstanding
to look for eco-friendly antifouling additives [7].
According to Biocidal Product Directive (BPD)
of the European Union, antifouling products are defined as: ‘coatings used to control the settlement and
growth of biofouling organisms (bacteria, planktons
and higher forms of plant or animal spe-cies) on ship
hulls, aquaculture nets or other underwater equipment’ [12]. As an alternative for ecological friendly
approaches in antifouling paints that enzyme-based
antifouling technologies are emerging [11]. From
commercially of view, some requirements must be
fulfilled for successful strategies by enzyme-based
antifouling coating that the utilization must have at
least the following qualities: constituents must be durable and nondestructive against coating. In addition,
their antifouling effect must have a broad spectrum,
and have stable activity in the coating about exposure
of the coating to seawater. Thus, the reasoning set
forth by utilization of enzymes includes cell wall degrading strategies such as [13], lysozyme [14], chitinase and hyaluronidase [15]. The expectations from
enzyme-based antifouling strategies suggest a factor
related to efficacy mechanisms by similar to biocides. Granted, fouling organisms hold on to solid
surfaces by various kinds of adhesives, nevertheless
antifouling accomplished by degradation of adhesives may inhibit in more than one-way [16].

$"#$ #

$/;<6+</:3+5;Hydrolytic enzymes were supplied by various providers. Table 1 summarizes the
characteristics of the enzymes. Also, during these experiments were used microplates (Greiner Bio One,
Austria), sodium chloride (36 g l-1), DAPI (4',6-diamidino-2-phenylindole) (4 µg ml−1), 2.5% formaldehyde, Synergy HTX multi-mode reader (Biotek,
USA).

$/;< 63-:88:1+73;6; The biofilm-forming
bacteria were isolated from a biofilm on panel systems wrapped in the bay of Izmir (Eastern Aegean
Sea). The assay was performed as described by Kacar   [17]. Briefly, a comparative 16S rRNA gene
sequence analysis indicated that the isolates belonged to the species     
FJ200650 and     
FJ200649 [17]. The bacterial suspension was prepared from biofilm bacteria grown overnight on Zobell Marine Medium (Difco) at 26ºC to reach an
OD600 value of 2.
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7<3,380356+-<3>3<A</;<Different concentrations (0.25 to 7500 U ml−1) of commercially available hydrolytic enzymes (α-Amylase, Xylanase, Glucanase, Protease, Pectinase, and Lipase), and enzymes mixes (Viscozyme and Lysing complex) were
experimentally tested as eco-friendly antifouling additives over the biofilm bacteria. The active units of
the enzymes (glycosidases, protease and lipase) were
measured with a spectrophotometric method using
appropriate substrate solutions according to Somogyi [18], Tomarelli et al. [19], Kilcawley  .
[20]. Additionally, heat-denatured enzymes (20
minutes at 100ºC) were tested for bacterial adhesion
to act as a control.
Testing the adhesion of biofilm bacteria in
black, polystyrene, flat-bottomed microplates
(Greiner Bio One, Austria) in sterile seawater at 20ºC
was performed as described and modified by Leroy
et al. [7]. The enzymes were tested in two diverse
ways. In the first, the enzymes were evaluated for inhibition of bacterial adhesion – the prevention analysis; 50 µl of the enzymes at different concentrations
(0.25 to 7500 U ml−1) were placed in the wells 1 hour
before introducing the bacterial suspension (200 µl
per well) and then incubated for 3 and 24 hours at
20ºC using orbital shaking (120 rpm). For the detachment of adhered bacteria – the detachment analysis – the enzymes were added 1 hour after the bacterial suspension and incubated for 3 and 24 hours at
20ºC using orbital shaking (120 rpm). In both analyses, three washes in 36 g l−1 of NaCl were performed before fixing for 1.5 hours at 4ºC with 200 µl
of 36 g l−1 of sterile NaCl – containing 2.5% formaldehyde and DAPI staining (4 µg ml−1) – for 20
minutes. Three washes were applied to remove excess DAPI, and then the residual attached DAPI was
solubilized into 200 µl of 95% ethanol for 15
minutes. Fluorescence was measured at 350 nm light
excitation and 510 nm light emission wavelengths
using a Synergy HTX multi-mode reader (Biotek,
USA). A blank with sterile seawater, as well as a
control with bacterial suspension and no enzyme,
was added in each column of the microplate.
The change in bacterial adhesion was calculated as the percentage reduction (CR) by comparing
it to the fluorescence of the blank (FB: without bacteria), the fluorescence of the control (FC: bacteria
without enzyme) and the fluorescence of the sample
(FS: bacteria with enzyme) according to:
CR = {[(FC−FB) − (FS−FB)] / (FC−FB)} × 100
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bility of enzyme-based antifouling coatings. The results from this study suggests a variety of factors related to commercially hydrolytic enzymes as antifouling additives in eco-friendly marine paints. The
suitability of eight commercial hydrolytic enzymes
already available on the market was assessed through
prevention and detachment of bacterial adhesion.
α-Amylase, Lipase, Xylanase, Glucanase, Protease, Pectinase, the Viscozyme complex and the
Lysing complex were selected for disintegration to
suitable the EPS responsible for bacterial adhesion.
These enzymes were on trial for their capability to
prevent and to detach biofilm formations on the polystyrene microplate surfaces. The change in bacterial
adhesion concerning enzymatic activities is shown in
Figure 1-4 and the CR25, CR50 and CR75 values are
given in Figure 5 to 6. From the figures, it is apparent
that the biofilm bacteria were generally affected during the 3h and 24-hour incubation process both of the
prevention and the detachment test.
The results showed that, in the prevention test
the biofilm bacteria;     
FJ200650, and     
FJ200649 were affected by Protease enzyme at 24h
incubation. However,     
FJ200649 was only affected by Protease enzyme at
3h incubation. The graphs showed that, the effectiveness of prevention test has analysed in correlation to
eight different enzymes. In addition, the Lysing complex, the Viscozyme complex, Xylanase, Pectinase
and α-Amylase at different concentrations at 24 h incubation, affected both of the biofilm bacteria. On
the other hand, the enzyme of lipase affected only
      FJ200650 in the prevention test at 24h and 3h incubation.
Taking into account the data, we can summarize that, in the detachment test, the enzymes of αAmylase and Protease effected to biofilm bacteria
adhesion both of at 3 h and 24 h incubation. These
results confirmed that, CR25 (25%) values of all the
enzymes effected      
FJ200650 at 3 h and 24 h incubation. In the detachment test, protease enzyme was the most effective
enzymes when the comparing the other enzymes according to CR 75 (%75) values. Lysing complex and
α-Amylase were effective enzymes according to reduction percentage of     
  FJ200650 adhesion. Additionally, we have similarly degraded our enzymes and enzyme mixtures
with heat application. Most of the results showed that
enzymes according to degradation process was partial inhibited or stimulated of bacterial adhesion, and
therefore the results are not given in the figures.
Marine biofouling formation begins with the
accumulation of nutrients, followed by the precipitation of primary colonizers, such as bacteria and microalgae, and then algae and invertebrates adhere on
this structure [22]. EPS have an important role in the
primary adhesion of marine microorganisms and after the emergence of fouling [5, 23]. On the other

Putting into practice the accurate antifouling
coating matrix in which to contain the enzymes will
be the most significant step in the product development [21]. In the present study, our focus was on
given an evidence that commercial enzyme applica-
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hand, a mixed biofilm is a possible resistance to ex. D41 strain. The main difference our study is that
ternal influences because of its dynamic and alive
we were examined dissimilar enzymes effectiveness
community. In our study and in related similar studto the biofilm forming bacteria genus with two difies proposed as an environmental friendly, the use of
ferent species. In order to examine commercial enhydrolytic enzymes able to act on EPS components
zymes ability to inhibit the development of biofilm,
has been strategy for prevent marine microfouling.
they used hydrolytic enzymes proteases, glycoIn a similar study conducted by Leroy et al. [7]
sidases and a lipase enzyme. The prevention and defocused on hydrolyzing organic substances involved
tachment tests, which were also used in our study,
in marine biofilms. The results from this study have
were applied in the study. According to their study,
been formalized by hydrolases, as commercial enzysavinase is a protease, which was determined the
matic preparations are achieved antibiofilm additive
most effective enzyme in both prevention and deapplicants. In their study, they worked with a marine
tachment tests. Generally speaking, the evidence
from our study set for by prevention and detachment
biofilm bacterium which named   
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quantitative assessment of adhesion of biofilm organisms was performed on culture media samples.
As a result of their study, culture medium samples
which concerned about proteolytic and amylase activities of immobilized and free cells and metabolite
suspension (OD500 = 0.5) of   
 1242 were effective.
On the other hand, Plessis et al. in 2013 [28]
have conducted a study about commercial hydrolytic
enzymes and their antibiofilm effects. In their study,
they have worked with three pathogenic biofilm bacteria as a different from our investigation. However,
they focused on protease like in our study. They have
examined two serine protease that Savinase 16L (EX
and BAN 480 L), Alkalase 2.4L FG and their mixtures, also they have compared commercially enzymes with immobilized hydrolytic enzymes onto
polyacrylo nitrile nanofibers (PAN). Alcalase kept
90% of its specific activity after immobilization and
Savinase kept 83%. They reported that no biofilm
growth was discovered on fibers functionalized with
Alcalase, BAN or Savinase. They reported that no
biofilm growth was discovered on fibers functionalized with Alcalase, BAN or Savinase. However, they
were determined more certain study is obligatory to
assess the anti-biofilm activity of these fibers.
In addition to these studies, Moss [29] described that, suggestions of lipases for antifouling
designs have not been very plentiful because lipids
are seldom indicated structural significance in biofilms. Lipases hydrolyze the ester bonds, which
joined fatty acids to glycerol. We were very much
inclined to agree with the opinion because we observed that Lipase enzyme have effect only one species in prevention and detachment tests. Proteins and
polysaccharides, which the two outstanding constituents are more favorite, targets of antifouling applications.
Broadly speaking, enzymes are less stable in
warm and variable conditions for environmental aspects [30]. In particular, temperature of seawater
might be changed extensively from perishing cold to
more than 30 ◦C [22], thus influencing both enzyme
functionality and stability [23]. It's important to find
right equilibrium between activity and stability in
variable conditions in terms of effective production
of enzyme-based antifouling coatings [4]. On the
other hand, whereas, chemical composition of additives or denatured enzymes in enzymatic preparations are possible also have an impact on bacterial
inhibition. This suggestion has been notified by
Petitt et al. in 2004 [31]. They have conducted on a
study about marine macroorganism spores and larvae. According to the following mentioned study,
they degraded enzymes by heating. However, when
the compare with the results for normal enzyme solutions showed that, sometimes enzymes exhibited
comparably similar active effects. In addition, we
have similarly degraded our enzymes and enzyme
mixtures with heat application. However, we could

test at 3 h and 24h incubation period that protease
was effective enzyme similarly our tests. Also in
2006, Leroy [24] has been reported that  
  . D1 had high protein concentration in
the glass surface adhesion tests during and after EPS
production fermentation. Savinase as regards to D1
strain might have targeted the proteins involved in
adhesion on surface.
In an another study from Gulf of Trieste (Italy)
where isolated biofilm bacteria, Zanaroli et al. [23]
analyzed for antifouling potential of some commercial hydrolytic enzymes in micro volumes. In their
study, biofilm bacteria mixed with hydrolytic enzymes were investigated for inhibitory effects on
planktonic growth and reducing effects on bacterial
surface colonization. For this purpose, they conducted research for α-chymotrypsin, α-amylase and
lipase enzymes at different concentrations based on
the results of biofilm production in OD600. The results show that enzymes, which selected for commercial, did not play an effective role in antifouling
activity alone, without considering of their concentration in seawater. In other respect, they if by mixing all enzymes, it has been shown that they inhibited
the adhesion of marine microorganisms to solid surfaces by 90%, compared to enzyme-free controls. If
we compare our results, we determined that lysing
mixtures were to second effective additives for 
      FJ200650 on prevention
test at 3 and 24 hours. In addition, the results for others showed similarities effectiveness.
Callow et al. carried out a similar research in
2000 [25]. Their research related to proteolytic enzymes and they reported that the initial amounts exhibited a time-dependent is on decline. According to
their study, researchers applied different enzymes,
which was named trypsin, protease A and protease
B. Herewith, they identified in their results that biochemical and viscoelastic features had an effect on
adhesion. As a similar in our study, tests showed that
the antifouling action of proteolytic additives prevented to EPS formation a high proportion. In another study in 2015, Peres et al. [26] have a research
with Papain enzyme, which is a proteolytic enzyme
for proteolytic activity according to antifouling properties on coatings. In their study, they have observed
test materials on the environmental conditions. For
this purpose, they have carried out immersion testing
in the Mediterranean Sea during 7 months. In addition, they summarized that immersion tests and microscopy images stipulated the antifouling capabilities of the papain-based coatings were alike to that of
a commercial one.
Kharchenko et al. in 2012 [27] conducted another study about hydrolytic enzymes. They have examined proteolytic activity and amylase activity for
antifouling effect. For a different part to our study,
they extracted their hydrolytic enzymes by using a
microorganism, which named strain of 
   1242. Using the enzymatic approach,

4101

%$

" &      





 " #!"!
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[14]Hamade, K.R., Yamammori, T.N. and Yoshio,
K.O. (1996) Glucoxide derivatives for enzyme
modification, lipid-coated enzymes, method of
producing such enzymes and antifouling paint
composition. US patent 5770188.
[15]Bonaventura, C., Bonaventura, J. and Hooper,
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[16]Callow, J.A. and Callow, M.E. (2006) The Ulva
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Springer, Berlin, Heidelberg, 63-78.

not find any significant results with using degraded
enzymes. As stated by these information, we are of
the alike opinion to this view. Therefore, there is a
view supposing that additives may also conduct toward the degradation process [32].
On the whole, the results of our study demonstrate that, each biofilm-forming bacterium are affected from eight different enzymes at different levels due to the differences in the biofilm structure,
however we submit that the contribution of enzyme
complexes have been successful in prevention and
detachment tests for     
FJ200650 and     
FJ200649 isolates. In addition to this, enzymes
showed different effects at different concentrations
for antifouling additives. Moreover, they showed
non-identical effects on the same genus for different
species. There should be clearly determine improvable properties to the current study because of the feasibility of enzyme-based antifouling systems, although there are still problems such as enzyme stability and activity. The integration on highest degree for
coating design and enzyme technology is important
to procure a commercially applicable antifouling solution, which may therefore evidence to be at a minimum as much of a defiance as is the identification
of implicatively effective antifouling enzymes. In
addition, other environmental factors should be take
into consideration in the selection of contestant antifouling enzymes for marine coatings. Lastly, it is significant to emphasize efforts to develop environmentally friendly non-toxic coating systems should continue.
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Among stress metabolites, gamma aminobutyric acid (GABA) is an important nonproteinogenic amino acid, since its accumulation
has been reported in response to various stress
factors. However, the response of GABA metabolism in combined stress such as drought and salt is
not well known. In this study, bean plants
(    L.) were exposed to individual
or combined salinity and PEG-induced osmotic
stresses. Antioxidant enzymes activities and glutamate decarboxylase (GDH) activity as well as
GABA and malondialdehyde (MDA) contents were
analyzed. Among antioxidant enzymes ascorbate
peroxidase and catalase activities were increased by
individual salt and PEG-induced osmotic stress.
GABA content was enhanced by salt, PEG and
combined stresses. GDH activity was found parallel
to GABA content. MDA content was increased by
individual or combined stresses. According to our
results individual and combined stress enhanced
GABA content in bean plant. Moreover, there could
be a strong relationship between GABA and antioxidant defense mechanism in order to cope with
deleterious effects of individual or combined ionic
and osmotic stresses.



6]. In the GABA pathway, glutamate dehydrogenase (GDH, EC 1.4.1.4) is responsible for converting
α-ketoglutarate to glutamate. GABA is synthesized
from glutamate by the activity of glutamate decarboxylase (GAD) [1, 7].
In animals, GABA acts as a major inhibitory
neurotransmitter [8], whereas in plants GABA has
function in pH regulation, osmoregulation, development, nitrogen metabolism, carbon fluxes into
the TCA cycle, and protection against oxidative
stress [1, 7]. In plants, GABA has also function in
the amplification of the stress response [9].
Although GABA is strongly related with primary metabolism, the response of GABA in combined stress conditions such as drought and salinity
is not well known. In this study, our aim was to
evaluate the combine effects of salinity and PEGinduced osmotic stresses on GABA and antioxidant
defense mechanism in     L. plants.


$"#$ #

97>;1 ,76-2;276: *6- :;9.:: ;9.*;5.6;
The seeds ofbeanplants(    L. cv.
Göynük 98) were provided from Anatolia Agricultural Research Institute in Eskisehir, Turkey. Seeds
were surface sterilized in 5% NaOCl, then washed
thoroughly with sterile water. The seeds were germinated in perlite and grown in the growth chamber
under a day⁄night temperature of 26 °C/22 °C and
16h light ⁄8h dark, relative humidity of 65%, and
light intensity of 175 µmol m-2 s-1. Individual and
combined salt and PEG-induced osmotic stresses
were applied after 4 weeks. Before this period, the
seedlings were watered regularly with ½ Hoagland
solution. For the stress application, 0, 100, 200 mM
NaCl and 10% polyethylene glycol (PEG 6000)
were applied in Hoagland solution for one week.
The osmotic potential of PEG 6000 was equivalent
to -0.40 MPa. The experiment was set as a randomized complete block design with three replications.
The leaves (0.2 g, 0.5 g) were frozen in liquid nitrogen and then stored at -80 oC until analyses.

6A@5. *::*@: 0.5 g of leaf samples were
homogenized in 50 mM of sodium phosphate buffer
within 1 mM of EDTA and polyvinylpyrrolidone
(2%, pH 7.8). Samples were then centrifuged at

)' "#
GABA, PEG,    , salinity.



$" %$ 
Salinity and drought are major environmental
stress factors that negatively affect crop productivity [1, 2]. They cause an increase in ROS levels and
oxidative stress in plants. In these conditions, enzymatic and non-enzymatic antioxidant mechanism
and stress induced metabolites could help to tolerate the deleterious effects of ROS [3, 4]. Hence, the
evaluation of physiological responses during salt
and drought stresses is important for plant breeding
[1].
Among stress metabolites, gamma aminobutyric acid (GABA) is of special interest since it has
been reported that GABA accumulates in plants in
response to various environmental stress factors [5,
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12,000 g for 10 min at 4 oC, and supernatants were
analyzed for determination of enzyme activity and
protein content. The total soluble protein contents
of the enzyme extracts were analyzed according to
Bradford [10] using BSA as standard. The specific
enzyme activities were expressed as unit mg-1 protein. 
Superoxide dismutase (SOD; EC 1.15.1.1) activity was determined according to Beyer and Fridovich [11]. One unit of SOD activity was given as
the quantity of SOD that cause a 50% inhibition of
NBT. Ascorbate peroxidase activity (APX; EC
1.11.1.11) was measured according to the decrease
in the absorbance of the substrate at 290 nm [12].
The concentration of oxidized ascorbate was calculated by using extinction coefficient (2.8 mM-1 cm1
). Catalase (CAT; EC 1.11.1.6) activity was measured according to Bergmeyer [13]. The disappearance of H2O2 was determined at 240 nm. One unit
of CAT activity was defined as 1 µmol H2O2 destroyed per minute. Glutathione reductase (GR, EC
1.6.4.2) activity was assayed according to Carlberg
and Mannervik [14] by following the oxidation of
NADPH2 at 340 nm (T80+UV-VIS Spectrometer,
PG Instruments).

ketoglutarate, 0.25 mM NADPH and 1 mM CaCl2
in 100 mM Tris-HCl buffer (pH 8). The activity
was spectrophotometrically detected at 340 nm.
The results were given as micromoles per minute
and gram fresh weight.

282-8.97?2-*;276Malondialdehyde (MDA)
content was measured in order to determine the
lipid peroxidation. The absorbance was recorded at
532 nm and 600 nm. TBA (0.5%) in TCA (20%)
solution was used as blank. MDA content was calculated by using the extinction coefficient (155
mM-1 cm-1) [16].

#;*;2:;2,*4 *6*4@:2: The effect of salt, PEG
and combined stresses were determined using oneway variance analysis ANOVA. The treatment
means were compared by least significant difference (LSD) test at p< 0.05. The values are given in
the figures as standard errors of the means. Pearson’s correlation was also calculated for the relationship between antioxidant enzyme activities and
GABA content under individual or combined stress
conditions. 


"#%$##%## 

 *6*4@:2: GABA analysis was performed by HPLC (Agilent 1200) according to Bor
et al. [15] with minor modification. 0.5 g leaf samples were homogenized in a mixture containing 1
mL water:chloroform:methanol (3:5:12) and centrifuged at 4 oC. The supernatant was then dried, and
redissolved in 100 µL of water, 150 µL of Borax
buffer (pH 8) and 250 µL of hydroxynaphthaldehyde (HN) (0.3%). The mixture was then heated at
80 oC for 30 min and cooled at room temperature. 1
mL methanol was added to samples and filtered by
Millex FH 0.45µm. Samples were separated by
reversed-phase column Supelco LC18 (250x4.6
mm2, 5 µm) with UV detector (330 nm). The injection volume was 5 µL, flow rate 1 mL min-1; mobile phase was methanol:water (62:38). In this
method, we found that the injection volume should
be changed according to the plant species. We suggest 5 µL injection volume for bean plants. Higher
injection volumes could cause unregular peaks in
bean plants (data not shown). The retention time
was 12 min. Quantification was calculated by comparing the peak surface areas within GABA standards.

 *,;2=2;@ Glutamate dehydrogenase
(GDH, EC 1.4.1.4) activity was assayed according
to Yolcu et al. [6]. 1 g of leaf samples were homogenized in a buffer (0.1 mM Tris-HCl, 1 mM pyridoxal-5-phosphate hydrate, 5 mM EDTA, 10 mM
dithiothreitol and PVPP (1% w/v), pH 7.8). Homogenates were then centrifuged at 10000 g for 10
min at 4oC. The extracts were added to the assay
mixture containing 50 mM (NH4)2SO4, 13 mM α-

Understanding the plants in response to salinity, drought and combined stresses can help to enhance crop yield under these conditions [17]. The
effects of combined stress on plants can be different
to the effects of individual stress [18, 19]. Stress
combinations can impact completely different on
physiological and molecular level to the effects of
individual stress even in the same genus [20].
Therefore, the effects of the combination of stresses
should be well known.
6;27?2-*;2=. 9.:876:. <6-.9 ,75+26.-
:;9.::Salinity and drought could cause an increase
in ROS levels and oxidative stress. The increase in
antioxidant defense mechanism is important for
eliminating of the deleterious effects of ROS [21].
Under salt stress, detoxifying of the radicals is very
critical. Previously it was reported that during salt
stress sensitive    genotype was affected
more than tolerant genotype by having lower antioxidant enzyme activities [22]. Türkan et al. [23]
mentioned that drought tolerant bean   
had high antioxidant enzyme activity and had better
protection against oxidative damage than  
. Wang et al. [24] also indicated the importance of
antioxidant enzymes in alfalfa seedlings under
drought and salinity stresses. 
SOD activity is known to be strongly related
with the salinity tolerance [22]. In maize seedlings
it was reported that salinity caused a significant
increase in SOD activity [25]. In our study, SOD
activity was increased under 200 mM NaCl applica-
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stress conditions, especially by PEG-induced osmotic stress and combined stress treatments (p<
0.05) (Figure 3). We found a remarkable increase in
APX activity under PEG-induced osmotic stress
and PEG+200 mM NaCl application when compared to control plants. Parallel to our study, increased APX activities were reported under PEG
[23], salinity [29] and drought [30] stresses. In our
study, APX could be more effective than CAT in
scavenging of H2O2 in bean plants under these
stress conditions.
GR activity has also an important role in antioxidative system by catalyzing the reduction of
GSSG to GSH. In previous studies, PEG stress
increased GR activity in   ,   
[23], in    [30]. However, in our study,
GR activity was not significantly changed under
individual salinity and PEG applications as compared to control plants. However under combined
stress, PEG+200 mM NaCl treatment caused a
remarkable decrease in GR acitivity (50.71%) as
compared to control plants (p< 0.05) (Figure 4). In
our study, we found that in bean plants GR was not
very effective in scavenging of ROS under these
stress conditions.

tion (12.88%) when compared to control plants (p<
0.05) (Figure 1). Under PEG stress SOD activity of
drought tolerant   was higher than that
of    [23]. Also under water stress the
increased SOD activity was reported in order to
eliminate the free radicals in tomato plants [26].
However, in our study, we found a significant decrease in SOD activity within the effect of PEGinduced osmotic stress (23.25%) as compared to the
control plants (p< 0.05). In the combined stress, we
did not find a significant change in SOD activity
when compared to the control plants, indicating the
induced tolerance mechanism by SOD activity was
not sufficient in eliminating superoxide radicals
under PEG and combined stresses in   
plants.
In a previous study, it was reported that CAT
activity was inhibited by salt stress in  
plants [27]. In addition, PEG stress did not increase
CAT activity in   and    [23].
Contrary to these findings in our study CAT activity was enhanced by 100 mM NaCl (37.85%), 200
mM NaCl (20.81%) and PEG-induced osmotic
stresses (35.87%), respectively, when compared to
control plants (p< 0.05) (Figure 2). However, we
found a significant decrease in CAT activity under
PEG+200 mM NaCl treatment (38.83%) as compared to the control plants. This could indicate the
deleterious effects of combined stress, when the salt
concentration is high. In our study, we can suggest
that CAT could be more responsible for scavenging
of H2O2 during individual stress than combined
stress conditions.
The increase in the components of antioxidative defense system is mentioned to increase the
plants protective mechanisms. In this mechanism
increased APX activity has an important role [28].
In our study, APX activity was induced by all of the

6,9.*:.-  *,;2=2;@ *6-  *,,<
5<4*;276 <6-.9 :;9.:: ,76-2;276: Multiple pathways such as ROS scavenging enzymes and synthesis of specific proteins could help to enhance the
ability of plants to tolerate salt stress [3, 31]. In
recent years, GABA shunt is mentioned as a key
signaling allowing to adapt to salt and osmotic
stresses. Hence, GABA content is strongly related
with counteracting the deleterious effects of salt
stress [1, 32]. GABA accumulation could be common in response to various stress factors and
GABA can act as a signal [32, 33]. 
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in agreement with previous studies with the enhancement in GDH activity under stress conditions
(Figure 6). We found remarkable differences between PEG (29.36%), PEG+100 mM NaCl
(32.04%), PEG+200 mM NaCl (18.34%) treatments and the control plants, whereas individual
salinity did not cause a significant increase in GDH
activity. The increase in GDH activity under PEGinduced osmotic stress and combined salt+PEG
stresses were nearly parallel to our GABA results
indicating the role of GDH in GABA pathway
under these stress conditions.

In our study, GABA was enhanced by salinity
and PEG-induced osmotic stress conditions, also in
the combined stress (p< 0.05, Figure 5). Parallel to
our study, GABA was induced in     
  under salinity [5], and in     under
drought stress [34]. Bor et al. [15] indicated that
salinity and PEG treatments could increase GABA
content; however, the rate of increment was reported higher in PEG-treated plants. Parallel to these
findings, in our study GABA was enhanced by PEG
stress more than that of individual salt stress. Under
combined stress, GABA was increased by
PEG+100 mM NaCl treatment, 8.70% higher than
that of control plants (p< 0.05).
GABA can act as a signal molecule to maintain cellular metabolism [35]. Liu et al. [36] mentioned that under water stress GABA could act as a
potential osmolyte and could be very effective in
the protection of tobacco plants from the deleterious effects of ROS under water stress. Also GABA
is known to help salt tolerance by upregulating
osmoprotectants and antioxidants [37]. In the combined stress we can suggest that GABA could have
a more important role in scavenging ROS in bean
plants. In addition, among antioxidant enzyme
activities, APX activity could have a role in parallel
with GABA metabolism under individual or combined ionic and osmotic stresses. We found positive
correlation between APX activity and GABA content via Pearson correlation test (Pearson’s correlation coefficient= 0.023). In a previous report, it was
also reported that GABA can up-regulate enzymatic
and non-enzymatic antioxidant mechanism [38].
GDH activity plays an important role in
GABA metabolism via converting α-ketoglutarate
to glutamate which is the precursor of GABA.
Moreover, glutamate is occurred in different biochemical processes. Therefore, GDH activity could
be upregulated by various stress conditions. We are

*476-2*4-.1@-. *,,<5<4*;276 <6-.9 :*
4262;@ *6- !26-<,.- 7:57;2, :;9.::.:
Malondialdehyde (MDA) is an important indicator
of lipid peroxidation and different stress factors
could lead to an increase in oxidative stress and
MDA content [39]. In a previous study, water stress
caused an increase in MDA content and membrane
injuries in       [26]. In a previous study, salinity and drought stresses increased
MDA content in barley plants, however combined
drought+salt stress caused greater accumulation of
MDA content [40]. Parallel to these studies, MDA
was increased under high salinity and PEG-induced
osmotic stresses. We found a remarkable increase
in MDA content under 200 mM NaCl (42.47%) and
PEG+100 mM NaCl (53.15%) applications as compared to control plants (p< 0.05) (Figure 7).
In previous studies, MDA content was mentioned to be lower in tolerant species under different stress conditions [23]. High level of MDA content could be correlated with the degree of plant
sensitivity to stress factors. In cotton plants the
decrease in antioxidant enzyme activity was reported to cause an increase in lipid peroxidation, and
combined salinity and drought stresses had a greater inhibitory effect than individual stress [41]. In
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our study, all of the stress factors caused an increase in MDA level, however in the combined
stress (PEG+200 mM NaCl treatment) the increase
in SOD and APX activities and also GABA content
could have helped to control the MDA content
which was found similar to control plants.

oxidant metabolism under different stress conditions.
"&$ #
APX: ascorbate peroxidase, CAT: catalase,
EDTA: ethylenediamine-tetraacetic acid, GABA:
gamma-aminobutyric acid, GAD: glutamate decarboxylase, GDH: glutamate dehydrogenase, GR:
glutathione reductase, GSH: glutathione, GSSG:
oxidized
glutathione,
HN:
2-hydroxynaphthaldehyde, MDA: malondialdehyde, PEG: polyethylene glycol, SOD: superoxide dismutase.



 %# #
On the basis of our results, we can conclude
that salt and PEG-induced osmotic stresses enhanced GABA content in     plants
under both individual and combined stresses.
GABA and antioxidant defense mechanism could
work to cope with deleterious effects of individual
or combined ionic and osmotic stresses. Among
antioxidant enzyme activities, APX activity could
work parallel to GABA metabolism under these
stress conditions. Further studies should be done to
identify the relationship between GABA and anti-
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need to develop a green environmental protection effect of coal mining technology and means. The study
of the height of the aquifer zone is the basis of coal
mining, which is the key to ensure the safety of coal
mining. For the mining of near-shallow coal thickness, it is necessary to reasonably determine the mining method and mining scope. It not only needs to
ensure the safe coal production, but also need to increase the coal mining ceiling, expand the coal storage capacity, extend the coal mining time and enhance the economic effect [2].
In the early days of the country, water coal mining projects have been initiated, and they have piloted water and coal mining under subterranean,
lakes, aquifer rock beds and impounded buildings
[3]. Scotland is the first country in the world to engage in offshore coal mining. Subsequently, the
United States, Japan, Australia and other countries
have also been put into the study of underwater coal
mining [4]. Hungarian coal mining experts pointed
out: different rocks of different water effects, usually
can choose a rock as a standard, the other rocks are
compared with the calculation of the relative quality
parameters, and ultimately get different rock barrier
capacity of coal seam thickness [5]. The British Coal
Authority has pointed out that the underwater coal
mining technology in the roof stretching distance
and the height of the rock cover these two parameters
is particularly important. However, due to different
geological conditions in different countries, the roof
stretching distance and the height of the rock cover
will be different. In general, the top plate has a tensile distance of not less than 61 cm and a rock cover
height of not less than 105 cm [6]. For our country,
coal resources are mainly distributed in the northwest region. Coal mining is mainly shallow coal
seam type, coal layer on the overburden thin, and the
mining process of high degree of mechanization,
strength, is bound to cause surface water leakage, the
ecological environment will cause a certain degree
of damage [7]. As early as the beginning of the 21st
century, Professor Wang Shuangming was responsible for the establishment of the key project of coal
resources in northern Shaanxi pilot project group,
the northern Shaanxi coal area for water conserva-

With the further development of coal mining
areas in Northern Shaanxi Province, the water resources and ecological protection of coal area become the most important, and it is necessary to optimize the coal mining technology to achieve sustainable development. However, the height of the fractured zone of the overlying water directly affects the
thickness of the coal seam, the management and
mining methods of the coal seam. Therefore, based
on the background of North Shaanxi in shallow thick
coal seam of coal mining, building height control
model of water flowing fractured zone, through the
experimental simulation of rock bearing capacity
and fracture analysis, to improve the structural stability of the key strata layer effect control model, to
achieve effective protection of coal in Northern
Shaanxi aquifer.
&$ 
Northern Shaanxi, Critical layer, Strata deformation, Fracture zone height, Experimental simulation
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With the continuous development of China's
social economy, China's various industries have
made outstanding achievements. Coal has become
China's energy system in the main energy, the coal
industry as a pillar industry of China's economic development. As of 2020, the national consumption of
coal energy is about 5 billion tons. With the new energy technology continues to emerge, coal energy to
withstand a great impact. At present, the contradiction between the supply of coal and the shortage of
long-term in China is becoming more and more obvious. It is necessary to make further optimization in
the aspects of production increase, energy promotion, safety and environmental protection. It is urgent
to change the mode of industrial development [1].
China's central and eastern regions of the shortage of
coal resources, high-quality coal shortage, the development of the western region of the aquifer's coal resources is particularly critical. At the same time, also
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(d) damage characteristics, the key layer is destroyed, the upper part of all or part of the rock will
be broken, resulting in the entire rock structure up
and down translation.

tion and subsidence damage and disaster management research, these studies can lay the theoretical
basis for water conservation in northern Shaanxi [8].
Based on the theory of rock key structure, this
paper constructs the height control model of hydraulic fissure zone, carries out the simulation experiment on the physical and mechanical properties and
similar materials of rock formation, and chooses reasonable coal mining method to realize the purpose of
water conservation and coal mining. In addition, this
model is suitable for efficient mechanized coal mining work, can greatly improve the efficiency of coal
mining, with a certain degree of scientific research,
the research results can produce some economic and
social benefits.

,? 2(?,8 0+,4:0-0*(:054 3,:/5+ According
to the definition and characteristics of the key layer,
if there are n-layer formation in the rock mass, when
the n-level strata are synchronous deformation, the
bottom of the rock is called the key layer. The deformation relation of the critical layer satisfies the formula (1):
(1)
Where q is the degree of rock formation deformation and n is the rock formation. Therefore, the
deformation degree of the n + 1 layer is smaller than
that of the n-th layer, and there is no other rock formation on the n + 1-layer.
(2)
among them,

! ! 

549:8;*:054 5- ,0./: 54:852 5+,2 -58
$(:,8),(804.8(*:;8,'54,With the passage
of time, the rock layer will continue to sink. The destruction of the water in the subsurface is mainly due
to the destruction of the critical layer and the rupture
of the aquifers. Therefore, if you want to ensure that
the underground water is not destroyed, you need to
maintain the stability of the key layer, to maintain a
certain rock structure, to achieve a certain water conservation purposes.
Different strata in the structure, thickness and
other aspects of the difference between the rock formation between the deformation caused by the deformation is also different. In the rock structure, the
harder thick rock strata has the function of controlling the whole rock structure, while the relatively
soft rock layer has a certain rock cushioning and
loading effect. The weight of the whole rock is
mainly determined by the thick rock. And this thick
rock is usually called the key layer [9]. The key layer
is based on the deformation and breaking characteristics of the rock [10]. When the critical layer is broken, the deformation of the part of the strata is coordinated with each other. We call this part of the rock
layer as the sub-key layer. Therefore, the destruction
of the key layer will directly lead to the upper rock
layer generated severe vibration. The key layer, also
known as the main bearing layer, usually in the form
of "plate" carrying the upper rock mass. The inconsistency of the rock formation between key layers
and between key and sub-critical layers can cause
faults within the rock mass. The key features of the
key layer are as follows [11]:
(a) the appearance of the characteristics of the
key layer compared to other rock, the thickness of
the larger;
(b) material characteristics, the key layer of
rock mass hardness, high strength;
(c) deformation characteristics, the key layer
deformation occurs, the upper part of the sub-critical
rock mass will be synchronized to sink;

(3)
If n + 1 = m,

; then if n + 1
<m, then according to the formula (3) solution ; if
n + 1> m, it is necessary to add the n + 1 layer rock
layer above the m layer, the result is:
(4)
If the n + 1-layer formation does not carry the
weight of the m-th layer, the calculation
shall be
carried out using the calculation method of equation
(4)
until the n + 1-layer formation can carry the
weight of the m-th layer. Therefore, the formula (3)
can be used as the comparative formula of the bearing capacity of the rock formation, which is the criterion of the strength of the key layer. The disturbance of the n + 1 layer is less than that of the n-th
layer. If n + 1 <m, then the n + 1 layer is not the top
layer, there are other rock formation, the need for the
first n + 1 layer bearing capacity and disturbance to
calculate and judge. When the n + 1 layer is the critical layer, it is necessary to calculate the breaking
distance while satisfying the critical layer hardness
and strength conditions. Assuming that the fracture
distance of the first layer is L1, the criterion of the
strength of the critical layer is:
(5)
At this time the first layer of rock formation for
the sub-key layer. When the n + 1 layer formation
can not satisfy the condition shown in equation (5),
all bearing capacity of the n + 1 layer rock layer
should be applied to the nth layer. Then the formation is calculated according to the formula (4). If
the n + 1-layer formation satisfies the formula (5),
the thickness of the strata carried by the critical layer
can be calculated. Thus, when n = m, the first layer
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xoy plane, and the z axis is perpendicular to the xoy
plane.
According to the characteristics of this study,
the main assumptions of this rock are as follows:
(e) omit the vertical normal vector in the formation, ie
.

is the key layer; otherwise the first layer is the subkey layer.
,? 2(?,8 9:8,99 (4(2?909 In order to ensure
the water holding capacity of the coal mining business, it is necessary to analyze the key layer and the
aquifer of the rock mass and establish the mechanical simulation model. (1), the bearing pressure is q
(x), the force direction is vertical direction, temporarily considering the horizontal direction of the
overburden pressure [12]. The mechanics model of
the rock formation is shown in Fig.1.
The destruction of the rock structure begins
with the top of the roof, and then gradually descends.
As shown in Fig. 1, the bending strength and adhesion between the loose layer, the barrier layer and the
key layer are different, resulting in different disturbances caused by the deformation of the rock formation, resulting in the separation of the whole rock
mass. According to the principle of mechanical sheet,
when the thickness of the laminates h and the minimum size of the board between the ratio of 0.01 and
0.1, when the layer can be defined as a thin plate.
The ratio of the maximum perturbation of the sheet
to the minimum thickness of the sheet is the thin
plate perturbation. The thickness of the rock mass is
not large, usually less than 10 m, and the thickness
of the coal mining area is larger, usually more than
100 m. Therefore, the ratio of the thickness of the
rock mass to the minimum value of the rock mass
satisfies the size requirements of 0.01 and 0.1. In addition, it can be seen from the calculation that the
maximum perturbation of the rock is not greater than
the mining thickness of the coal seam, that is, the
perturbation of the rock is the smallest relative to the
thickness of the rock. In summary, the lithospheric
deformation is consistent with the mechanics of the
sheet principle requirements.
Simulated rock scale structure and coordinates
of the situation shown in Fig.2. The rock surface is

(f) The direction of any force before and after
the strata deformation is still constant, still perpendicular to the plane plane xoy, and the thickness of
the strata after the deformation, which is
.
(g) There is no telescopic deformation in the
rock plane, which is
.
(h) There is no horizontal displacement around
the formation, that is, the horizontal movement is 0;
(I) The formation is only subject to a uniform
bearing capacity perpendicular to the plate.
Based on the above assumptions, the equilibrium equations of the critical layer stress model are
shown in equation (6):

(6)

The geometrical equations of the critical layer
stress model are shown in equation (7):

(7)
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The physical equations of the critical layer
stress model are shown in equation (8):

Among them,

is the Laplacian

(8)

operator.
The equation (12) is taken into the first term of
equation (6) to obtain the differential equations of
the perturbed surface of the formation as follows:

The intracranial forces of the critical layer
model are shown in equations (9) and (10):

(13)
Under certain boundary conditions, the perturbed surface function w (x, y) of the rock can be
obtained by integrating the equation (13).
Where the boundary condition is as shown in
equation (14):

(9)

(14)
(10)

(2*;2(:054 5- 3(>03;3 +,-2,*:054 As
shown in Fig. 2, the length of the formation is a, the
width is b, and the upper bearing capacity (including
its own weight) is q. The formula (13) is integrated
according to the boundary condition of the formula
(14), and the double triangular series is used in this
paper [13]. The perturbed surface function w (x, y)
and the bearing capacity of the rock are expanded to
the Fourier series as follows:

(9) into the formula (10) and simplify it, then
the points are available:

(11)

(15)
is the strength of the for-

Where m and n are positive integers and

mation.
The formula (11) into the formula (7) of the
second and third, the results are as follows:

are undetermined coefficients. The
analysis shows that the formula (15) satisfies the
boundary condition of the formula (14). The formulas (14) and (15) are brought into equation (13).

Where

(12)
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(16)
For any set of (x, y) values, both are the formula
(16). Therefore, the formula (16) corresponds to the
same coefficient, there are:

layer is 20 meters, the thickness of the barrier layer
is 10 meters, and the thickness of the key layer and
sub-key layer is about 70 meters. According to the
rock mechanics model, the overlying strata can be
divided into 7 layers, ignoring some of the smaller
thickness of the rock. Combined with the geological
conditions and experimental simulation environment
of coal mining area in northern Shaanxi, a model of
500 cm * 180 cm * 20 cm size should be used to
determine the experimental simulation. The model
scaling ratio is 1: 100.

4(25. 3(:,80(2 8,7;08,3,4:9 5- :/, 8(:05
The geometries of the simulated rock form are scaled
to the same proportions to satisfy the relationship
. Among them, isthe similarity coef-

(17)
Take the formula (17) into the first item of formula (15) and get it:
(18)
When the bearing capacity of rock formation is
uniform bearing capacity q, there are:

((19)
The formula (19) is taken into the first term of
equation (15) to obtain:

ficient,

Shaanxi,
is the rock size of the model. Usually
is between 100 and 200, and this experiment to take
100. In addition, the simulation of this experiment to
simulate the deformation of rock formation, but also
need to study the damage process of overburden
fracture. Therefore, in meeting the bearing capacity
of the rock formation and deformation of the external requirements, but also need to meet the similarity
requirements of rock physical strength [14].

(20)
The series of equations (20) has a good convergence, so the first term of this series is taken as the
final result. Equation (21) is the perturbation value
at any point in the rock formation. Equation (22) is
the disturbance value at (

is the actual geological size of northern

) and the maximum dis-

turbance value of the rock.
(21)
(24)
(22)
Using the relevant theory and calculation formula of this section, taking the coal area of northern
Shaanxi as an example, we make full use of the
height control model of the aqueduct, and determine
the rock layer below the aquifer as the key layer, The
top of the coal mining area for the sub-key layer. In
this paper, the formula (23) is used to calculate the
fracture distance of the critical layer.

is the maximum compressive strength of
the material, unit is MPa,
is the maximum
compressive strength of the material in northern
Shaanxi,

is the maximum compressive

strength, the unit is MPa,
is the maximum material is the actual material in northern Shaanxi Ten-

(23)

sile strength, the unit is MPa;
is for the simulated material adhesion strength, the unit is MPa;

The results are as follows: the breaking distance of the critical layer is 57 m, the breaking distance of the sub-critical layer is 45 m.


 "!  " 

!/, 6/?90*(2 (4+ 3,*/(40*(2 6856,8:0,9 5-
85*1-583(:054(4+:/,8(:055-90302(83(:,80(29
0302(8*54+0:0549The average depth of the coal
mining area is 100 meters, the thickness of the loose

is for the actual material in northern Shaanxi
adhesive strength, the unit is MPa;
tion similarity coefficient;
material friction angle;
terial friction angle.
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(043,*/(40*(26(8(3,:,895-*5(29:8(:(0458:/,84 /((4>085<04*,
Number
1
2
3
4
5
6
7
8
9

Lithology

Thickness /
m

Bulk Density /
MNm-3

Tensile Strength
/Mpa

Elastic Strength
/104Mpa

30

0.024

3.2

1.68

4.5

0.012

1.3

0.25

13

0.022

5.4

1.2

16
8
6
24
10
20

0.023
0.023
0.024
0.025
0.015
0.016

4.6
1.6
4.5
4.6
-

1.45
0.75
1.47
1.27
-

medium grained
sandstone
fivth coal
medium grained
sandstone
siltstone
mudstone
fine sandstone
siltstone
laterite
aeolian sand

!
,2,*:054(4++59(.,5-90302(83(:,80(2-583;2(04 /(4),0*5(2304,
Number

Lithology

1
2

medium sand
coal
medium grained
sandstone
siltstone
sandy
mudstone
fine sandstone
siltstone
laterite
aeolian sand

3
4
5
6
7
8
9

Thickness/
m
30
4.5

Height/
m
30
4.5

Sand/
kg
15
9.48/4.74

Gesso/
kg
0.75
0.355

Powder/
kg
1.3
1.42

Mixture
Ratio
745
827

Number
of Plies
27
4.5

13

13

14.2

0.354

1.43

827

14.3

17

17

13

0.5

1.3

736

17

8

8

14.2

0.563

1.246

836

8

6
24
10
20

6
24
10
20

14.2
13
14.2
14.2

0.532
0.5
0.31
0.14

1.245
1.4
1.27
1.43

837
737
927
918

11
20
10
30



!,*/40*(2 6(8(3,:,89 (4+ 90302(8 3(:,80(2
8(:05 The main mechanical parameters [15] of the
coal strata in northern Shaanxi are shown in Table 1.
Experiments were carried out using a 5000 mm
* 1800 mm * 200 mm size support to support the
simulated laminates. The geometric similarity coefficient is 100, the physical strength similarity coefficient is 1.56, the time similarity coefficient is 10, and
the displacement similarity coefficient is 100. Simulation of similar materials are: the main material corresponding to rock; auxiliary materials corresponding to white powder, gypsum, water, another coal
mining also need to add coal ash powder. Rock sand,
white powder, gypsum, water and other analog materials according to a certain proportion of mixed
construction of the corresponding simulation board.
While the bracket will need to strengthen the channel.
After preparing the above materials, you can experiment with similar material to work. Table 2 shows
the ratio of rock similar materials in coal mining area
in northern Shaanxi.

During the experiment, two sets of measuring
lines were set up in the overlying layer of the overburden, and the distance from the roof of the coal
mining layer was 70cm, and the observation line had
100 observation points. There are a set of load-carrying sensors, and the number of sensors is 64, and
the data of the load-carrying sensor before the start
of the experiment is shown in Fig.3. It can be seen
from the figure, the capacity of the laminate to be
measured evenly distributed, in a stable state, the individual measuring point bearing capacity slightly
larger.
When the board began to dig down, the simulation of coal mining work, coal mining area followed
by the first board collapse, bending, sinking and separation phenomenon. At the end of the excavation,
the aqueduct extends to the surface, and the surface
is a large area of subsidence. The simulation results
are as follows:
(1) In the process of experiment simulation,
considering the boundary effect of the laminates,
cutting and digging at the distance of 50 cm from the
boundary of the model layer are 3cm and the width
is 10cm, and the lateral pressure is about 4 MPa.
(2) Lamination digging to 15 cm, the roof began to fall, fall 1cm, sink 1 layer. The cutting height
of the boundary is increased from the original 3cm
to 4.5 cm.

4(2?909 5- ,>6,803,4:(2 685*,99 (4+ 3(04
8,9;2:9In this experiment, under the special geological conditions in northern Shaanxi coal mining area,
combined with the mining technology of near-shallow coal seam, the degree of fracture control of overlying strata is controlled based on the height control
model of hydraulic fracture zone, Highly studied.
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(3) board to dig to 39cm, the roof continued to
collapse, collapse 6 layers, the cumulative collapse
of 7 layers, and the phenomenon of separation.
(4) board to dig to 48cm, the roof slump 6 layers, the cumulative collapse of 13 layers, 5 layers
from the layer, the height of 18cm.
(5) Laminar digging to 54 m, the roof slump 5
layers, the cumulative collapse of 18 layers, the
height of the break through 20 cm, reaching 22 cm,
the gap is 2.5 cm.
(6) When the layer was excavated to 80 cm, the
roof slumped on the 11th floor, accumulated 39 layers, the height of the separation layer was 39cm, the
maximum gap was 1.2cm, and the length of the separation layer was 24 cm.
(7) When the laminate is excavated to 200 cm,
the laminate is finished. The fractured zone has a
"octagonal" distribution and extends to the surface,
and the surface has a large area of subsidence. The
maximum value of subsidence is 3.3m, and the fault
of the overburden is "saddle". The maximum crack
angle is 72 degrees, the maximum crack height is
94cm, the specific experimental simulation after the
end of the load capacity measurement sensor data
curve shown in Fig.4.
Through the above simulation experiments, it
can be seen that the height control model based on

the hydraulic fracture zone can effectively reduce the
height of the hydraulic fracture zone, reduce the subsidence trend and realize the groundwater protection
in the coal mining process, and provide some experimental basis and theory for the green coal mining
guide.


"  
In this paper, the coal mining in shallow coal
seam in northern Shaanxi is taken as an example, and
the technical problems of overburden fracture zone
are studied experimentally. Based on the theory of
rock formation and other related domestic and foreign research results, this paper constructs the height
control model of hydraulic fracture zone, expounds
the definition of key and sub-key layers in rock
structure, and introduces the appearance, material,
deformation and failure characteristics of key layer
This paper analyzes the critical layer method, combined with the rock mechanics model, analyzes the
key layers, analyzes the important equations such as
the equilibrium equations, the geometric equations,
the physical equations, the inter-layer internal force
equations and so on. Through the calculation of the
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maximum disturbance to get the critical layer of the
fracture distance. Finally, the model is used to simulate and analyze the water-bearing fissure zone
height control model. The physical and mechanical
properties and similar materials of the rock form are
simulated and the simulation environment is simulated. The bearing capacity of the laminates is obtained by deploying the bearing capacity measurement sensor. Laminates under the excavation, simulation of coal mining work, coal mining area followed by the emergence of the board collapse, bending, sinking and separation phenomenon. When the
pavement excavation is completed, the aquifer fracture zone extends to the surface, the surface is a large
area of subsidence phenomenon. According to the
simulation experiment, it is found that the height
control model based on the hydraulic fracture zone
can effectively reduce the height of the hydraulic
fracture zone, reduce the subsidence trend and realize the groundwater protection in the coal mining
process, and provide some experimental foundation
for the green coal mining and Theoretical guidance.
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In this study antioxidant, antimicrobial and
anti-quorum sensing activities of the methanol extracts of 15 wild mushroom species and culture
mushrooms(%-*(,-+(+,*,-+) cultivatedon four
different substrate mediums were investigated. Antioxidative activity was measured by four different assays. Antimicrobial potential of extracts was tested
using agar well diffusion method against ,)"0%(
(-+-*-+ ATCC 25923, +"*#"#(%# ATCC
25922, ',*((-+ %#+ ATCC 29212, +-(
&('+*-!#'(+ ATCC 27853, %&('%%Typhimurium ATCC 14028, %+#%% )'-&('#
ATCC 13883 *(,-+ &#*#%#+ ATCC 7002 #+
,*# &('(0,(!'+ ATCC 43251 '# )*
)+#%(+#+ATCC 22019and '#%#'+ ATCC
10231. Anti-quorum sensing activity was tested on
"*(&(,*#-&.#(%-& ATCC 12472. Among
all mushrooms, ,*#-+#'+-%+-+ had the remarkable results with the highest total phenolic content and
antimicrobial effect against %#'+&#*#%#+
)'-&('#&('(0,(!'+ Three of the cultivated %-*(,-+(+,*,-+ mushroom and three wild
mushroom extract showed inhibition of the violacein
production by .#(%-&. These results revealed
the importance of mushrooms as an effective alternative for the prevention and the treatment of many
infectious diseases.

also spread rapidly. In the beginning of the 21st century the value of the total world mushroom’s production has been estimated over 45 billion US dollars
[1].
Nowadays, there are hundreds of types of fungi
that are known for their therapeutic properties and
are used as nutritional supplements or to fortify foods
with functional compounds [2, 3]. Some of those bioactive compounds such as terpenes, sesquiterpenes,
steroids, anthraquinone and benzoic acid derivatives,
quinolines, oxalic acid, peptides and proteins have
been demonstrated [4]. Fungi are also rich in phenolic compounds which have a great prominence
among biologically active substances especially for
their antioxidants, anti-inflammatory, anti-tumor and
other excellent properties [5]. In addition, phenols
and flavonoids have been shown to affect some intrinsic properties in plants such as appearance, taste,
odor and oxidative stability especially for some nutritional plants, which gain them more importance as
secondary metabolites [6].
Various synthetic drugs such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA) are generally used as antioxidants, but they
have been reported to cause toxicity to human and
animal tissues, cell damage, inflammation and atherosclerosis [7, 8]. So, the research of natural antioxidant sources like mushrooms is important to avoid
such toxic risks. According to data approximately
70% of the bacteria that cause hospital-acquired infections are resistant to at least one of the most commonly used drugs for the treatment [9, 10]. In this
case, scientists have been focusing to find new and
natural antimicrobial agents’ sources and mushrooms are one of the best options.
Quorum sensing is a process mediated by
spreadable chemical signal molecules in bacterial
populations that permits their communication via a
cell to cell signaling system [11]. This system can be
considered as the communication language of the
bacteria. Due to this quorum sensing (QS) system,
bacteria can control its gene expression in response
to its population density. QS system contribute to a
better adaptation of the metabolic activity of microbial cells, including the resistance development for

+)!$%
Antioxidant, antimicrobial, anti-quorum sensing, mushroom

 &$!'&! 
Wild edible mushrooms have gained lately important value as non-wood forest products because
of their taste and medicinal properties. Some common edible mushroom species have been widely harvested from nature and consumed for traditional
foods in many culture. As it is easy and practical to
growth, consumption of cultivated mushrooms has
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antimicrobial agent, the tolerance for toxic molecules and the evolution of virulence factors [12-14].
Over the past few years, QS has become a very intensive field of research because of its promising results for the applications in medicine, industry and
biotechnology [15]. ‘By disrupting the language of
bacteria, it would be possible to repress the expression of QS-regulated phenotypes, which will have a
great clinical significance in relation to the treatment
of bacterial infections, especially those caused by antibiotic-resistant strains’ [16, 17].
In the literature, antioxidant properties and antimicrobial properties of mushroom have been intensively investigated [18-21]. But there is no research
about anti-quorum sensing activity combined with
the other bioactive properties of the wild and the cultivated mushroom. Thus, the aim of this study was to
determine the antioxidant, antimicrobial and the anti-

quorum sensing activities of some wild and cultivated mushroom grow in Trabzon province.
&$% &!%

?=4<997 Wild mushrooms were collected
from Trabzon province, located in the northeast of
Turkey, in 2015-2016 years (Fig 1). The morphological and ecological characteristics of mushrooms
were noted and photographed in their natural habitats. Mushrooms were identified based on their morphological characteristics and dried for future analysis.
Some information about the 15 wild mushrooms used in this study such as species, habitat and
edibility are given in Table 1.


'$ 
%>?0C-<1-

& 
-.5>->-80105.565>C92A5607?=4<997=

?=4<997=:1/51=
,*#-+#'+-%+-+ 
&'#,)',"*#'
!*#-+*.'+#+
()*#'-+&#-+
&'#,/%+
-++-%+'!-#'*#
*##(%(*
!*(0!*#,
*&,+)-+'+
-#%%-+%-,-+
,*#-+.%%*-+
,*#-+%##(-+
%-*#-*',#'
+,*-& (*'#,-&
',"*%%-+#*#-+

-.5>->
On the ground
On the ground
On the ground
On tree
On the ground
On the ground
On the ground
On tree
On the deadwood
On the ground
On the ground
On the ground
On the ground
On the ground
On the ground

05.565>C
Edible
Poisonous
Choice
Edible
Edible
Inedible
Edible
Edible, but not recommended
Inedible
Edible
Inedible
Edible
Edible
Inedible
Edible


& 
<9A>47105?7=92 
?=4<997
%-*(,-+(+,*,-+
%-*(,-+(+,*,-+
%-*(,-+(+,*,-+
%-*(,-+(+,*,-+

901
1
2
3
4



<9A>47105?7
100 % !-+(*#',%#+ sawdust
100 % (*-+'#!* sawdust
100 % (*0%-+(%-*' sawdust
100 % -!%'+*!# sawdust
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?=4<997/?6>5@->598In %-*(,-+(+,*,-+
cultivation; four different substrate mediums were
used. !-+(*#',%#+(*-+'#!* (*0%-+(%-*'
and -!%'+*!# sawdust were supplied from plant
of Forest Industry Engineering, Karadeniz Technical
University, Trabzon. Mycelium was obtained
from a commercial firm located in Istanbul.
Substrate mediums were numbered from 1 to 4, (Table 2).
All sawdusts were moistened with water till
%70-80 and then sterilized in an autoclave at 121˚C
for 1.5 h. The pH of each medium was adjusted to
pH 6.5–7.0 by addition of varying amount of CaCO3
[22]. After cooling the substrates to 20˚C, they were
placed in nylon bags of 1 kg and inoculated by
spreading spawn on their surface with a weight percentage of about 3% (w/w) of the wet weight of the
compost. Substrate condition was carried out in four
replications. Each nylon bag was inoculated in
mushroom growing laboratory (at 15-25˚C, 70-80%
relative humidity). Harvesting was started in the fifth
week and the fruit bodies’ stipe and cap were
weighed and calculated.

water were mixed and vortexed. After 3 min incubation, 400 μL of Na2CO3 (10%) solution was added
and vortexed. Then the mixture was incubated for 2
h. at 20 °C with interrupted shaking. Absorbance
measurement was carried out at 760 nm at the end of
the incubation period. A standard curve was prepared using gallic acid with different concentrations,
and the results were expressed as mg (GAE) per g of
methanolic extracts.
1>1<758->598 92 26-@98950 /98>18>= The
concentration of the total flavonoid compounds in
the methanolic extracts was measured using a spectrometric assay. Briefly, 0.5 mL samples, 0.1 mL of
10% Al(NO3)3 and 0.1 mL of 1 M NH4.CH3COO
were added to a test tube and incubated at room temperature for 40 min. Then the absorbance was measured against a blank at 415 nm. Quercetin was used
for the standard calibration curve. The total flavonoid concentration was expressed as mg equivalents
of quercetin per g of sample [25].
1>1<758->598 92 /98018=10 >-8858= /98
>18>= Condensed tannins were determined according to the method used by Julkunen-Tıtto [26]. For
each sample, various concentrations of 25 μL from
extracts of plant were mixed with 750 μl of 4% vanillin (prepared with MeOH) and then 375 μL of concentrated HCl was added. The well-mixed solution
was incubated at room temperature in darkness for
20 mins. The absorbance against the blank was read
at 500 nm. (+)-Catechin was used to help make the
standard curve (0.05–1 mg/ml). The results were expressed as mg catechin equivalent to (CE)/g sample.

&9>-6 C5160 -80 .596935/-6 1225/518/C Mushroom yield was calculated as total fresh weight of
mushrooms obtained from 3 or 4 flushes in the harvest period [22]. Biological efficiencies were defined
as the percentage ratio of the fresh weight of harvested mushrooms over the dry weight of substrates
[23].
"<1:-<->59892>411B><-/>The harvested and
the collected mushrooms were sliced and dried in a
food dryer for 8 h at 60 oC (Profilo, PFD1350W, Turkey), then they were ground in a basic micro fine
grinder and passed through 1-millimeter sieve (IKA,
WERKE MF10, Germany). Approximately 3 g of
powder samples were dissolved in 30 mL methanol
(99%). The mixture was continuously stirred with a
shaker (HeidolphPromax 2020, Schwabach, Germany) at room temperature for 24 h. In the end of the
incubation the supernatant was evaporated using rotary evaporator (Heidolph; America). Finally, the extracts were dissolved in Dimethyl sulfoxide (DMSO)
with a concentration of 10 mg/mL) and filter sterilized via hydrophilic polyvinylidene fluoride
(PVDF) 0.45 μm filters.

1>1<758->598 92 -8>59B50-8> /-:-/5>C The
antioxidant capacity was determined using ferric reducing antioxidant power.
1<<5/ <10?/583 -8>59B50-8> -==-C $"
FRAP assay was also tested to determine the total
antioxidant capacity of the samples. This method is
based on the reduction of tripyridyltriazine complex
(Fe (TPTZ)3+) to blue colored Fe(TPTZ)2+ by antioxidants in acidic medium [27]. The preparation of
working FRAP reagent was carried out by mixing 25
mL of 0.3 M acetate buffer pH 3.6 with 2.5 mL of 10
mM 2,4,6-tripyridylstriazine (TPTZ) solution in 40
mM HCl and 2.5 mL of 20 mM FeCl3.6H2O solution.
The reaction mixture consisting of 1 mL of the sample and 3 mL of freshly prepared FRAP reagent was
incubated at 37 °C for 4 min. Then, the absorbance
was determined at 593 nm against blank prepared
with distilled water. A calibration curve prepared
with an aqueous solution of ferrous sulfate
FeSO4.7H2O in the range of 100-1000 μM was used.
Trolox was also tested under the same conditions as
a standard antioxidant compound. FRAP values were
expressed in wet weight of the samples as μmol of
ferrous equivalent Fe (II) per g of sample.

8>59B50-8>-/>5@5>C1>1<758->59892:96C
:418965//98>18>=The polyphenolic contents of the
methanolic samples were evaluated by three different ways; total phenolic contents (TPC), total flavonoids (TF) and condensed tannin (CT). For the determination of the total phenolic contents, the FolinCiocalteau procedure was employed and gallic acid
was used as standard [24]. Shortly, 20 μL of various
concentrations of gallic acid and samples, 400 μL of
0.5 N Folin-Ciocalteu reagent and 680 μL of distilled
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%><-58= ?=10 29< -8>575/<9.5-6 >1=>= The
mushroom extracts were tested for antimicrobial activity by agar-well diffusion method in accordance
with the Clinical & Laboratory Standards Institute
(CLSI) [28]. Tested microorganisms included ,)"
0%((-+ -*-+ ATCC 25923, +"*#"# (%#
ATCC 25922, ',*((-+ %#+ ATCC 29212,
+-(&('+*-!#'(+ ATCC 27853, %&('%%
Typhimurium ATCC 14028, %+#%%)'-&('#
ATCC 13883 *(,-+ &#*#%#+ ATCC 7002 #+
,*# &('(0,(!'+ ATCC 43251 '# )*
)+#%(+#+ATCC 22019and '#%#'+ ATCC
10231. Microorganisms were obtained from Karadeniz Technical University, Department of Medical Microbiology, Faculty of Health Sciences, Trabzon, Turkey. Luria Bertani (LB) fluid and agar medium (LABM; United Kingdom) were used for bacterial cultures.

8>575/<9.5-6-/>5@5>C>1=>583Antimicrobial
activities of the mushroom extracts were tested by
Mueller Hinton (MH) agar well diffusion method.
Bacterial suspension was prepared in 5 mL of sterile
isotonic sodium chloride solution from a fresh culture (18 h) and turbidity was adjusted to 0.5 McFarland.
The microbial suspension was spread on MH
agar (LABM; United Kingdom) using sterile cotton
swabs. The wells were opened with a diameter of 6
mm in the agar using the wide end of a blunted sterile
Pasteur pipette. Each well was filled with 50 μL of
mushroom extracts, positive control (commercial
Ampicillin, Gentamicin, Cefotaxime, Tetracycline
or Amphotericin B solutions conveniently for each
microorganism) and negative control (DMSO). The
cultures were incubated at 37 °C for 24 hours. Activity was determined by visual inspection and measurement of the diameter of clear inhibition zones
around the agar-wells.

wells) as a way to give a final concentration of 5 x
104 CFU /well and the plates were incubated at 37 °
C for 24 h.
At the end of the incubation, bacterial viability
was demonstrated by adding 40 μL of iodonitrotetrazolium chloride (IDT) (200 μg / mL) to each
well [29]. The concentration of the antibiotic molecules used as positive control also started by 5 mg /
mL for the first well as a final concentration before
continuing the serial dilution process just like the extract tested wells.
The well of least concentration that doesn’t
show any bacterial growth was considered to have
the less inhibitory concentration.
8>5;?9<?7=18=583-/>5@5>CAnti-QS activity was determined using the same liquid microdilution method (MIC) already used for the antimicrobial
activity test [30]. The activity of the extracts has been
tested against  .#(%-&’s pigment production
mechanism and the results were read due to the violet
pigment without adding IDT.
MIC concentration was determined as already
done with the other bacteria, and the least concentration that inhibits the formation of the violet pigment
without killing the bacteria was supposed to have a
positive anti-QS effect and was considered as SubMIC. Then the SubMIC and the successive bigger
concentration were tested again apart. The SubMIC
tests were repeated in triplicate, one of the three
wells were used for bacterial counting on MH agar
and the other two wells were measured as duplicate
for the pigment production. Vanilla was used as positive control with 3 final concentrations of 625
µg/mL; 312,5 µg/mL and 156,25 µg/mL as final concentration [31]. Bacterial suspension was added as 5
x 104 CFU/mL as final concentration to each well
(except for sterility test wells). The bacterial growth
control (without extract) was applied as 100 μL LB
liquid medium without extract and repeated in 6
wells. All the plates were incubated for 18h at 37oC.
At the end of the incubation a bacterial counting
with and without applying the extracts was applied
by taking a 100 μL from the well for each extracts
concentration and making serial dilutions with a factor of 1/10 till 107 in Phosphate buffer saline (PBS).
Then a 100 μL of the last dilution (10-7) was taken
and spread on MH agar. After the 18 h. of incubation
at 37 oC, colonies were counted for each petri dish
and the bacterial count was determined in mL of culture by multiplying the colonies count by the dilution
factor (107). In order to measure the pigment production for the remaining two wells, the plate was incubated for two hours at 50 °C to evaporate the culture
solution then the pigments were extracted with a 200
μL of DMSO and incubated for 2 hours at room temperature on a shaker (200 rpm/min). Then the extracted pigments were transferred to a new plate and
their absorbance was measured by a spectrophotometer at 585 nm.

5857-65845.5>9<C/98/18><->598The minimal inhibitory concentration (MIC) of the extracts
showing a positive antimicrobial activity by agar diffusion method was determined using the liquid microdilution test method. For this purpose, a 100 μL
of LB liquid medium was added to all the wells of a
96 well plate, then for each extract, a 100 μL extract
was added to the first well and mixed (Total volume
in the first well become 200 μL), then a 100 μL of
the mixture was transmitted to the second well to
make a dilution of 1 to 2 and mixed. Then the serial
dilution was continued the same way with a dilution
factor of ½ till the end of the rank.
The last two wells were used as control for sterility and bacterial culture (11th well: bacterial culture without substance and 12th well: extract assay
without bacteria). Since all extracts were dissolved
in DMSO (100%), the MIC value of DMSO was also
determined. Finally, 5 μL of the bacterial suspension
was added to all the wells (except for sterility control
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%>->5=>5/-6 /-6/?6->598= Data were analyzed
using the SPSS 21.0 statistical package program and
based on a 95% confidence level. Whether there is a
statistically significant difference between the results
of mushroom assay was determined by simple variance analysis. The mean values were compared with
"Duncan" homogeneity groups if the effect was significant.

8>59B50-8>-/>5@5>C&9>-6:418965//98>18>
Total phenolic mg (GAE/g), total flavonoid mg
(QE/g), condensed tannin mg (CE/g), FRAP (μmol
FeSO4.7H2O/g) of mushrooms are presented in Table 4.
Phenolic compounds have been reported to be
associated with a number of health promoting properties, including potential antimicrobial agents.
[32,33]. Phenolic compounds have also been found
to have antioxidant activity in the inhibition of LDL
oxidation [34]. In this study, total phenolic content
of mushroom extracts was found in the range of
0.243 ± 0.003 - 13.691 ± 1.658 mg (GAE/g). 
,*#-+#'+-%+-+ extract showed the highest total phenolic content should be studied in more detail in further studies. Getting more information about the
chemical composition of food or bioactive resources
allows the use of non-wood forest products and wild
mushroom harvesting is in favor of regional economies on gastronomy and health [35].

$%'&% %'%%! 

&9>-6 C5160 -80 .596935/-6 1225/518/C Total
yield and biological efficiency of (+,*,-+ cultivated on different sawdust are presented in Table 3.
In this study, among the growth medium (substrate)100% !-+(*#',%#+ sawdust has produced
the highest yield and highest biological efficiency
with the value 22.6 ± 3.2 g/100g substrate and 72.3%
± 7.9, respectively while 100% -!%'+ *!# sawdust had shown the lowest values.



& 
&9>-6C5160-80.596935/-61225/518/C92/?6>5@->109805221<18>=-A0?=>

Yield
(g/100g substrate)

B.E.* (%)

Material
100% !-+(*#',%#+ sawdust
100% (*-+'#!* sawdust
100% (*0%-+(%-*' sawdust
100% -!%'+*!# sawdust

 ± SD
22.6 ± 3.2a
17.8 ± 2.1b
19.6 ± 2.6ab
16.9 ± 1.3b

 ± SD
72.3 ± 7.9a
54.4 ± 6.2b
57.3 ± 6.8b
52.9 ± 3.2b

*: Biological efficiency
a
Means having the same superscript letter(s) are not significantly different (P >0.05) by Duncan's multiple range test.

& 
&9>-6:418965/733>9>-626-@9895073#3>9>-6/98018=10>-885873
3$"E7961%!  !3@-6?1927?=4<997=

?=4<997

&9>-6:418965/73
3
13.691 ± 1.658i
5.085 ± 0.523h

&9>-66-@98950
73#3
0.358 ± 0.009cd
0.074 ± 0.003a

98018=10&-8858
733
2.213 ± 0.051f
4.360 ± 0.054g

$"
E7961%!  !3
22.536 ± 2.420g
6.222 ± 0.247a

,*#-+#'+-%+-+
&'#,
)',"*#'
!*#-+*.'+#+
2.175 ± 0.030fg
3.713 ± 0.215i
0.359 ± 0.044c
34.500 ± 0.003i
()*#'-+&#-+
0.711 ± 0.127abc
0.281 ± 0.024bcd
0.020 ± 0.008a
14.020 ± 0.005c
&'#,/%+
1.149 ± 0.064bcd
0.121 ± 0.063ab
N.D.*
15.050 ± 0.011d
-++-%
1.799 ± 0.191def
0.025 ± 0.002a
0.083 ± 0.030b
23.200 ± 0.020g
+'!-#'*#
*##(%(*
0.897 ± 0.086abc
2.528 ± 0.071h
0.095 ± 0.004b
16.650 ± 0.021e
!*(0!*#,
2.240 ± 0.020fg
0.034 ± 0.005a
0.395 ± 0.045c
30.700 ± 0.030h
*&,+
2.102 ± 0.034fg
5.823 ± 0.070j
N.D.
18.100 ± 0.022f
)-+'+
-#%%-+%-,-+
1.987 ± 0.100efg
0.642 ± 0.012e
0.495 ± 0.004d
18.550 ± 0.015f
,*#-+.%%*-+
1.183 ± 0.048bcd
7.589 ± 0.307k
1.383 ± 0.096e
16.645 ± 0.026e
,*#-+%##(-+
0.764 ± 0.083abc
0.251 ± 0.001bc
0.393 ± 0.046c
15.900 ± 0.004de
%-*#-*',#'
0.243 ± 0.003a
0.124 ± 0.002ab
0.002 ± 0.000a
6.840 ± 0.009a
+,*-& (*'#,-&
1.246 ± 0.078cde
0.774 ± 0.001ef
N.D.
13.520 ± 0.005c
',"*%%-+#*#-+
0.451 ± 0.009abc
0.778 ± 0.011ef
0.022 ± 0.007a
11.700 ± 0.022b
%-*(,-+(+,*,-+ 0.889 ± 0.169abc
0.877 ± 0.011fg
0.140 ± 0.005b
14.960 ± 0.008d
%-*(,-+(+,*,-+ 0.597 ± 0.016abc
0.694 ± 0.004e
0.141 ± 0.014b
13.150 ± 0.009c
%-*(,-+(+,*,-+  0.365 ± 0.047ab
0.422 ± 0.018d
0.082 ± 0.023b
10.920 ± 0.006b
%-*(,-+(+,*,-+  2.681 ± 0.016g
1.011 ± 0.088g
0.096 ± 0.013b
39.250 ± 0.003j
*ND: Not detected
a
Means having the same superscript letter(s) are not significantly different (P >0.05) by Duncan's multiple range test.
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8>575/<9.5-6-/>5@5>C92>417?=4<997=71>4-8965/1B><-/>=.C-3-<A1660522?=598

Mushroom
#'+-%+-+
)',"*#'
*.'+#+
&#-+
/%+
+'!-#'*#
#(%(*
!*#,
)-+'+
%-,-+
.%%*-+
%##(-+
-*',#'
 (*'#,-&
(+,*,-+(1)
(+,*,-+(2)
(+,*,-+(3)
(+,*,-+(4)
Ampicillin
Gentamicin
Amphotericin B
Cefotaxime
Tetracycline




-*-+ (%# *-!#'(+
0.1
0.2
0.2
0.1
0.1
0.2
0.1
0.1
0.2
0.1
0.1
0.1
> 30 16 - 17
…
…
…
21-22
…
…
…
…
…
…
…
…
…

3-<)166522?=59877D98105-71>1<






%#+ %#'+ )*)+#%(+#+ Typhimurium &#*#%#+ )'-&('#
0.1
1
1
0.1
1
1
1
1
1
1
1
1
1
1
1
0.1
1
-**
0.1
> 30
…
…
27
…
…
…
…
…
…
…
21
…
30
…
…
…
…
…
…
…
…
…
…
…
…
…
…
37
…

&('(0,(
!'+
1
1
1
1
1
1
1
…
…
…
25
…

**: May have acquired bacterial resistance to the used control. The tests were not repeated, as no extract had a
positive effect.
Phenolic contents of mushrooms generally
were found different ()>0.05) from each other using
Duncan's multiple range test. Researches have reported that the composition of phenolic contents of
mushrooms generally depends on genetic, environmental and other factors [36]. The results of this
study also support the literature.

by Duncan's multiple range test because of difference species, growth medium etc.
98018=10 >-8858 /98>18> Many flavonoids
and condensed tannins have been reported to exhibit
potent antioxidant behavior due to their ability in
radical scavenging [39] and to the chelating function
of their metal ions [40]. Therefore, the higher the
content of the condensed tannin, the higher the antioxidant activity. In this study condensed tannin content could not be determined for 3 mushrooms’ ( &
'#,/%+*&,+)-+'++,*-& (*'#
,-&) extract. Generally condensed tannin contents
were low (0.002 ± 0.000  0.495 ± 0.004 CE/g). &
'#,)',"*#' had the highest value with 4.360 ±
0.054 CE/g, also ,*#-+ #'+-%+-+ and ,*#-+
.%%*-+ drawn attention with values of 2.213 ±
0.051 and 1.383 ± 0.096 CE/g respectively. In another study, condensed tannin content of %-*(,-+
%(*# was reported as 175.2 ± 2.58 mg CE/100g
[41]. Thus, it can be said that these studies support
each other.

$"-/>5@5>C‘In the FRAP assay, an easily
reducible oxidant Fe III is used in excess. Thus, on
reduction of Fe III–TPTZ complex by antioxidant,
Fe II–TPTZ is formed, which can be measured spectrophotometrically at 595 nm’ [27]. The highest
FRAP activity was determined in %-*(,-+ (+
,*,-+ cultivated on 100% -!%'+ *!# sawdust
with 39.250 ± 0.003 μmol FeSO4.7H2O/g value.

&9>-6 26-@98950 /98>18> Natural bioactive
compounds, such as phenolic and flavonoids, are important secondary metabolites in plants that affect
the unique properties, taste, odor and oxidative stability of plant-based foods [6]. Flavonoids have
taken the attention of researchers for their role as antioxidants, anti-inflammatory and anti-cancer agents.
Given these health benefits, flavonoids such as
naringenin, kaempferol, quercetin and apigenin were
evaluated for QSI activities too [37]. Total flavonoid
content of mushroom extracts ranged from 0.025 ±
0.002 to 7.589 ± 0.307 mg (QE/g). ,*#-+.%%*-+
took the attention with the highest value (7 times
more than the lowest flavonoid content value). Total
flavonoid content of methanolic mushroom extracts
(,*#-+ ,**#&-+ -#%%-+ (%%#,#'-+ (%,-+
-%#+*((&-+"*0+',*(') have been reported
between 0.339 ± 0.024 and 0.510 ± 0.028 mg(QE/g)
in other study [38]. These results generally are lower
than our total flavonoid data. Like total phenolic content results, flavonoid contents of mushrooms generally were found different (P >0.05) from each other
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5857-65845.5>9<C/98/18><->598>1=><1=?6>=29<>411B><-/>==49A5835845.5>598D98198>41
-3-<A1660522?=598>1=>

Mushroom
#'+-%+-+
)',"*#'
*.'+#+
&#-+
/%+
+'!-#'*#
#(%(*
!*#,
)-+'+
%-,-+
.%%*-+
%##(-+
-*',#'
 (*'#,-&
(+,*,-+(4)
Ampicillin
Gentamicin
Amphotericin B
Cefotaxime
Tetracycline

MIC
-*
…
625 µg
1.25 mg
…
1.25 mg
2.5 mg
…
…
…
...
...
...
...
…
78.125 µg
…
…
…
…

MIC
(%#
…
…
…
1.25 mg
1.25 mg
1.25 mg
1.25 mg
1.25 mg
1.25 mg
1.25 mg
...
...
...
...
…
2.5 mg
…
…
…
…

MIC
*
…
…
…
…
…
…
…
…
…
…
...
...
...
...
1.25 mg
…
1.25 mg
…
…
…

MIC
%
625 µg
625 µg
…
…
…
…
…
…
…
…
...
...
...
...
…
…
…
78.125 µg
…
…

MIC
&#*
625 µg
…
625 µg
625 µg
625 µg
625 µg
…
625 µg
625 µg
625 µg
…
…
625 µg
…
625 µg
…
…
…
9.76 µg
…

MIC
)'1.25 mg
2.5 mg
1.25 mg
…
…
…
…
1.25 mg
1.25 mg
1.25 mg
…
…
…
…
…
…
156.25 µg
…
…
…

MIC
&('(
625 µg
…
625 µg
…
…
…
…
…
…
…
625 µg
625 µg
312.5 µg
625 µg
625 µg
…
…
…
…
78.125 µg

obtained here for many mushroom organic extracts
[48, 49]. Undoubtedly these values are still not adequate enough to generate new antimicrobial molecules. For this reason, other extraction options
should also be applied using different solvents with
different polarities. On the other hand, other extraction methods could be proposed just as supercritical
fluid extraction which may give a way for new active
molecules from these mushrooms species.

8>5;?9<?7 =18=583 -/>5@5>C The anti QS
activity of the extracts is considered positive when it
inhibits the pigment formation of the bacteria without affecting its growth. The pictures (2 – 7) showed
the growth of the bacteria by mean of plate count and
the pigment formation as OD585 nm in the end of 24h
incubation with and without applying the mushroom
extracts. The pictures showed that the bacterial count
doesn’t change with the different extract concentrations (625µg/mL and 312.5µg/mL successively) or
without the extract (Bacteria), while the extract
showed a clear oppression of the pigment formation
and this inhibition intensity increases with the extract’s concentration, which means an anti-QS inhibition. Other works have shown an anti-QS activity
for different mushroom extracts [50,51] and other
studieshave also shown an inhibition effect of mushroom extracts on bacterial biofilm formation
whereas QS is the main mechanism that controls the
biofilm formation [52]. Sokovic et al. (2014) has
shown anti-QS effect for water extracts of !*#-+
%1# against +-(&('+*-!#'(+with extract
concentrations lesser than our values [52].

FRAP activity of cultivated mushroom was found
higher than other wild and cultivated mushroom, so
it can be concluded that antioxidant activity is affected by many factors such as growth medium. In
this study, -!%'+*!# sawdust led to an increased
antioxidant activity. Other work shows that a chelating ability of some mushrooms’ methanolic extracts
(,*#-+ %##(+-+ ,*#-+ +'!-# %--+ 
,*#-+ +&#+'!-# %--+-++-% %# -#%%-+%
%#'##) were arranged between 27.1 ± 4.3 and 52.5 ±
8.3 μmol Fe2+/100g fresh weight [42]. Reducing antioxidant power values of !*#-+ #+)(*(-+ and
!*#-+ *+#%#'+#+ ethanolic (%60 Ethanol) and
aqueous extracts were reported to be between 84.69
± 3.07 and 186.72 ± 2.84 µmol Fe2+ equivalents g of
dry weight [43].
8>575/<9.5-6 -/>5@5>C Agar well diffusion
test results showed a positive antimicrobial activity
for the most of the methanolic extracts tested against
different bacteria (Table 5). Since the diameter zones
were relatively small (0.1 – 1 mm), this test was confirmed by the microdilution method to determine the
MIC for each extract (Table 6). -*',#'extracts
showed a positive inhibitory concentration of
312.5µg/mL.
The antimicrobial effect found in this study is
pretty weak. Other works showed bigger diameter of
inhibition zones [44-46]. Tambekar and colleagues
have got a beautiful antibacterial activity of different
organic extracts from !*#-+#+)(*-+ and %-*(
,-++$(*$- [47].
In the same way, a lot of studies showed a good
inhibitory activity with MIC values similar to those
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In conclusion our works showed that lots of edible mushroom methanol extracts harbor bioactive
molecules with anti-oxidant, antibacterial and antiQS effects. Also, %-*(,-+ (+,*,-+ cultivated on
different substrates mushrooms methanol extracts
shown higher anti-QS effect than wild mushrooms.
The anti-oxidant properties of mushrooms have
widely been studied whereas the antibacterial and especially the anti-QS activity studies are still in the
beginning. In the shadow of the bacterial resistance
which is increasing gradually, new anti-QS molecules may define a real alternative solution for the
antibacterial resistance problem. In the future; these
types of researches should be extended by other
mushroom species, various solvents and different extraction methods. Additionally, the tests should be
enlarged to involve other bacteria like +-(&('+
*-!#'(+ and #*#( #+"*#. QS mechanisms
other than violacein pigments formation should also
be tested such as Pyocyanin formation and swarming
in +-(&('+ and biofilm formation in ,*),(
(-+.
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ABSTRACT

passed on to future generations by implementing
sustainable forest management strategies. Forests are
also renewable resources which satisfy the almost
unlimited public demands for forest products and
services. In order to secure numerous benefits of forest resources, it is necessary to manage them by considering protection-utilization balance [1].
Energy production is one of the development
level indicators of modern countries, and there is a
growing interest in forest residues and wood originated products (forest biomass) to be used as renewable energy sources [2,3]. Use of biomass offers environmental friendly energy production, in addition
to the effective disposal of forest residues [4,5]. Due
to the increasing interest in biomass energy, many
different types of machines, within the purpose of
extracting and managing timber, have been manufactured and developed in the forest industry [6-8].
In developing countries such as Turkey, the production of energy biomass has been expanding in the
forestry sector, which increases the demands on
common biomass machinery such as wood chippers
[9]. Wood chippers are considered as essential machines for effective and efficient usage of wood biomass.
Wood chippers are categorized according to
configuration (independent engine or external power
source), technology (disk or drum chippers) and
work place (in-woods or yards) [10-12]. The performance and productivity of chippers [13-15] and the
comparison of different type of chippers have been
studied by many researchers [16-18]. In some of
these studies, the effects of operation and work environment on chipper operators were also analyzed
[19]. These effects include wood dust and exhaust
gas exposure [20, 21], excessive noise, and vibration
[22-24]. Among these negative effects, wood dust
exposure may cause serious temporary or permanent
occupational illness such as lung cancer, asthma,
skin and eye irritations, runny nose, and sneezing
[25]. In terms of occupational health and safety
measures, there is a limitation for wood dust exposure according to the laws of the European Union,
which are also enforced in Turkey. Dust exposure
limit is defined as 5 mg/m3 for inhalable dust during
8 hours of operation [20, 26].
This study investigated the wood dust exposure
levels for the operator of a large industrial chipper

Due to recent high emission values and increasing public demands for renewable energy, many
countries have promoted biomass use instead of fossil originated fuel consumption. Wood chipping operation is one of the most popular biomass processing techniques. In recent years, there has been an
interest in using mechanization in forestry, especially in wood chipping in Turkey. There are very
limited number of studies on the productivity of
wood chipping operations in Turkey, and the potential effects of operation and work environment on
chipper operators have not been studied properly. In
particular, wood dust exposure may result in serious
occupational illness such as lung cancer, asthma,
skin and eye irritations. This study investigated exposure of a wood chipper operator to wood dust during a chipping operation at the roadside landing. To
measure dust exposure, a low-cost dust sensor
mounted on the operator helmet was used, and realtime recorded measurements were examined statistically. The study showed that during the chipping operation in the open area, the operator was exposed to
a dust density of 6.04 mg/m3 over the 8 hours time
average, which was above the legal limits of
5mg/m3. Inhalable dust particle density averaged
0.055 mg/m3 for each truck load produced. Although these figures were within the range reported
by previous wood dust exposure studies conducted
on chipper operators, exposure was still above the legal limit and may cause serious health problems.
Thus, chipper operators should be instructed to use
personnel protection equipment in order to prevent
occupational disease.

KEYWORDS:
Forestry, wood chipping, dust exposure, low-cost dust sensor, suspended particles

INTRODUCTION
Throughout history, forest ecosystems have
provided people with many economic, social and
ecological benefits. Besides, forests are one of the
most important inheritances which ought to be
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(Doppstadt DH-910) under work conditions representative of Turkey, and generally of Mediterranean
environments. Wood chipping was performed at a
roadside landing, during a clear-cut operation taking
place near the city of Canakkale in Turkey. An optical dust sensor, programmed with embedded microchip processors, was used to measure operator exposure to wood dust.
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cool rainy winters. During data collection, the temperature in the field was in the range from 28 to 31
Cq and humidity was between 60 and 70% with moderate wind.
Wood chipping operation. The Doppstadt DH
910 chipper examined in this study enables processing of logs and residual wood with a maximum
diameter of 900 mm (soft wood) or 680 mm (hard
wood) (Fig. 2). The dimensions of the chipper drum
are 1000 mm width x 1300 mm diameter. The drum
carries 5 knives (220 mm x 215 mm).

MATERIALS AND METHODS
Study area. The field study was implemented
during a clear-cut operation in Lapseki province of
Canakkale, located in the Northwestern Marmara region of Turkey (Fig. 1). Timber harvesting was performed by a feller-buncher and two skidders in a
mixed stand established with Quercus spp. and Pinus
spp. (Brutian pine and Maritime pine). The study site
had a typical Mediterranean climate. with an annual
average rainfall of 650-700 mm and average temperature of 14.5°C. The region has hot dry summers and

Wood dust measurements. To measure the
real-time dust volume of the particulate matter, researchers used a compact optical dust sensor (Sharp
GP2Y1010AU0F) [27]. This is adjustable through
microcontroller, and was programmed and mounted
RQWKHRSHUDWRU¶VKHOPHW )LJ 7KLVORZ-cost sensor has compact size and operates with inexpensive
and widely available open source software
(https://github.com/arduino/Arduino) (Table 1).

FIGURE1
Location of study area

FIGURE 2
Roadside chipping operation with Doppstadt DH 910 (a) and chipping knife (b)

FIGURE 3
Sharp GP2Y1010AU0F (a), position of the dust sensor on helmet project (b), and microcontroller with
sensor shield v5.0 running (c)
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temperature and air humidity. Work time and delays
(machine maintenance, stop-start time) were also
noted. The position of the experimental operator was
kept opposite to the direction of the wind, and the
operator was positioned outdoors and at about 5 m
from the chipper infeed for optimum visibility.

TABLE 1
Project tools used for dust sensor design
Tool
Microcontroller
Dust sensor
Helmet

Name of product
Arduino Uno R3
Sharp GP2Y1010AU0F
Safety helmet
Cable, connector, transistor
Others parts
(120uF), resistance,
9V battery with battery case
Arduino Uno IO expanded
Shield
shield v5.0
Data logger
Mini SD Card module
Software
Arduino IDE
Total cost of project

Fresenius Environmental Bulletin

Price
26 $
12 $
8$
8$

Wood dust analysis. After the measurements,
recorded dust data and field notes were analyzed in
the office. Wood dust exposure was expressed as the
8 hours time weighted average (8hr-TWA), based on
a 2-hour sample [31] according to Eq. 1 [32], where
Ci represents the concentration of dust, and Ti the
time included within each sample.

5$
3$
Free
62 $

The dust sensor has an accuracy of 0.5-0.1
mg/m3 and is preferably used to measure total suspended particles, i.e. all particles in the atmosphere.
The dust sensor employs light scattering as its operation principle and uses Infrared Light Emitting Diods (IREDs) for light generation. Commonly used
IREDs generate light with wavelengths between 870
and 980 nm [28, 29]. The main source code of the
sensor was obtained from the product factsheets
[30]. The open-source Arduino software (Integrated
development environment = IDE) was used for code
writing on an Arduino Uno R3 microcontroller. Besides, a sensor shield v5.0 was used for installing a
mini secure digital (SD) card reader/writer and a dust
sensor on the microcontroller.
The calibration procedure was conducted for
factory test conditions (Fig. 4). To this end, the particle pass hole was fully blocked with a pen to obtain
the maximum dust density value limit (0.56 mg/m3).
To define the minimum value, the sensor was kept in
dust free box, and the minimum value was defined
as -0.01 mg/m3. Both calibration tests were conducted according to the instructions provided by the
manufacturer [27].

n

8h  TWA

¦ CiTi
i 1

8

(1)

RESULTS AND DISCUSSION
Assessment of operator exposure to wood dust
was conducted during wood chipping at a roadside
landing. Dust particles in the vicinity of the work
area formed a visibly dense cloud, which included
large wind-blown soil particles. However, the chipper operator stood in an elevated position and was
not exposed to the surface dust cluster. Besides, the
wind coming from behind blew the dust away from
the operator, and not towards him (Figure 5).
During chipping, the average loading time of a
single truck was about two hours, during which the
chipper operator was exposed to an average dust
concentration equal to 0.055 mg/m3. However, concentration fluctuated widely, due to temporary interruptions of the wood chipping process as a result of
the uneven flow of raw material through the chipper,
or of longer delays caused by a variety of different
causes, which are typical of the chipping process
[33]. Figure 6 provides a clear example of this phenomenon for one randomly selected cycle, where
wood dust concentration drops dramatically between
the 40th and the 43rd minute of operation. The diameter and type of wood (hardwood or softwood) were
other factors affecting dust concentration and its
fluctuations.
By using passive sampling methods, the maximum dust density was recorded at 0.34 mg/m3(340
ȝP3) per second. The operator stated working as an
average 10 hours per day, and filling 6-8 trucks during that time.
Dust measurements recorded by the sensor
showed that the legal limits of 5 mg/m3 was not exceeded in 8 hours. In particular, the data seem to
show a polynomial relation between dust density and
exposure time (Fig. 7). The corresponding average
exposure was about 0.75 mg/m3 per hour.

FIGURE4
Dust density characteristics of sensor [27]
During the chipping operation, the dust sensor
recorded dust concentration and a number of other
environmental details, such as: wind direction, air
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FIGURE 5
Dust measurements during chipping operation (a) and chip loading to truck (b)

FIGURE 6
Sample graph of dust exposure to chipper operator for an hour work

FIGURE 7
Polynomial regression model for estimation of temporal dust concentration
The estimation error of the prediction model
was estimated through the root-mean square error
(RMSE), and the accuracy of predicted values was
investigated. A total of 60 dubious dust density data
points were checked, and the results revealed that
RMSE was 0.022 mg/m3 for prediction (Table 2).
Calculated RMSE showed that the predicted values
obtained from the polynomial regression can be accepted as a reasonably good fit.
Table 3 shows the results of the comparison between actual and observed values for the 8hr-TWA
equivalents. Over an 8 hours chipping shift, estimated exposure to total suspended dust density (6.04
mg/m3) exceeded the legal limits of 5 mg/m3. This
figure is well within the range reported in previous

wood dust exposure studies. Ayalew et al. [31] indicated that 8hr-TWA exposure to wood dust varied
between 0.24 and 23.3 mg/m3, while Magagnotti et
al. [20] indicated a range between 0.19 and 10.24
mg/m3.
A face-to-face interview with the chipper operator revealed that the operator experienced occasional symptoms of headache, runny nose, and eye
irritation. Thus, chipper operators should always use
their personal protection equipment to prevent potential health effects, especially if they work out of
an enclosed cabin and even if favorable wind may
help reducing the effects of dust exposure [25]. The
complains expressed by the operator revealed that
dust exposure can be a limiting factor to the productivity of chipping operations, because dust-related
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cab. Thus, the operation could be run by one operator
only, sitting inside a comfortable and safe cab, with
significant benefits in terms of safety and cost reduction at the same time.
The low cost sensors (such as Sharp
GP2Y1010AU0F) deployed use the total light scattering method for the measurement of ambient air
DHURVROVZLWKDSDUWLFOHVL]HIURPWRȝPDOVR
known as Particulate Matter 2.5 (~ PM2.5) [28, 29].
This method is suitable for non-absorbing white particles, especially for secondary floating aerosols
(such as sulfate, nitrate, and ammonium). Therefore,
there is a possibility that the exhaust gas coming
from the chipper is included into the measurements.

health problems may reduce the performance and
motivation of chipper operators. Of course, the best
solution would be to change the work station and install the chipper operator inside an enclosed cab, possibly the same cab of the loader that feeds the chipper. The current set up is imposed by use of a loader
without elevating cab, which results in poor visibility
for the loader operator and requires that a separate
operator runs the chipper from an elevated station
with good visibility of the work area. However, this
solution is suboptimal, and places the chipper operator within the high risk area. Introduction of a loader
with elevating cab would remove the need for a second operator to run the chipper, as the chipper remote control could be placed inside the excavator

TABLE 2
Comparisons of observed and predicted dust concentration residuals
Time (min.)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Observed Predicted
Squared
Observed Predicted
Squared
Residuals
Time (min.)
Residuals
(mg/m3) (mg/m3)
Residuals
(mg/m3) (mg/m3)
Residuals
0.0703
0.0900
-0.0197
0.00039
31
0.048
0.059
-0.011
0.00012
0.0739
0.0881
-0.0142
0.00020
32
0.049
0.059
-0.010
0.00009
0.0825
0.0863
-0.0038
0.00001
33
0.049
0.059
-0.009
0.00009
0.0847
0.0845
0.0002
0.00000
34
0.052
0.059
-0.006
0.00004
0.0818
0.0828
-0.0009
0.00000
35
0.045
0.059
-0.013
0.00018
0.0767
0.0811
-0.0044
0.00002
36
0.009
0.059
-0.050
0.00254
0.0762
0.0795
-0.0033
0.00001
37
0.018
0.059
-0.042
0.00173
0.0740
0.0779
-0.0039
0.00002
38
0.039
0.059
-0.020
0.00040
0.0728
0.0764
-0.0036
0.00001
39
0.036
0.060
-0.023
0.00055
0.0697
0.0750
-0.0053
0.00003
40
0.004
0.060
-0.056
0.00315
0.0718
0.0736
-0.0018
0.00000
41
0.006
0.060
-0.055
0.00298
0.0718
0.0723
-0.0005
0.00000
42
0.009
0.061
-0.052
0.00266
0.0693
0.0711
-0.0017
0.00000
43
0.001
0.061
-0.061
0.00368
0.0708
0.0699
0.0010
0.00000
44
0.019
0.062
-0.043
0.00187
0.0705
0.0688
0.0017
0.00000
45
0.066
0.063
0.003
0.00001
0.0712
0.0677
0.0035
0.00001
46
0.069
0.063
0.006
0.00003
0.0785
0.0667
0.0118
0.00014
47
0.064
0.064
0.000
0.00000
0.0697
0.0657
0.0039
0.00002
48
0.065
0.065
0.000
0.00000
0.0703
0.0648
0.0055
0.00003
49
0.069
0.066
0.002
0.00001
0.0682
0.0640
0.0042
0.00002
50
0.059
0.067
-0.008
0.00007
0.0683
0.0632
0.0051
0.00003
51
0.044
0.068
-0.025
0.00060
0.0655
0.0625
0.0030
0.00001
52
0.068
0.069
-0.001
0.00000
0.0637
0.0619
0.0018
0.00000
53
0.025
0.070
-0.045
0.00206
0.0618
0.0613
0.0006
0.00000
54
0.020
0.071
-0.051
0.00263
0.0628
0.0608
0.0021
0.00000
55
0.056
0.073
-0.017
0.00029
0.0655
0.0603
0.0052
0.00003
56
0.059
0.074
-0.015
0.00024
0.0573
0.0599
-0.0025
0.00001
57
0.065
0.075
-0.011
0.00012
0.0545
0.0595
-0.0050
0.00003
58
0.058
0.077
-0.019
0.00036
0.0462
0.0592
-0.0131
0.00017
59
0.052
0.078
-0.027
0.00073
0.0487
0.0590
-0.0103
0.00011
60
0.059
0.080
-0.021
0.00046

TABLE 3
Total suspended particle exposure
Time (Hours); (Ti)
1
2
3
4
5
6
7
8
8hr-TWA is 6.04* mg/m3

Estimated dust density (mg/m3)
0.08
0.28
0.70
1.34
2.19
3.26
4.54
6.04

*According to Eq. 1
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48.32
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[3] Röser, D., Asikainen, A., Raulund-Rasmussen,
K., Stupak, I. (eds.) (2008) Sustainable use of
forest biomass for energy: a synthesis with focus
on the Baltic and Nordic Region. Springer, Dordrecht, the Netherlands. 274p. ISBN 978-14020-5054-1.
[4] EU (European Commission). (2009) EU action
against climate change ± leading global action
to 2020 and beyond. Office for Official Publications of the European Communities, Luxembourg. 32p.
[5] EU (European Commission). (2013) Report
from the commission to the European parliament, the council, the European economic and
social committee and the committee of the regions, renewable energy progress report. European Commission. Brussels, Belgium, 15p.
[6] Windell, K. and Bradshaw, S. (2000) Understory biomass reduction methods and equipment
catalog. 0051-2826-MTDC, U.S. Forest Service. Missoula Technology and Development
Center, Missoula, MT.
[7] Akay, A.E., Sessions, J. (2004) Identifying the
factors influencing the cost of mechanized harvesting equipment. Journal of Science and Engineering, Kahramanmaras Sutcu Imam University. 7(2), 65-72.
[8] Sessions, J. (2007) Appropriate Harvesting
Technology. In: Sessions, J. (Ed.) Harvesting
operations in the tropics. Springer, Berlin-Heidelberg.
[9] Eker, M. (2012) Assessment of procurement
systems for unutilized logging residues for Brutian pine forest of Turkey. African Journal of Biotechnology. 10(13), 2455-2468.
[10] Asikainen, A., Pulkkinen, P. (1998) Comminution of logging residues with Evolution 910R
chipper, MOHA chipper truck, and Morbark
1200 tub grinder. Journal of Forest Engineering.
9(1), 47-53.
[11] Spinelli, R., Hartsough, B. (2001) A survey of
Italian chipping operations. Biomass and Bioenergy. 21(6), 433-444.
[12] Kärhä, K. (2011) Industrial supply chains and
production machinery of forest chips in Finland.
Biomass and Bioenergy. 35(8), 3404-3413.
[13] Spinelli, R., Magagnotti, N., Paletto, G., &Preti,
C. (2011) Determining the impact of some wood
characteristics on the performance of a mobile
chipper. Silva Fennica. 45(1), 85-95.
[14] Spinelli, R., Cavallo, E., Facello, A.,
Magagnotti, N., Nati, C., Paletto, G. (2012) Performance and energy efficiency of alternative
comminution principles: chipping versus grinding. Scandinavian Journal of Forest Research.
27(4), 393-400.

CONCLUSION
The use of low-cost dust sensors for measuring
particulate matter is a practical and easy approach.
Despite the fact that scientific use of such low-cost
sensors has become widespread in many disciplines,
these sensors are still not used effectively in the field
of forestry. By using low-cost sensors in scientific
research, one can overcome research budget restrictions, while gaining the ability to program into
the sensors specific features required by the desired
method (timing, sample size, location etc.). In the
present study, exposure of a wood chipper
(Doppstadt DH 910) operator to total suspended particles was measured by using a low-cost dust sensor
mounted on a helmet. The results indicated that the
8hr-TWA value reached 6.04 mg/m3, with the prediction model error of 0.022 mg/m3. Therefore, exposure exceeded the legal limits set by Turkish legislation, and also by the legislation adopted in many
EU countries. On the other hand, the dust concentration was still lower than expected, because the operator positioned opposite to the wind, which moved
dust away from the work station. Besides, proper
maintenance of the chipper and the chipper knives
can help reducing wood dust production, as reported
in other studies.
The chipper operator was exposed to an average of 0.055 mg/m3 of dust per truck load, and routinely chipped between 6 and 8 trucks loads per day.
Under the conditions of the study, exposure will exceed legal limits when more than 6 trucks are produced, in which case operators may risk negative
health effects. The results from the application of the
low-cost sensors presented in this study cannot be
generalized, but they offer reliable and understandable estimations in terms of potential exposure of
chipper operators to wood dust. Further studies can
be conducted to investigate the capabilities of lowcost sensor technology on other mechanized forest
operation types.
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ABSTRACT

3].
The large intestines in particular have a wide
variety of moving microflora. The number of bacteria in the intestines of a healthy adult is 10 times
greater than the number of cells in the body [4]. Although throughout history it has been known that the
consumption of food fermented by bacterial cultures
is beneficial to the health, probiotics only began to
attract interest from scientists within the last 20
years, with a number of scientific studies about these
microorganisms being published. Probiotics are
commonly preferred for the treatment of irritable
bowel syndrome, inflammatory bowel disease, and
antibiotic associated or infectious diarrhea [3, 5, 6].
The use of antibiotics results in a decrease in
the number of good bacteria in the gut and an increase in the number of disease-causing bacteria,
such as Clostridium difficile, which typically causes
diarrhea in older adults who are hospitalized and requires long-term medical care [7, 8]. Probiotics increase the number of good bacteria, stimulate the immune system, and help to produce antimicrobials.
These benefits occur through various mechanisms,
such as the development of an acidic medium via reduction of the pH level of the large intestine, and prevention of the sticking of disease-causing bacteria to
the intestinal wall or of the competing for places and
foods with them [9]. Studies have shown that the
probiotic bacteria, Lactobacillus rhamnosus and
Saccharomyces boulardii spp., are responsible for
generating these mechanisms whereby the diarrhea
caused by antibiotic is prevented [10, 11].
Irritable bowel syndrome is a disorder characterized by abdominal pain, bloating and gas, and is
associated with the reduction of the number of
bifidobacteria in the intestines, the deterioration of
the function of the intestinal barrier and the formation of gas in the intestines resulting from fermentation of food [3, 12, 13]. Studies indicate that the
use of probiotics can help to alleviate the symptoms
that arise from this condition [5, 14].
The use of high-dose Lactobacillus, Bifidobacterium, and Streptococcus probiotic strains in the
treatment of inflammatory bowel diseases, such as
moderate or severe ulcerative colitis, has been show

In this study, we researched the effects of Bacillus subtilis and Bacillus amyloliquefaciens strains,
which were produced, without any genetic modification, using the conditioning technique, on antibioticinduced diarrhea in rats. As part of the research, total
aerobic mesophilic, total anaerobic mesophilic and
total lactic acid bacteria analyses were performed on
the stool samples taken from non- diarrheic, diarrheic and probiotic-administered diarrheic rats. The
number of bacteria found in normal flora and antibiotic-inhibited flora was compared with the number
of bacteria found in flora with Bacillus spores added,
and it was determined that the latter inhibited the lactase-positive enteric bacteria and Staphylococcus
and Micrococcus re-growth but did not prevent resettling of the anaerobic bacteria on the flora. In addition, when the total aerobic mesophilic bacteria
counts were compared, it was found that a 2-log increase originated from the Bacillus species. The obtained biological activity and morphometry findings
showed that the probiotic product prepared from the
B. subtilis strain was highly effective in the microbial and antibiotic-associated diarrhea. It is therefore
believed that significant medical and economic conWULEXWLRQVZLOOEHSURYLGHGWKURXJKWKLVVWXG\¶VFRP
plete analysis of the new probiotic product, which
can be used in the treatment of various disorders,
such as Clostridium difficile infection, irritable
bowel syndrome and inflammatory bowel diseases.

KEYWORDS:
Bacillus subtilis, Bacillus amyloliquefaciens, Diarrhea,
Probiotic

INTRODUCTION
Living microorganisms that increase the number of beneficial bacteria in the bowels when used in
sufficient amounts and that help to preserve the natural balance, restore good bacteria, reduce the number of harmful bacteria and strengthen bowel health
and the immune system are known as probiotics [1-
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Test samples. The "B. Subtilis and B. amyloliquefaciens" probiotic strains produced by Virtilis
Fermantasyon Ürünleri Biyoteknoloji 6DQ7LF$ù
were used as the test samples. The positive control
group was defined as a group administered an excipient without any active substance.

in studies to help alleviate the symptoms of the disease and maintain a stable state [3, 15, 16].
Produced by the conditioning technique developed by Virtilis Fermantasyon Ürünleri BiyotekQRORML6DQ7LF$ùBacillus subtilis is a Gram-positive, rod-shaped cell (bacillus) that moves and transforms into an oval shape under aerobic conditions;
Bacillus amyloliquefaciens is a Gram-negative rodshaped cell that moves and transforms into an oval
shape under aerobic conditions. Both strains form a
bright cream-colored colony in a medium supplemented with meat-peptone agar, malt-agar, potato
agar or 10 mg / ml of kanamycin. There are no genetic modifications on the strains.
A bacterial biomass obtained via a 1:1 mixture
of Bacillus subtilis and Bacillus amyloliquefaciens
bacterial biomass is in the form of a spore and has a
total weight of 1x109 (spore/gram). The biomass includes sucrose, glucose, fructose, lactose, or maltose
as a preservative.
In this study, the aim has been to evaluate both
the separate and combined effects of B. subtilis and
B. amyloliquefaciens strains on diarrhea and to investigate the respective bacterial spores they generate in terms of maximum rate of vegetative conversion and maximum survival.

Experimental diarrhea model in rats. In this
study, the method developed by Barthel et al. [17]
was modified for the purpose of investigating the retarding effect of the test substance on diarrhea formation in rats. Before inducing diarrhea in the rats, a
sample of their stools were taken from all of them.
Rats were placed one to a cage, and 5 g/L of streptomycin was added to their water. After 24 hours, stool
samples were taken from the rats again, followed by
a single, gastric gavage-administered dose of 108
spores / g for each rat. Stool specimens were collected for a third time 6 hours after administration of
WKHSURELRWLF7KHUDWV¶UHVSRQVHVZHUHPRQLWRUHGRQ
an hourly basis, from the time of administration of
streptomycin and test samples. At the end of the experiment, the rats were sacrificed via the cervical
dislocation technique, after which the small and
large intestines were removed and placed in a 10%
formaldehyde solution for morphometric examinations [17].
Microbiota analysis in the feces samples. A
one-gram sample was taken from the stools collected
and mixed with 10 mL of maximum recovery diluent. Analyses were performed on the following bacteria using the spread plate methods: coliform bacteria on the violet red bile agar (VRB), total aerobic
mesophilic bacteria on the plate count agar (PCA),
total anarobic mesophilic bacteria on the reinforced
clostridial agar (RCA), total lactic acid bacteria on
the De Man Rogosa Sharpe agar (MRS) and Staphylococcus aureus on the Baird-Parker agar (BP).
VRB, PCA and BP plates were incubated aerobically
at 37 °C for 24 h, while RCA and MRS plates were
incubated anaerobically at 37 °C for 48 h [18].

MATERIALS AND METHODS
Materials and solvents. In the biological activity experiments conducted for this study, the following were used: Baird-Parker Agar (Merck
1.05406, Germany), De Man Rogosa Sharpe Agar
(Merck 1.10660, Germany), Egg yolk tellurite emulsion (Merck 1.03785, Germany), Hematoxylin
(Sigma-Aldrich 517-28-2), Plate Count Agar (Merck
1.05463, Germany), Reinforced Clostridial Agar
(Merck 1.05410, Germany), and Violet Red Bile
Agar (Merck 1.01406, Germany).
Biological activity studies. Animals. Male
Sprague-Dawley rats, obtained from the Kobay Experimental Animal Research Laboratory and weighing 160-180 g, were used in experiments. The rats
were held for at least three days in laboratory conditions prior to beginning the experiment in order to
adapt them to the environment. During this adaptation period, the animals were fed with standard pellet
feed and water and housed at room temperature in a
12-hour light/12-hour dark cycle. Six animals were
used for each group in the experiments. The present
study was performed according to the international
rules governing animal experiments and biodiversity
rights. The experiments were performed according
to the approved by the ethical committee of Kobay
Experimental Animal Research Laboratory Ethical
Council (Ethical Number: 199).

Histopathological analysis. The intestine tissues from both the control and the experimental
groups were fixated in 10% formaldehyde. All tissues were operated for each macroscopic assessment. The Thermo Scientific Excelsior (ES) device
was used to process the tissue samples. Next, paraffin-embedded tissue blocks were prepared with a
Histocentre 2 device. All sections were cut to 3.5 microns with a Leica RM2255 microtome and inserted
into paraffin blocks, and then all sections were
stained with hematoxylin-eosin (HE) in a Shandon
Varistan device and examined under a light microscope (Nikon Eclipse Ci connected with polarizing
attachment and Digital Camera Image analysis system).
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Clostridium species, total anaerobic flora that had
been destroyed by antibiotics were re-established
through the use of probiotics. This indicates that the
use of probiotic formulations does not have an antimicrobial effect or compete with anaerobic flora in
the gut. In the PCA medium, which is used for aerobic mesophilic bacterial counting, it was determined
that there was a 1-log decrease after administration
of the antibiotic, but that after application of the probiotic, there was a 2-log increase with antibiotic administration and a 1-log increase in the number of
initial normal flora bacteria. Although there was
complete inhibition of the enteric bacteria, Staphylococcus and Micrococcus, there was no change in the
number of anaerobic bacteria, which suggests that
this increase belonged to the Bacillus species.
The B. amyloliquefaciens strain, a subtype of
the B. subtilis strain but still recognized as a separate
species, is a Gram-positive Bacillus that expresses
the bacterial enzyme of ribonuclease (RNase P). Barnase is a natural antibiotic, as well as a source of subtilisin, which catalyzes the disintegration of proteins
into trypsin. It is used to fight many pathogens in the
environment, especially in plant roots.
It is known that antimicrobial effects are the result of bacteriocins produced by the Bacillus species.
In our study, the number of bacteria found in normal
flora and in antibiotic-inhibited flora was compared
with the flora treated with Bacillus spores, and it was
determined that the treated formulations inhibited
the lactase-positive enteric bacteria and Staphylococcus and Micrococcus re-growth but did not prevent resettling of the anaerobic bacteria to the flora.

Statistical analysis. The test results were evaluated using the "Instant" (Windows) statistic program, which includes the one-way "ANOVA" test
and the Student-Newman-Keuls post-hoc test.
The statistical significance of the test results
compared with the control and reference group was
expressed as follows:
* : p < 0.05; ** : p < 0.01; *** : p < 0.001

RESULTS
In our study, coliform bacteria, total aerobic
mesophilic bacteria, total anaerobic mesophilic bacteria, and total lactic acid bacteria analyses were performed on stool specimens taken from normal microbiotic rats without diarrhea, streptomycin-related
diarrhea stool specimens and stool specimens taken
after probiotic use following diarrhea, the results of
which can be seen in Table 1. As shown in this Table, in VRB agar, used for the production of lactosepositive enteric bases, including E. coli, a count of
the Coliform bacteria was made, and it showed that
the antibiotic inhibited all of these bacteria, and that
the presence of the probiotic product prevented the
enteric bacteria from settling back into the flora. This
result was expected, as it is well known that Bacillus
spores compete with E. coli to settle into the flora.
The same results were obtained in the count made of
the Staphylococcus and Micrococcus species on BP
medium. In the RCA medium, which is often preferred for examination of the intestinal flora and is
used to produce anaerobic bacteria, especially the

Groups

TABLE 1
Coliform, total aerobic, anaerobic mesophilic and total lactic acid bacteria analysis results (CFU/g)

C
P
B
S
B
A
S
A

VRB
Starting
point
1.01x1
07
1.0x107

Antibiotic
n.c.

Probiotic
n.c.

n.c.

n.c.

0.35x1
07
0.3x107

n.c.

n.c.

n.c.

n.c.

0.5x107

n.c.

n.c.

BP
Start
ing
2.08
x104
0.68
x106
0.93
x106
0.52
x106
0.3x
106

Antibiotic

Probiotic

RCA
Starting
point

Antibiotic

Probiotic

PCA
Starting
point

n.c.

n.c.

0.3x108

n.c.

0.4x108

0.25x108

n.c.

n.c.

0.5x108

n.c.

0.5x108

0.5x108

n.c.

n.c.

0.2x108

n.c.

0.1x108

0.23x108

n.c.

n.c.

0.1x108

n.c.

0.9x107

n.c.

n.c.

0.1x108

n.c.

0.26x1
08
0.3x108

0.14x108

Antibiotic

Probiotic

0.15x1
07
0.24x1
07
0.25x1
06
0.08x1
07
0.06x1
07

0.2x109
0.4x109
0.3x108
0.16x109
0.11x109

n.c.: not countable
VRB (Violet Red Bile Glucose Agar): It is a medium that allows selection of lactose-positive members (coliforms) of Enterobacteriaceae family.
BP (Baird Parker Agar): A selective medium for Micrococcus and Staphylococcus species and especially Staphylococcus
aureus in microbiological analyzes.
RCA (Reinforced Clostridial Agar): A commonly used medium for the production of anaerobic bacteria, especially Clostridium species, and examining the intestinal flora.
PCA (Plate Count Agar): In microbiological analyzes, the total solid medium used for counting total aerobic mesophilic bacteria. It does not contain inhibitor and indicator.
C: Control group
P: Positive control group (the solvent, which used for preparing the test samples were applied group).
BS: The experimental group which Bacillus subtilis was applied.
BA: The experimental group which Bacillus amyloliquefaciens was applied.
SA: The experimental group which B. subtilis and B. amyloliquefaciens were applied together.
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intestine tissue was found to have more histopathological alterations, such as collagen fiber damaged in
lamina propria and cylindric epithelium degeneration; dilated blood vessel and villus degeneration
(Figure 2). In the experimental group (group 2) on
whom B. subtilis was applied, villus flattening and
polymorphonuclear cell invasion in the lamina propria were observed.

FIGURE 1
Histological view of the intestine with control (C)
group x 40
(CE: Cylindric epithelium; LP: Lamina propria)
FIGURE 3
Histopathological view of the intestine with B.
subtilis (BS) group x 40
(VF: Villus flattening; PMC: Polymorphonuclear
cells invasion in lamina propria;
IG: Normal intestine gland; F: Fibroblast cell)

FIGURE 2
Histopathological view of the intestine with positive control (P) group x 40
(CED: Cylindric epithelium degeneration; DBV:
Dilated blood vessel;
VD: Villus degeneration; CFD: Collagen fibril degeneration)

FIGURE 4
Histopathological view of the intestine with B.
amyloliquefaciens (BA) group x 20
(CED: Cylindric epithelium degeneration;
DBV: Dilated blood vessel; SE: Seperation epithelium; RLP: Regular lamina propria; NVF: New
villus formation)

The results of the histopathological examination of the small bowels from the rats killed by the
cervical dislocation technique at the end of the experiment are presented in Figure 1-5. The histopathological alternations were determined on the
part of the intestine containing the villus and the lamina propria formation. In the examination analysis, it
was found that the normal intestine tissue had an epidermal layer consisting of numerous villus with single-layered cylindrical epithelium, lamina propria
with collagen fibers, and intestine glands. In other
words, there were no histopathological alterations in
the normal intestine tissue (Figure 1). In the positive
control group (the solvent used for preparing the test
samples were applied to this group) (group 1), the

The group (group 3) on whom B. amyloliquefaciens was applied also had some histopathological
alterations, such as villus flattening, but it was observed too that there were some recovery alterations,
such as more connective tissue cells and normal intestine gland in the lamina propria (Figure 3). In the
other experimental group (group 4), on whom B. amyloliquefaciens was applied in this experiment, while
there were some histopathological alterations, such
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as cylindric epithelium degeneration, dilated blood
vessel, and separated epithelium, some recovery alternations were also observed, such as regular lamina
propria and new villus formation for better intestinal
absorption (Figure 4). Lastly, the group on whom B.
subtilis and B. amyloliquefaciens were applied together (group 5) had, on the one hand, some histopathological alterations, like villus degeneration and
mononuclear cell infiltration in lamina propria, but
on the other hand, new villus formation for the reorganization of intestine absorption (Figure 5).
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the second most common causes of death in the 1-5
year age group in Turkey [31]. It is noteworthy that
hemolytic uremic syndrome, which is known as a
complication of Campylobacter and Escherichia coli
infections, both of which cause hemorrhagic diarrhea, is more prevalent in girls [32].
Diarrhea is a condition also common in ruminants. Calf diarrhea, which is most commonly seen
in the neonatal period, is one of the main problems
in cattle breeding, and as a result, the most common
cause of economic loss [33, 34]. In diarrheal diseases, the mortality rate varies between 10-15% in
European countries, but can reach up to 50% in some
countries [35, 36]. Approximately 90% of the calves
found on farms where illnesses with diarrhea are
seen can be infected [37]. Diarrhea is frequently seen
in many countries around the world and causes significant economic loss due to treatment costs and
poor treatment performance [38]. Dehydration, electrolyte imbalance, and acidosis can be seen in calves
suffering from diarrhea; however, the mechanism(s)
responsible for the survival of those calves who
overcome the condition remains unclear [34, 39, 40].
Moreover, because calf diarrhea is a complicated
disease with various causes, it is difficult to prevent,
treat and control this disease [33]. Non-infectious
causes stem from the environment and nutrition.
Bacteria, such as Escherichia coli and Clostridium
strains, and parasites and viruses, such as Coronavirus and Rotavirus, are among the infectious causes
[22, 41].
Bacteria secrete strong toxins that destroy intestinal tissues, resulting in excessive water loss, diarrhea, fever, fatigue, dehydration, and reduced appetite [40]. The loss of 10% or more of body weight
due to water depletion in a calf causes the loss of total blood volume, a decrease in blood circulation and
the loss of sodium, potassium and chloride, which
are critical minerals for the body to develop [42]. Potassium loss also affects the nerve stimulation required for the normal muscle function of the calf. E.
coli is known to generate diarrhea, especially in 1-7day-old calves, and causes severe intestinal destruction, toxin formation, diarrhea and even death in
cases of extreme dehydration [41]. Rotavirus infections, largely seen in 1-3-day-old calves, infects the
feather-like formations that allow the water and nutrients in the intestines to be absorbed, and results in
diarrhea, dehydration and loss of electrolytes in the
intestinal space by stopping the intake of liquid and
nutrients from the digestive system of the calf [43].
Rotaviruses are particularly resistant to heat and
cold, and can survive for weeks, even under bad environmental conditions. Coronavirus usually leads
to a disease characterized by watery-greenish diarrhea, fatigue and anorexia in 7-14-day-old calves
[44]. This virus causes severe destruction on the surfaces of the small and large intestines, resulting in
high mortality. The infectious agents from this virus
are released in large quantities from the body and

FIGURE 5
Histopathological view of the intestine with B.
subtilis and B. amyloliquefaciens combination
group (SA) x 40
(VD: Villus degeneration; MNC: Mononuclear
Cell Infiltration; NVF: new villus formation)

DISCUSSION
Oral intake, saliva, gastric juice, bile, pancreas,
and small bowel secretions taken together amount to
9 L of liquid in the digestive system per day, 8 L of
which are absorbed by the jejunum and ileum. A total of 800 ml of the 1 L of liquid reaching the colon
is absorbed, while the remaining 200 ml of liquid
constitutes 60-85% of fecal matter [19, 20]. Today,
throughout the world, especially in developing countries, acute intestinal infections and food poisoning,
which are major health problems, are generally accompanied by diarrhea [21]. Diarrhea involves 3-4
watery defecation episodes per day, where stool output total is 200 g, depending on the age and nutritional factors, and the condition is commonly seen
during the neonatal period, owing to a variety of reasons, but mainly infectious diseases [22-24]. Diarrhea results in a loss of fluids and electrolytes [25].
There are more than 3-5 billion diarrhea cases
throughout the world each year and the majority of
the 5-8 million children who get diarrhea each year
die from complications related to it [26, 27]. Approximately 25% of all deaths in children under five are
due to diarrheal diseases [28-30]. Rotavirus, Adenovirus, Astrovirus and Norovirus-induced diarrhea are
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therefore, the virus can pass from one animal to another easily [45]. Clostridial diarrhea, a bloody, malodorous diarrhea caused by the Type C variety of
Clostridium perfringens, results in sudden death in
1-28-day-old calves [46].
Taking all diarrheal factors into account, it is
unlikely that a single preventive measure would control all cases of diarrhea. Carefully planned and implemented vaccination programs may also fail to
manage diarrhea, especially in cases where there is
weakness in terms of physical condition, such as
when a pregnant cow has internal parasites [37]. The
causes generating the need to develop a vaccination
include high hard-birth rates, poor or low colostrum
intake, and poor standards of cleanliness, inadequate
ventilation or poor living conditions, such as overcrowded shelters. In short, there is no single, simple
solution for the diarrhea of newborns [47].
In addition to the diarrhea itself, electrolyte and
acid-base imbalances must also be remedied in order
to provide effective treatment in calves with diarrhea
[42]. The diarrheic calves will continue to suck and
survive until electrolytes and nutrients are completely depleted in the mothers. If the losses continue
to increase and electrolyte and acid-base imbalances
are not remedied, the systemic effects of dehydration
and acidosis develop [47, 48]. Generally these aniPDOV¶ SODVPD SRWDVVLXP YDOXHV DUH KLJK in parallel
with metabolic acidosis, but total potassium values
are low in the body [40]. Despite the increase of
plasma potassium ions, a decrease within the cell
disrupts the potential of cell membranes, and this is
the main cause of death, as it triggers myocardial infarction [33]. In addition, sepsis and endotoxemia
caused by Gram-negative microorganisms in neonatal calves significantly increase mortality [42]. For
these reasons, it is necessary to remove the lifethreatening hypovolemia from calf diarrhea, to correct the electrolyte and acid-base imbalance and to
SURYLGH IRU WKH DQLPDOV¶ QRUPDO GDLO\ QHHGV [39].
Acidosis can be seen in diarrheal and dehydrated neonatal calves as a result of anaerobic metabolism ±
due to the loss of bicarbonate ± in addition to potassium depletion, hyponatremia, hypochloremia, and
hypoglycemia, as well as hemoconcentration, diminished blood volume, caloric hyperkalemia or
normocalaemia, due to extreme loss of extracellular
body fluids [49]. Furthermore, in cases of endotoxemia and severe hypovolemia, hypovolemia should
be removed rapidly, followed by resuscitation [50].
Depending on the situation, oral rehydration solutions, parenteral isotonic, hypertonic and colloidal
liquids can be given to diarrheal calves to treat dehydration, metabolic acidosis, electrolyte imbalance
and severe hypovolemia [51]. However, to date,
these treatments have proven to be inadequate in preventing calf deaths due to diarrhea [52, 53].
The large intestines in particular have a wide
variety of moving microflora. The number of bacteria in the intestines of a healthy adult is 10 times
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greater than the number of cells in the body [54]. Although throughout history it has been known that the
consumption of food fermented by bacterial cultures
is beneficial to the health, it has only been in the last
20 years that probiotics have attracted interest from
scientists, and a number of scientific studies about
these microorganisms have been published [55, 56].
Today, there are many probiotic products sold under
various brands. Almost all of these products are offered in the form of tablets, capsules, powders and
liquids derived from the "Lactobacillus, Bifidobacterium, and Streptococcus" strains [57-59]. Despite
the common use of probiotics for the purpose of
treatment in human medicine, there is no widespread
use of probiotics in veterinary medicine throughout
the world. The use of probiotics in the prevention
and treatment of many diseases is very important, insofar as probiotics consume the nutrients in their environment, preventing pathogenic bacteria from benefiting off these nutrients, keep closed the areas
where other bacteria would otherwise adhere in the
intestinal mucosa, neutralize bacterial toxins by
splitting, reduce allergic response by decreasing the
production of IgE-type antibodies, increase the activity of immune system cells [TH1, lymphocytes
and macrophages], prevent the colonization of pathogenic bacteria by producing inhibitor substances,
like lactic acid, hydrogen peroxide, bacteriolysis,
and others, inhibit the conversion of procarcinogens
to carcinogens and reduce the bowel wall permeability, and accelerate intestinal movements [60-68].
The use of antibiotics leads to a decrease in the
number of good bacteria in the gut and an increase in
the number of disease-causing bacteria, such as
Clostridium difficile, which causes diarrhea in older
adults who are hospitalized and requires long-term
medical care [7, 8]. Probiotics increase the number
of good bacteria, stimulate the immune system and
help to produce antimicrobials. These benefits occur
through various mechanisms, such as the development of an acidic medium via reduction of the pH
level of the large intestine, and prevention of the
sticking of disease-causing bacteria to the intestinal
wall or of the competing for places and foods with
them [9]. Studies have shown that the probiotic bacteria, Lactobacillus rhamnosus and Saccharomyces
boulardii spp., are responsible for generating these
mechanisms, whereby the diarrhea caused by antibiotics is prevented [10, 11].
Probiotic Bacillus genus members are easy to
use and store, as they are used as dried products,
which contain endospores in single doses of up to 109
spore / gram. Because of these properties, they are
more advantageous than the commonly used Lactobacillus species. The following three basic mechanisms show how oral bacteria have a probiotic effect;
immunomodulation (stimulation of GALT) (e.g., induction of cytokines), fecal excretion of pathogens
as a result of competing with gastrointestinal pathogens and secretion of antimicrobial compounds that
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[2] Goldenberg, J.Z., Ma, S.S.Y., Saxton, J.D.,
Martzen, M.R., Vandik, P.O., Thorlund, K.,
Guyatt, G.H., Johnston, B.C. (2013) Probiotics
for the prevention of Clostridium difficile-associated diarrhea in adults and children. Cochrane.
Database. Syst. Rev. 31, 1-153.
[3] Ghouri, Y.A., Richards, D.M., Rahimi, E.F.,
Krill, J.T., Jelinek, K.A., Dupont, A.W. (2014)
Systematic review of randomized controlled trials of probiotics, prebiotics, and synbiotics in inflammatory bowel disease. Clin. Exp. Gastroenterol. 9(7), 473-87.
[4] Guarner, F., Malagelada, J.R. (2003) Gut flora
in health and disease. Lancet. 361(9356), 512519.
[5] Hoveyda, N., Heneghan, C., Mahtani, K.R.,
Perera, R., Roberts, N., Glasziou, P. (2009) A
systematic review and meta-analysis: probiotics
in the treatment of irritable bowel syndrome.
BMC Gastroenterol. 9, 15.
[6] Hungin, A.P., Mulligan, C., Pot, B., Whorwell,
P., Agréus, L., Fracasso, P., Lionis, C., Mendive, J., Philippart De Foy, J.M., Rubin, G.,
Winchester, C., De Wit, N. (2013) Systematic
review: probiotics in the management of lower
gastrointestinal symptoms in clinical practice an
evidence-based international guide. Aliment.
Pharmacol. Ther. 38(8), 864-886.
[7] Bignardi, G.E. (1998) Risk factors for Clostridium difficile infection. J. Hosp. Infect. 40, 1-15.
[8] Kardas, P., Devine, S., Golembesky, A., Roberts, C. (2005) A systematic review and metaanalysis of misuse of antibiotic therapies in the
community. Int. J. Antimicrob. Agents. 26, 106113.
[9] Graul, T., Cain, A.M., Karpa, K.D. (2009) Lactobacillus and bifidobacteria combinations: a
strategy to reduce hospital-acquired Clostridium
difficile diarrhea incidence and mortality. Med.
Hypotheses. 73, 194-198.
[10] Goldin, B.R., Gorbach, S.L. (2008) Clinical indications for probiotics: an overview. Clin. Infect. Dis. 46(Suppl. 2), 96±100.
[11] Ruszczynski, M., Radzikowski, A., Szajewska,
H. (2008) Clinical trial: effectiveness of Lactobacillus rhamnosus (strains E/N, Oxy and Pen)
in the prevention of antibiotic-associated diarrhoea in children. Aliment. Pharmacol. Ther. 28,
154±161.
[12] Lacy, B.E., Weiser, K., Noddin, L., Robertson,
D.J., Crowell, M.D., Parratt-Engstrom, C.,
Graus, M.V. (2007) Irritable bowel syndrome:
SDWLHQWV¶ DWWLWXGHV FRQFHUQV DQG OHYHO RI
knowledge. Aliment. Pharmacol. Ther. 25,
1329-1341.

suppress the development of pathogenic bacteria [6,
69].
The direct probiotic effects of Bacillus spores
have been demonstrated in studies. Research on
poultry has shown that E. coli is outcompeted by B.
subtilis. Probiotics used in animal nutrition are seen
as an alternative to antibiotics and are mainly used to
induce growth. The two Bacillus products licensed
in Europe, "BioPlus 2B and Toyocerin", are used to
treat animals. The most significant problem to potentially arise from the use of these products on animals
is the transmission of antibiotic resistance development among the species and the risk of infection
[70].
Bowel formation is important for ensuring
maximum usage of nutrients and is directly related
to mucosa thickness [71]. The thickness of the mucosa depends on the length of the villus and the
healthy organization of the lamina propria. When
certain external molecules are introduced, such as
antibiotics, morphological changes can occur in different parts of the intestine and negatively affect absorption. The introduction of probiotic molecules, on
the other hand, can contribute to new formations and
organizations of the villus, and thereby, increase the
surface of the villus to allow for more absorption
[72]. In our experimental study, it was determined
that the probiotic product prepared from the B. subtilis strain increased the villus recovery organization
significantly in the diarrheal rats when compared
with the control group. It was also found that the B.
amyloliquefaciens and the B. subtilis + B. amyloliquefaciens groups showed new formations and new
organizations of the villus for greater absorption in
the intestine.
The obtained biological activity and histopathological findings have shown that the probiotic
product prepared from the B. subtilis strain was
highly effective against microbial and antibiotic-associated diarrhea. It is therefore believed that significant medical and economic contributions can be
provided with the introduction of this new probiotic
product, which can be used in the treatment of various disorders, such as Clostridium difficile infection,
irritable bowel syndrome and inflammatory bowel
diseases.
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tourism, and shipping activities, including many
sources of pollution that may lead to the accumulation of heavy metals [9, 10]. The main objective of
this study is to investigate possible effects of season
and tissue type on the accumulation of heavy metals
in the sea urchin D. setosum collected from the Gulf
of Aqaba, Red Sea.

ABSTRACT
Concentrations of Cd, Cr, Pb, Fe, Cu, Mn, Zn,
Mg, and Ca were measured in different body compartments of the echinoid Diadema setosum from the
Jordanian Coast of the Gulf of Aqaba. The soft organs had higher concentrations and of Zn and Fe
compared to the calcified parts which in turn had
higher concentrations of Cd, Cr, and Pb. Heavy metals in D. setosum show a seasonal pattern with maximum concentrations during winter. The concentrations of these metals decrease during the spawning
period and reproduction cycle (summer), and increase during winter which is the period of high algal
productivity in this region.

MATERIALS AND METHODS
Study Area. The Gulf of Aqaba is a semi-enclosed water body located in the most southern part
of Jordan and at the northern end of the Red Sea; a
sub- tropical arid area between longitude 34° 25' to
35° 00' E and latitude 28°00' to 29°33' N (Figure 1).
Samples were collected from three sites along the
Jordanian coast of the Gulf of Aqaba. The first site
is at the Phosphate Loading Berth area (PLB), which
is located at latitude N 29° 30 137` and longitude E
34° 59 200`. It accommodates the terminal for the
export of crude phosphate and therefore, it is considered one of the most heavily impacted sites along the
Jordanian coast. The second site is at the Marine Science Station (MSS), which is located at latitude
N29° 27 479` and longitude E 34° 58 507`. It is a
protected area within the Aqaba Marine Park Zone
which extends for about 7 km to the south of this
sampling site, and is considered free from any industrial activities. The third site is at the Industrial Complex Area (IC), which is located at latitude N29° 22
492` and longitude E 34° 58 931`. The area represents the southernmost part of the Jordanian coast
and accommodates many heavy industrial activities.
Sea urchin specimens were collected from the
three locations by snorkeling, or by SCUBA diving,
during summer (June- September) 2006 and winter
(January ±March) 2007. Collected specimens were
dissected to obtain four organs three hard calcified
parts (spines, teeth, skeleton) and the forth is the soft
organs of the digestive system using stainless steel
dissected sets.
The dissected organs of sea urchin were rinsed
with seawater to remove any debris, and then washed
with distilled water. Finally, all samples were stored

KEYWORDS:
Heavy metals, sea urchin, Echinoids, Diadema setosum,
Gulf of Aqaba

INTRODUCTION
Metal pollution within the marine environment,
particularly within the coastal zone, has become an
important subject worldwide. The levels and sources
of anthropogenic pollution due to human activity are
increasing with time, and in many cases metal concentrations increase to levels toxic for the aquatic environment and its living organisms [1, 2]. Consequently, marine pollution monitoring and assessment
of trace metals and other pollutants have become increasingly important considering intensifying economic development and industrialization [3, 4].
The sea urchin D. setosum has been used by
several authors to monitor and quantify metal pollution [5-8] in coastal areas, in part because it is present
in large numbers at all times in shallow coastal waters, making it easy to collect. Other factors include
its sedentary habits, sensitivity to pollutants, and
abilities to tolerate changes in food type and to live
at least 5 years.
In the Gulf of Aqaba, the sea urchin D. setosum,
like many other marine organisms, is subjected to
multiple environmental stressors, such as industry,
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FIGURE 1
Map of the study area and location of the sampling sites along the Jordanian coast of the Gulf of Aqaba

by direct aspiration into the air acetylene flame of the
instrument. The instrument was programmed to give
the mean value and standard deviation of three readings as the final result of each sample. Duplicate
blanks were used for each batch of digested samples.
The blank subtracted from each related batch of samples. Three standard solutions were also prepared to
establish a calibration curve for each element. The
elements concentrations in the standards covered the
expected range of element concentrations in the samples are were used to check for linearity of the calibration curve of the procedure.

in lightweight polyethylene bags in a deep freezer (81°C) for future analysis. 2 g of dried (105 °C) of sea
urchin organs were put in a crucible and heated in a
muffle furnace at 500 °C for 5 hour. The ash was
transferred to a clean Teflon beaker, 10 ml of HNO 3
(65%) was added, and the samples were heated to
105 °C. The samples were refluxed; the solution was
boiled and evaporated to near dryness. Finally, 5 ml
of deionized distilled water and 2 ml of HCl (36%)
were added and heated below boiling point for about
5 minutes. Samples were filtered onto 25 ml volumetric flasks using number 40 Whitman filter papers. Samples were adjusted to final volume (25 ml)
using deionized distilled water.
Heavy metals (Cd, Cr, Pb, Fe, Cu, Mn and Zn)
and major elements (Mg and Ca) were measured in
the four organs of the sea urchin specimens. All samples were analyzed using Flame Atomic Absorption
Spectrophotometer (FAAS) using an analytical Jena
Nov AA 300 Atomic Absorption spectrophotometer.
Duplicate measurements were made for each sample

Statistical Analysis. Statistical analysis was
carried out using Minitab v16.1.1 (developed by researchers from the Pennsylvania State University).
Concentrations levels were compared for different
organs and seasons. Analysis of Variance (ANOVA)
test was used to compare the means between different organs and between summer and winter.
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FIGURE 2
The levels of heavy metals (mean ± SE) in different tissues (skeleton, soft organ, spine and teeth)
of D. setosum
and 8.61 ȝg.g-1 for Pb). Statistical analyses showed
significant differences between the four organs (p =
0.04, p < 0.0001, and p < 0.0001, respectively). The
highest concentration of Cu (4.13 ȝg.g-1) was recorded in calcified tissue (skeleton), whereas the lowest concentration (2.53 ȝg.g-1) was found in the soft
organs. Meanwhile, calcified tissue (teeth) had
higher Mg and Ca than did the soft organs (p <
0.0001) there were no significant differences in Mn
concentrations.

RESULTS
Metal concentrations in different organs.
The soft organs of D. setosum had the highest concentration of Zn and Fe, with mean concentrations of
135.22 ȝg.g-1 for Zn and 708.58 ȝg.g-1 for Fe (Figure
2). By comparison, the lowest concentrations of the
two metals were found in the spines and teeth, with
mean concentrations of 10.58 ȝg.g-1 and 37.78 ȝg.g1
, respectively. Higher concentrations of Cr, Cd, and
Pb were recorded in the spines (19.338, 4.36, and
42.75 ȝg.g-1, respectively), followed by teeth (19.06,
4.36, and 39.83 ȝg.g-1, respectively). The lowest
concentrations of each of the three elements were
recorded in the soft organs (3.89 for Cr, 1.11 for Cd,

Metal concentrations in summer and winter.
Concentrations of Cr, Cd, and Cu were significantly
higher in winter (27.28, 4.42, and 4.70 ȝg.g-1, respectively) than in summer (2.62, 2.55, and 2.54 ȝg.g-1;
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FIGURE 3
The measurements of heavy metals (mean ± SE) in D. setosum during summer and winter

p < 0.0001, p = 0.0004, p < 0.0001. and p = 0.0002;
Figure 3). Both Mn and Ca concentrations were significantly higher in summer, (13.23 and 11.11%
ȝg.g-1, p < 0.0001 and p = 0.0022, respectively).

of the two elements compared with other elements in
the soft organs of Diadema setosum. These two elements show similar trends of accumulation in the
soft organs as both metals are biologically essential
and play an important role as cofactors in enzymatic
processes. The elevated concentrations of Cu, Fe and
Zn in the soft organs, including gonads, have been
attributed to the high metabolic activity of gonads [7,
14]. However, [15] claimed that sea urchins may
have limited ability to regulate excretion of Fe and
Zn in response to high concentrations in the diet,
which could lead to accumulation.
[16] demonstrated that metallothionins have
high affinity to and are used in the storage of essential and other non-essential (e.g. Cd) metals in Echinodermata. More recently, however, [17] explained
that metallothionins, which are present in a range of
aquatic organisms, are important in response to Cd
exposure; they may be involved in the detoxification
of Cd ions entering an organism and, more im-

DISCUSSION
Marine Echinodermata build their skeletons
with calcium carbonate in a crystalline structure as
calcite or aragonite. Their calcareous skeletons have
the ability to accumulate and concentrate trace metals to levels several orders of magnitude above those
found in their environment. This is because trace
metals displace the calcium of the aragonite or calcite structure by substitution [11]. This substitution
can at least explain partly the higher concentration of
Cr, Cd and Pb in teeth and spines.
In the present study, Zn and Fe were found in
high concentrations in soft organs, which is in agreement with [7, 12, 13], who found high concentrations
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productivity becomes very high in winter and early
spring, corresponding with the accumulation of trace
metals, perhaps due to high feeding rates on algae,
which become more available during this period.
Further detailed investigation into the effects of each
of the above-mentioned factors could contribute to
the knowledge of the main processes affecting the
accumulation of heavy metals in marine organisms.

portantly, regulate intercellular availability of essential metals such as Cu, Fe and Zn. Lead (Pb), another
non-essential element for marine animals, presents
in high concentrations in the calcified organs of D.
setosum, especially spines. This observation is similar to other those reported for several other echinoderm species [18, 19]. It has been suggested that Pb
can either adsorb onto the surface of the carbonate
skeleton or replace Ca++ and/or Mg++ ions in the
crystal lattice [20, 21]. The elevated concentrations
of Pb and Cd in the calcified parts of the sea urchin
D. setosum from the study area are in agreement with
[22], who concluded that the skeleton of the asteroid
Asterias rubens (echinoderm) can be a valuable bioindicator of Pb and Cd. In contrast, Manganese (Mn)
and Chromium (Cr) accumulation did not show a
clear trend in all organs of D. setosum, which may be
attributed to growth and reproduction processes
causing changes in metabolic activity [23]. Magnesium is accumulated in high concentrations in the
teeth of D. setosum compared to other organs, probably to give teeth their hardness [24, 25].
Time of year may be an important factor affecting the concentrations of trace metal in living organisms. The results of the present study indicate that
the majority of trace metals in sea urchin organs were
higher in winter than in summer. This is in agreement with [26], who found that Cd, Cu, Pb and Zn in
mussels were higher in winter, as well as with [27],
who confirmed that Cu and Zn in mussel tissues were
higher in winter. Lead (Pb) enters the marine environment mostly through atmospheric deposition; Pb
aerosols are easily washed with little rain or dissolved in surface water, leading to possible uptake
by marine organisms [28], which may explain the elevated Pb content during winter.
Explanations for seasonal fluctuation of trace
metals have included the variation associated with
food supply, variations in run-off of particulate metals to the coastal waters due to high precipitation
[29], and changes in biochemical activity such as
changes related to the reproductive cycle [30]. The
organisms undergo dramatic physiological changes
with season that are related directly to the maturation
of gametes and to spawning. These changes involve
fluctuations of all biochemical compounds (proteins,
lipids and carbohydrates) as well as of animal
weight, water content, and conditions.
Similar to some other marine organisms,
spawning of D. setosum in the Gulf of Aqaba begins
in late spring and continues through the summer [3133]. In this process food uptake decreases with decreasing food productivity (algae). During this period D. setosum spends most of the time spawning
and only a little feeding, which leads to a decrease in
the amount of metal uptake and, consequently, in bioaccumulation. Some metals, however, such as Mn,
may accumulate during summer because of the increase in water temperature and because they are
necessary for reproduction. Compared to summer,
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when mixed with stone powder concrete permeability could also be decreased [7-12].
With the depletion of natural river sand resources, the use of machine-made sand is on the rise.
However, production of machine-made sand produces large amount of stone powder, which accounts
for about 20% -30% of exploitation and pollutes surrounding environment. The current collection of
stone powder is mainly used for concrete additive,
with the amount less than 20% of cementation materials, while the rest is disposed by landfill method
and takes up a lot of land [13, 14]. In addition, high
content of stone powder in concrete may lead to an
increase in water consumption, which will increase
the dry shrinkage of concrete. As a result, with low
content of powder in concrete, is small, a large
amount of stone powder will be wasted. Therefore,
how to dispose and use quarry stone powder becomes a major social and environmental challenge
[15, 16].
Pulverized coal ash and stone powder can
lower permeability of concrete, meanwhile they can
also be used as anti-seepage material. Research on
the shrinkage and permeability characteristics of
stone powder eventually verifies the feasibility of using stone powder as anti-seepage material in landfill.
All previous literatures have focused on use of
stone power to replace fine aggregates in concrete
mixes [17], but none of the studies has tried it in impervious material. This research aims to investigate
the shrinkage and permeability features of stone
powder and discuss the possibility of using it as impermeable material. Stone power can be used directly in impermeable material, thus increasing the
used amount, which will create a new source for impermeable material while provide a perfect opportunity of minimizing the quantity of wastes. Such a
major variation between current and previous work
proves the novelty of this research.

Large amounts of stone powder are accumulated from the countries all over the world. Apart
from being used as concrete additive, the majority of
limestone powder wastes is buried and it causes certain serious environmental problems, like land occupation. To solve the problem of the waste generated
by the natural stone industry, a technical solution
could be considered the incorporation of this type of
waste in other industrial activities as a seepage control material. After observing the change of water
content and crack characteristics of the mixture of
the stone powder, stone chips and fiber under the
condition of 20°C and humidity of 60%, this paper
analyzes permeabitity's performance of the mixture
through flexible wall test, and explores its possibility
to be used as impermeable material.
&$ !
stone powder, polyolefin fiber, crack, crack width, permeability coefficient

" #"
With expansion of cities and improvement of
people’s living standards, urban garbage continues
to increase and thus more solid wastes are deteriorating human living environment. Currently, disposal
ways adopted at home and abroad include sanitary
landfill, compost and incineration while taking sanitary landfill as the main method [1]. The key technology of sanitary landfill is the laying of site impervious lining [2].
At present, natural impermeable material is
mainly clay and montmorillonite, and main modification filler is materials with moisture absorption
and expansibility, which decreases the permeability
of clay layer and enables it to obtain self-repair function [3], such as bentonite, fly ash, and so on. Meanwhile, fly ash can permeate into concrete and thus
decrease the permeability of concrete while improve
its mechanical properties [4-6]. During the past few
years, studies have been conducted on the use of
stone powder in concrete industries and the improvement of compressive strength and flexural strength
by pavement subbase layers stone, showing that

" !"!

548909:,4930=9:7,8Three constituent mixtures were used in this study: stone powder, stone
chips, polyolefin fiber, and water. The maximum
grain size of stone powder is less than 0.20mm as
shown in Fig.1. The content of clay particles and
powder particle is respectively 42.44%, 42.31%. The
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density of soil particle is 2.695g/cm3, with the highest dry density of 1.78g/cm3. When compaction degree is 90%, seepage coefficient is 1.0*10-7cm/s,
which meets the requirements of impermeable materials for landfill. The maximum grain size of stone
chips is 10mm. The optimum water content of the
mixture containing 80% of rock powder and 20% of
stone chips is 14.33%, with the maximum dry density of 1.91g/cm3. Compacting curve is shown in
Fig.2. the length and diameter of polyolefin fiber is
30mm and 1.0mm respectively, and the tensile
strength of fiber is 500MPa.

width and height being respectively 16cm, 16cm and
3cm was made, with a compaction degree of 90%.
"/, 30=9:7, 5- 8954, 65<+,7 8954, */068
652>52,-04 -0),7 (4+ <(9,7 Samples are made by
fully stirred stone powder, stone chips and fiber. Its
production methods and water content are the same
as the mixture of stone powder and stone chips.

# 
536(*904.*:7;,

# 
:7;,5-9/,+08970):90545-(790*2,

"/, 30=9:7, 5- 8954, 65<+,7 8954, */068
(4+ <(9,7 There are 20% of stone chips in stone
powder. The target water content is set at the optimum level. After fully mixed, the sample of length,

75+:*90545-8(362,8Water content of stone
powder and tone chips was verified before testing.
The target water content of mixture is 14.33%. They
are fully stirred and put in a vessel in three layers and
then compacted, with compactness of 95% and
above. Diameter of the sample is 10cm, with a height
of 12.5cm. The sample is divided into pure mixture
and the mixture with 0.8% of fiber.
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increased in the next two days, which is related to the
change of mixture moisture. At the first day, the
moisture reduced by 60%, which was more than half
of the moisture during the preserving period, resulting in rapid shrinking and deformation of mixture.
Therefore, the cracks developed fast at the first day,
and the decrease of moisture led to the increase of
cracks. From Fig. 7, it is seen that the widest crack
was 0.2 to 0.4mm after one day of maintenance, and
the width ranged from 0.3 to 0.6mm after ten days.
The change of the widest cracks is related to the
change of water content.

sample
confining pressure
pore pressure
inflow
outflow

#  
!(362,




,73,()0209>*5,--0*0,49-579,8904.Due to its
small value, permeability coefficient is tested by the
method of flexible wall. In reference to
ASTMD5084 standard, the test method is shown in
Fig.3 and sample is shown in Fig. 4. When the sample is installed, carbon dioxide is pumped in to replace air in the sample and have them saturated.
When the pore pressure coefficient reaches 0.95, the
saturating process finishes. Next step is pressing to
carry out permeability test. During the process, lateral pressure, inflow and outflow water pressure, and
inflow and outflow water pressure are tested.


!#"!!#!!

"/,*7(*104.*/(7(*9,70890*85-9/,30=9:7,
5- 8954, 65<+,7 (4+ 8954, */068 Observe the
changes of surface cracks and water content of the
mixture of stone powder, stone chips and water under the conditions of 20 and 60% humidity. The
relations between water content, number of cracks
and the width of crack and the maintenance time are
shown in Fig. 5-7.
From the above figures, it is known that after
10-day maintenance, the moisture content of sample
decreases significantly. The initial water content decreases by about 12%, from 14.1% to 2%, showing
that the mixture hydration reaction is fast and the
moisture evaporation capacity is high under the condition of ambient temperature 20 and humidity
60%. With hydration and moisture evaporation, the
mixture began to have shrinkage cracking. After one
day of maintenance, there were 5, 7 and 10 cracks
respectively in each sample, while 9, 10 and 14
cracks respectively after 10 days. Cracks mainly occurred in the first two days, and only two cracks were
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"/,04-2:,4*,9/(9-0),7/(8549/,30=9:7,?8
*7(*104. Polyolefin can increase the crack resistance of concret, and restrain the shrinkage cracks
in concret at the same time [18]. To reduce the
cracks, add polyolefin fiber in the mixture. The
amount of admixture is shown in Table 1.
Fig 8 shows the vibrational relation between
curing time and the mixture’s water content. The result shows that water content decreases rapidly at the
first four days, but has little change at the last four
days. One cause is that the main component of stone
powder is CaO. Hydration reaction between CaO
and water generates Ca(OH)2. Another cause is that
water evaporation quantity is higher at the initial
time. By comparing the relations between fiber’s
mixing amount and water content, it is found that
with mixing amount1.5%, water content is very similar to that without fiber. The possible cause is that
when fiber’s mixing amount is 1.5%, the mixture’s
uniformity declines.
Fig 9 shows the relation between curing time
and the mixture’s cracking quantity. In general, fiber’s mixing amount is identical with the cracking
quantity. At the first few days, cracking quantity increased fast. For example, at the first day, when fiber’s mixing amount is 0, 0.5, 0.8, 1.0 and 1.5%,
cracking quantity is 7, 5, 5, 2 and 6 respectively. At
the fourth day, when fiber’s mixing amount is 9, 8,
7, 8 and 9, there are few increases of cracking quantity. At the tenth day, cracking quantity is 11, 12, 9,
11, and 13. The main cause is that there was a significant decline in the mixture’s water content at the
first four days and caused shrinkage crack, while the
mixture’s water content changed little at the fifth
day. Besides, it is the same with the relations between crack’s maximum width and fiber’s mixing
amount. At the first few days, crack width increased
significantly and then kept stable, as shown in Fig
10.
The relations between fiber’s mixing amount,
mixture’s crack quantity and crack width show that
when fiber’s mixing amount is 0.8%, the mixture’s
anti-crack is the best. The main cause is that fiber has
reinforced effect to increase the mixture’s tensile
strength and decrease its cracking. With larger mixing amount, the mixture’s stirring performance is
lower and its uniformity declines so that it loses reinforced effect.

stone
powder(g)

stone
chips(g)

Polyolefin
fiber(g)

Water(g)

1000
1000
1000
1000

250
250
250
250

5
8
10
15

179.125
179.125
179.125
179.125
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equation of permeability coefficient:
 =  / 2 ( 1 − 2 ) × ln ⎢⎡{(  −  ) + (σ  − σ  ) ×10.2 ×103} /
=
⎣
1

{(  −  ) + (σ  − σ  ) ×10.2 ×10 } = 2 ⎤⎥⎦ (1)
where  is the sectional area of osmotic water(cm²),  is the length of sample(cm),  is the sectional area of sample(cm2),1 and 2 are the time of
starting and finishing of measuring the water
3
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head(m),  and   are the difference of water level
in the inflow and outflow tube(cm); σ σ  are air
pressure in the inflow and outflow tube(MPa).
With lateral pressure of 0.407MPa, inflow water pressure is 0.392MPa and outflow water pressure
0.368MPa, while the evaluated permeability coefficient is shown in Fig. 11 according to the formula
(1). The result shows that when 20% of stone chips
are added in stone power, permeability coefficient of
the mixture is around 1.0*10-7cm/s. However, when
0.8% of fiber is added into the mixture, its permeability coefficient is around 8.5*10-8cm/s, which is
lower than the mixture without addition of fiber.
Meanwhile, their permeability coefficient is close
and all can meet the requirements for seepage material.

# 
,4,97(9054903,(4+6,73,()0209>*5,--0*0,49


!# &#!!

strength. However, with larger mixing amount, mixing performance of the mixture as well as its uniformity declines, and thus cannot form reinforced effect.
3. The result of permeability test shows that after mixing 80% of stone powder and 20% of stone
chips, the permeability coefficients of pure mixture
and the mixture with fiber are all close to 1.0*107
cm/s, all of which can meet the requirements for
seepage material.


$"!
The authors gratefully acknowledge the support from Natural Science Foundation of Zhejiang
Province
(grant
number:
Y14E080049,
LY15E080021) and Nature Science Foundation of
China (grant number51778585).


 !
[1] Liu, X.G., Liu, C.F., Shao, H., Zheng, W.T.,
Wang, E.D. (2010) The Study of modification
bentonite as the impermeable material of landfill. New Building Materials. 10, 56-58. (In Chinese).
[2] Zhou, A.F., Zhang, G. (2007) The Study of the
impermeable material of landfill. Energy and
Environment. 52, 84-86. (In Chinese).
[3] Liu, C.L., Zhang, Y., Zhang, S., Yin, M.Y., Ye,
H., Song, S.H., Hou, H.B. (2004) The strengthening of purification of waste pollutants on
mixroorganism in the impervious layer of cohensive soil of landfill. Advances in Earth Science. S1, 506-510 (In Chinese).
[4] Rashad, A.M., Bai, Y., Basheer, P.A.M., Milestone, N.B., Collier, N.C. (2013) Hydration and
properties of sodium sulfate activated slag. Cement and concrete composites. 37, 20-29.
[5] Shehab, H.K., Eisa, A.S., Wahba, A.M. (2016)
Mechanical properties of fly ash based geopolymer concrete with full and partial cement replacement. Construction and Building Materials. 126, 560-565.
[6] Zhao, Q., He, X., Zhang, J., Jiang, J. (2016)
Long-age wet curing effect on performance of
carbonation resistance of fly ash concrete. Construction and Building Materials. 127, 577-587.
[7] Al-Zboon, K., Al-Zou’by, J. (2015) Recycling
of stone cutting slurry in concrete mixes. Journal of Material Cycles and Waste Management.
17(2), 324-335.



This study aims at evaluating the shrinkage and
permeability characteristics of the mixtures of stone
powder, stone chips, polyolefin fiber, and verify the
feasibility that stone powder can be used in the impermeable layer of landfill. This study mainly conducts shrinkage test and permeability test. Beside, to
lower the shrinkage characteristics of mixture, including the shrinkage characteristics of the mixture
of stone power and stone chips, 0.5%, 0.8%, 1.0%
and 1.5% polyolefin were added into the mixtures to
test their permeability characteristics. Based on
physical and mechanical test results, conclusions can
be drawn as follows:
1. When 20% of stone chips are added in 80%
of stone powder and maintained for ten days, and
three samples are obtained with cracks of 9, 10 and
14 respectively.
2. When fiber’s mixing amount is 0.8%, its
anti-crack is the best. Compared to the mixture without addition of fiber, the quantity and width of cracks
can be reduced. The main cause is that fiber has reinforced effect so that it can increase the tensile

4160

$#

! %  

 





!"  ! 


[8] Hong, J.T., Jiang, L.H., Huang, W., Miu, C.W.,
Ye, Y.Q. (2005) The study of the influence that
stone powder in artificial sand has on the performance of concrete and its mechanism. Journal
of Highway and Transportation Research and
Development. 11, 88-92. (In Chinese).
[9] Galetakis, M., Piperidi, C., Vasiliou, A., Alevizos, G., Steiakakis, E., Komnitsas, K.,
Soultana, A. (2016) Experimental investigation
of the utilization of quarry dust for the production of microcement-based building elements by
self-flowing molding casting. Construction and
Building Materials. 107, 247-254.
[10]Galetakis, M., Alevizos, G., Leventakis, K.
(2012) Evaluation of fine limestone quarry byproducts, for the production of building elements–An experimental approach. Construction
and building materials. 26(1), 122-130.
[11]Puppala, A.J., Saride, S., Williammee, R. (2011)
Sustainable reuse of limestone quarry fines and
RAP in pavement base/subbase layers. Journal
of Materials in Civil Engineering. 24(4), 418429.
[12]Song, T.H., Lee, S.H., Kim, B. (2014) Recycling of crushed stone powder as a partial replacement for silica powder in extruded cement
panels. Construction and Building Materials.
52, 105-115.
[13]Choi, S.J., Jun, S.S., Oh, J.E., Monteiro, P.J.
(2010) Properties of alkali-activated systems
with stone powder sludge. Journal of Material
Cycles and Waste Management. 12(4), 275-282.
[14]Batayneh, M., Marie, I., Asi, I. (2007) Use of
selected waste materials in concrete mixes.
Waste management. 27(12), 1870-1876.
[15]Courard, L., Michel, F., Pierard, J. (2011) Influence of clay in limestone fillers for self-compacting cement based composites. Construction
and Building Materials. 25(3), 1356-1361.
[16]Almeida, N., Branco, F., de Brito, J., Santos,
J.R. (2007) High-performance concrete with recycled stone slurry. Cement and Concrete Research. 37(2), 210-220.
[17]Ulubeyli, G.C., Artir, R. (2015) Properties of
Hardened Concrete Produced by Waste Marble
Powder. Procedia-Social and Behavioral Sciences. 195, 2181-2190.
[18]Shen, R.X. (2009) Mechanism and application
of two kinds of polyolefin fibers in concrete.
China Concrete and Cement Producte. 03, 3238. (In Chinese).

,*,0;,+
 
**,69,+
 


 !#" 

'/,$(4.
College of Civil Engineering and Architecture,
Zhejiang University of Technology,
Hangzhou 310014 – China
e-mail:wangzsd@163.com



4161

Volume 27 ± No. 6/2018 pages 4162-4168

© by PSP

Fresenius Environmental Bulletin

THE EFFECT OF CLIMATIC FACTORS ON WHEAT YIELD
IN TURKEY: A PANEL DOLS APPROACH
Hasan Gokhan Dogan1,*, Gungor Karakas2
1

Ahi Evran University, Agricultural Faculty, Department of Agricultural Economics, 40200, Kirsehir, Turkey
Hitit University, Social Sciences Vocational School, Department of Property Protection and Security, 19169, Corum, Turkey

2

this century, it is estimated to increase between 1.0 ±
3.7 °C [8]. In the scenario of the IPCC in Turkey, it
is stated that the average annual temperature in the
country will increase by 2.5 ± 4 °C in the following
years, the south of the country will face serious
threats of drought, and the northern regions will be
subject to flood [9]. In Turkey, an important agricultural country, excessive precipitation has increased,
especially in summer, whereas time periods of precipitation have got longer. This observable aspect of
the drought is initially seen as meteorological
drought, later as hydrological and agricultural
drought. The temperature and precipitation trends
for the last 20 years in Turkey are given in Figure 1
and Figure 2, respectively. The average temperature
was 12.48 °C in Turkey in 1997, but it was risen
14.13 °C in 2016. An increase of 13.22% is observed
in the 20-year period. Similar changes have occurred
in precipitation. The average precipitation amount of
60.47 mm in 1997 became 61.02 mm in 2016. An
increase of 0.91% on average was observed across
the 20-year period [10]. Even though these precipitation increases are low, sudden precipitation has begun to appear in Turkey.
Temperature and precipitation factors play an
important role in the growth and development stages
of agricultural products. The change in temperature
and precipitation amounts directly affect production
on national scale [11, 12]. As a consequence of the
change in precipitation periods and the prolongation
of precipitation intervals, problems have arisen in
meeting the water needs of plants during their development. This lack of water also adversely affects
product yield and producer income.
The aim of agricultural production is both to
provide basic foodstuffs for people and to make a
significant contribution to the economy of the country. From this point of view, wheat production within
agricultural production is regarded as a strategic
product among the countries of the world. In terms
of wheat production in the world, China is the leader
with 128 million tons. Turkey is among the top 10
producing countries in the world with 20.6 million
tons production. China is the first country with 5.27
tons / ha of yield, and Turkey is among the top 10
countries in the world with 2.68 tons / ha [13]. Wheat
is also an extremely important item to Turkey's conditions. It is necessary to discuss such an important

ABSTRACT
Climatically factors has been affecting the agricultural sector in the world. Wheat production is
one of them. It is an important crop because it is used
basic food by many people. For this reason, climatic
factors affecting yield need to be analyzed well. The
aim of this research is to determine the long-term effect of temperature and precipitation on yield in Turkey. Provinces are divided into two groups as
drought (60 provinces) and non-drought (15 provinces). Panel Unit Root Test, Panel Cointegration
Analysis, and Panel Dynamic Ordinary Least
Squares (DOLS) analysis were performed using the
panel data set. The results have shown that climatic
factors have long-term effects on yield. For this reason, it is considered important to reduce the risks of
using the appropriate varieties according to temperature and precipitation conditions. On the other
hand, as a policy of the country, actions to make a
positive contribution to the climate change process
should be regulated.

KEYWORDS:
Wheat Yield, Climatic Factors, Temperature, Precipitation, Panel DOLS, Turkey.

INTRODUCTION
Past 150 years, increasing temperatures due to
human-induced deterioration have been affecting
many sectors negatively. Significant increases have
been observed in temperatures at different times in
history, especially at the beginning of the third millennium [1]. Awareness of these increases has only
emerged in the last few decades [2, 3]. Upon developing this awareness, countries have shown a tendency to take policy measures [4, 5, 6]. In the Intergovernmental Panel on Climate Change (IPCC), the
greenhouse effect is attributed to human activities
[7]. There is a consensus among scientists that human activity has contributed significantly to the
change in the atmosphere, and this contributes to climate change [7]. If no measures are taken, it is estimated that by 2050 the global average temperature
will increase by about 1.0 ± 1.7 °C [7]. By the end of
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product and the natural risks that it faces, both in
terms of sector and country policy. In this research,
several econometric methods was investigated the
effect of precipitation and temperature on yield in
Turkey. In addition, this study seems to be important
because wheat is the main source of income for
farmers, and it is an important raw material for the
agricultural industry.

METHODS
The study was conducted with annual data from
the years 1997-2016. The effect of temperature and
precipitation on yield has been examined using Panel
Data Method, definitions and sources of the variables used in the research are shown in Table 1.

Temperature Trend of Turkey
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FIGURE 1
Average annual temperature in Turkey between the years 1997-2016
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FIGURE 2
Average annual precipitation in Turkey between the years 1997-2016
TABLE 1
Definitions of variables used in the research
Variables
Wheat Yield
Temperature
Precipitation
Drought Province
Non-Drought Province

Symbol
ڜ
ڑ
ڸ
D
ND

Unit
Kg/da
Celsius Degree
kg/cm2 ³PP´
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Data Source
Turkish Statistical Institute
Turkish State Meteorological Service
Turkish State Meteorological Service
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TABLE 2
Descriptive Statistics of Variables Used in Research

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

'ڑ
13.17
13.07
21.30
3.41
3.20
-0.14
3.37

D
'ڜ
219.29
213.00
501.00
43.00
75.48
0.64
3.28

'ڸ
51.86
46.27
145.21
13.56
22.09
1.06
4.05

1'ڑ
15.26
15.77
19.85
2.37
3.28
-1.72
6.22

ND
1'ڜ
235.56
236.00
465.00
62.00
85.23
0.13
2.51

1'ڸ
70.41
65.62
171.54
21.62
24.68
1.03
4.50

identical for the panel horizontal sections. This can
EHH[SUHVVHGDVȡL ȡIRUDOOL V)RUWKHXQLWURRW
tests based on the ADF principles, the basic connection can be expressed as follows:
ο݈݊ܺ௧ ൌ ߚ ݈݊ܺ௧ିଵ  σୀଵ ߠ ο݈݊ܺ௧ି  ݁௧
(4)
In Equation 4, ܺ௧ is the variant, ݁௧ is the error
WHUPDQGǻLVWKHGLIIHUHQFHRSHUDWRU7KHDSSURSUL
ate lag length is determined by the Schwarz Information Criteria (SIC). As a result of the calculations,
evaluations were made according to the Null Hypothesis below:

The study was carried out on the basis of the
drought and non-drought according to drought map,
prepared by the Turkish Meteorology General Directorate [10]. There are 60 drought provinces and 15
non-drought provinces in Turkey. The effect of temperature and precipitation on wheat yield in provinces can be expressed functionally as follows:
OQ'ڜit = f OQ'ڑitOQ'ڸit)
(1)
OQ1'ڜit = f OQ1'ڑitOQ1'ڸit)
(2)
In the study, the data were converted to logarithmic form (ln) and the following econometric
analyses were performed. Econometric analyzes
were done using Eviews 9.1:
-Descriptive statistics of variables,
-Panel Unit Root Test,
-Panel Cointegration Analysis
-Panel Dynamic OLS Analysis
Descriptive statistics of yield; temperature and
precipitation variables; and mean, median, maximum, minimum, std. deviation, skewness and kurtosis values are given in Table 2.

൝

ܪ  ൌ ߚ  ൌ Ͳ
 ൌ ߚ ൏ Ͳ ൌ ͳǡʹǡ͵ǡ ǥ 
ߚ ൌ Ͳ݅ ൌ ܰ  ͳǡ ܰ  ʹǡ ܰ  ͵ ǥ

If result is statistically significant at 1%, 5%, or
10%, the null hypothesis is rejected, and the alternative hypothesis is accepted.
Panel Cointegration Analysis. [22] set out the
panel regression model in time series, and the notations for drought and non-drought regions for this
study are expressed in the equations below (5-8):
OQ'ڜit ĳi įit ȕit OQ'ڑit + eit
(5)
OQ'ڜit ĳi įit ȕit OQ'ڸit + eit
(6)
OQ1'ڜit ĳi įit ȕit OQ1'ڑit + eit
(7)
OQ1'ڜit ĳi įit ȕit OQ1'ڸit + eit
(8)
+HUHڜitڑitDQGڸit represent observable variDEOHV,QWKHQRWDWLRQWKHįit WLPHWUHQGĳi constant
FRHIILFLHQWHTXDOUHVLGXDOVDQGȕit trend for the horL]RQWDO VHFWLRQ µL¶ LQ WKH SHULRG W DUH JLYHQ 7KLV
may indicate that the cointegration vectors of the
horizontal cross-sectional members in the panel are
heterogeneous [22]. The long-term relationship of
the I (1) level in the series can be tested by cointegration analysis [22, 23, 24]. The tests that were used
include different techniques and assumptions. Pedroni offers two types of tests. First, the within dimension approach and its four test results are followed
by the between dimension approach and three related
test results. Test statistics were evaluated according
to the null hypothesis. The hypothesis that there is no
cointegration between the series is based on the Null
Hypothesis, while the opposite hypothesis is based
on the assumption that there is cointegration between
the series. Kao test statistic is used within the framework of the ADF approach. The statistics are obtained from Panel Least Squared Dummy Variable

Panel Unit Root Test. Appropriate unit root
tests have been done for the data used in the research.
Stability tests of the units are performed with the unit
root test. Working with series containing unit roots
leads to biased results.
lnYit ȡilnYit-1 įi lnXit ڙit
(3)
:KHUHµL¶-SURYLQFHVXVHGLQWKHVWXG\µW¶
the number of observations (20 years, from 1997 to
 1WKHQXPEHURIXQLWVLQWKHPRGHODQGڙit; is
the error term in i province at time t. It is assumed
WKDW ڙit error term is independent for all time and
XQLWVDQGLVGLVWULEXWHGDV,,' ı >@,WLVDV
VXPHGWKDWȡi self-coupling coefficients are equally
LQGHSHQGHQWIRUDOOWLPHDQGXQLWV,I_ȡi | is lower 1,
Yi VHULHVLVVWDWLRQDU\LI_ȡi | equals 1, it contains the
unit root.
Unit root tests have been proposed by many researchers [15, 16, 17, 18, 19, 20, 21]. In this study,
LLC - ADF Fisher and PP Fisher test statistics were
used for the unit root test. The LLC unit root tests
widely used in panel data stationarity analysis can be
explained as follows from the study of Levin, Lin
and Chu [20]. The LLC unit root test differs from the
GLIIHUHQWDVVXPSWLRQVUHJDUGLQJWKHȡLFRHIILFLHQWLQ
Equation 3 and from the test statistics used. In the
//&XQLWURRWWHVWȡLFRHIILFLHQWVDUHDVVXPHGWREH
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Panel Cointegration Analysis, Panel Dynamic OLS
(DOLS) analysis was performed to determine the direction and coefficient of relations. The model used
in the research can be expressed as in Equations 9
and 10 [26, 27, 28].

(LSDV) analysis [25]. If these coefficients are statistically significant, the Null Hypothesis is rejected
and the existence of a long-term relationship is accepted.
Panel Dynamic OLS Analysis. After the existence of long term relationships was revealed by

TABLE 3
Unit Root Test Results

Levin, Lin-Chu
ADF Fisher
PP Fisher

Level
ڜ
ڑ
ڸ
No Deterministic Intercept and Trend
3.1413
4.1431
0.5019
36.8158
27.7475
55.9942
40.9056
14.4830
64.2457

First Difference
Gڜ
Gڑ
Gڸ
No Deterministic Intercept and Trend
-44.7134* -47.9523* -40.4647*
1222.64*
1280.77*
1220.13*
1222.03*
1140.01*
1230.02*

Levin, Lin-Chu
ADF Fisher
PP Fisher

1.0930
10.3170
10.5996

-17.0904*
253.022*
311.220*

Regions

Unit Root Test
Method

D

ND

1.0495
9.4065
4.3970

-0.0759
15.0108
14.9478

-23.2099*
343.731*
286.374*

-19.9146*
291.511*
313.874*

* mean that at 1% level is significant
TABLE 4
Cointegration Analysis between Yield and Temperature

 ڜand ፮
Panel v-Statistic
Panel rho-Statistic
Panel PP-Statistic
Panel ADF-Statistic
Group rho-Statistic
Group PP-Statistic
Group ADF-Statistic
ADF
Residual Variance
HAC Variance

Common AR coefs. (within-dimension)
D
Weighted
Stat
Stat
-0.0827
-2.1410
-23.1769*
-22.4430*
-19.5607*
-19.6152*
-9.4081*
-9.8037*
Individual AR coefs. (between-dimension)
-18.1131*
-26.9206*
-12.9455*
KAO Residual Cointegration Test Results
2.2341*
0.0543
0.0142

ND
Stat
-0.4001
-7.4577*
-7.3717*
-7.2629*

Weighted
Stat
-0,9217
-8,0089*
-8,0516*
-8,1497*

-5.8123*
-11.9733*
-6.7596*
1.3386***
0.0525
0.0149

*,**,*** respectively mean that at 1%, 5%, 10% level are significant
TABLE 5
Cointegration Analysis between Yield and Precipitation

 ڜand ᐳ
Panel v-Statistic
Panel rho-Statistic
Panel PP-Statistic
Panel ADF-Statistic
Group rho-Statistic
Group PP-Statistic
Group ADF-Statistic
ADF
Residual Variance
HAC Variance

Common AR Coefs. (within-dimension)
D
Weighted
Stat.
Stat.
Stat.
-1.7454
-4.4755
-0.9884
-21.2641*
-18.9607*
-9.9128*
-19.1475*
-17.8681*
-8.1412*
-18.6758*
-17.5103*
-7.9159*
Individual AR Coefs. (between-dimension)
-15.4253*
-6.2175
-26.4510*
-9.4219
-23.2116*
-8.6082
KAO Residual Cointegration Test Results
3.5575*
0.0546
0.0124

* mean that at 1% level is significant
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ND
Weighted
Stat.
-1.9871
-10.1628*
-8.3877*
-8.5102*
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Panel DOLS estimates are expressed in Equation 11 and 12:
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Cointegration Analysis and its coefficient was determined by Dynamic OLS. According to the results of
dynamic OLS, temperature has a negative effect on
the yield of wheat in drought and non-drought regions (Table 6). However, it is not possible to say the
same for precipitation. An increase of 1% in temperature reduces the yield of wheat by 0.19%. In
drought regions, an increase of 1% in temperature
reduces yield by 0.50% in non-drought regions. On
the other hand, a 1% increase in precipitation increased the yield of wheat by 0.10% in drought regions. In the same way, it was determined that a 1%
increase in the amount of precipitation in nondrought regions increased the yield of wheat by
0.13%.
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Here, Zit refers to the regression vectors obtained from Equation 9 and10.

ESTIMATION RESULTS
The results of the unit root tests of the variables
used in the study are given in Table 3.
In drought and non-drought regions, yield, temperature, and precipitation series are not stationary at
the I (0) level (Table 3). Unit root contains non-stationary series. Inconsistencies can be found in findings from studies conducted with these series [29].
When the differences of the variables were taken and
the unit roots were examined, and was determined to
be stationary at the I (1) level. Cointegration Analysis can be applied to investigate the existence of
long-term relationships in these (stationary at I (1)
level) series. Panel Cointegration Analysis results,
which are used to determine the long-term relationships of the variables, are shown in Table 4 and Table 5.
It is possible to see a long-term relationship between yield and temperature in drought and nondrought regions (Table 4). Within-dimension and between-dimension values, which give information
about long-term relationships, are considered statistically significant. In addition, the KAO test statistic
is also considered statistically significant.
The Cointegration relationship between yield
and precipitation is shown in drought and nondrought regions (Table 5). When the results are examined, the Cointegration between yield and precipitation is statistically significant in the two regions
studied. A study was done by obtained similar relation by different method [30]. We have achieved to
results with the Cointegration test. Table 4 and Table
5 show the relationship among temperature, precipitation and yield. However, it is not possible to make
detailed comments on the direction and severity of
the interactions determined by the Cointegration
Analysis results obtained. Dynamic OLS analysis
was performed to determine the effect of precipitation and temperature on yield (Table 6).
The effect of climatic factors on yield in
drought and non-drought regions was determined by

DISCUSSION AND CONCLUSION
Agricultural production is always open to some
risks such as precipitation and temperature, the most
important and almost uncontrollable natural phenomena. Agricultural products, which are frequently
affected by natural phenomena in terms of yield and
quality, directly affect producer income in the economic cycle. In this study, the long-term effect of
temperature and precipitation yield on wheat was investigated. In this study, a panel dataset was established with annual yield, annual average precipitation, and annual average temperature values in 60
drought and 15 non-drought provinces in the years
1997-2016. After the Panel Unit Root Tests were
performed, Panel Cointegration Analysis, and Panel
DOLS Analysis were performed. As a result of these
analyses, it is concluded that the annual averages of
temperature and annual averages of precipitation are
co-integrated with the yield in the long run. According to DOLS results, temperature negatively affected
yield in both regions, but in non-drought regions the
effect of temperature is more severe than in drought
regions. Precipitation affects the yield of wheat in
both regions positively. It is possible to say that nondrought regions are influenced more by precipitation
and temperature.
As a result of this study in Turkey, it has been
determined that climatic factors have an important
effect on yield. Although agricultural production is
vulnerable to climatic risks, it is possible to take
short, medium, and long-term measures against
these risks. [31] said that dry or low-income areas
where climatically factors reasons severe impacts.
The short-term measures are, suitable for climate
conditions, proper tillage, and use of agricultural
production techniques planning of sowing dates will
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TABLE 6
Panel DOLS Results
'HSHQGHQW9DULDEOHڜ
D

B
S.E
t-stat

ND

B
S.E
t-stat

ڸ
0.1066*
0.0221
4.8144
R2=0.81
Adj.R2=0.78
S.E.= 0.17
0.1396**
0.0654
2.1352
R2=0.88
Adj.R2=0.83
S.E.= 0.17

ڑ
-0.1977*
0.0689
-2.8661

-0.5016*
0.2041
-2.4565

*,** respectively mean that at 1%, 5% level are significant

[7] IPPC. (2014) Field, C. B., Barros, V. R.,
Dokken, D. J., Mach, K. J., Mastrandrea, M. D.,
Bilir, T. E., Chatterjee, M., Ebi, K.L., Estrada,
Y.O., Genova, R.C., Girma, B., Kissel, E.S.,
Levy, A.N., MacCracken, S., Mastrandrea, P.R.,
White, L.L. (eds.) Climate change2014: Impacts, adaptation, and vulnerability. Part A:
Global and sectoral aspects. Contribution of
working group II to the fifth assessment report
of the intergovernmental Panel on climate
change. Cambridge: Cambridge University
Press.
[8] IPCC. (2012) Meeting Report of the Intergovernmental Panel on Climate Change Expert
Meeting on Geoengineering [Edenhofer, O.,
Pichs-Madruga, R., Sokona, Y., Field, C., Barros, V., Stocker, T. F., Dahe, Q., Minx, J., Mach,
K. J., Plattner, G.K., Schlömer, S., Hansen, G.,
Mastrandrea, M. (eds.)] IPCC Working Group
III Technical Support Unit. Potsdam Institute
for Climate Impact Research. Potsdam, Germany, 99p.
[9] MFWM. (2011) Ministry of Forestry and Water
Management Report, How Climate Change Will
Affect
Turkey?
http://www.suhakki.org/2011/05/iklim-degisikligi-turkiyeyinasil-etkileyecek/#.WddA8Wi0OM8
[10] MGM. (2017) Turkey Meteorology General Directorate Records. https://www.mgm.gov.tr/
[11] Peng, S.B., Huang, J.L., Sheehy, J.E., Laza,
R.C., Visperas, R.M., Zhong, X., Centeno, G.S.,
Khush, G.S., Cassman, K.G. (2004) Rice yields
decline with higher night temperature from
global warming. Proc. Nati. Acad. Sci. U.SA.
101(27), 9971±9975.
[12] Lobell, D.B., Banziger M., Magorokosho C.,
Vivek, B. (2011) Nonlinear heat effects on African maize as evidenced by historical yield trials. Nat. Clim. Change. 1(1), 42±45
[13] IGC. (2014) International Grains Council.
http://www.igc.int/en/default.aspx.

not be affected by seasons of extreme temperature or
heavy precipitation. [32] suggested that Changing
the planting dates can reduce the risk. Medium and
long-term measures are avoiding harmful human activities, taking measures to reduce the level of CO2
release, and complying with agreements at national
and international levels.
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and possess suitable mechanical properties or low
relative humidity [2]. Chitosan stands forefront
among these edible coatings recently.
Ecological problems regarding the disposal of
seafood processing wastes have led to interest in research concerning the extraction of by-products produced from shellfish waste [3, 4]. Large amounts of
shell wastes are discarded in factories, and these
wastes contain highly valuable bioactive compounds
such as chitin. Chitin is the most common biopolymer following cellulose in the nature [4]. Chitosan is
a nontoxic polymer resulting from the deacetylation
of chitin in alkali condition and has reactive functional amino groups and looks like cellulose in terms
of chemical structure.
Chitosan has concerned attention as a potential
natural food additive and has been classified as a
GRAS by the US FDA in 2001 [5]. The effect of chitosan coatings on the quality storage of various aquaculture products such as carp [2], herring and Atlantic cod [6], anchovy [7], salmon [8-11], shrimp [5,
12], gilthead sea bream [13], lingcod [14] has been
researched particularly due to the antimicrobial and
antioxidant characteristics of chitosan. However,
there is limited number of studies on the effect of
chitosan on rainbow trout meat [15]. Therefore, this
study aims to research the antimicrobial effect of chitosan obtained from     shells during the
refrigerated storage of rainbow trout which is most
commonly cultivated in territorial pools, lake and
dam lake cages and served to both domestic and foreign market in Turkey.

This study aims to investigate antimicrobial effects of chitosan obtained from shell wastes of  
    on refrigerated rainbow trout fillets. In the study, the fillets were dipped with different concentrations (0.1%, 0.5%, 1%) of extracted
and commercial chitosan and were packed with vacuum and air conditions and subsequently, changes in
total bacteria were observed during refrigerated storage period (4±1°C). There were decreases in the
number of microorganisms of both groups plunged
in natural and commercial chitosan during 12 days
of storage compared to control group, and the best
results was obtained as 0.1% in the groups applied
with natural and commercial chitosan (p<0.05). In
conclusion, chitosan obtained from shell wastes of
   could be used as an effective natural alternative to synthetic antimicrobial agents during the
storage period of fish.



#" 
Chitosan, shellfish wastes, antimicrobial effect,   
   , rainbow trout.



 

Rainbow trout (  ) is one of
the most economically important freshwater cultured
fish species. In Turkey, rainbow trout is a major
freshwater aquaculture species. The statistics show
that 107.983 t of rainbow trout were cultured in Turkey, corresponding to 45.97 % of the cultured all fish
species [1]. Although the aquaculture of rainbow
trout is very common and consumed in domestic
market, a good quantity is exported. It is generally
served to consumption as fresh-frozen, fillet-frozen
and smoked. However, undesired changes rapidly
occur in quality unless the product is stored in suitable conditions in the period between fishing and consumption. This process should be completed without
damaging cold chain. In addition to cold storage, edible coatings have recently attracted attention. The
edible coatings could be a useful method of extending the shelf life of seafood products, since they
function as a barrier against oxygen, carbon dioxide,



&7*5.&06 In this study, chitosan extracted
from    shells through chemical method,
supplied commercially (Sigma Chemical Co., St
Louis, MO, USA) and characterized by Küçükgülmez et al. [16] were used. Physicochemical features
of chitosan are presented in Table 1.
The cultured rainbow trout (average weight and
length: 380.41±15.24 g and 20.50±0.44 cm, respectively) were purchased from local fish market. They
were stored in ice in an insulated box and transferred
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-<6.(3(-*1.(&0(-&5&(7*5.67.(63+*;75&(7*)&2)(311*5(.&0(-.736&2$ %
Yields (%)
Moisture (%)
Ash (%)
Deacetylation degree (%)
Molecular weight (kDa)
Water binding capacity (%)
Fat binding capacity (%)

Extracted chitosan
17.48 ± 0.64 a
1.33 ± 0.08
0.61 ± 0.03
92.19 ± 2.56
2.20 ± 0.03
712.99 ± 11.98
531.15 ± 12.26

Commercial chitosan
1.07 ± 0.09
0.59 ± 0.07
86.92 ± 1.62b
3.52 ± 0.02c
492.67 ± 10.14c
383.04 ± 10.02c

a

Mean ± standard deviation of triplicate determinations. b indicates a significant difference between two groups
(p<0.05). c indicates a significant difference between two groups (p<0.01).

 
.(53'.&0(-&2,*6.29&(8814&(/*)5&.2'3:75387(3&7.2,:.7-(-.736&2
Control 1: Acetic acid (1%), Control 2: Pure water, EC: Extracted chitosan, CC: Commercial chitosan
to the laboratory. The head and viscera were removed from each fish, and two fillets were obtained
from the carcass.

Interscience) for 1 min at a normal speed. From the
10-1 dilution, other serial dilutions were prepared.
Total viable count was determined on plate count
agar (Merck). Plates were incubated at 30ºC for 24–
48 h and the number of viable microorganisms was
counted, calculated and expressed as colony-forming
units per gram (log10 cfu/g).

5*4&5&7.32 &2) (-.736&2 75*&71*27 3+ +.6-
6&140*6Chitosan samples (extracted and commercial) were dissolved in acetic acid (1%) at three concentrations (0.1%, 0.5%, 1%). Rainbow trout fillets
(approximately 2 kg fillets for each group) were
dipped into the following solutions as different treatments for 5 min: control 1 containing only acetic acid
(1%); control 2 containing only pure water; 0.1%,
0.5% and 1% (w/v) chitosan groups. After dipping,
the fillets were removed from the treatment solution
and then were drained at ambient temperature for 3
min. Subsequently the samples from each treatment
were covered in sterile bags (Baglight, 20x25 cm,
400 ml, Interscience), packed with vacuum and air
and stored the refrigerator (4 ± 1°C) for 12 days.
(EC: Extracted chitosan, CC: Commercial chitosan)

.(53'.303,.(&0 &2&0<6.6 For microbial
counts, 10 g of samples was homogenized with 90
ml of 0.1% peptone water in a stomacher (Bagmixer,

  
The microbial change effect of chitosan obtained from   shells and commercial chitosan on vacuum packaged and normal packaged
rainbow trout fillets during refrigerator storage is
presented in Figure 1 and Figure 2, respectively.
The initial TVC (log10 CFU g -1) of vacuum and
air packed rainbow trout was 1.32-2.73 CFU g -1,
which indicated good quality of fish. The maximum
permissible limit is 7.0 log CFU g -1 for bacterial
count in fish [17]. Accordingly, TVC values of the
control and chitosan-coated samples did not exceeded this limit on the 12th day of storage.
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.(53'.&0(-&2,*6.2&.54&(/*)5&.2'3:75387(3&7.2,:.7-(-.736&2
Control 1: Acetic acid (1%), Control 2: Pure water, EC: Extracted chitosan, CC: Commercial chitosan


Antimicrobial effect was found on both chiconditions compared with control group, and consetosan obtained from    shells and commerquently, the shelf life was extended. Similarly, in the
cial chitosan on vacuum packaged rainbow trout filpresent study, chitosan coating reduced the TVC of
lets (Figure 1). Considering total bacteria count rerainbow trout fillets during refrigerated storage.
sults, the highest bacteria was detected in control 2
There are many different studies on the effecgroup which included only distilled water followed
tiveness of chitosan on gram positive, gram negative,
anaerobe bacteria and many species of fungi. Altby the other control 1 group which included 1% acehough antimicrobial activity mechanism of chitosan
tic acid during storage period. Total bacteria values
is not completely known, various theories have been
of rainbow trout fillets, on which chitosan obtained
asserted such as positively charged chitosan molefrom shell wastes and commercial chitosan were
cules attach to negative charged cell membrane and
added, differed during storage period and the exdamages the function; encourage intracellular contracted chitosan was found more effective compared
tent to get out and inhibit transportation of nutrition
to the commercial chitosan. The best group was
elements to cell; play the role of chelating agent and
found 0.1% EC group among all vacuumed groups
attach to trace elements and inhibit toxic production
in terms of total bacteria value and followed by 0.1%
and microbial development; inhibit enzymes by atCC and 1% EC, 0.5 % EC, 0.5 % CC and 1% CC
taching water; attach to DNA and prevent mRNA
groups, respectively.
synthesis and stop reproduction [21]. Besides, antiAs in vacuum packaged groups, chitosan exmicrobial activity of chitosan is affected by different
tracted from shrimp shells were more effective on
intrinsic and extrinsic factors. Chitosan sources,
microbial changes during storage period in normal
deacetylation degree, molecular weight, viscosity
packaged groups. Total bacteria values were found
and solvent material could be stated as intrinsic facthe highest in control groups. The least total bacteria
tors, while the extrinsic factors are related with pH,
value was found in 0.1% EC group followed by 0.1%
temperature, ionic strength, metal ions, and presence
CC group during storage period.
of EDTA organic matters and bacteria cultures [22].
Considering bacteria change in both vacuum
The most important among them is deacetylation depackaged and normal packaged rainbow trout fillets,
gree. High deacetylation degree chitosan shows
it was found that chitosan obtained from shrimp
shells had more effect and were found more effective
higher antimicrobial activity. High deacetylation deon low chitosan concentrations. In similar studies,
gree of chitosan used in this study (92.19%) is beTVC values were detected lower in grass carp [18],
lieved to improve antimicrobial effect.
Microbial properties is important for the shelf
sole and hake fillets [19], salmon fillets [8], pink
life of fish products and consequently for consumer
salmon fillets [9], silver carp [20] and rainbow trout
[15] coated with chitosan under different storage
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acceptance. Chitosan is a potential natural antimicrobial and demonstrates high antimicrobial activity
against a wide variety of microorganisms. The use of
chitosan obtained from crustaceans in processing
wastes brings a positive contribution by decreasing
wastes in the nature as well as economic contributions. At the end of the study, it was concluded that
chitosan obtained from discarded shrimp shell
wastes which actually have high potential in aquaculture processing factories can be used as a natural
antimicrobial additive during the storage of the fish.
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the most important of these fuels is methane gas or
natural gas because it is cheap, partially clean and
easily accessible. For these reason, methane have
been used as alternative fuel in commercial engine
application for a long time.
Another alternative gas fuel is hydrogen. Hydrogen is clean and has a wider limits of flammability [1, 2]. Moreover, hydrogen has high flame speed
and it has high self-ignition temperature [3]. In addition, hydrogen allows the combustion of ultra
lean mixtures [4]. Because of these properties,
many studies have been carried out on the use of
hydrogen in internal combustion engines [5, 6, 7].
Furthermore, since hydrogen has properties promoting of engine performance and emissions value, it
can be used as a mixture with other fuels.
Especially hydrogen-natural gas mixtures have
been investigated in terms of engine performance
and emissions. In one of the studies, Xu et al. [8]
have been tested the effect of hydrogen adding on
the engine performance and emission values of an
SI engine fuelled by compressed natural gas. They
instrumented that a relatively higher thermal efficiency can be achieved under certain engine conditions when hydrogen was added more than 20% by
volume to CNG. In a similar study, Kahraman et al.
[9] have been displayed that the highest brake
thermal efficiency was measured fuelled by hydrogen-natural gas blend compounding 30% hydrogen.
In addition, some experiments carried out by Taggart-Cowan et al. [10], Mohammed et al. [11] and
Akansu and Bayrak [12] have been showed that the
adding of hydrogen to CNG increased thermal efficiency and reduced emissions values.
Acetylene is highly combustible with high
flame speed and fast energy release. Moreover, it
has a very wide flammability range and minimum
ignition energy required for ignition [13, 14]. So,
acetylene can be used as alternative fuel in internal
combustion engines. But acetylene is a fuel having
a high knocking tendency and this tendency should
be removed with a mixture of other gases [13]. For
this reason, literature has little studies on acetylene
as fuel. Most of the studies were carried out espe-

The aim of this paper is analysing of performance parameters and emission values of an SI
engine fuelled by acetylene-hydrogen and acetylene-methane blends. The experiments were carried
out at a fixed bmep (brake mean effective pressure)
of 2.095 bar, a load of 30 Nm and an engine speed
of 1500 rpm under lean mixture conditions (λ=1.32.8). Moreover, the flow rates of the blends were
changed as volumetrically. The parameters of brake
thermal efficiency, specific fuel consumption, cylinder pressure, heat release rate and emissions were
analysed for each fuel blends.
The experimental results showed that the values of specific fuel consumption are declined between 18.5% and 20.1% by hydrogen addition and
raised about 64% with methane addition in the
blend. The values of brake thermal efficiency are
declined between 6.2% and 3.3% with the addition
of hydrogen and are decreased about 10% by the
addition of methane in the blend. The curves of
cylinder pressure and heat release rate are advanced
to top dead centre by the adding of hydrogen to
acetylene. But the curves are retarded with methane
addition. The adding of hydrogen in acetylene leads
to a decrease in CO and HC emissions and an increase in NOX values for fixed lambda. But the increasing of methane fraction causes a rise in CO
and HC emissions and a drop in NOX values for
fixed lambda.


,*#%&
SI engine, Alternative fuel, Acetylene, Hydrogen, Methane


"'%#('#"
Because of the rising oil prices and increased
air pollution, many researchers or many producers
of engine have been focused the using of gas fuels
in engine as an alternative fuel for improving of
engine performance and emissions values. One of
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in a four stroke single cylinder engine. The experimental results showed that the brake specific fuel
consumption for gasoline was greater than acetylene and the brake thermal efficiency of acetylene
was more than gasoline.
It can be seen in literature, the studies carried
out on the using acetylene as fuel in SI engine is
very little for understanding of acetylene characteristic in SI engine. Moreover, literature does not any
study using of the blends formed to acetylenemethane and acetylene-hydrogen. For this reason,
the present study will be first study in literature
about the using of acetylene-methane and acetylene-hydrogen as alternative fuel in SI engine.

cially in diesel engine. In one of the studies, Lakshmanan and Nagarajan [14] have been analysed
the effect acetylene on values of engine performance and emissions in diesel engine. They stated
that NOX, HC and CO emission values decreased
when compared to diesel mode. In addition, smoke
emissions showed as marginal rise and thermal efficiency was nearer to diesel mode. In the other
study carried out by Lakshmanan and Nagarajan
[15] have been investigated the effect of injection
timing of acetylene in the diesel engine. The tests
indicated that optimum injection timing was 10
after top dead centre with injection duration of 90
crank angles. The brake thermal efficiency increased for all the gas flow. NOx decreased by 9%
at 110 g/h of fuel flow rate, 6% at 180 g/h of fuel
flow rate and 4% at 240 g/h of fuel flow rate when
compared with diesel fuel mode at full load. When
compared with baseline diesel mode, smoke levels
raised and HC, CO and CO2 emissions declined for
the all the gas flow rates at full load. In the other
studies, Swami Nathan et al. [16] have been investigated performance and emission parameters of
homogeneous charge compression ignition engine
at different power outputs fuelled by sole acetylene.
The experiments showed that NOX and smoke levels decreased with using acetylene. However, HC
levels were high at between 1700–2700 ppm.
Moreover, thermal efficiencies were better than
according to the compression ignition mode of operation. Some similar studies [17, 18, 19] have been
carried out in diesel engine.
In one of the rare studies in SI engine, Brusca
et al. [20] have been investigated engine performance and emission parameters of an SI engine
fuelled by acetylene and alcohol blends. The studies
were carried out 8 kW spark ignition engine having
one cylinder with carburettor. The engine was modified with electronic injection control system and
two different injectors for the acetylene and the
alcohol. Moreover, an optimization method base on
Genetic Algorithms and Neural Networks was used
to obtain engine parameters map. The results displayed that the new engine configuration based on
acetylene-alcohol represents a good alternative to
gasoline and diesel engines in terms of pollutant
emissions and engine performance parameters. In
the other study, Sampath Kumar et al. [21] have
been analysed the emission and performance characteristics of conventional SI engine with minor
modifications fuelled by hydrogen-acetylene fuel.
The experimental results with hydrogen-acetylene
mixture indicated that brake thermal efficiency
raised and emissions values descended when compare to gasoline. In the other study carried out using
acetylene in SI engine, Jadhav and Mitkari [22]
have been compared to the performances of gasoline and acetylene fuels. The experiments tested at
800 rpm and different load and different fuel flow

+$%!"' 
&'($"'&'$%#(%
The experimental studies were tested in the
Engine Laboratory in the department of Mechanical
Engineering at the University of Erciyes. The experiments were conducted in a Ford MVH418 1.8L
SI engine. The features of the experimental engine
are given in Table 1. Moreover, the experimental
setup is indicated in Figure 1. Engine torque and
engine speed values were measured using an eddy
current dynamometer. Acetylene, hydrogen and
methane gases were stored in pressured gas tanks.
The pressure values of gases were regulated by
pressure regulators. Alicat M 1000 SLPM and Alicat M 100 SLPM gas flow meters were used for the
measurement of the gas flow. The gases were injected into the intake manifold by gas injectors and
one pilot duct. Engine intake air was measured by
Bosch air flow meter. Cylinder pressure values
were measured by PCB 111A22 piezoelectric pressure transducer. The cylinder pressure values were
digitized at each crank angle and indicated by averaging 80 continuous cycles. The emission values
(CO, CO2, HC and NOX) were metered with a
Bosch BEA 060 gas analyser. Specifications and
error range of the test equipment and sensors are
given in Table 2.
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Engine

Ford MVH418

Cylinders

4 in line

Engine stroke volume (L)

1.796 L

Bore / stroke (mm)

80.6 / 88

Compression ratio

10

Max. power (kW)

77

Max. torque (Nm)

153 (4000 rpm)

Idle / max. speed

750 / 5950 rpm
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11C@/173A

Cylinder pressure transducer (PCB 111A22)
Gas flow meter (Alicat M100 SLPM)

0 – 5000 PSI
9 – 100 SLPM

±1 %
±0.4%

Gas flow meter (Alicat M1000 SLPM)

9 – 1000 SLPM

±0.4%

Hot film air mass meter(Bosch HFM 5)

10 – 480 kg/h

≤3%

Eddy Current Dynamometer (SAJ SE 150)

150 kW/8000 rpm

±1 rpm

0 – 10 % Vol
0 – 18 % Vol

0.001 % Vol
0.010 % Vol

Exhaust gas analyser (Bosch BEA 060)
CO
CO2
O2

0 – 22 % Vol

0.010 % Vol

NOx

0 – 5000 ppm

1.0 ppm

HC

0 – 9999 ppm

1.0 ppm

Lambda

0.5 – 9.999

0.001

'  
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Formula
Density [kg/m3]

C2H2
1.092

H2
0.08

CH4
0.65

Adiabatic flame temperature [K]

2500

2400

2200

Lower calorific value [MJ/kg]

48.23

120.0

50.02

Lower calorific value [MJ/m3]

50.64

9.6

39.84

Flame speed [m/s]
Stoichiometric air fuel ratio

1.5
13.2

3.5
34.3

0.27
17.25

Auto-ignition temperature [K]

578

572

813

Flammability limits [vol. %]

2.5–81

4–74.5

5.0-15.0

Ignition energy [mJ]

0.019

0.02

0.3
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In the experimental studies, the engine perlene, hydrogen and methane are outlined in Table 3.
formance and the emission values were analysed
In addition, the tests were performed at differfuelled by acetylene-hydrogen and acetyleneent excess air ratios of from λ=1.3 to λ=2.8. For this
methane blends. The tests were carried out at 2.095
reason, the values of the gas fractions, the flow rate
bar bmep value, 30 Nm engine load and 1500 rpm
of the gas, the flow rate of the blend, the lower
engine speed under lean mixture conditions. The
heating value of the blend and the lambda for each
fuel flow ratios of blends were changed volumetritest are given in Table 4 for methane-acetylene
cally. Firstly, the engine was fuelled by acetylene.
blends. Moreover the same values are given in TaAnd then, the flow values of hydrogen and methane
ble 5 for hydrogen-acetylene blends. The summary
gases were increased in the blends, from 0% to
of the experimental procedures are given in Table
100% for methane and from 0% to 78.5% for hy6.
drogen, respectively. The properties of the acety

' 
'63D/:C3A=45/A4@/1B7=<A4:=E@/B3A=4B635/A3A:=E3@63/B7<5D/:C3=4B630:3<2/<2:/;02/7<;=23 
/<2;=23 4=@;3B6/<3/13BG:3<30:3<2A
/A

1

0

2

22.03

3*

31.00

4*

43.01

:=E @/B3 =4 :=E @/B3 =4 :=E @/B3 =4
)=40:3<2
0:3<2
0:3<2

-9 ; .
-; 6.
-95 6.
-; 6.
0
0.9984
1.3556
50640
0.230
1.0417
1.4846
48260
0.323
1.0433
1.5125
47292
0.439
1.0204
1.5862
45995

5

52.46

0.567

1.0801

1.7059

44974

1.58

6

61.71

0.662

1.0736

1.7538

43976

1.54

7

70.10

0.779

1.1106

1.8413

43069

1.48

8*

78.91

0.922

1.1685

1.9432

42118

1.40

9*

82.08

0.979

1.1927

1.9630

41775

1.39

10

100

1.198

1.1982

2.1400

39841

1.30

11

0

0

0.8419

1.3621

50640

2.24

12*

21.37

0.198

0.9281

1.4277

48332

1.99

13*

46.91

0.641

1.3660

1.5771

45574

1.98

14

57.40

0.877

1.5286

1.6715

44441

1.90

15

56.76

0.744

1.3107

1.7584

44510

1.80

16

64.10

0.874

1.3629

1.8334

43717

1.71

17*

72.21

1.027

1.4226

1.9134

42841

1.64

18*

78.79

1.189

1.5089

2.0276

42131

1.64

19

84.06

1.319

1.5688

2.0926

41562

1.55

20

100

1.564

1.5653

2.1880

39846

1.44

#>3@/B7=< F> <= 
!=23
-1/A3.
-)=:.

Mode 1

C2H2+CH4

Mode 2

I
1.96
1.84
1.72
1.70

* used to compare at steady lambda values
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/<2;=23 4=@6G2@=53</13BG:3<30:3<2A
/A

#>3@/B7=<
!=23

Mode 1

C2H2+H2

Mode 2

F> <=  
-1/A3.
-)=:.

:=E @/B3 =4 :=E @/B3 =4 :=E @/B3 =4 )=4

0:3<2
0:3<2
0:3<2
-; 6.
-; 6.
-95 6.
-9 ; .

I

21*

0

0

0.9024

1.2252

50640

2.13

22*

27.69

0.313

45.79
61.27
70.09
78.50

0.647
0.988
1.308
1.656

27
28*
29*
30
31

0
27.02
45.02
59.96
76.36

0
0.297
0.629
0.990
1.815

1.1302
1.4126
1.6119
1.8655
2.1098
0.8217
1.1012
1.3976
1.6503

1.1292
1.1250
1.0752
1.0317
0.9955
1.3295
1.2077
1.1849
1.1144

39275
31850
25497
21873
18424
50640
39553
32164
26033

2.14

23
24*
25*
26

2.3772

1.0630

19301

* used to compare at steady lambda values
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2.18
2.37
2.40
2.65
2.15
2.38
2.42
2.60
2.77
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B3;
)/:C3
Engine speed [rpm]
1500
Load [Nm]
30
Hydrogen in acetylene (vol.)
From 0 to 78.5 %
Methane in acetylene (vol.)
From 0 to 100 %
Excess air ratio
1.3-2.8
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tively.
Moreover, it can be seen from these figures,
the BTE values obtained by the using of hydrogenacetylene blend are higher than the BTE values at
methane-acetylene blend. In mode 2, the BTE values are measured as 26.95% and 26.3% fuelled by
pure acetylene for hydrogen blends and methane
blends, respectively. And, the values are obtained
as 25.6% and 23.66% fuelled by the blend having
hydrogen fractions of 45.02% (case 29) and 76.4%
(case 31) and the values are obtained as 22.41% and
17.2% fuelled by the blend having methane fractions of 46.91% (case 16) and 78.8% (case 18),
respectively. In there, as can be seen in Table 4 and
Table 5, although the lambda value are decreased
by adding of methane to acetylene, the energy values in the cylinder for the cases using hydrogen are
lower than the cases using methane for a fixed
bmep value. In addition, when the BTE values for
fixed lambda values are examined, it is seen that the
BTE values are generally declined by ascending of
the fractions of the hydrogen and the methane in the
acetylene.
When the fraction of methane is increased
from 31% to 43%, the BTE values decrease from
23.35% to 22.18% at around λ=1.7 (case 3 and case
4) in mode 1, respectively. Similarly, when the

In this section, the result values of brake thermal efficiency (BTE), specific fuel consumption
(SFC), cylinder pressure, heat release rate and
emissions (CO, HC and NOX) are given and discussed.

@/93 B63@;/: 3447173<1G /<2 &>317471 4C3:
1=<AC;>B7=< Figure 2 shows the results of the
brake thermal efficiency versus different fractions
of hydrogen (a) and methane (b) for mode 1 and
mode 2 cases. As can be seen from these figures,
the maximum BTE (brake thermal efficiency) value
as 29.25% is obtained using acetylene in mode 1.
As can be seen from the figures, the BTE values are
generally declined by rising of the fractions of the
hydrogen and the methane in the acetylene. The
adding of hydrogen and methane leads to a decrease
in volumetrically heating value (as can be seen in
Table 4 and Table 5). For instance, the BTE values
are measured as 29.25%, 28.9%, 25.45% and
23.1% with hydrogen fraction of 0%, 27.7%, 61.3%
and 78.5% in the blend for mode 1, respectively.
The values are measured as 26.4%, 23.4%, 19.9%
and 17.9% at methane fraction of 0%, 31%, 61.7%
and 78.9% in acetylene mixture for mode 1, respec-
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values are measured as 0.277 kg/kWh and 0.221
kg/kWh at hydrogen fraction of 0% and 76.36% in
the blend for mode 2, respectively. The values are
measured as 0.284 kg/kWh and 0.422 kg/kWh with
methane fraction of 0% and 78.79% in the blend for
mode 2, respectively.

fraction of methane is raised from 21.37% to
46.91%, the BTE values decrease from 24.84% to
22.41% at λ=1.99 (case 12 and case 13) in mode 2,
respectively. For the acetylene-hydrogen blends,
when the fraction of hydrogen is increased from
61.27% to 70.09%, the BTE values decrease from
25.45% to 24.29% at around λ=2.38 (case 24 and
case 25) in mode 1, respectively. Similarly, when
the fraction of hydrogen is increased from 27.02%
to 45.02%, the BTE values decrease from 27.16%
to 25.61% at around λ=2.40 (case 28 and case 29)
in mode 2, respectively.
Finally, when switching from mode 1 to mode
2, due to the air ratio is raised, it can be seen that
the BTE values decline for the blends. In there, the
increasing of air flow ratio leads to a rise in the
lambda value. So, the rising of the lambda values
causes in a decrease of the temperature in the cylinder. For instance, the lambda values are measured
as 1.4 and 1.64 fuelled by the blend having the methane fractions of around 78.9% (case 8 and case
18) in the mode 1 and mode 2, respectively. The
BTE values are obtained as 17.9% and 17.1% for
methane-acetylene blend in the same conditions.
The results of the specific fuel consumption
(SFC) versus different fractions of hydrogen (a) and
methane (b) for mode 1 and mode 2 situations are
shown in Figure 3. Although the BTE values are
decreased by the adding of hydrogen and methane
to acetylene, the SFC values are declined by the
adding of hydrogen to acetylene but the values are
raised by the adding of methane to acetylene.
As can be seen in Table 4 and Table 5, the
quantities of mass fuel in the cylinder for the cases
using hydrogen are decreased by the adding of hydrogen but the quantities of mass fuel are raised
with the adding of methane to acetylene. The SFC
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The results of cylinder pressure and rate of heat
release values versus crank angle at different fractions of hydrogen and methane for mode 1and
mode 2 conditions are displayed in Figure 4. The
peak pressure values are produced as 12.2, 13.5,
15.4, 16.5 and 18.1 bar at 382, 381, 380, 379 and
378 deg. CA ATDC for mode 1 with hydrogen fraction of 0%, 27.69%, 45.78%, 61.26% and 78.5% in
the blend, respectively. The similarly results are
obtained in mode 2 for hydrogen-acetylene mixtures. It can be pointed that the peak pressure values
are raised by the addition of hydrogen to acetylene.
Moreover, the peak values are generally obtained at
a lower crank angle by the adding of hydrogen. The
adding of hydrogen leads to an increase in the
flame speed of blends.
When the results of methane-acetylene blends
are analysed, it can be said that the adding of methane to acetylene generally causes a decline in the
values of peak pressure. In addition, the curves of
pressure are retarded with the adding of methane
because of the flame speed of methane is lower
than the one's. Moreover, the adding of methane
leads to drop in cylinder gas energy. The peak
pressure values are produced as 15.7, 13.9, 13.7,
12.9, 12.85 and 11.0 bar at 382, 384, 385, 386, 386
and 390 deg. CA ATDC for mode 1 at methane
fraction of 0%, 22.03%, 43.01%, 61.71%, 78.91%
and 100% in the blend, respectively.
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with hydrogen fractions of 0%, 27.02%, 45.02%,
59.96% and 76.36% in the blend, respectively. For
the methane-acetylene blends, the peak values are
obtained as 8.9, 10.9, 10.8, 11.8, 11.8 and 12.5
J/deg. CA at 382, 382, 383, 383, 384 and 386 deg.
CA ATDC for mode 2 with methane fractions of
0%, 21.37%, 46.91%, 64.10%, 78.79% and 100%
in the blend, respectively.

The rate of heat release (ROHR) is defined as
the rate at which the chemical energy of the fuel is
released by the combustion process [23]. The
ROHR is an important parameter to analyse the
combustion phenomena in the engine cylinder. The
combustion parameters such as the start of combustion, combustion duration and combustion intensity
can be easily estimated from the heat release rate
diagram [24]. It can be clearly seen from the figures
that the curves of ROHR are generally advanced by
the increase of hydrogen fraction in the blends for
the each mode. This is because the adding of hydrogen to acetylene results in a rise burning velocity of the blend and this made the curves of ROHR
close to the top dead centre. Opposite to hydrogen,
the adding of methane to acetylene leads to generally retarding of the ROHR curves to the top dead
centre.
The peak values of ROHR are calculated as
10.1, 12.1, 13.0, 15.8 and 17.8 J/deg. CA at 379,
379, 377, 375 and 373 deg. CA ATDC for mode 2

'63 3;7AA7=<A The emission values are important parameters for analysing of alternative
fuels. The results of CO emission versus different
fractions of hydrogen (a) and methane (b) for mode
1 and mode 2 cases are shown in Figure 5. As can
be seen from the figure, although the lambda values
and the BTE values are decreased by the adding of
hydrogen to blend, the CO emission values are
dramatically decreased by the increasing of the adding hydrogen to acetylene due to the chemical content of hydrogen not having carbon.
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But, the addition of methane to acetylene leads
to ascend the CO values. In there, the addition of
methane to acetylene causes a decrease in the values of lambda and the values of BTE. The CO
emission values are metered as 0.037%, 0.031%
and 0.02% by the adding of hydrogen to acetylene
as 0%, 45.02% and 76.36% for mode 2, respectively. The values are measured as 0.031%, 0.038% and
0.04% at methane fractions of 0%, 46.91% and
78.79% in the blend for mode 2, respectively.
Furthermore, when switching from mode 1 to
mode 2, as the air ratio is increased the CO values
ascend for the each blend. In there, the rising of air
flow causes to a decrease in the lambda value and
causes in a decrease of the gas temperature in the
cylinder. The CO values are measured as 0.032%

and 0.034% when the methane fractions of 22.03%
and 21.37% for mode 1 and mode 2, respectively.
The values are tested as 0.036% and 0.04% for the
blends having volumetrically methane percent of
78.91% and 78.79%, respectively.
Figure 6 shows the values of HC emission
versus different fractions of hydrogen (a) and methane (b) for mode 1 and mode 2. As can be seen
from the figure, the HC emission values are dramatically increased by the adding of the methane to
acetylene and are slightly decreased by addition of
hydrogen. In there, the addition of methane leads to
the rising of carbon content of the blend and causes
the declining of the BTE values and the lambda
values. Opposite to the adding of methane, the adding of hydrogen in the blend leads to drop
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the carbon content of the blend. The HC emission
values are obtained as 16 ppm and 17 ppm fuelled
by pure acetylene in mode 1 and mode 2, respectively. The values are obtained as 14 ppm and 12
ppm fuelled by the blend having hydrogen fractions
of 61.26% and 59.96% in mode 1 and mode 2, respectively. For the methane-acetylene blends, the
HC emission values are metered as 7 ppm and 10
ppm fuelled by pure acetylene in mode 1 and mode
2, respectively. The values are metered as 37 ppm
and 50 ppm fuelled by the blend having methane
fractions of 61.71% and 64.1% and the values are
metered as 66 ppm and 95 ppm for the blend having
fully methane in mode 1 and mode 2, respectively.
In additions, the HC emission values are ascended
dramatically at the higher methane ratio due to the
reasons stated before in the emission section.
The values of NOX emission versus different
fractions of hydrogen (a) and methane (b) for mode
1 and mode 2 are shown in Figure 7. Although it is
seen that the increase of hydrogen leads to a decrease in NOX values, it is stated that this decrease
is caused by the increase of the lambda values. Because, when the NOX emission values are examined
for fixed lambda values, it is seen that the increasing of hydrogen increases the NOX values. Due to
high flame temperature and high flame speed of the
hydrogen, the increase of the hydrogen fraction in
the blend this causes an increase in the temperature
of the cylinder and the residual time of air in the
heated zone. So, the NOX values are raised by the
addition of hydrogen [25] and [26]. When the fraction of hydrogen is increased from 0% to 27.69%,
the NOX values rise from 250 ppm to 280 ppm at
around λ=2.135 (case 21 and case 22) for mode 1,
respectively. Similarly, when the fraction of hydrogen is raised from 61.27% to 70.09%, the NOX values increase from 175 ppm to 215 ppm at λ=2.37
and λ=2.40 (case 24 and case 25) for the mode,

respectively. For mode 2, the fraction of hydrogen
is increased from 27.02% to 45.02% leads to increase in the NOX values from 65 ppm to 75 ppm at
λ=2.38 and λ=2.42 (case 28 and case 29), respectively.
Though it is seen that the increasing of methane causes a rise in NOX values, it is stated that
the drop is caused by the decreased of the lambda
values carried out with the adding of methane to
acetylene. It is seen from these figures that the increasing of methane drops generally the NOX values for fixed lambda. Due to low flame temperature
and low flame speed of the methane, the increase of
the methane fraction in the blend this causes a decrease in the temperature of the cylinder and the
residual time of air in the heated zone. So, the NOX
values are dropped by the addition of methane.
When the fraction of methane in the blends is increased from 31% to 43.01%, the NOX values drop
from 65 ppm to 59 ppm at λ=1.72 and λ=1.70 (case
3 and case 4) in mode 1, respectively. Similarly,
when the fraction of methane is raised from 72.21%
to 78.79%, the NOX values decline from 17 ppm to
14 ppm at λ=1.64 (case 17 and case 18) in mode 2,
respectively. Moreover, when switching from mode
1 to mode 2, due to the air ratio is increased, the
NOX values descend for the blend having a fixed
volumetrically fuel content. The rising of air flow
causes to a decrease in the lambda value and causes
in a decrease of the gas temperature in the cylinder.
The NOX values are measured as 134 ppm and 14
ppm when the methane fractions are 78.91% and
78.79% in mode 1 and mode 2 cases, respectively.
The values are tested as 260 ppm and 75 ppm for
the blends having volumetrically hydrogen percent
of 45.79% and 45.02% in mode 1 and mode 2 cases, respectively.
Lastly, it can be seen that the values of CO,
HC and NOX emissions obtained in the experiments
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carried out by using hydrogen-acetylene and methane-acetylene blends are quite low for SI engine.

- Due to the drop of the lambda values, the increasing of methane caused a rise in NOX values.
But the increasing of methane dropped generally
the NOX values for fixed lambda.

#" (&#"&
"#* !"'&

The following main results are obtained in the
present study used the blends of hydrogenacetylene and methane-acetylene as alternative fuel
in the SI engine.
- The BTE values were declined with addition
of hydrogen and methane in the blend. The BTE
values were decreased between 6.2% and 3.3%
with the increasing of hydrogen fraction from 0% to
78.5% for mode 1 and from 0% to 76.4% for mode
2, respectively. The BTE values were decreased
between 10.2% and 10.5% by the increasing of
methane fraction in the blend from 0% to 100% for
mode 1 and mode 2, respectively.
- The BTE values for hydrogen-acetylene mixtures were measured higher than the BTE values at
methane-acetylene blend. These increases ranged
from 2.8% to 5.2% for mode 1 and from 0.65% to
6.5% for mode 2.
- The BTE values were declined with the air
ratio was raised for the blend.
- The SFC values were declined between
18.5% and 20.1% by the increasing of hydrogen
fraction in the blend but the values were raised
about 64% by the adding of methane to acetylene
due to the quantities of mass fuel in the cylinder.
- The peak pressure values were increased and
were generally obtained at a lower crank angle by
the adding of hydrogen.
-The curves closed top dead centre by up to 4
degrees. But the adding of methane to acetylene
generally made caused a decline in the values of
peak pressure. Moreover it made retarded the
curves of pressure to top dead centre by up to 8
degrees because of the lower flame speed and the
lower gas energy of methane. In addition, the
curves of heat release rate showed a similarly characteristics.
- The CO emission values were dramatically
decreased from nearly 0.04% to 0.01% with the
increasing of the adding hydrogen to acetylene. But
the addition of methane to acetylene led to ascend
the CO values. In addition, when the air ratio was
increased the CO values increased for the each
blend.
- The HC emission values were dramatically
increased by the adding of the methane to acetylene
and were slightly decreased by the addition of hydrogen.
- Due to the increase of the lambda values, the
increase of hydrogen led to a decrease in NOX values from 250 ppm to 130 ppm for mode 1 and a
decrease in NOX values from 160 ppm to 40 ppm
for mode 2. But the increasing of hydrogen increased NOX emission values for fixed lambda.
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ATDC: After top dead centre
BMEP: Brake mean effective pressure
BTE: Brake thermal efficiency (%)
CA: Crank angle
CNG: Compression natural gas
CO: Carbon monoxide
deg.: Degree
HC: Hydrocarbon
NOX: Nitrogen oxide
ppm: Particle per minute
ROHR: Rate of heat release (J/deg. CA)
SFC: Specific fuel consumption
λ= Excess air ratio
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In this study, it was aimed to determine essential oil and extracts, which are known as "
" and obtained from naturally grown giant fennel plants in Ağrı province, antioxidant effects and
antimicrobial effects against % !" 
 which cause soft rot in certain vegetables
and fruits in vitro. Also was determined the chemical
composition of essential oils used in this study. For
this purpose, 8  isolates, which were
determined to be soft decay agents in cucumber, tomato, pepper and squash, were used in previous studies. Laboratory trials were established in triplicate
and penicillin and kanamycin antibiotics, which are
commercially available, were used as positive controls in the experiments. According to the obtained
results; It has been observed that essential oils gained
from  " plant have bactericidal activity
against bacterial pathogens in the ratio of 12-21 mm.
However, none of the extracts obtained from the 
" plant used in the study were found to have
antibacterial activity against   species.
Antibiotics used as positive controls have also been
observed to have no effect against pathogens as in
the extracts. As a result, it has been determined that
the essential oil used in the study has a lethal effect
against 8 different   which have soft
caries pathogens, but the extracts and antibiotics
used have no antimicrobial effect. In addition, the
chemical composition of essential oil determined to
be effective in the study has been determined. For
this reason, it is considered that the essential oil obtained from " plant can be used successfully in the control against   pathogens. This result shows how much the "
essential oil has a great importance in control against
these pathogens very resistant to chemical drugs. In
this study, antioxidant capacity of  "
methanol, acetone, chloroform, hexane extract and
essential oil was determined by DPPH and ABTS
method, phenolic substance contents and folin was
determined by cycaltio method. Water extract had

highest ABTS free radical scavenging activity with
88.07% (0.05 mg / ml), (DPPH) capacity with
52,04% (50 μg/ml) and highest amound of phenolic
compound with 13,25 (mg GAE/gr).


+)"$%
Antibacterial activity, "" , Soft rot, % 
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Synthetic pesticides are applied intensively
against diseases and pests in plants. Due to the negative effects of synthetic pesticides on the environment, humans and animals, ecological agriculture
has gained considerable importance in recent years
and the use of bio-agents and natural chemicals as an
alternative to synthetic pesticides in the control of
diseases and pests has come into use. Numerous
studies have been carried out in the world to control
plant, food and clinically originated saprophytic and
pathogenic microorganisms using vegetable oils,
some of their constituents and plant extracts [1-12].
The number of studies on vegetable extracts and oils
in our country have been increasing rapidly in recent
years [13-24].
Antioxidants prevent and restrain the oxidation
rate through one or more mechanisms that involve
inhibiting or reducing the effects triggered by free
radicals and oxidizing compounds on oxidizable
substrates. These compounds produced by plants
have been the aim of research regarding their antioxidant potentials. Among these compounds, the essential oils have important role because many of
their components can replace or be associated with
synthetic substances. The acceptance of these products by consumers causes the use of essential oils of
various plants as a raw material in the food, pharmaceutical and cosmetic industries to be widespread.
[25]. Pathogenic bacteria cause the major problems
arising from the proliferation of resistant microorganisms, especially the contamination of various
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foods. Outbreaks of food poisoning are becoming increasingly common; there is a need to have compositions that can control antibiotic resistant bacterial
strains to reduce contamination and degradation of
food products [26]. This study sought to chemically
characterize the essential oils from the following medicinal plant: " and to evaluate their antioxidant and antibacterial activities.


&$%! &"%

#6,8= #,=392084. ,.=0;4,6 %=;,48< Eight
bacterial strains used were tested formerly and they
are highly virulence strains. These strains had been
determined as pathogens of different host plants and
were stored at -80°C in 15% glycerol and Luria
Broth (LB) until use.

&30 <<08=4,6 "46 ,8/ @=;,.=498 :;9.0
/>;0<The essential oils were isolatedfrom the aerial parts of " by hydrodistillation method
using a Clevenger type apparatus. The oils were
dried over anhydrousNa2SO4 and stored under N2 in
a sealed vial until required. The dried plant samples
were powdered in a blender and then samples of 100
g extracted individually with nhexane, chloroform,
acetone and methanol at room temperature. After filtration, the organic solvents were evaporated under
reduced pressure and temperature. For the methanol
extract of the plant sample, the concentrated methanol extract was individually dissolved in distilled
water (60 °C) and then filtered. Thus, chlorophyll
was removed from the solution. Then, this solution
was lyophilized in a Labconco117 freeze-dryer at 5
m-Hg and −50 °C.

 % 8,6A<0< The oil composition was
analyzed by gas chromatography– mass spectrometry (GC–MS). GC–MS analysis was performed using a Thermofinnigan Trace GC/Trace DSQ/A1300,
(E.I. Quadrapole) equipped with a SGEBPX5 MS
fused silica capillary column (30 m×0.25 mm i.d.,
film thickness = 0.25 μm). For GC–MS detection, an
electron ionization system with ionization energy of
70 eV was used. Carrier gas was helium at a flow
rate of 1 ml/min. Injector and MS transfer line temperatures were set at 220 and 290 ºC, respectively.
The oven temperature was programmed from 50 to
150 ºC at 3 ºC /min, then held isothermal for 10 min
and finally raised to 250 ºC at 10 ºC/min. Diluted
samples (1/100, v/v, in methylene chloride) of 1.0 μl
were injected manually in the splitless mode. The
relative percentage of the oil constituents was expressed as percentages by peak area normalization.
The identification of individual compounds of essential oils was based on comparison of their relative retention times with those of authentic samples on
SGE-BPX5 capillary column, and by matching of
their mass spectra of peaks with those obtained from

authentic samples and/or the Wiley 7N and TRLIB
libraries spectra and published data [27, 28]. Authentic samples were purchased from Sigma, Fluka, Alfa
or Aldrich. The relative percentages of major constituents of the oils are presented in Table 2. Pure
major components, tested for antibacterial activity
were purchased commercially from Fluka, Merck
and Sigma.

8=4-,.=0;4,6 .=4?4=A <<,A< Antibacterial
activity assays were carried out by disc diffusion
method [29] with a minor modification using Tryptic
Soy Agar (TSA, Merck, Germany) medium. The essential oil and extracts were prepared by dissolving
using 10% dimethylsulfoxide (DMSO), and then
were sterilized by filtration by 0.45 μm Millipore filters. Bacterial cultures were grown in Tryptic Soy
Broth (TSB, Merck, Germany) and their suspension
(100 μL) containing 1×108 CFU/ml of bacteria
spread by a sterile swab on TSA medium. The discs
(6 mm in diameter) were impregnated with 12.5 μl
of the emulsions of the essential oils prepared in 10%
DMSO distilled water, and with 10.0 mg/ml suspensions of the extracts prepared in 10% DMSO-distilled water. Then, they were put in the middle of the
inoculated plates. The bacterial cultures were incubated at 27 ± 2 ◦C for 48 h, and then inhibition zones
were measured in diameter (mm) around of the discs.
Furthermore, bactericidal and bacteriostatic activities were also determined. The Tryptic Soy Agar
samples taken from inhibited areas around of the
discs were put into nutrient broth without essential
oil, extracts and pure compounds incubated at 27 ± 2
◦C for two days. After 48 h, whether there was no
bacterial growth was observed in the broth culture, it
was considered as bactericidal effect or not bactericidal. Penicilin, Canamycin (1 μg/disc) and 10%
DMSO were used as positive and negative controls,
respectively. All the tests were made in triplicate.

0=0;748,=498 91 4847,6 834-4=498 98
.08=;,=498  Minimum inhibition concentrations (MICs) of the essential oil was tested by using
a two-fold serial dilution method. Two fold serial dilutions of the liquid substances, essential oil was prepared by diluting 10% DMSO to achieve a decreasing concentration ranging from 500 μl/ ml to 3.125
μl/ml. 
Using 100 μl of suspension containing 1×108
CFU/ml was measured spectrophotometrically at
600 nm of bacteria spread on TSA plates. The blank
discs (Oxoid) were impregnated with 12.5 μl of the
solutions tested. Then, they were put in the middle
of inoculated TSA plates. The bacterial cultures were
incubated at 27 ± 2 ºC for 48 h. The lowest concentration of the essential oils, showing a clear zone of
inhibition were considered as the MIC. All the tests
were carried out in triplicate.
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essential oil produced inhibition zones at varying ratios to the total of 8 bacterial strains tested. The highest inhibition zone was observed against F-491 strain
at 21 mm. The lowest inhibition zone was observed
against F-492 and F-713 strains with 12 mm. MIC
values against bacteria were determined to be 62.5250 μl ml -1. It has been determined that the four
different extracts (hexane, chloroform, methanol and
acetone) used in the study do not have any antibacterial activity against the pathogens. Likewise, penicillin and kanamycin antibiotics used as positive
controls and 10% DMSO used as a negative control
were found to have no antibacterial activity. Therefore, the fact that the essential oil of  "
plant has a lethal effect against all of the pathogens
of % !" , which is used especially in this study and produces soft rot in different hosts, suggests that the possibility of using this
vegetable oil in controling these diseases is high.
Copper compounds and antibiotics are used as
a control against plant pathogenic bacteria, and these
applications have many disadvantages. In many
studies, it has been reported that phytopathogenic
bacteria are resistant to many antibiotics over time.
Therefore, the use of antibiotics is prohibited in
many countries. For example; there are a number of
studies indicating that resistant strains of !
  ! pathovars to canamycin, ampicillin,
penicillin and streptomycin are present [33, 34, 35].
In this study, it was observed that there was a medium or high resistance in pathogenic bacteria
against the antibiotic tested.
The chemical compositions of essential oils hydrodistilled from " are reported in Table 2.
The main components found in the  " 
were δ -3-Carene (40.38%), γ-Terpinene (17.24%),
()-β-Ocimene (10.51%), β-Phellandrene (8.49%),
7-epi-1,2-dehydrosesquicineole (6.28%), Cymene
(3.66%), 14-Hydroxy-(Z)-Caryophyllene (2.45%),
α-Pinene (2.44), Widdra-2,4(14)-diene (2.42%),
Germacrene- β (1.13%), Myrcene (1.10%), ()-βOcimene (1.00%), Terpinolene (0.79%) and Sabinene (0.76%).

## $,/4.,6 %.,?082482 .=4?4=A 2,2-diphenyl-1-picrylhydrazyl (DPPH) 25 mg / L was prepared in concentration. 4 ml of DPPH solution, 50
µg/mL plant extracts were added to test tube and incubated in room temperature for 30 min. After incubation, 517 nm absorbance was measured against
blank consisting ethanol. 4 ml of DPPH solution was
used as a control [30]. Descending absorbance gives
the remaining amount of DPPH in solution and free
radical scavenging activity. DPPH scavending activity was calculated from the following equation.
DPPH scavending activity: % = [(A0 – A1)/A0] x 100
&%$,/4.,6%.,?082482.=4?4=A2.45 mM
K2S2O8 and 7 mM ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6 sulphonic acid) solution was mixed in
1:1 ratio and continuously shaked in room temperature during 16 hours. This prepared ABTS radical
solution was diluted with ethyl alcohol until the observed absorbance reached the 1.850±0.05 at 734
nm. This absorbance was used as a control absorbance. Then 4 ml of radical solution and 50 µg plant
extract were added the test tubes and incubated in
room temperature along 2 hours. After this time, absorbance of samples was recorded at 734 nm against
PBS (Phosphate Buffer, pH = 7.4) as a blank [31].
Descending absorbance gives amount of ABTSradical scavenging activity. ABTS scavenging activity
was calculated by the following formula:
% ABTS Scavenging Activity = [(A0-A1)/A0] x 100
0=0;748482 =30 79>8= 91 &9=,6 #308964.
97:9>8/< The total amount of phenolic compounds of extracts was measured according to the
method [32]. Gallic acid was used as a standart. 1 ml
plant extract and 0.5 ml Folin-Ciocalteu reagent
were added to assay tubes. After 3 min, 3 ml Na2CO3
(%2) was added and solution was incubated for 2
hours. After this time the absorbance of the samples
at 760 nm wave length was recorded.

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

Antibacterial activities of "" essential oils and extracts were tested and the results
obtained are given in Table 1. It was determined that
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&307,48.97:9808=<910<<08=4,694691
 -
932
969
988
1008
1020
1025
1032
1044
1054
1086
1471
1481
1559
1666

97:9808=<
α-Pinene
Sabinene
Myrcene
δ -3-Carene
Cymene
β-Phellandrene
()-β-Ocimene
()-β-Ocimene
γ-Terpinene
Terpinolene
7-epi-1,2-dehydrosesquicineole
Widdra-2,4(14)-diene
Germacrene- β
14-Hydroxy-(Z)-Caryophyllene


2.44
0.76
1.10
40.38
3.66
8.49
1.00
10.51
17.24
0.79
6.28
2.42
1.13
2.45

/08=414.,=49870=39/<
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI
GC, MS, RI


& 
&30,8=49@4/,8=.,:,.4=A,8/=9=,6:308964..97:9>8/<91
@=;,.=<1;97 

Methanol
Acetone
Chloroform
Hexane
Water

##$,/4.,6%.,?082482
.=4?4=A C2 76
14,39±1,23
24,4±3,12
10,85±0,88
6,31±1,21
52,04±5,18

<<08=4,69461;97


##$,/4.,6%.,?082482
.=4?4=A  76

Essential oil

40,65±3,35

&%$,/4.,6%.,?082482
.=4?4=A C2 76
65,29±3,65
73,37±2,82
67,94±2,08
62,65±4,12
88.07±3,29
&%
$,/4.,6%.,?082482.=4?4=A
  76
85,16±6,88

&9=,6#308964.97
:9>8/<72 2;
4,18±0,68
5,87±0,28
4,12±0,41
3,21±0,18
13,25±0,32


extracts on ABTS free radical are shown in Table 3.
In this reaction system, ABTS scavenging activity of
methanol, acetone, chloroform, hexane, water extracts and essential oil were determineted as 65,29%
(50 µg/ml), 73,37%, 67,94%, 62,65%, and 85,16%
(0,2 ml) respectively. The results showed that the
water extract had the highest ABTS free radical
scavenging activity with 88.07% (0.05 mg / ml).
The amount of total phenolic compounds in extracts was determined according to the Folin−Ciocalteu procedure [32]. The results show that total
phenolic compounds in " extracts range
from 13,25 (mg GAE/gr) to 3,21 and highest amound
of phenolic was founded in water extract. In our
study, we determined antioxidant capacity and total
phenolic content of extracts obtained from 
" that have not been studied before. The results
obtained are similar when the antioxidant capacities
of the extracts are determined by different tests. The
results of investigation show that the higher concentration of total phenolic compounds have, the lower
the amount of remaining DPPH and ABTS+ radical
cation, the higher the free radical scavenging activity.
As a result, the most important feature of this
study is that it is the first study that applied extracts
and essential oils obtained from " plant
naturally grown in Ağrı province both in Turkey and
in the world against the soft rot 8   .

Due to phytochemicals have complex reactive
facets, plant extracts antioxidant activities cannot be
evaluated by only a single method, but at least two
test method have been recommended for the determination of antioxidant activity [36]. For this reason
the antioxidant capasity of " extracts and
essential oil was determined by ABTS and DPPH
spectrophotometric methods.
The DPPH method is applied widely to measure the antioxidant activities of plant extracts. DPPH
test, the antioxidants reduce the stable DPPH radical
to the yellow-coloured diphenylpricryhydrazine. In
this study, acetone, methanol, water, chloroform,
hexane extracts and essential oil, obtained from 
"  free radical-scavenging (DPPH) ability
was investigated. The results are shown in Table 3.
It is seen that the water extract has the highest free
radical-scavenging (DPPH) capacity with 52,04%
(50 μg/ml). Methanol, acetone, chloroform, hexane
extracts and essential oil free radical-scavenging
ability were determined as 14,39%, 24,4%, 10,85%,
6,31% and 40,65% (0,1 ml) respectively. The results
indicated that the essential oil obtained from 
" and extracts exhibited a potential DPPH radical scavenging activity. The radicals scavenging activity of the extracts and essential oil obtained from
 " was determined by radical cation
(ABTS) according to reported procedure [31]. In our
study, the scavenging ability of the essential oil and
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Successful results obtained from the essential oil of
the plant used in the study are also the first results
obtained for this group of pathogens. The fact that
the antibiotics used in the study have no effect and
that the essential oil has lethal activity against all
strains has increased the importance of the work
done. This is evidence that pathogens have become
more resistant to antibiotics over time. For this reason, the results obtained from this study include conclusions and recommendations to organic farming,
sustainable agricultural systems that are increasingly
important in recent years. In addition, concentrations
that are effective from the results obtained will be
tested in practical applications, and if the expected
results are obtained, targeting and marketing of products intended to be applied in control with these
pathogens is aimed.
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damage to cellular metabolism in plant, but phenolic
compounds protect plants against the damaging effects of increased ROS levels due to abiotic stress
condition [3]. Zinc (Zn), involved in the formation of
over 300 enzymes and playing an important role in
many biochemical functions within plants, deficiency and excess may cause an increase in oxidative
stress [4-5]. Some antioxidant enzymes can be activated in response to oxidative stress induced by Zn
[6]. Zinc is especially an important component of
many fundamental enzymes such as glutamate dehydrogenase (GDH), and superoxide dismutase (SOD)
[7]. Thus, zinc can act as a scavenger of ROS for alleviating the damage on bio-membranes and protecting cells against oxidative damage [8]. Potato ( 
  ), having a high level of starch and
protein, is one of the most important food sources
worldwide [9]. Although its phenolic compounds
and antioxidant capacity is lower compared to other
vegetables, potato is considered as a good source of
antioxidants for human diet because of its high rate
of consumption [10-13]. However, there is little information in the literature about effect of Zn on content of bioactive compounds and antioxidant capacity. The purpose of the present study was to determine effects of foliar zinc applications before and after flowering period on total phenolic content, antioxidant activity, total sugar, reducing sugar and sucrose sugar of potato.


! ! 

Antioxidants are important in providing protection against hypertension, diabetes, cardiovascular
diseases and cancer [1]. Antioxidant production in
plants has strongly been associated with abiotic
stress conditions. In abiotic stress conditions, an increase in the activity of the enzymes involved in the
metabolism of phenolic compounds has been reported [2]. Abiotic stresses lead to accumulation of
reactive oxygen species (ROS), which include free
radicals such as superoxide anion radicals (O2.-), hydroxyl radicals (OH·) and non-free-radical species
such as H2O2 and singled oxygen (1O2). The reactive
oxygen species have various forms of activated oxygen. They are highly reactive and toxic and cause

A field experiment was carried out at the Research Farm of the Faculty of Agriculture, University of Ordu-Turkey in 2015 and 2016. The physicochemical properties of the soil are given in Table 1.
Zn was applied using zinc sulphate (ZnSO4) at four
doses of foliar application (0, 0.2, 0.4 and 0.8%) and
the zinc solutions were sprayed to potato plants before and after flowering.
The experiment was arranged in a randomized
complete block design in split-plot layout with three
replications. The plots were 4 x 2.8 m with 4 rows,
0.70 m intra-row distance and 0.30 m in-row distance. Total phenolic content was measured using
Folin-Ciocalteu method as described by Singleton

In this research, it was aimed to determine effects of foliar zinc applications before and after flowering on total phenolic content, antioxidant activity,
total sugar, reducing sugar and sucrose of potato tubers. This study was conducted in a randomized
complete block design in split-plot layout with three
replications. Zinc sulfate solution with increasing
doses (0, 0.2, 0.4 and 0.8%) was applied to leaves of
potato before and after flowering. The results revealed that the effect of increasing zinc doses and application time was significant on total phenolic content. The highest total phenolic contents were obtained from 0.4% zinc treatment and post-flowering
application as 70.33 mg kg-1 and 59.49 mg kg-1, respectively. The antioxidant activity of potato tubers
reached its maximum in plots receiving 0.4% zinc
before flowering, with a significant interaction effect
between zinc dose and application time. As a conclusion, foliar application of Zn can noticeably improve
total phenolic content, antioxidant activity and sugar
content of potato tuber, especially in case foliar zinc
application was carried out before flowering.


&$ 
Bioactive compounds,      L., reducing
sugar, Zn, fertilization, phenolic content
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kg-1) was obtained from 0.4% Zn rate while the lowest (49.1 mg gallic acid kg-1) with 0.8% Zn rate. The
highest level of foliar Zn treatment (0.8%) caused a
significant reduction in total phenolic content, in
comparison to the control. The time of foliar Zn application had significant effect on total phenolic content and the highest value (59.5 mg gallic acid kg-1)
was obtained in post-flowering whereas the lowest
(53.0 mg gallic acid kg-1) in pre-flowering period.
A similar effect of application time of foliar Zn
on total phenolic content was also reported in pomegranate, pistachio, basil and bean [5, 19, 20, 21]. The
positive effects of foliar Zn treatment on potato may
be due to metabolic role of Zn in protein synthesis,
regulatory metabolism of carbohydrate and activation of some cell protective enzymes acting against
oxidative and peroxidative damage [20].
The statistical analysis indicated that the interaction of increasing foliar Zn doses with application
time had a significant effect (p≥0.05) on antioxidant
activity of potato tuber (Figure 2). The FRAP values
of potato with increasing foliar Zn treatments before
flowering were higher than those of post-flowering,
indicating a higher antioxidant activity in pre-flowering. The FRAP values of potato (Figure 2) varied
from 3159.9 to 5555.2 µmol trolox kg-1, depending
on increasing Zn doses and application time. The
highest antioxidant activity (5555.2 µmol trolox kg1
) was obtained from 0.4% Zn treatment applied before flowering, but the lowest values (3151,9 and
3776.8 µmol trolox kg-1) were resulted in the control
plots of both before and after flowering period. An-

and Rossi (1965) [14]. Measurement of ferric reducing antioxidant power (FRAP) of the potato extracts
was determined based on the procedure outlined by
Benzie and Strain (1996) [15]. Soluble sugar was estimated by the method of Dubois et al. (1956) [16]
and reducing sugars were estimated by the method of
Honda et al. (1982) [17]. Sucrose content was determined by the following formula: percent of sucrose
or non-reducing sugar = (total sugar-reducing
sugar×0.95) as described by Rangama (1979) [18].
The data were analyzed with the simple ANOVA at
95% confidence using SAS (SAS Institute Inc.,
Cary, NC) and the means were compared by Duncan’s Multiple Range Test.


 "!  " 
Total phenolic contents, as an antioxidant
agent, of potato subjected to different Zn doses are
shown in Figure 1. Total phenolic contents increased
with increasing foliar Zn treatments up to 0.4% Zn,
as compared to the control. Statistical analysis
showed that total phenolic contents were significantly affected by foliar Zn treatments and time of
application. However, the interaction of Zn dose
with the time of application was not significant
(p≥0.05), showing that total phenolic content increased with increasing foliar Zn treatments irrespective of application time. Total phenolic contents
ranged from 49.1 mg gallic acid kg-1 to 70.3 mg gallic acid kg-1 with increasing Zn doses. The highest
amount of total phenolic content (70.3 mg gallic acid
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growth caused by Zn deficiency.
Effects of foliar zinc treatment and application
time on total soluble sugar and reducing sugar contents of potato are presented in Figure 3 and Figure
4, respectively. Total soluble sugar and reducing
sugar were significantly affected (p≥0.05) by foliar
Zn treatments, but Zn application time showed a significant effect only on total soluble sugar. Total
sugar and reducing sugar contents varied from 2.00
to 3.23% and 438.6 to 617.6 mg 100 g-1 dry weight,
respectively. On the other hand, interaction of foliar
Zn treatments and application time had a significant
effect (p≥0.05) on reducing sugar. The highest
amount of reducing sugar (617.6 mg 100 g-1) was obtained from the control of pre-flowering but the lowest (438.6 mg 100 g-1) with 0.8% Zn rate applied after flowering. Reducing sugar contents were not significantly affected by foliar Zn treatments, but
showed a decrease with increasing Zn rates. These
results are in agreement with those reported for pistachio [22].

tioxidant activity of potato was not significantly affected by foliar Zn treatments, but antioxidant activity increased with increasing Zn rates up to 0.4% Zn
rate. These results clearly indicate that 0.4% foliar
Zn application enhances antioxidant activity of potato regardless of timing of foliar Zn treatment.
These results are in agreement with those reported for pistachio [8-20-22] Tavallali et al. (2010)
[20] explained that Zn treatment caused a noticeable
increase in antioxidant enzymes in plants. They concluded that zinc might act a role in lightening free
radicals and their related injuring effects by enhancing antioxidant systems of plants. These alleviating
effects of Zn might be due to synthesis of superoxide
dismutase (SOD), the major O2- source scavenger
against oxidative cell damage [7]. On the other hand,
Chaoui et al., (1997) [6] stated that some antioxidant
enzymes could be activated in response to oxidative
stress stimulated by toxic level Zn. Cakmak (2000)
[23] also reported that oxidative damage to critical
cell compounds, resulting from attack by reactive 02
species (ROS), was the basis of disturbances in plant
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The statistical analysis revealed that foliar Zn
treatments and application time had a significant effect on non-reducing sugar (Figure 5). Non-reducing
sugar contents of potato tubers were found in range
of 1.48 to 2.84% in the study. Non-reducing sugar
contents of foliar Zn treated potatoes were increased,
with respect to the control, about 29%, 33% and 7%
in tubers treated with 0.2%, 0.4% and 0.8% Zn, respectively.
The present results indicate an increase in total
sugar and non-reducing sugar content, while a decrease in reducing sugar with increasing Zn treatments, regardless of application time. An increasing
effect of Zn application on total sugar content was
also reported in sweet potato [24]. Biedermann et al.
(2003) [25] reported that the tendency of potato to
form acrylamide, a probable carcinogen, was depended on the content of reducing sugar and it was
increased by increasing reducing sugar. These findings suggest that zinc, causing a reduction in reducing sugar content, has an important role in the production of quality potato.


Increasing foliar Zn treatments caused a noticeable increase in important bioactive components
studied in potato. Our results clearly showed that
0.4% foliar Zn application before flowering period
promoted total phenolic content and antioxidant activity of potato. The present results also indicated an
increase in total sugar and non-reducing sugar, but a
decrease in reducing sugar with foliar applied Zn. It
can be concluded that foliar application of Zn can
considerably improve total phenolic content, antioxidant activity and sugar content of potato, particularly if foliar zinc application was carried out before
flowering.
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This study was conducted to determine anastomosis groups, pathogenicity and biological control
of #spp.from pepper (
L.) plants in Lake Van Basin during 2013-2014.
Sixty seven isolates of # spp. were obtained from roots of pepper. Among these isolates,
multinucleate anastomosis groups (AG) AG-2, AG3, AG-4 and AG-5, binücleate AG-K were recorded
in the rate of 13,4%, 9%, 62,7%, 4,5% and 10,4%,
respectively. In pathogenicity tests on pepper plants,
the most virulent group was determined as AG-4, it
was followed AG-2, whereas the weak virulent ones
were AG-3 and AG-K, isolate of AG-5 was nonpathogenic. A total of 25 isolates of biological control agents belonging to  #
(44%)   (24%)   (20%) and 
(12%) were obtained from the roots
of pepper plants. The effectiveness of the biological
control agents against the most virulent isolate (AG4 Rs 55) were determined using in vitro and in vivo
tests. In vitro tests the most effective isolates were
determined as  # (64,5%),  
(58,1%),   (57,4%). Whereas  
(35,4%) was the weak inhibition to Rs55. According
to the results of in vitro test, isolates showed the
highest inhibition against Rs55 were selected, and
used in vivo tests. Disease severity and plant growth
parameters (plant heigh, shoot and root fresh and dry
weights) were evaluated 8 weeks after sowing. According to in vivo test, while  # was
found to be the most effective species,  and
  were moderately, and   was the
least effective genus.

Being in the family of Solanaceae, the pepper
(  L.) plays an important role for
the world’s nutrition. The pepper’s homeland is Central America and it is intensely grown in Turkey, too;
for it has available climatic conditions. Lake Van
Basin contains a wide area on which pepper farming
is carried out. There are many physiological and parasitic factors that affect the pepper farming all over
the world. Root and crown rot, wilt and damping off
caused by fungal soil pathogens are some of them
and they take an important place. Especially, fungal
pathogens like "  Leonian, 
#spp., spp., "spp. and 
Sacc. cause a huge loss of planted peppers in different parts of the world [1]. Causing many
diseases and being able to live as saprophytic, soil
borne #spp. is one of the most important
pathogens of the pepper [2, 3]. #creates harmful effects on pepper plants especially like
hypocotyl and root rot. It is devided into anastomosis
groups according to binucleate and multinucleate
#  Binucleate #  is
named from AG-A to AG-S and multinucleate 
# $(Teleomorph: 
 (Frank) Donk) is named from AG-1 to
AG-13 [4-7]. In many studies, it is clearly defined
that #AG-4, AG-1, AG-3, AG-21, AG-6, AG-8 and binucleate AG-A, AG-F, AG-K
ve AG-G are isolated from peppers generally [8-13].
It is hard to control for # spp. as it can be
easily adapted to different climates, it has long-lasting sclerots besides it has a wide area to live and
grow on [14]. Lake Van Basin is a region where
there are many fungal diseases, so many fungicides
are used. It is only possible to decrease the fungicide
use only with the determination of the primer pathogen of the plant; thus, the determination of the way
of control for it. Negative effects of chemical use and
the inefficiency cultural practices for soil borne pathogens have led the researchers to a new biologic control. It is revealed in different studies that many pathogens are suppressed with the use of effective biological control fungus.  spp. and 
 spp. are of the antagonistic fungus used as

&% !
Pepper, #spp., spp., 
spp. Biological control
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other [34]. So, anastomosis groups were created according to the results. 

'8.4-+3/)/8=4, 755435+55+6
Pathogenicity test was generated by # isolates mostly found in isolations. The pepper seeds
were put to 1% NaOCI for 5 min for surface disinfection and rinsed four times with sterile distilled
water, then air-dried. To prepare an inoculum, pathogen isolates were grown in PDA for 7 days in 25°C.
The wheat kernels were soaked in distilled water and
were autoclaved, at 121 °C for 60 min, a total of two
times on consecutive days, then air-dried. Mycelia
containing disks taken from isolates grown in PDA
and the sterile wheat kernels were inoculated for use
as inoculum in pathogenicity tests. Then, the petri
dishes were left for incubation for 2 weeks in 25°C
in the dark. Pots filled with sterile peat and pearlite
mix at a ratio of 2/1 (v/v) and the pepper seeds were
sown to pots. Pathogenicity study was carried out
with 5 infested wheat kernels per pot to root area.
And 5 non infested wheat kernels were applied to
control plants. This was applied when the seedlings
were in the first real leave formation phase. Each inoculation treatment was replicated two times and
Five plants were used for each isolate. The pathogenicity tests were done for two times and 3 plants
were used for each isolate. The plants were kept in
greenhouse for 6 weeks in 25±2 °C for 12 hours in
the dark and 12 hours in the daylight. Afterwards, the
plants were removed from the soil and washed. Disease severity was rated using a scale of 0 -4 (modified by Abeysinghe, 2008), where 0 = healthy, no lesions on the stem base and root; 1 = light discoloration with one or two small lesions < 25% stem base
and root tissues covered with lesions; 2 = 25–50%
stem base and root tissues covered with lesions; 3 =
50–75% stem base and root tissues covered with lesions, and 4 =>75% stem base and root tissues covered with lesions combined with a severe reduction
in the root system or dead plants. Isolations from necrotic parts were made on WA and each strain was
re-isolated from the plant and was confirmed by test
isolates.

biological control agents against many fungi [1518]. These fungi fight against plant pathogens with
the help of various mechanisms and they increase the
growth of the plant; thus, the plant gets to be stronger
and the amount of the crop increases [19-31]. Yet,
some pathogens especially the ones with survival
structure are problematic during this process. So, it
is one of the aims of many researchers to find new
potential agents that can be efficient to use in this
contention.
In this study, it is aimed to determine the species and anastomosis groups of # spp.
from pepper plants in Lake Van Basin, to assess the
virulence characters of these isolates on pepper
plants; besides, isolations and identifications potential antagonist fungi from the pepper and searching
the best active isolates with the in vitro and in vivo
assays for the control # spp.

" !"!

741'8/43 4,  755 Pepper plants
which were observed to have symptoms were collected from fields in five districts (Edremit, Erciş,
Gevaş, Tatvan and Ahlat) of Lake Van Basin during
2013 and 2014. They were labelled and put into polybags and taken to the laboratory. Affected pepper
roots were washed by cleansing the soil. They were
cut in 1 cm length and soaked in 2% of sodium hypocloride for 2 minutes for disinfection. Then, washed
in sterile purified water, root parts were dried and incubated in 1,5% of water petri plates consisting 100
mg L-1 streptomycin sulphate for 3 to 5 days in 25
°C. Fungal isolates appearing on the root pieces were
identified and hyphae from the margin of each developing colony transferred to PDA and incubated
for 3 to 5 days in 25°C in the darkness. Obtained as
pure cultures, isolates were kept in test tubes consisting PDA in 5 °C for preservation.

*+38/,/)'8/434, 755The identification of the isolates of this study as #
was made on the basis of characteristics of their vegetative hyphae [32], nuclear condition [33], and hyphal anastomosis with known tester isolates of 
and binucleate #by using standardized techniques for anastomosis group determination
[34]. These isolates used to determine the anastomosis groups are obtained from the culture collection of
Yuzuncu Yil University Agricultural Faculty Plant
Protection Department Mycology Laboratory. After
being grown in PDA in 25°C for 7 days, the mycelium discs (5 mm in diameter) of the tester and unknown isolates were placed opposed to each other in
4 cm distance in the WA in 9 cm diameter petri
dishes [34]. Later, cultures were incubated in 25°C
for 48 to 72 hours. At last, they were observed by a
light microscope to determine anastomosis with each

741'8/43 '3* *+38/,/)'8/43 4, /414-/)'1
43864193-/ The biocontrol fungi were isolated
from pepper roots and were done pure cultures.
Fungi taken to PDA and WA were incubated during
5 days in 25°C. The description of isolates according
to their morphologic features were made regarding
their colony color in PDA and the difference in
growing rates and microscopic measurement results
of conidi dimension [35].
3:/8648+787Isolatesselected among biocontrol fungi and # isolates determined to
have high virullence in pathogenicity trials were
tested for antagonistic interaction The fungi, after
grown in PDA for 7 days, their 5 mm discs were pot
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in 5 cm distance in sterile PDA petri dishes opposed
to each other [36]. The sown petri plates were kept
in incubaters in 25±1°C for 5 days. The formula (RI=
(R1-R2)/R1x100) was used to calculate the 
# isolates growth inhibited by the antagonist
[37]. (RI; the percentage inhibition of radial growth,
R1; colony radius of pathogen and R2; radius of
growth of the pathogen towards an antagonist). All
tests were carried out with four replicates.

3:/:48+787The experiment was carried out
by using biocontrol isolates having high inhibition
rates and # isolates indicated to be virulent. The test was arranged 3 replicates with 3 plants
in each replicate. #isolates were applied
just the same as the pathogenicity test. Antagonist
isolates grown in PDA for 7 days in 25°C were added
to 15 ml spore solution with the help of a hemocytometer arranged as 1x106 ml spore density [38]. The
plants were cultivated in a greenhouse at 25°C with
a 12 h day/night interval for 8 weeks. They were irrigated at regular intervals. At the end of the study,
the plants were evaluated by the scale used in pathogenicity test ranging from 0 to 4; thus, the index of
the disease severity were calculated. Plant height,
shoot and root fresh weights and shoot and root dry
weights (oven-dried at 70ºC for 48 h) were also determined after harvesting. Disease severity data were
subjected to analysis of variance (SPSS version
11.0) and separated using Duncan’s multiple range
test (P = 0.05).



Totally 67 # isolates were obtained
from pepper plants in Lake Van Basin (Table 1). Of
all theisolates, 60 (90%) were  (AG-2, AG3, AG-4, and AG-5), 7 (10%) were binucleate 
# (AG-A). Of the 67 isolates, 42 belonged to
AG-4 (62,6%), 9 to AG-2 (13,4%), 7 to AG-A
(10,4%), 6 to AG-3 (8,9%), and 3 to AG-5 (4,5%).
Totally, the most isolates were from Erciş and Tatvan, the least was from Ahlat.
During the process of isolation of the pepper
roots, 25 biological control fungi were isolated from
pepper plants (Table 2). Of the 25 isolates, 11 belonged to # (44%), 6 to  (24%),
5 to   (20%), and 3 to  (12%). Biological control fungi are isolated from Gevaş and
Tatvan at most.
For pathogenicity test, twenty # isolates isolated from pepper roots were selected to determine the virullence (4 isolates belonged to AG-2,
2 to AG-3, 10 to AG-4, 1 to AG-5, and 3 to AG-A).
At the end of 4 weeks of test period in the greenhouse, the plants were evaluated according to the
scale. The results show that the highest virullence in
peppers was indicated to be AG-4 (Table 3). While
AG-2 was indicated to be pathogen, AG-3 and AGK had shown virullence at low rates. AG-5 isolates
had shown no pathogenic feature. Moreover, AG-4
isolates used in the test were indicated to have different rates of virullence. The highest scale rate was
shown by the AG-4 isolate Rs55. The study’s biologic control was carried out by this isolate.


" 
4)'8/437'3*392(+64,'3'784247/7-649574, 75+)/+7/741'8+*,6425+55+6/3
$'3'0+'7/3"960+=
#
spp.
R. solani AG-2
R. solani AG-3
R. solani AG-4
R. solani AG-5
Binücleic R.
AG-A
Total
General Total

Edremit
2013
2014
1
3
3
3

Gevaş
2013
2014
2
1
6
3
-

1

3

5

11

8

Locations
Erciş
2013 2014
2
1
3
6
5
2
-

-

-

4

13

15

Tatvan
2013
2014
3
2
7
5
1

2

1

8

10

21

Ahlat
2013 2014
3
1
-

-

-

9

3

19

-

Total
9
6
42
3
7

1
4

67

" 
4)'8/437'3*392(+64,75+)/+74,(/4'-+387/741'8+*,6425+55+6/3$'3'0+'7/3"960+=
Bioagents
#
 
 

Total
General Total

Edremit
2013
2014
1
1
1

Gevaş
2013
2014
2
3
1
2
1
1
4
6
10

Locations
Erciş
2013 2014
1
1
1
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Tatvan
2013
2014
3
1
2
2
2
1
7
4
11

Ahlat
2013 2014
1
1
1
1
2

Total
11
6
5
3
25
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3:/:45'8.4-+3/)/8=4, /741'8+7435+55+651'387
#
spp.

Disease
Mean
index*
Rs3
1,5
Rs7
1,8
AG-2
1,57
Rs11
2,1
Rs6
0,9
Rs2
0,5
AG-3
0,35
Rs33
0,2
Rs21
1,2
Rs35
2,3
Rs12
2,2
Rs25
3,1
Rs8
1,6
AG-4
2,24
Rs5
0,8
Rs38
0,5
Rs41
3,3
Rs60
3,6
Rs55
3,8
AG-5
Rs13
0,0
0,0
Rs39
0,6
Binücleic
AG-K
0,3
Rs53
0,3
#
Rs23
0,0
Control
0,0
0,0
*: Disease index 0–4; 0 = healthy, no lesions on the stem base and root; 1 = light discoloration with one or two
small lesions < 25% stem base and root tissues covered with lesions; 2 = 25–50% stem base and root tissues
covered with lesions; 3 = 50–75% stem base and root tissues covered with lesions, and 4 =>75% stem base and
root tissues covered with lesions combined with a severe reduction in the root system or dead plants.

" 
+6)+38/3./(/8/434, '3*/741'8+7'-'/387   7 /3:/864
Isolate

#

AGs

Treatments

Isolate
Th1
Th2
Th3
Th4
Th5
# Th6
Th7
Th8
Th9
Th10
Th11
Tvd1
Tvd2
Tvd3
 
Tvd4
Tvd5
Tvd6
Tvn1
Tvn2
 
Tvn3
Tvn4
Tvn5
Gr1

Gr2
Gr3

4201

Percent Inhibition
52,8
48,5
78,9
71,5
67,8
60
58,3
57,2
73,1
56,7
85,1
70
66,5
43,7
50,7
73,2
45
60,4
72,6
40
56,8
57,4
48,2
34,7
23,3

Mean

64,5

58,1

57,4

35,4
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The biological control isolates obtained from
to greenhouse to be applied to pepper plants. The deisolations and Rs55 isolate were tested for inhibition
crease of the disease by antagonist isolates applied
rates. 11 isolates of #, 6 isowith pathogens was tested by pot tests. Besides, the
lates of  , 5 isolates of  , and 3 isoantagonists were tested per set to see their effects on
lates of   antagonism rates against high
the growth of the plant, as well. The plants were
virullent Rs55 were shown in Table 4. The highest
measured in terms of height, root and shoot dry and
inhibition rate was seen in  #  
fresh weight, and disease index (Table 5).
and   had created approximately same rates
The height of the plant was measured to be the
of inhibition.  was relatively less
highest when the application of Th5, Th11, and Tvn1
isolates were given singly by themselves. Moreover,
effective in creating inhibition. It was indicated that
there were differences in rates of inhibition that isothis proved to be the same when the weight of the
plants were measured. Th3 isolate applied singly and
lates cause.  #’s highest inhibition was
also Tvd5 applied with a pathogen were determined
observed on Th11 and  ’s was Tvn2, while
to lead to high results in the fresh and dry weight of
’s was Grl. In vitro tests, the isolates havthe plant. Additionally, all of the antagonist isolates
ing the highest antagonism rates (  #’s
were indicated to decrease the scale value of the
Th3, Th4, Th5, Th11,  ’s Tvd1, Tvd5,  
pathogens applied per se. Tvn1 and Grl had shown
’s Tvn1, Tvn2, ’s Gr1 numbered isothe approximate value to the scale, while the lowest
lates) are picked to be used in vivo tests.
scale value was resulted from Th11 application.
 AG-4’s Rs55 isolate and the bioagents
selected according to the in vitro results were taken


" 
,,+)874,*/,,+6+38)42(/3'8/4374,  7/34)91'8+* ".
":* ":3'3*64351'38.+/-.8
7.448,6+7.7;'3**6=;+/-.877;6448,6+7.6;'3**6=;+/-.876;'3**/7+'7+/3*+<
435+55+651'387
3:/:4
)2
7;-
7;-
6;-
6;-

Rs
23,4 cd**
35,6 c
8,5 c
9,6 b
2,0 b
3,4
Rs+Th3
25,4 cd
32,2 c
10,4 c
11,6 b
2,5 a
2,0
Rs+Th4
22,0 d
31,0 d
7,8 c
8,5 c
1,9 c
2,5
Rs+Th5
31,3 bc
38,9 c
10,2 c
10,8 b
2,2 b
1,4
Rs+Th9
20,5 d
30,8 d
9,1 c
8,2 c
1,9 c
1,2
Rs+Th11
32,5 bc
41,9 b
13,3 b
12,3 ab
2,2 b
0,8
Rs+Tvd1
26,7 cd
36,4 c
12,3 b
12,4 ab
2,0 b
1,8
Rs+Tvd5
36,2 b
52,1 a
18,4 a
13,1 ab
2,7 a
2,1
Rs+Tvn1
20,7 d
31,5 d
11,5 bc
9,6 b
1,3 c
2,8
Rs+Tvn2
28,5 c
40,8 b
13,1 b
12,7 ab
1,4 c
1,7
Rs+Gr1
26,6 cd
34,6 c
9,4 c
10,0 b
1,7 c
2,8
Th3
36,0 b
50,6 a
16,7 a
15,5 a
2,2 b
Th4
35,5 b
43,4 b
15,1 ab
12,7 ab
2,1 b
Th5
42,4
53,0 a
15,7 ab
18,5 a
2,5 a
Th9
28,3 c
42,4 b
11,7 bc
13,5 ab
2,0 b
Th11
39,5
56,7 a
17,5 a
15,2 a
2,6 a
Tvd1
33,0 bc
48,6 b
15,2 ab
14,6 ab
2,2 b
Tvd5
27,9 cd
44,4 b
13,5 b
12,8 ab
2,8 a
Tvn1
40,5
53,5 a
14,4 b
13,3 ab
2,2 b
Tvn2
37,4 b
44,2 b
13,9 b
14,0 a
2,8 a
Gr1
31,4 bc
43,7 b
14,0 b
13,0 ab
2,5 a
Control
36,9 b
42,6 b
13,3 b
13,6 ab
2,7 a
* Disease index 0–4; 0 = healthy, no lesions on the stem base and root; 1 = light discoloration with one or two
small lesions < 25% stem base and root tissues covered with lesions; 2 = 25–50% stem base and root tissues
covered with lesions; 3 = 50–75% stem base and root tissues covered with lesions, and 4 =>75% stem base and
root tissues covered with lesions combined with a severe reduction in the root system or dead plants.
** Values in the column followed by same letter are not significantly different (P< 0.05, Duncan’s multiple range
test)
"6+'82+387
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biologic agents has proven to be effective on the
plant and to decrease the harmful effects caused by
pathogens. Apart from this, biologic agents had been
positively effective on the growth of the plant when
used per se. The most powerful isolate to dominate
the disease was founded to be #; while,
  and  & domination was founded to
be close to each other. Moreover,   was
founded to have the least domination. The same results were seen in parameters of the growth of the
plant. Many isolates of  and 
 had been confirmed to increase the height
and fresh and dry weight of the plant. The most effective isolates were determined as  #’s
Th11,  & Tvd1, and  & Tvn2. It was
indicated in a study that   was decreasing the
sclerot population of  and the disease of the
potatoes [15]. Hence, it was known that 
spp.and spp. increase the fertility and the endurance, and support the growth of the
root, food intake and utilization of the nutrient. Also,
they were observed to stimulate the endurance
against the plant disease and to dominate many kinds
of pathogens by using different mechanisms [43, 44,
28]. These isolates have a wide range use against 
 in biologic control studies [45]. [46] stated
that the amount of the product increases considerably with the use of #
The better the growth of the plant is, the
stronger they become agaist the external threats.for
this reason, in the entire world, it is aimed to use the
right and the credible ways for the health of the
plants. thus, biologic control is the main way of doing this. There are many products served in the markets consisting biological agents micro-organisms.
There are effective potential isolates in the nature, as
well. In this study, it is determined that some of the
biological agent isolates isolated from the plants are
so effective in control of the disease and the growth
of the plant. Yet, some of these biologic agent isolates has shown less effect.

At the end of the isolations made of peppers
whose farming was carried out in Lake Van Basin,
totally 67 # isolates were attained. It was
identified that 60 of these isolates were  and
7 of them were binucleate. The most isolates were of
  AG-4 (47); followingly,   AG-2
(9), binucleate # AG-A (7),  AG3 (6), and  AG-5 (3). It was stated, in other
studies, that   AG-4 was the most isolated
group from pepper plants [8, 13, 39, 40]. It can be
concluded that the intensity of the isolates attained
in Erciş district is because of the low maintenance.
Randomly selected from 67 # 20
isolates were processed in pot tester to see virulence
with other isolates: 4 from AG-2, 2 from AG-3, 10
from AG-4, and 3 from AG-A. It was determined
that there was a difference between groups as well as
the isolates. The most virulent group was AG-4 and
the second one was AG-2. The least virulent groups
were determined to be AG-3 and AG-K, while AG5 had shown no pathogenicity on peppers. [39] stated
that # AG-4, isolated from the pepper,
was the most virulent group. Nevertheless, [13] described AG-4 and AG-2-1 isolates giving the highest
rate of disease in peppers during both their greenhouse and in vitro studies.
There were 25 biologic control fungus obtained
from the isolations of the peppers. They were 11 
#, 6  , 5  , and 3 
. [41] claimed to attain 
spp. and  isolates. In vitro tests, administered to determine the most effective isolates against
Rs55 isolate, it was found that many isolates of 
# had shown high inhibition. In fact, [24]
indicated that #’s Th-9 isolate inhibits 
 at 81.8% rate. Also, it was observed that some
of the   and  & isolates inhibit the
growth of the pathogen at a high rate; on the other
hands, & isolates rates shown low rates. In
vitro tests, it was founded that the isolates of 
#  , and   had created hyperparasitsm on  AG-4’s B8 isolate. Additionally, they had suppressed the growth of the pathogen.
Hence, [42] emphasized that the pathogen control
mechanism of the  types are antibiosis,
lysis, microparasitism, and competition.  
isolates were founded to be competitive and restrictive on the growth of the pathogens. Many biological
agents were observed to inhibit the growth of the
pathogen by covering their hyphae up right onto the
hyphae of the pathogen. It was observed in a study
that  ,   and  #’s
isolates have covered the hyphae of   [29].
The isolates shown the best antagonist feature were
selected and applied to pepper plants in greenhouse
(  #& Th3, Th4, Th5, Th11,  &
Tvd1, Tvd5,  & Tvn1, Tvn2, ’s Grl
isolates). It was concluded that the isolates used as
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2015, 130 tons of strawberry has been grown at Erzurum [1]. As has been at all over the world, various
fungal pathogens are also effecting cultivation of
strawberry negatively at Turkey. At the studies performed at Turkey, prevailing strawberry diseases
have been specified as grey mold caused by !
 Pers.and soil borne diseases caused mainly
by  spp., " spp., !
 (L&C) J. Schrot. [2, 3, 4]. One of the most
serious diseases of the commercially performed
strawberry production is the black root rot disease
complex [5, 6]. This disease is very widespread at
the strawberry cultivation areas at Erzurum. This disease is caused by the decay of the roots of plants
quickly. Affected roots show a black discoloration
and extensive death. Parts of the crown and lower
leaves may also show black discoloration.
Black root rot of strawberry is a disease complex of several different fungi. Many organisms and
abiotic factors have been implicated in the cause of
the disease; however, "spp. are generally
accepted as the primary pathogen [6, 7]. This disease
has been reported in USA [5, 8-18].
Multinucleate and binucleate isolates in the
" genus are divided into groups according
to hyphal anastomosis reactions. Multinucleate 
"  Kühn (teleomorph 
 (Frank) Donk.) have been grouped into
AG-1 to 13 [19-24]. Binucleate "(teleomorph  Rogers) isolates are grouped
into AG-A to S [19, 25, 26]. In this disease, binucleate " and   are considered the
main fungi. Binucleate AG-A, AG-G and AG-I are
the most common groups isolated from strawberry in
the world [8, 9, 16-18]. In a study carried out in Italy,
binucleate AG-F were identified from strawberries
[17]. Binucleate AG-K in Israel and Australia [18];
[13]; AG-4 in Israel [18]; AG-5 in the USA
[8] and AG-6 in South Africa [16] are also associated
with root rot of strawberry.
In Turkey, " spp. were mostly isolated from diseased strawberry plants [2, 3, 27].
Studies have shown that; "spp. have been
determined to be the main factor in this disease in
Turkey. However, there is no information about
anastomosis groups of " spp. that infect
strawberries in Turkey.

Black root rot in strawberry is a disease complex of several different fungi including "
species. This study was carried out to identify anastomosis groups and pathogenicity of "
isolates from the root of strawberry plants in the
province of Erzurum, in Eastern Anatolia, Turkey.
Three hundred and six "isolates were obtained, and their anastomosis groups (AGs) were
identified. Of these isolates, 17.3 % were 
" , and 82.7 % were binucleate 
". isolates were determined as AG2-1 (2 isolates) and AG-3 (51 isolates), and binucleate " isolates were AG-A (186 isolates),
AG-G (56 isolates), AG-H (4 isolates) and AG-K (7
isolates). The selected isolates representing the each
anastomosis group were subjected to sequence analysis and the results were also confirmed as molecular. In pathogenicity tests on strawberry plants (cv.
Fern), the most virulent groups were determined as
AG-A, AG-G, AG-K and AG-3, whereas the weak
virulent ones were AG-H and AG-2-1. The anastomosis groups of "isolates obtained from
strawberry plants in Turkey were determined for the
first time in this study. Additionally, binucleate 
"AG-H was also new record in Turkey.


%$ 
Strawberry, ", anastomosis group, pathogenicity, molecular.

!"!
The strawberry (   Duchesne) that has the important place within the fruits
has been being grown all over the world in very different ecological conditions and in a wide area. Turkey is at the third place between the countries producing strawberry at the world. At the recent years,
cultivation of strawberry that has continuously
shown increase as area and quantity of production,
has been widespread at Erzurum (Eastern Anatolia,
Turkey) together with the use of suitable varieties.
According to the official records belong to the year
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Purpose of the study is, obtaining "
isolates from the strawberry plants at Erzurum and
determination of their anastomosis groups and virulence.


! ! 

841'9/43 '3* /*+39/,/)'9/43 4,    
855 Infected plant root samples were collected in
Yakutiye, Aşkale, Aziziye and Pasinler districts in
2006-2008 (August and September) growing seasons. Ten to 15 plant specimen that show disease
symptoms were taken from each field. Samples were
maintained in coolers until isolation. Plant roots
were washed under running tap water, the tissue
pieces were cut into 1 cm long parts of the root and
stem of each plant. The tissue pieces disinfected for
1 min in 0.5 % sodium hypochlorite, and rinsed with
sterile distilled water, dried on sterile filter paper.
Root and stem pieces were placed on water agar
(WA) containing 50 mg l-1streptomycin sulfate in 9cm petri dishes. Dishes were incubated at 25°C in the
dark for 3-5 days. With the general characteristics of
the genus " hyphae were transferred to
potato dextrose agar (PDA) and incubated at 25°C in
the dark for 3-5 days. For preservation, pure cultures
of selected isolates were transferred to PDA in tubes.
Isolates of "were identified based on specific vegetative hyphae nuclear condition and hyphal
anastomosis with known tester isolates [28,29].
Tester isolates (AG-2-1, AG-3) of   were
provided by Dr. A. Ogoshi (Hokkaido University,
Japan) and Dr. D.E. Carling (University of Alaska
Fairbanks, USA). Tester isolates (AG-A, AG-G,
AG-H, AG-K) of binucleate " were provided by Dr. Ogoshi. To determine AG types, tester
isolates and unknown isolates were paired opposite
of on 1.5% WA in petri dishes and incubated at
25°C. After 48-72 h, hyphal interaction was conducted between the isolates with a light microscope.

*+39/,/)'9/43 :8/3- 241+):1'7 9+).3/6:+8
The identities of 7 isolates were confirmed the sequence of the internal transcribed spacer (ITS) region of the ribosomal DNA (rDNA). Isolates of 
" were transferred to petri dishes containing
potato dextrose broth (PDB) and mycelium were
harvested onto eppendorf tube. They were sequenced by REFGEN (Gene Research and Biotechnology Company, Ankara, Turkey). The rDNA-ITS
region was amplified using primers: ITS1 (5′ TCCGTAGGTGAACCTGCGG
3′)
and
ITS4
(5′TCCTCCGCTTATTGATATGC3′). 

with those in the GenBank nucleotide database provided by the National Center for Biotechnology Information (http://www.ncbi. nlm.nih.gov/) using the
BLAST algorithm for determining the sequence
identity and find the closest match based on maximal
percent identity. With multiple alignments (Molecular Evolutionary Genetics Analysis software, Version 5, MEGA 5) Phylogenetic trees were established and then, the UPGMA similarity tree was
formed.

'9.4-+3/)/9> Pathogenicity of 54 selected
isolates (20 isolates from AG-A, 10 isolates from
AG-G, 4 isolates from AG-H, 7 isolates from AG-K,
2 isolates from AG-2-1, 10 isolates from AG-3) were
determined on strawberry seedlings (cv. Fern). Five
plants were used for each isolate. Each inoculation
trial was replicated two times. Ten plants were used
for control.  and binucleate "isolates wereincubated for inoculum on PDA plates at
25°C for 1 weeks. Inoculum was prepared with
wheat grains in bottles [30], which were autoclaved
twice, inoculated with plugs of mycelium [8]. Wheat
grains were colonized with the tested "
spp. isolate for four weeks at 25°C.
The mixture of soil, manure and perlite (1/1/1,
v/v/v) was sterilized in an autoclave on two consecutive days at 121 ºC for 60 min prior to use. Before
transplanting to the mix for the pathogenicity test,
roots were trimmed to 5 cm length [18]. Each pot
was inoculated with 15 wheat grains colonized with
isolate and uninoculated, sterile wheat grains were
used in the controls [16, 18, 31]. Plants were grown
in the greenhouse at 24°C with a 12 h photoperiod
for 10 weeks. After ten weeks, the roots of plants
were cleaned. Disease severity was rated using the
following 0-4 scale (modified by [32] : 0= healthy
plant; 1 = localized tissue discoloration without necrosis; 2 = nearly complete root necrosis, partially
restricted root length; 3 = root rot, root length severely restricted and 4=dead plant. Isolations from
necrotic parts were made on WA as described previously. Each strain was isolated from the plant again
and was confirmed by test isolates.
Plant root lengths were measured, [33] the fresh
weights of the plants were also determined [18, 34].
The plants were dried at 60°C for 72 h and dry
weights were also recorded. [16]. Comparisons were
done according to the plant weight, root lengths and
disease severity scale. Disease severity data were
subjected to analysis of variance (SPSS version 11.0)
and separated using Duncan’s multiple range test (P
= 0.05).

The nucleotide sequences produced with sequencing the ITS region of each isolate has been edited and assembled by using CodonCode Aligner
3.7.1 program with manual adjustment. Sequences
obtained from all of these isolates were compared

 "!  " 

5+)/+8'3*84,   /841'9+8Primarily, the general surveys were made commercially
strawberry growning areas in Erzurum Province.
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Most apparent symptom of root rot at the surveys
was discolouration of the plants caused by the fungi.
In the above-ground parts of the plant, the root system is much smaller than normal, the main roots or
the feeder roots are spotted with dark patches or
zones, all or part of the main root is dead, less vigorous than normal plants. As a result of observations in
the strawberry gardens, plants which are showing the
general symptoms of black root rot disease were examined in the laboratory. "species were
consistently isolated from the samples tested. (Table
1). In the result of isolations have shown that 
"is the fungus commonly found on the strawberry roots.
Regarding the third year of field study data, 306
isolates of " spp. were obtained. At the
same time,  spp.,  spp., 
 spp., ! spp. and ! spp.
fungi were also found during the isolation. Indeed,
many researchers who work on this issue, have reported these fungi during isolations [3, 12, 27, 3540].
The isolation results from strawberry plants
show that binucleate " was the predominant " in Erzurum province. Thus, this
fungus has been reported in Italy, North Carolina,

California, South Africa, Utah, Israel, Queensland,
Japan and Australia as an important pathogen of
strawberries [7, 9, 12, 13, 16, 17, 18, 41, 42].
After isolates were obtained, morphologically
resembling of these are grouped among themselves
to determine the anastomosis groups. Then, these
groups were compared with test isolates. Thus, they
were determined as 6 anastomosis groups. A total of
306 isolates of " spp. was isolated from
Erzurum province. Of the isolates obtained, 82.7 %
were binucleate " and 17.3 % were 
. Of these, 0.65 % belonged to AG-2-1, 16.67
% to AG-3, 60.78 % to AG-A, 18.30 % to AG-G,
2.29 % to AG-K and 1.31 % to AG-H. The anastomosis groups which were determined according to
the reaction of hypa were confirmed by sequence
analysis (except AG-H). Dendrogram showing a relationship among the " spp. isolates from
strawberry in Figure 1. This is the first report of 
" AGs on strawberry plants in Turkey, and
binucleate " AG-H was recovered from
the first time in Turkey. In this study, intense of 
 AG-3 isolates may be related to the main pathogen of potato plants are widely grown in the study
area before [43].
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!.+';+7'-+4,9.+949'14,'11/841'9+84,'3'894248/8-74:57+8.<+/-.9*7><+/-.974491+3-9.8)'1+
;'1:+8+;+7/9>4,*/8+'8+7+8:198
4491+3-9.
/8+'8+3*+=
:2(+74,
7+8.<+/-.9-7 7><+/-.9-7

)2
/841'9+8

AG-A
20
8,30 bc**
3,16 c
6,52 c
2,19 a
AG-G
10
8,98 b
3,47 bc
6,96 c
2,00 a
AG-3
10
7,67 c
3,19 c
6,46 c
2,00 a
AG-K
7
7,56 c
3,23 c
6,78 c
1,90 a
AG-2-1
2
6,27 d
2,53 d
6,28 c
1,45 b
AG-H
4
9,39 b
3,94 b
11,08 b
0,71 bc
Control
12,78 a
4,86 a
15,32 a
0,00 c
*: Disease index 0-4; : 0= healthy plant; 1 = localized tissue discoloration without necrosis; 2 = nearly complete root necrosis, partially restricted
root length; 3 = root rot, root length severely restricted and 4=dead plant.
**: Values within columns followed by different letters were significantly different (< 0.05) according to the Waller-Duncan procedure.
841'9+8


'9.4-+3/)/9>4,9.+   /841'9+8The
average of the total of all isolates of anastomosis
group, Fresh weight, dry weight, root length, scale
value, severity of disease results in Table 2. In the
results of the pathogenicity, the most virulent isolates were binucleate " AG-A. Binucleate
" AG-G, AG-K and AG-3 were
found to be virulent groups. Likely, [13,33] determined that AG-A, AG-I and AG-G were highly virulent on strawberry, and [16] reported that AG-A,
AG-I, AG-G and   (AG-6) isolates caused
disease on strawberry plants. Additionally, in Italy,
researchers have found that AG-A and AG-G most
virulent isolates on strawberry. In Israel and Australia, the reports indicating that AG-K isolates are
virulent to strawberry [13, 18] and similarly, in this
study AG-K isolates were found to be virulent on
strawberry plants. Binucleate " AG-H isolates were found to be weakly pathogenic on strawberry. There is no information about of virulence of
AG-H on strawberry. In Turkey,   were
found to be virulent on strawberry but the anastomosis groups not determined [2, 3]. In this study, 
 AG-3 isolates were moderately pathogenic,
while other   AG-2-1 were found to be
weakly pathogenic. The interpretation of results is
complicated because of the anastomosis groups in
Turkey have not been not determined. Furthermore,
in Connecticut and California, AG-5 [8, 9],
and in the Western Cape Province,   AG-6
was reported [16]. But, there is no record of the existence of  AG-3 in strawberry plants in the
world.
In many studies on this subject, virulence was
based on root lengths and plant weights rather than
on disease symptoms [8, 9, 16]. All anastomosis
groups were reduced in fresh and dry weight of the
plants compared with the control. [16], reported that
the dry mass of plants inoculated with AG-A, AG-G
and  AG-6 was significantly lower than that
of the control plants. In the study of [18], plants inoculated with AG-A, AG-G, AG-K, AG-F and 
 AG-4, generally gained less weight (from
21% to 58%) than the control plants. [44] determined
that  reduced root weight and had a negative

effect to plant. [9] also reported that all isolates significantly reduced shoot weights of plants. In this
study, these isolates had a similar effect on root
length. Root length was measured shorter than control. In another study, feeder root length was reduced
by AG-I, AG-A ve AG-G pathogens [33]. [45] reported that root systems of inoculated plants with
"  were smaller than control
plants.
This is the first study in Turkey of binucleate
" anastomosis groups that cause black
root rot in strawberry. Strawberry growing is common in Erzurum so this pathogens can cause economic yield losses on plants. To avoid these losses,
suitable cultural practices will be useful. Chemical
control is not efficient this fungi but biological control may be useful for this disease. Therefore, effective biocontrol agent should be determined by in
vivo and in vitro trials.
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RELATIONS BETWEEN CROP WATER STRESS INDEX AND
STOMATAL CONDUCTANCE OF SOYBEAN DEPENDING
ON CULTIVARS
Cihan Karaca, Begum Tekelioglu, Dursun Buyuktas*, Ruhi Bastug
Department of Agricultural Structures and Irrigation, Faculty of Agriculture, Akdeniz University, Antalya, Turkey

by 4.6% annually from 1961 to 2007 and reached average annual production of 217.6 million tons in
2005-2007 [2]. World production of soybeans is predicted to increase by 2.2% annually to 371.3 million
tons by 2030 using an exponential smoothing model
with a damped trend [2]. In Turkey, soybean plants
were planted at 20 thousand hectares in the beginning of 1960s and 50 thousand tons were produced.
In 2015, planting area reached 36 thousand hectares
and production reached 161 thousand tons [3]. Today, Turkey can produce only 6 percent of 2 million
tons of soybean that is imported.
Determining the water requirement and exact
irrigation scheduling is important for agriculture. But
they are affected by environmental and meteorological variables, crop characteristics and management
practices. In order to use current water resources efficiently, plant based irrigation scheduling method
among soil, climate and plant based methods is used
widely. In recent years irrigation scheduling methods
depending on the responses of the plants due to water
stress are gaining importance. Infrared thermometers
are well developed equipment to measure canopy
temperatures for plant based irrigation scheduling.
The use of canopy temperature as an indicator of
crop water stress has been the subject of much research past 50 years [4-10]. According to Gardner et
al. [7] crops that are extremely sensitive to water
stress may not have irrigation adequately scheduled
by crop water stress index (CWSI), while crops that
tolerate mild to moderate water stress, or that benefit
from water stress imposed at specific growth stages,
can have irrigation very effectively scheduled by
CWSI. Sezen et al. [9] conducted an experiment to
determine the effect of water stress on yield and various physiological parameters including CWSI for
drip and furrow irrigated processing red pepper in
Mediterranean region. They also found significant
relation between yield and CWSI. According to Candogan et al. [8] CWSI could be used to evaluate crop
water stress and improve irrigation scheduling for
soybeans under sub-humid climatic conditions.
Evapotranspiration (ET) estimation based on
scaling up from leaf stomatal conductance (gs) to
canopy conductance (gc) is important in improving
effective use and evaluation of agricultural water resources [11]. Stomata play an essential role in the
regulation of both water losses by transpiration and

ABSTRACT
In order to use current water resources efficiently, plant based irrigation scheduling method
among soil, climate and plant based methods is used
widely. Infrared thermometers are well developed
equipment to measure canopy temperatures for plant
based irrigation scheduling. Soybean, which contains 40-45% protein, 18-24% fat and 26% carbohydrate, is important for both animal and human nutrition. The aim of this study is to investigate the relations between stomatal conductance (mmol/m2/s)
and crop water stress index in ATAEM-7 and SA-88
VR\EHDQ FXOWLYDUV UHJLVWHUHG RIILFLDOO\ E\ %DWÕ $N
deniz Agricultural Research Institute and private
sector, respectively. The study is conducted in the
year of 2015 according to randomized complete
block design to include two cultivars and six different irrigation treatments in three replications. Plots
were irrigated using drip irrigation system based on
the pan coefficient (Kpc) of 0, 0.25, 0.50, 0.75, 1.00,
and 1.25 when the cumulative evaporation in Class
A pan is 25±5 mm. According to the results, as crop
water stress index is increased stomatal conductance
decreased. Duncan test revealed that the differences
in mean crop water stress index and stomatal conductance in terms of irrigation treatments were found
to be statistically highly significant (p<0.001). It was
concluded that differences between ATAEM-7 and
SA-88 cultivars in terms of water stress is not statistically significant. Also, highly significant relationship between crop water stress index and stomatal
conductance (P<0.001, R2=0.92) was determined.

KEYWORDS:
CWSI, Deficit Irrigation, Antalya, Pan coefficient, Glycine
max (L.) Merr.

INTRODUCTION
The soybean (Glycine max (L.) Merr.) is one of
the most important crop species cultivated worldwide. It is a source of oil and protein and is used for
livestock feed, human food, and for industrial purposes [1]. The world soybean production increased
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MATERIALS AND METHODS

CO2 uptake for photosynthesis and plant growth
[12]. Also, stomatal control is a major physiological
factor for optimizing the use of water in drought conditions [13]. Liu et al. [14] investigated the involvement of root and shoot factors in controlling leaf gas
exchange of soybean (Glycine max (L.) Merr.) during progressive soil drying and concluded that the gs
and evaporation (E) were the most sensitive processes to soil drying in soybeans. The similarity in
the sensitivity of gs and E in response to soil drying
indicated that a decrease of E during soil drying was
due mainly to a decrease of gs, similar to earlier results in vegetable amaranths. Likewise, Makbul et al.
[13] declared that gs decreased during the drought
period in leaves and exposure to drought stress resulted in decreasing in gs as much as 42% in drought
stressed leaves as compared to the unstressed leaves.
Hattendorf et al. [15] expressed that higher canopy
temperature for alfalfa was consistent with lower gs.
Zia et al. [16] reported a high correlation between gs
and CWSI, depending on the phonological stage of
the wheat crop with R2= 0.44 at pre-heading stage
and R2= 0.77 at post-heading stage. Similarly, Orta
et al. [17] found statistically significant correlations
between CWSI calculated from single leaf temperatures and stomatal resistance in sunflower. Decreasing transpiration may increase canopy temperature
due to a reduction in evapotranspiration. An increase
in canopy temperature as measured by CWSI occurred in response to water stress, but the effect was
not as clear with CWSI as with gs [18].
The aim of this study is to investigate the relations between gs (mmol/m2/s) and crop water stress
index (CWSI) in ATAEM-7 and SA-88 soybean cultivars registered officially by %DWÕ$NGHQL] Agricultural Research Institute (BAARI) and private sector,
respectively.

The study was carried out in the summer of
2015 at the Bati Akdeniz Agricultural Research Institute (BAARI) in the city of Antalya located on the
Mediterranean Sea coast line of Turkey, at the latitude of 36o 52' North and longitude of 30 o 50' East,
with an altitude of 15 m. The physical and chemical
properties of the soil in the experiment area are given
in Table 1.
The study is formed in randomized complete
block design to include two cultivars and six different irrigation treatments in three replications. Plots
were irrigated using drip irrigation system (2 L/h)
based on the pan coefficient (Kpc) of 0, 0.25, 0.50,
0.75, 1.00, and 1.25 when the cumulative evaporation in Class A pan is 25±5 mm. At the beginning of
the experiment, the salinity level of irrigation water
was determined to be 0.56 dS/m and pH 7.7. Soybean
cultivars of ATAEM-7 developed by BAARI and
SA-88 developed by the private sector, were used in
the experiment.
The soybean seeds were planted in all plots on
15 May 2015 at a depth of 5 cm, with row spacing of
0.70, intra-row spacing of 10 cm. Climatic parameters were taken from meteorology station which is
located near the experiment area (about 250 m distance). The climatic data in the period during which
the experiment was conducted are given in Table 2.
Crop canopy temperatures were measured with a
hand-held infrared thermometer (IR Crop Temperature Meter-Spectrum Technologies Inc.). Temperature readings were made in accordance with the manufacturer's manual [19].

TABLE 1
Physical and chemical properties of the soil in the experiment area
Depth
(cm)

Texture
Permanent wilting
Field capacity (%)
class
point (%)

Bulk density
(g cm±3)

pH

EC
(dS m-1)

Organic matter
CaCO3 (%)
(%)

0-30

CL

24.0

12.8

1.35

8.0

0.18

1.7

29.9

30-60

CL

23.5

12.8

1.30

8.1

0.13

0.8

32.1

60-90

L

21.6

11.3

1.32

8.1

0.16

0.7

33.7

TABLE 2
Average climatic parameters during 2015 and long-term (1954-2013) for the experimental site

Months
05
06
07
08
09
10

Temperature
(°C)
1954-2013
2015
20.5
21.1
25.4
26.5
28.4
28.0
28.2
28.6
24.7
25.4
20.0
21.0

Total rainfall
(mm)
1954-2013
2015
31.8
43.0
7.9
5.0
3.0
0.0
2.4
0.0
13.7
33.3
78.8
97.0

Evaporation
(mm)
1954-2013
2015
142.7
120.9
176.9
126.0
195.3
164.3
172.2
155.0
133.6
123.0
96.0
102.3
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Wind speed
(ms-1)
1954-2013 2015
2.0
2.1
1.9
1.9
1.9
1.7
1.7
1.7
1.8
1.5
1.8
1.4

Relative humidity
(%)
1954-2013
2015
65
62
59
65
56
62
60
62
60
68
60
59
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two readings were averaged. For accurate readings,
gs was measured when the sun is highest in the sky
between the hours of 11:00 a.m. and 2:00 p.m. Statistical analyzes of the data were conducted using the
SAS statistical software. Analysis of variance was
performed in order to evaluate the influence of different irrigation level on CWSI and gs measurement.
The significance of differences between treatments
ZDVGHWHUPLQHGXVLQJ'XQFDQ¶s Multiple Range test.
Also linear correlation was calculated for the relationship between CWSI and gs.

The Idso method [6], also known as the experimental approach, was used to calculate the crop water stress index (CWSI). The relevant formula is
given in Equation 1.
ܫܹܵܥ
ሺܶ െ ܶ ሻ െ ሺܶ െ ܶ ሻ
(1)
ൌቈ

ሺܶ െ ܶ ሻ௨ െ ሺܶ െ ܶ ሻ
Where Ta is the air temperature (oC), Tc is the
canopy temperature (oC), (Tc-Ta)l is the lower base
line (oC), (Tc-Ta)u is the upper base line (oC).
gs (mmol/m2/s) measurements were made using
the method given by Doubledee [18]. It was measured with an SC-1 Leaf Porometer (Decagon Devices Inc. Pullman, WA) with a range of 0 to 1000
mmol/m2/s and a sample chamber aperture of 6.35
mm [20]. Measurements were made by clipping the
sensor of the porometer onto a leaf at the top of the
canopy just below the newest green leaf. gs measurements were taken from two leaves per plot and the

RESULTS AND DISCUSSION
The variations of crop water stress index
(CWSI) for ATAEM-7 and SA-88 soybean cultivars
are shown in Figure 1 and Figure 2, respectively, as
a function of different irrigation level and day of year
(DOY).

FIGURE 1
Seasonal variations of crop water stress index (CWSI) for ATAEM-7 soybean cultivar

FIGURE 2
Seasonal variations of crop water stress index (CWSI) for SA-88 soybean cultivar

4214

© by PSP

Volume 27 ± No. 6/2018 pages 4212-4219

According to Figure 1 and 2, a similar CWSI
trend was determined for each irrigation level and
cultivar. CWSI values for soybean range from 0 to
0.4 at the beginning of the season and range from 0.5
to 1 at the end of the season depending on irrigation
treatments. The highest CWSI values were determined at the end of the season for ATAEM-7 and
SA-88 cultivar both in Kpc: 0 treatment as 0.95 and
1.05, respectively. Similar CWSI trends had been reported with deficit irrigation applied for maize by
Taghvaeian et al. [21] and for pepper by Sezen et al.
[9].
The variations of gs (mmol/m2/s) in ATAEM-7
and SA-88 soybean cultivars are shown in Figure 3
and Figure 4 as a function of different irrigation level
and day of year (DOY).

Fresenius Environmental Bulletin

According to Figure 3 and Figure 4, similar gs
trends determined for each irrigation level and cultivar. The lowest gs values were measured in non-irrigated treatment (Kpc: 0). Mean gs ranged from 231 to
569 mmol/m2/s. Doubledee (2012) reported values
of mean gs varying between 175.5 and 718.6
mmol/m2/s for soybean depending on different irrigation applications. In this context, the results obtained in this study were similar to the results of Doubledee [18]. As can be seen from Figures 3 and 4, as
the water stress of the plants increases, the gs decreases. Although not measured in this study, this
could be attributed to the reduced stomatal area in the
deficit irrigated treatments [22, 23]. Statistical analyzes regarding gs and CWSI is shown in Table 3-4
respectively.

FIGURE 3
Seasonal variations of stomatal conductance (mmol/m2/s) for ATAEM-7 soybean cultivar

FIGURE 4
Seasonal variations of stomatal conductance (mmol/m2/s) for SA-88 soybean cultivar
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TABLE 3
Statistical comparison of gs for cultivars and irrigation levels
gs (mmol/m2/s)
Cultivar

Kpc: 0

Kpc: 0.25

Kpc: 0.50

Kpc: 0.75

Kpc: 1.00

Kpc: 125

P>F

Mean of
cultivar
440.4
395.5

ATAEM-7
271.2 c
368.1
408.4 abc
492.5 ab
532.8 ab
569.4 a
*
SA-88
231.8 b
357.8 ab
351.1 ab
416.0 a
491.1 a
525.5 a
*
P>F
ns
ns
ns
ns
ns
ns
Mean of irriga251.5 c
362.9 bc
379.8 b
454.2 ab
511.9 ab
547.5 a
tion level
Significance
Cultivar (C)
: ns
: ***
øUULJDWLRQOHYHO ,
CxI
: ns
Means followed by the different letters in each row are significantly different at 5% level by Duncan test. Since there was no interaction
between the irrigation level and the cultivars, all cultivars had been evaluated within themselves.
ns: non-significant; * P<0.05; ** P<0.01 *** P<0.001.

TABLE 4
Statistical comparison of CWSI for cultivars and irrigation levels
CWSI
Cultivar

Kpc: 0

Kpc: 0.25

Kpc: 0.50

Kpc: 0.75

Kpc: 1.00

Kpc: 125

P>F

Mean of
cultivar
0.35
0.34

ATAEM-7
0.59 a
0.45 b
0.35 c
0.26 d
0.20 d
0.20 d
***
SA-88
0.61 a
0.47 b
0.38 b
0.27 c
0.19 c
0.19 c
***
P>F
ns
ns
ns
ns
ns
ns
Mean of irriga0.60 a
0.46 b
0.36 c
0.27 d
0.19 e
0.19 e
tion level
Significance
Cultivar (C)
: ns
øUULJDWLRQOHYHO ,
: ***
CxI
: ns
Means followed by the different letters in each row are significantly different at 5% level by Duncan test. Since there was no interaction
between the irrigation level and the cultivars, all cultivars had been evaluated within themselves.
ns: non-significant; * P<0.05; ** P<0.01 *** P<0.001.

FIGURE 5
The relationship between stomatal conductance and CWSI for deficit (Kpc: 0.25) and well irrigated (Kpc:
1.00) treatments for ATAEM-7 cultivar
No significant differences for gs and CWSI
were found between cultivars as well as interaction
of cultivars and irrigation levels. There was a highly
significant difference (P<0.001) among irrigation

treatments both gs and CWSI. As expected, the highest CWSI value was determined for Kpc: 0. There was
no significant difference between Kpc: 1.0 and Kpc:
1.25 treatments where the lowest mean CWSI values
were obtained. It was determined that the soybean
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FIGURE 6
The relationship between seasonal averaged CWSI and gs (pooled data)
and range from 0.5 to 1 at the end of the season. At
the end of the season, the highest CWSI for
ATAEM-7 and SA-88 was found both in Kpc: 0 treatment as much as 0.95 and 1.05, respectively. Likewise, the lowest gs values for ATAEM-7 and SA-88
were determined at the end of the season as much as
127 mmol/m2/s and 77 mmol/m2/s, respectively, in
Kpc: 0 treatment.
According to the results, as CWSI increased
stomatal conductance decreased. Duncan test revealed that the differences in mean CWSI and stomatal conductance in terms of cultivars and irrigation treatments were found to be statistically highly
significant at P<0.001. Also it was found that highly
significant relationship between CWSI and gs
(P<0.001, R2=0.92). It was concluded that there were
no significant differences between the soybean cultivars (ATAEM-7 and SA-88) for CWSI and stomatal
conductance.

plants undergo stress because of the application of
deficit irrigation. Nielsen [24] showed that irrigation
scheduling could be done for soybeans using CWSI.
For this reason, the results obtained in this study
were in accord with Nielsen [24]. Similarly, Doubledee [18] found that cultivars and interaction between
cultivars and irrigation level showed no significant
effects on the gs for soybean at 84 days after planting.
The author also found that only irrigation level had
significant effects on the gs. According to Table 3,
mean gs for irrigation level is not significantly different for Kpc: 1.25, Kpc: 1.00 and Kpc: 0.75 irrigation
levels, but significant differences were found between the other treatments. It was determined that
the lowest mean gs was in Kpc: 0 treatments (251.5
mmol/m2/s). The relationship between gs and CWSI
for deficit (Kpc: 0.25) and well irrigated (Kpc: 1.00)
treatments is presented in Figure 5.
As seen in Figure 5, there is an inverse relationship between gs and CWSI for well irrigated (Kpc:
1.00) and deficit irrigated (Kpc: 0.25) treatments. The
steady decline in gs and the regular increase in CWSI
can be evaluated as the response of the plant to water
stress. Higher values in gs and lower value in CWSI
were observed in the later growth stage as a result of
maturity. The relationship between CWSI and gs is
shown in Figure 6.
According to figure 6, it was found that highly
significant relationship between CWSI and gs
(P<0.001, R2=0.92) was found. Results showed as
CWSI increased gs decreased. Zia et al. [16] reported
that CWSI and gs are linearly correlated (R2 =0.77)
at the post-heading stage for wheat. Similarly, Orta
et al. [17] stated that there was a strong relationship
(R2 =0.77) between CWSI and stomatal resistance
(1/gs) for sunflower.
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This study was conducted at Lake Erçek (VanTurkey) in 2015 breeding season using scan and focal sampling of individuals of the Greater Flamingo
(  ). Diurnal time-activity
budgets of adults and juveniles were monitored separately in randomly selected focal flocks during
1200 observation sessions in 8 different behaviour
patterns: feeding, resting, walking, flying, preening,
aggression, showing alarm and courting. Feeding
was the most important activity with rates of 46 of
the time in both adult and juvenile individuals and
showed a negative relationship with the degree of
disturbance. Main diurnal activities of the Greater
Flamingos during the study were walking and resting. Time use did not differ significantly between
adults and juveniles ( >0.05). But, juveniles spent
more time feeding and less time walking than adults
( <0.05).



diurnal behaviour patterns of the colony are not
known. The goal of this study was to estimate the
proportion of the time spent by Greater Flamingos.
In order to fill some gaps in the knowledge of Turkey
population, diurnal and seasonal activity budget and
breeding ecology of the species were investigated at
Lake Erçek.
  

89)=6*&This investigation was carried out
at Erçek Lake (38°35' N, 43°33' E) cover an area of
9520 ha respectively. The lake is 1890 m in altitude
and the water level varies from 30-38 m. It is a saline
soda lake and maximum pH is 10.75 [7, 8]. Abundant zooplankton species those are    
of Copepoda,   of Rotatoria,   
of Dipteria, are present [9].
Erçek Lake has an important ornithofauna especially in the breeding season consist of the species
like as Greater Flamingo (  ),
The red-necked grebe (    
    
            
       
 [7, 10].

$#
Greater Flamingo, behaviour, activity budgets, wetlands,
Van Lake Basin
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*-&:.496&1 '7*6:&8.437 Scan sampling
and focal sampling methods were used to estimate
diurnal time-activity budgets of Greater Flamingo
  at Erçek Lake during the
breeding season of 2015. Behaviours of juveniles
and adults were recorded separately in randomly selected focal flocks during 1200 obervation sessions
in three different periods of the day (morning, noon
and afternoon) [11]. We categories behaviours as
feeding, resting, walking, flying, preening, aggression, showing alarm and courting. The frequency of
occurrence of these behaviours exhibited different
time period in the colony were determined. 

The Greater Flamingo ( )
is a partially migratory and irregular vagrant species,
inhabit shallow brackish or salt lakes of the Mediterranean; West, East, and South Africa; and South and
Southwest Asia [1, 2, 3]. The species is classified as
a widespread and abundant species in the 2016
IUCN Red List of threatened species. The world
population is estimated at 550,000-680,000 individuals [4].
The western Mediterranean and Southwest
Asia may constitute two sets of populations, which
overlap in Turkey. Turkey hosts one of the largest
flamingo populations of the Mediterranean region
with up to 19,000 breeding pairs in 2005 in two colonies, the Gediz Delta and Tuz Lake [5]. Furthermore, there is one known crowded colony of Greater
flamingo in Lake Erçek in East Anatolia [6, 7]. But
studies about Lake Erçek colony of Greater Flamingo  are scanty. Especially,

8&8.78.(&1 3&1=7.7 The statistical software
SPSS 16.0 was used to perform all statistical analyses. The Wilcoxon matched-pairs test was used to
determine diurnal period differences of different
types of behaviour in adults and juveniles. We used
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Tukey test to determine correlations between behaviour and environmental variables such as wave
height and wind conditions. 


! !

Greater Flamingo, a non-breeding migrant species at Lake Erçek, displayed different behaviour
patterns during the diurnal period. They spent % 46
of time feeding, % 18 resting, %17 walking, %10
preening, %4 flying, %3 aggression, % 1 showing

alarm and %1 courting. Feeding was the main diurnal activity with rates over 45% of the time in both
adult and juvenile individuals and showed a negative
relationship with the degree of disturbance. The two
other important diurnal behaviours of the Greater
Flamingos during the study period were walking and
resting (Table 1). Walking peaked at early morning
times and late afternoon when feeding activity was
its highest.
A statistical analysis revealed that time use significantly differed between diurnal periods (Table
2). Resting peaked in the middle of the day (Z: 15,338, p<0.05) while feeding was observed frequently in morning and evening (Z: -2,377, p<0.05).

 
.963&18.2*'9),*874+6*&8*61&2.3,4&86?*0&0*)96.3,8-*789)=5*6.4)
*-&:.496

3
546
219
204
126
42
27
22
14
1200

Feeding
Resting
Walking
Preening
Flying
Aggression
Showing alarm
Courting
Total

.2*75*38
46
18
17
10
4
3
1
1
100

n: Number of individual
 
*791874+8-*#.1(4<&32&8(-*)5&.678*78+46(425&6.7434+8-*5645468.434+8.2*75*38*3,&,*)*&(-
8=5*4+'*-&:.496)96.3,8-*).963&15*6.4)7
*-&:.496
%
7=25.,3 8&.1*)

**).3,
-2,377
,017

*78.3,
-15,338
,000

#&10.3,
-15,532
,000

1=.3,
-22,689
,000

6**3.3,
-19,319
,000

,,6*77.43
-23,296
,000

-4;.3,&1&62
-23,558
,000

4968.3,
-23,884
,000

 
425&6.7434+8-*).963&1'*-&:.49677-4;3'=&)918&3)/9:*3.1*6*&8*61&2.3,4
Behaviour
Feeding
Resting

Walking
Flying
Preening

Aggression
Showing alarm

Courting

Individual
Adult
Juvenile
Total
Adult
Juvenile
Total
Adult
Juvenile
Total
Adult
Juvenile
Total
Adult
Juvenile
Total
Adult
Juvenile
Total
Adult
Juvenile
Total
Adult
Juvenile
Total

n
600
600
1200
600
600
1200
600
600
1200
600
600
1200
600
600
1200
600
600
1200
600
600
1200
600
600
1200

n: Number of individual
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Mean@ SD
0,401±0,49
0,552±0,497
0,476±0,499
0,181±0,385
0,146±0,354
0,164±0,37
0,213±0,409
0,128±0,334
0,17±0,376
0,039±0,195
0,028±0,166
0,034±0,181
0,106±0,308
0,103±0,304
0,105±0,306
0,026±0,161
0,018±0,134
0,022±0,148
0,02±0,14
0,016±0,128
0,018±0,134
0,011±0,107
0,005±0,07
0,008±0,09

Statistical value
<0.05
>0.05

<0.05
>0.05
>0.05

>0.05
>0.05

>0.05
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all over the year. As the greater flamingo, do not encounter the hunting as a major threat, feeding in large
colony along the southern shore of the Erçek Lake,
where Memedik Stream flows into. This side of the
lake is rich in nutrients for flamingos. At the same
time, the southern part of the lake is the area where
human activities are most. However, Erçek Lake
Flamingo Festival which is set every year in cooperation with the Governor of Van, Yüzüncü Yıl University and other relevant public institutions, has
raised interest and attention to flamingos and other
bird species in the area. This situation has reduced
the negative pressures on the species.

Feeding was the dominant diurnal activity during the study period and was observed frequently in
morning and afternoon. These results were consistent with the previous studies [12, 13, 14, 15]. But
some studies revealed that feeding was slightly
lower in the morning than in the afternoon during the
wintering season [16, 17]. It was supposed that flamingos displayed this seasonal variation in their behavioural mechanism for its thermoregulatory advantages. Resting was recorded at noon like many
other species [15].
Overall, the adults and juveniles showed similar behaviour patterns ( >0.05), but the juveniles
spent more time feeding and less time walking than
adults ( <0.05) (Table 2). The three main activities
of adults were feeding, walking and resting. It was
observed that the flamingos were fed together in
large group. During this process, juveniles moved
less while adults controlled the surrounding and relocated to search food.
Walking peaked in morning and afternoon
when the number of individuals was maximal which
induced a high competitive pressure among individuals for food. Especially adults who displaced frequently due to food competition checked their surroundings while feeding constantly. During the
study period, no interspecific competition was observed between Greater Flamingos and other waterbirds. Furthermore intra-specific aggression was
low. So it means that there is little intra-specific
competition for food in Erçek Lake.
It was detected that more time was spent feeding during windless days as wave-height decreased.
Preening which plays an important role in removing
parasites from the body and feather adjustment [18,
19] peaked in the noon and windy days as waveheight increased.
Courtship was among the least observed activities starting in January. It is important to note that
no nesting attempt was recorded in study area. Reproduction depends on the availability of undisturbed areas to avoid predation [2]. But, grazing activities were quite intensive in the most suitable areas for hatching.
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The greater flamingo is a highly social species, feeding in large, dense colonies. But, as all flamingo species, the Greater Flamingo is very sensitive to human disturbance and nest predation [2021]. For this reason, Erçek Lake is preferred only as
a feeding area by the flamingos. The species is migratory at this site and its numbers were the highest
in January. Individuals started to leave the site in late
winter.
Erçek Lake is a wetland with international importance, so hunting activities are prohibited here for
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transport, increased abdominal pressure during pregnancy, tympani and birth [5]. The first sinking phase
of the reticular wall of foreign bodies is also defined
as      [2]. Foreign bodies that reach
the peritoneal and peripheral tissues and penetrate
the reticular wall, as well as the infectious agents
they carry, influence the peritoneal fluid and cause
complications, such as primarily local  
Later,            
      ,  
,   and   may develop [2, 6].
Clinically, the disease occurs acutely with symptoms
that include severe pain, difficulty lying down and
moaning, loss of appetite, sudden drop in milk yield,
ruminal stasis, and separation of the anterior limbs
from the body. When the disease is subacute and
chronic, these symptoms can be alleviated or can
cause the animal to stop eating, drinking and digestion together [2]. The diagnosis of foreign body diseases is based on clinical examination; pain tests; laboratory examinations; electromagnetic screening;
electrocardiographic, radiographic and ultrasonography findings; pharmacological tests; and experimental operations [7–11]. Foreign body diseases are
reported to be more frequent in dairy cattle, particularly in winter, while these diseases are rarely seen
in younger cattle less than one year of age as well as
in beef cattle, mandate, sheep and goats [10]. The
rate of foreign body syndrome in cattle has been reported to be 94% in Germany, 75-90% in France,
80% in Switzerland, 95% in England, 75% in the
USA and 94% in Turkey [6, 10]. RPT still occurs at
a high level in Turkey, leading to a decline in meat
and milk yields, decline in the reproductive ability
and economic losses from the death of animals, and
the prevention and treatment of RPT is important [2,
12].
In this study, we aimed to determine the prevalence of foreign bodies encountered in the rumen and
reticulum of cattle raised in Agri province as well as
the prevalence of complications, inform breeders
about preventive measures and treatment and minimize economic losses.

This study was conducted to determine the
prevalence of foreign body syndrome and foreign
body presence in cattle in the Agri province, in form
breeders about preventive measures and minimize
economic losses. The study materials consisted of
1200 cattle cut in the Meat and Milk Association
Agri Abattoir. After cutting, cattle were examined
antemortem and postmortem in terms of the presence
of foreign bodies and foreign body syndrome. In this
study, a foreign body was found in 76.5% of the cattle. The determined foreign bodies included 31.1%
wire fragments and nails, 29.8% sand and stone fragments, 8.1% bags and nylon fragments, 7.1% swallowed magnets and 0.4% rumen parasites. For foreign body syndrome, it was found that 15.3% (36
male and 104 female) of the cattle had   
  and 1.7% (5 male and 11 female) had   
  and its complications. As a result, the prevalence of foreign bodies in cattle in the
Agri province was found to be high at 76.5%. In addition, foreign body syndrome was observed at lower
rates, and this rate was determined to be 17%.


'&!"
Foreign body, rumen, reticulum, nutrition, cattle.



#!$#
Among the diseases of the digestive system that
affect cattle,      (RPT) or
foreign body syndrome, is a disease type that occurs
due to sharp-tipped foreign bodies that animals receive with feed sinking to the wall of the reticulum,
and it can result in trauma to the peritoneum and surrounding organs [1–4]. Metal foreign bodies, such as
nails, wires and needles, of various shapes and
lengths are swallowed with feed; then, they are
passed to the rumen and subsequently to the reticulum. These swallowed foreign bodies sink to the wall
of the reticulum due to contractions of the reticulum,
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In this study, we evaluated 1200 cattle that were
cut in the Meat and Milk Association Agri Abattoir.
In this study, antemortem and post-mortem examinations of cattle brought to slaughter were performed. The animals' age, gender, race, body temperature, heart rate and respiration were recorded.
Rhythm was checked with rumen movements and
pain tests (ridge pinching, spinning around a small
circle, stick experiment, and uphill and downhill
walking) were performed.
When the slaughter were performed the abdominal region was opened,   in the internal
organs were first investigated.   in the internal organs were located, and photos of the sticking
parts were taken. The entire front stomach was removed and externally examined in detail. Then, the
omasum and abomasum were separated from the rumen and reticulum by cutting the rumen along the
long axis with a knife, and the contents were
checked. The consistency of the contents (solid and
liquid) were examined without draining them. Later,
foreign bodies were emptied from the rumen in a regular manner. The extracted foreign bodies were classified. Photographs of the pathological findings were
taken. After the contents were drained, the wall of
the reticulum was examined and pathological disorders were determined [10].

age groups and were distributed according to both
male and female animals.
When common foreign bodies were examined
according to their ages, 31.6% sand and stone particles, 31.6% wire and nail, and 8.8% nylon bag foreign bodies were found in the one-and-a-half-yearold female animals, while the percentages in males
were 30.4% wire and nail and 39.1% sand and stone
particles. In the study, 33.5% of the 2-year-old female animals were found to have wires and nails,
30.6% sand and stone particles, and 11.1% nylon
bag. Similar materials were observed in males;
47.5% were sand and stone particles, and 33.2%
were wires and nails.
In the three-year-old group (Figure 1a), 35% of
females had wires and nails, 25% had sand and stone
particles, 5% had nylon bag (Figure 2a), 10% had
magnets and 5% had   . In the
males, 26.3% had wires and nails, 26.3% had sand
and stone particles, 13.2% had nylon bag and 10.5%
had magnets.
In females in the four-year-old group, 25% had
wires and nails, 25% had sand and stone particles
(Figure 1b), 12.5% had nylon bag, 12.5% had magnets, and 4.2% had    (Figure
2b). In males, 26.3% had wires and nails, 26.3% had
sand and stone particles, 10.5% had nylon bag and
5.3% had magnets.
In females in the five-year-old group, 29.6%
had wires and nails, 24.4% had sand and stone particles (Figure 3a), 14.6% had nylon bag and 11.3%
had magnets. In males, 27.7% had wires and nails,
28.7% had sand and stone particles, 9.9% had nylon
bag and 3.9% had magnets.
The six-, seven-, eight-, nine- and ten-year-old
age groups only consisted of females. In the sixyear-old group, 38% had wires and nails, 26.9% had
sand and stone particles, 14% had magnets and 1.3%
had   . In the seven-year-old
group, 29.7% had sand and stone particles, 28.4%
had wires and nails, 14.7% had nylon bag, and 6.8%
had magnets. In the eight-year-old group, 34.7% had
sand and stone particles, 26.4% had wires and nails,
and 7.6% had nylon bag. In the nine-year-old group,
34.5% had wires and nails, 29.2% had sand and stone
particles, 8.8% had bags, and 6.2% had magnets. In
the ten-year-old group, 30% had sand and stone particles, 20% had wire and nails, 20% had bags and
10% had magnets.
Reticulitis simplex (Figure 3b) and   
   5 (1.9%) were found in 36
(9.5%) male animals when the cut-off animals were
evaluated for foreign body complication (Figure 7a).
Reticulitis simplex (Figure 4a, Figure 4b, Figure 5a,
Figure 5b, Figure 7b) were observed in 104 females
(11.1%) and      and complications were observed in 11 females (1.8%)
(Graph 2b) (Figure 6a, Figure 6b). In addition, cutter
and sinker foreign bodies that reached the perito-
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Montofon crossbred (49.6%), Simental crossbred (30.9%), Indigenous breed (10.1%) and Eastern
Anatolian Red (9.4%) were evaluated. In this study,
77.8% of the cases were female and 22.2% male. The
greatest proportion of cattle in the study were cattle
aged 5 years (26.2%). These were followed by cattle
of 6 (19.5%), 8 (12%), 9 (9.4%), 1.5 (8.6%), 2
(8.1%), 7, 10 (1.6%) years of age.
In the clinical examination, cases with   
    and complications were
found to have increased body heat, pulse rate and
respiratory rate as well as decreased ruminal movements and irregularity; and pain tests were positive.
During the study, the distribution of the visibility and physical properties of the foreign bodies in
the cattle in the anterior stomach are presented in
Graph 1a and b.
When these rates are distributed according to
gender, the ratio of wire and nail is 31.8% in females
and that of sand and stone is 28.4%, nylon bag is
8.6%, magnet is 8.1% and    is
0.5%. In male animals, the ratio was 29.1% for wire
and nail, 34.3% for sand and stone, 6.4% for porcelain and 3.4% for magnets.
Foreign bodies were placed into one and a half,
two, three, four, five, six, seven, eight, nine and ten
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neum caused various complications, including  
 (56.3%) in 9 cattle,  (18.8%) in 3 cattle,     (12.5%) in 2 cattle and  

(12.5%) in 2 cattle, leading to  , 
   and  (Graph 2b).
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According to sources, the presence of foreign
bodies in the stomach of cattle in our country is as
high as 95%, and the first part of adult cattle disease
is RPT [6, 10, 12]. A foreign body were observed in
76.5% of cases in our study, which shows that it is
one of the most important problems for cattle in the
region. Perforated metallic foreign bodies ingested
with food are injected into the wall of the reticulum
with increased abdominal pressure, such as from
pregnancy, birth contractions and tympani, leading
to the formation of RPT [2]. Foreign bodies, such as
blasted bodies, wood fragments, nylon, cloth, and
sand, that do not sink usually accumulate in the ventral region of the rumen and reticulum because they
are not digested, although they are not toxic. At the
same time, these objects cause the volume of the rumen to shrink, which causes the animal to become
very full. Since these animals do not receive sufficient nutrients, their yield and feed intake decreases,
they lose weight and secondary   can be
formed. Other foreign bodies with low densities
cause chronic disease by causing mechanical obstructions in passageways; as a result, they cause
economic losses in animals. The findings of this
study indicate that the presence of foreign bodies
(76.5%) in the stomachs of cattle increases the risk
of foreign body syndrome.
It is reported that foreign bodies are encountered more often in high yield culture breeds because
of the intensive cultivation of cultured breeds in this
region and appearance of RPT in these breeds. Although breeds with high yield characteristics are
common in this region, breeders have not abandoned
their old feeding habits; instead, they apply feeding
programs for breeds with low yield characteristics in
these animals. These animals eat foreign bodies,
which are not nutritional, increasing the incidence of
disease in the cultured races [12]. In our study,
49.6% of animals were Montofon crossbred, 30.9%
were Simental crossbred, 10.1% were Domestic
Blacks and 9.4% were Eastern Anatolian Red, and
RPT was mostly seen in 80.5% of the cultured races.
It has been reported that foreign bodies are
most commonly found in cattle that are over two
years of age, especially cows eating of non-bait materials, resulting from the closure of vitamin mineral
deficiency from yield characteristics [2, 11].
Pica plays an important role in the aetiology of
the disease. In addition, the pregnancy and lactation
periods of cows in this region occur in winter
months, which accelerates the extraction of pica by
increasing metabolic hunger in cows that are not adequately fed. Animals that come out during summer
and develop pica swallow foreign bodies, such as
wires nails. They also eat stone, wood, nylon and paper. In addition, the herbs given to these animals are
stored in the front of houses, where all types of
goods, including construction materials, are stored in

stables, making it easier for animals to ingest metabolic foreign bodies with feed. When the carelessness of animal owners is added to these factors, the
number of RPT cases are increasing. It has been reported that RPT is the most common disease in adult
cattle when we examine the relationship between animal ages and diseases [2, 12, 13]. In our study, RPT
was mostly seen in adult female cattle in accordance
with the literature [2, 10, 12]. Possible reasons for
this include that most were female cows (77.8%)
with ages of 5 (26.2%), 6 (19.5%), 8 (12%), 9
(9.4%), 1.5 (8.6%) and 2, 7 (6.2%), 3 (4.8%), 4
(3.6%) and 10 (1.6%) years. The majority of animals
that were cut in this region were female cattle, resulting in higher rates of disease in female cattle. In the
study, the six-, seven-, eight-, nine-, and ten-year-old
cattle only included females, while males were
slaughtered at younger ages (2-3 years) and sold to
other provinces due to their economic value. As a result, there is a higher female animal population. At
the same time, the cutting of elderly cows, which
have lost their economic efficiency, has contributed
to animals of six years and older being female animals.
In our study, foreign bodies in cattle consisted
of 31.1% wires and nails, 29.8% sand and stone particles, 8.1% pouch and foreign matter, 7.1% magnets
and 0.4% rumen parasites (Graph 1b). When these
rates are distributed according to gender, the ratios
in female animals were as follows: wires and nails
31.8%, sand and stone particles 28.4%, nylon bag
8.6%, magnets 8.1% and   
0.5%. In male animals, 29.1% were found to have
wires and nails, 34.3% sand and stone particles,
6.4% porcelain and 3.4% magnets. When these data
are evaluated, 31.1% of foreign bodies are wires and
nails, which sink and penetrate. This increases the
risk of RPT and complications. According to the results of this study, 37.9% of foreign bodies, such as
stone, sand, and pouches, collect in the ventral region of the rumen and reticulum, and they prevent
movement because they act as a weight. Other foreign bodies with low densities may cause mechanical blockages in the passageways. In such cases, foreign bodies are mostly observed in adult cattle,
which have a higher chance of encountering foreign
bodies with age and pregnancy.
  , a parasite living in the
rumen, was also found in cattle with foreign bodies.
These parasites stick to the rumen wall and form 
 . If there is a large number of parasites
sticking to the rumen wall, weakness,   and
  are seen in animals. Prevention of rumen
parasites depends on conscious cultivation. At certain intervals, businesses can avoid economic losses
by fighting the parasite population. The presence of
rumen parasites in cattle is reported to be 0.8% [14].
Gonenci and Yıldırım found that the visibility of ruminant parasites in cattle was 1.4%. Similar results
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were found in our study, as 0.4% of rumen parasites
were found (Figure 2b).
In this study,      was observed
in 36 (8.93%) of male animals,     
   and complications were found in 5
males (1.24%). In females,      was
observed in 104 cases (13%) and    
  and complications were observed in 11
cases (Graph 2a). According to these findings, despite the low rates of foreign body syndrome, it appears to cause serious complications. In this study,
RPT and its complications were observed in 196
(13%) cattle, including 155 females and 41 males. In
addition, peritoneal cuts and sinker foreign bodies
caused various complications, including  
(56.25%) in 9 cattle  (18.75%) in 3 cattle,
    (12.5%) in 2 cattle and   (12.5%)
in 2 cattle, causing  ,   and 
   (Figure 2b).


$"

For cattle breeding performed in the province
of Agri, the presence of foreign bodies in the cattle
rumen and reticulum is a major problem, resulting to
significant economic loss. There has been insufficient success eradicating this disease. Therefore, to
reduce the prevalence of this disease and minimize
the economic loss that it causes, some control and
prevention programs must be developed and maintained. In addition, animal shelters should be modernized and animals should be fed in a regular and
balanced manner. Prevention of magnet swallowing,
treatment for parasitic disease, and improving the diagnosis and treatment of sick animals should be undertaken by the appropriate individuals. Additionally, farmer education will be important to this process.
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SCREENING OF TRICHODERMA HARZIANUM RIFAI (1969)
ISOLATES OF DOMESTIC PLANT ORIGIN AGAINST
DIFFERENT FUNGAL PLANT PATHOGENS FOR USE
AS BIOPESTICIDE
Elif Tozlu*, Nasibe Tekiner, Recep Kotan
Ataturk University, Faculty of Agriculture, Department of Plant Protection, TR-25240-Erzurum, Turkey

cover the needs of the world, food production must
be increased at a rate of 50% by 2030 [1]. However,
increasing the amount of the production that is obtained from unit area will only be possible when agriculture is made with sustainable methods, and
when the sources that will cover the nutrition needs
of future generations are protected. The rate of losses
that stem from diseases and harmful weeds, which is
one of the most important factors that limit the production and yield, is 35%, and the losses that stem
from plant diseases is around 13% in the world [2].
The losses that stem from fungal pathogens in this
13% are extremely important.
Precautions were taken and control methods
were applied for the purpose of decreasing the losses
in the fields after the harvest; however, as a result of
the use of synthetic chemicals after 1940s, problems
started to appear due to the phytotoxicity of fungicides, fungal residues, environmental pollution and
harmful effects for human health [3].
The use of fungus and bacteria is also included
among these alternative methods in the control
against plant diseases. Among these methods, the
importance of the use of fungi is increasing because
they have many species, their hosts are well-known,
many fungi species may be reproduced easily in artificial nutrient media and are suitable for commercial production and for biological control [4]. Especially in biological control of the soil-based plant
pathogens, Trichoderma hamatum of Trichoderma
species; and Trichoderma harzianum, Trichoderma
koningii, Trichoderma pseudokoningii [5], Trichoderma viride [5, 6] and Trichoderma virens [5] are
used successfully.
In this study, due to the importance of Trichoderma species in biological control, the effects of 2
isolates of T. harzianum isolated from domestic plant
origin (Aesculus hippocastanum and Pinus sylvestris) against a total of 15 plant fungal pathogens
isolates including 5 different genus were tested under
in vitro conditions.

ABSTRACT
With the emergence of negative effects of
chemicals on humans and environment and with the
increasing awareness on environmental conscious,
alternative methods were sought to cope with diseases; and in this context, successful results were obtained by conducting studies to suppress pathogens
with fungi, which may be employed in biological
control.
In this study, the effects of 2 isolates of Trichoderma harzianum isolated from domestic plant
origin (Aesculus hippocastanum and Pinus sylvestris) were tested on Fusarium oxysporum (ET 21,
ET 32, ET 34, ET 46, ET 53, ET 55, ET56) obtained
from potato and pepper; Alternaria alternata (ET 9,
ET 42) obtained from apple and tomato; Sclerotinia
sclerotiorum (ET 30, ET 48) obtained from cucumber; Fusarium solani (ET 45, ET 50) obtained from
cucumber; and Geotrichum candidum (ET 13) obtained from carrot. ET 4 bioagent isolates showed at
a high effect on G. candidum and low effect on F.
oxysporum, S. sclerotiorum, F. solani and A. alternata and the ET 14 bioagent isolates showed high effect on A. alternata and low to the others.
If the control against these pathogens, the employability of T. harzianum must be tested in field
conditions, and environmental-friendly preparations
may be prepared, which will have important contributions to agriculture.
KEYWORDS:
Trichoderma harzianum, biological control, fungal pathogens

INTRODUCTION
Perhaps one of the most important problems of
our present day is being able to cover the nutrition
need of fast-increasing world population. The population of the world is increasing at a fast pace. It is
estimated that the population of the world will rise to
9 billion by 2040. Parallel to the increase in population, the sources in the world are ending. In order to
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34, ET 42, ET 45, ET 46, ET 48, ET 50, ET 53, ET
55, ET 56 isolates as pathogens were taken into culture in PDA medium at 26oC for 4-5 days.
6 mm disks of fungal isolates whose efficiency
was tested as bioagents with 6 mm disk taken from
pathogen fungus culture were placed facing each
other to the sides that are close to the edges of petri
dishes that included PDA. As the controls, only pathogen fungus and bioagent fungus isolates were
planted in petri dishes that contained PDA and the
mycelium of the fungal isolates tested as bioagents
in control petri were left for incubation at 25 oC to
cover the agar surface fully. 3 petri dishes were used
in the study for each bacterial isolate and 3 repetitions were made in random parcel study design.

Material. The materials of the study were 14
plant fungal pathogen-isolates isolated from apple
(ET 9), carrot (ET 13), cucumber (ET 30, ET 46, ET
48, ET 50), pepper (ET 32, ET 34), tomato (ET 42,
ET 45) and potato (ET 21, ET 53, ET 55, ET 56); and
2 T. harzianum isolates from Aesculus hippocastanum (ET 4) and Pinus sylvestris (ET 14).
Method. The Pathogenicity of Pathogen
Fungi. Each fungus isolates were tested for pathogenicity on the parts of the plant tissue which the
pathogenic fungus were isolated from this tissue. After the plants were washed with tap water, superficial
disinfection was applied with 10% ethanol. The mycelial disks taken from the tips of the pathogen fungus, which were developed for 7 days on PDA at
260C, were placed on the wound that was opened on
the plants. The plants, which were inoculated with
the pathogen, were kept at room temperature for 10
days. In control application, only PDA disk was
placed on the wounds. The pathogen fungi were obtained by re-isolating from the symptoms, and thus,
the Koch postulates were completed. The isolates
were kept at slant agar which contained Potato Dextrose Agar (PDA) at 40C in Atatürk University, Agriculture Faculty, Plant Protection Department, Plant
Clinic Laboratory.

The Data Analyses. The semi-diameter (R1) of
the pathogen in the control petri and the semi-diameter of the bioagent and the pathogen planted in the
petri (R2) were measured, and the percentage interference of the radial development were calculated
according to Skidmore and Dickinson [9] (Fig. 1).

Molecular Identification of the Bioagent
Fungi and Pathogen Fungi. The DNA samples
from the mycelia of the 15 pathogen-fungus isolates
and 2 bio-agent fungus isolates, were clarified by using the ITS1 primer (TCCGTAGGTGAACCTGCGG) on ITS region 18S rDNA and the ITS4
primer (TCCTCCGCTTATTGATATGC) on 28S
rRNA [7]. For separation, bromide was added in agarose gel and walked at ABI 3100 Genetic Analyzer,
and left at UV. The sequence analysis was made at
RefGen Company (Ankara, Turkey) and deposited
with the GenBank database.

FIGURE 1
Measurement of radial development of the
pathogen mycelia

Determining the Development of Bioagent
Fungi in Different Media. The 6 mm disks taken
from the tips of the cultures of ET4 and ET 14 isolates of T. harzianum, which were developed in
PDA, were placed on petri dishes (9 cm) containing
20 ml Malt Extract Agar (MEA), Nutrient Agar
(NA), PDA, Sabourd Dextrose Agar (SDA) and Water Agar (WA) media, and their developments were
followed for 7 days on these medium at 260C and
identificated according to +DVHQHNR÷OX[8].

PIRG (%) = R1 - R2 x 100
R1
PIRG = Percentage interference rate (%)
R1 = The semi-diameter of the pathogen mycelium in the control petri
R2= The semi-diameter of the pathogen mycelium in the double culture petri (ET 4 or ET 14 and
pathogen fungus)
3,5*/RZ
3,5*0HGLXP
3,5*+LJK
PIRG > %75 : Very high
-: Ineffective

In vitro Assays. In these experiments, petri
dishes (9 cm) containing 20 ml PDA medium were
used. The ET 4 and ET 14 isolates, tested as bioagents, and ET 9, ET 13, ET 21, ET 30, ET 32, ET
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TABLE 1
The identification and pathogenicity test results of the pathogen and bio-agent fungus
isolates used in the study
Isolates
Pathogens
ET 21
ET 32
ET 34
ET 46
ET 53
ET 55
ET 56
ET 9
ET 42
ET 30
ET 33
ET 48
ET 45
ET 50
ET 13
Bioagents
ET 4
ET 14

Isolated from

ITS identification results

Identify (%)

ITS Sequence*

Pathogenecity

Potatoes
Pepper
Pepper
Cucumber
Potatoes
Potatoes
Potatoes
Apple
Tomato
Cucumber
Egg plant
Cucumber
Tomato
Cucumber
Carrot

Fusarium oxysporum
Fusarium oxysporum
Fusarium oxysporum
Fusarium oxysporum
Fusarium oxysporum
Fusarium oxysporum
Fusarium oxysporum
Alternaria alternata
Alternaria alternata
Sclerotinia sclerotiorum
Sclerotinia sclerotiorum
Sclerotinia sclerotiorum
Fusarium solani
Fusarium solani
Geotrichum candidum

98
99
97
98
99
99
99
99
98
98
99
98
99
99
99

KT807795
KC808090
KT807795
KX015960
KT807795
KX058138
KX015960
KP003986
KT150100
CP017820
CP017820
CP017820
KJ874345
KJ874345
KY977411

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Aesculus hippocastanum
Pinus sylvestris

Trichoderma harzianum
Trichoderma harzianum

87
97

KY806127
KY806128

-

*GenBank database

FIGURE 2
The microscopic view of the development of Trichoderma harzianum ET4 and ET 14 isolates in different
media (right: petri view, sol: microscopic view of the development of petri (40X))

bioagent fungi were observed in SDA followed in order by MEA, PDA, NA.
The hyperparasitic effects of T. harzianum isolates in in vitro experiments are given in Table 2. In
the present study, the hyperparasitic effect of the bioagents changed between -33.30 and 80.24% for ET
4, and between -95.24 and 79.04% for ET 14 in Table 2. The pathogen isolates from which negative effects were received were evaluated as being inefficient (Table 2).
It was determined that the hyperparasitic effect
of ET4 isolates was low in 11 pathogen isolates, at
medium level in 1 pathogen isolates, at very high
level in 1 pathogen isolates, and ineffective in 1 pathogen isolates. The 11 isolates in which the effects
were at low level were F. oxysporum (6), A. alternata
(1), S. sclerotiorum (2) and F. solani (2), the 1 isolate
in which the effects were at medium level was A. alternata, the 1 isolates in which the effects was at very
high was G. candidum. It was observed that it was
ineffective in 1 isolate of F. oxysporum (Table 2). It
was also determined that the hyperparasitic effect of

RESULTS
The identification and pathogenicity test results
of the pathogen and bio-agent fungus isolates used in
the study were given in Table 1. According to the
identification test results of the pathogenic fungi, ET
21, ET 32, ET 34, ET 46, ET 53, ET 55 and ET 56
isolates were identified as Fusarium oxysporum; ET
30 and ET 48 isolates as Sclerotinia sclerotiorum;
ET 9 and ET 42 isolates as Alternaria alternata; ET
45 and ET 50 isolates as Fusarium solani; ET 13 isolate as Geotrichum candidum. Bioagent fungi isolates ET 4 and ET 14 were identified as T. harzianum. Pathogenetic test result of the ET 13, ET 21,
ET 30, ET 32, ET 34, ET 42, ET 45, ET 46, ET 48,
ET 50, ET 53, ET 55, ET 56ET 21, ET 32, ET 34,
ET 46, ET 53, ET 55, ET 56 isolates were positive,
but not ET 4 and ET 14.
The developments of T. harzianum ET 4 and
ET 14 isolates, which were planted in different media, are given in Fig. 2. When the daily growth of the
bioagent fungi were examined. The fastest growth of
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ET 14 isolates was low in 8 pathogen isolates, at medium level in 1 pathogen isolate, high in 2 pathogen
isolates, at very high level in 1 pathogen isolate, and
ineffective in 2 pathogen isolates. The 8 isolates in
which low effect was determined were F. oxysporum
(5), F. solani (2) and G. candidum (1), the 1 isolate
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in which medium effect was determined was F. oxysporum (1), the 2 isolates in which high effect was
determined were A. alternata (2) and 1 isolate in
which very high effects were determined was S. sclerotiorum (1). It was determined that the bioagent
fungus E 14 was ineffective in 2 isolate of F. oxysporum and S. sclerotiorum (Table 2).

TABLE 2
Hyperparasitic effects of Trichoderma harzianum isolates tested against the pathogens in
in vitro conditions
Pathogens

Fusarium oxysporum

Average
Alternaria alternata

Isolates
ET 21
ET 32
ET 34
ET 46
ET 53
ET 55
ET 56
ET 9
ET 42

Average
Sclerotinia sclerotiorum
Average
Fusarium solani
Average
Geotrichum candidum
Average

ET 30
ET 48
ET 45
ET 50
ET 13

ET 4
PIRG (%)
13.87
33.33
-33.30
00.00
44.40
14.28
17.77
12.91
28.87
54.17
41.52
28.57
30.55
29.28
10.25
3.33
06.79
80.24
80.24

HL
+
+
+
+
+
+
+
+
++
+
+
+
+
+
+
+
++++
++++

Isolates
ET 21
ET 32
ET 34
ET 46
ET 53
ET 55
ET 56
ET 9
ET 42
ET 30
ET 48
ET 45
ET 50
ET 13

ET 14
PIRG (%)
49.33
45.00
-93.33
39.99
37.25
16.67
57.33
21.75
64.40
66.63
65.51
-95.24
79.04
-16.24
18.33
2.21
10.27
29.63
29.63

HL
+
+
+
+
+
++
+
+++
+++
+++
++++
+
+
+
+
+

PIRG: Percentage interference rate (%), HL: Hyperparasitic level, +: Low, ++: Medium, +++: High, ++++: Very
high, -: Ineffective

FIGURE 3
The hyperparasitic effects of Trichoderma harzianum ET 4 (1st and 2nd column) and ET 14 (3rd and 4th
column) in in vitro conditions (left: only pathogen; middle, pathogen and bioagent isolate, right: only bioagent isolate)
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production of essential metabolites that suppress
soil-based fungal pathogens and production of nonvolatile antibiotic production, competition in terms
of place and nutrients, and antagonism mechanisms
[13, 14, 33]. The fungal cell wall has several constitXHQWV LQFOXGLQJ FKLWLQ ȕ-1,3-JOXFDQ ȕ-1,6-glucan,
mannosylated mannoproteins, and phospolipomannan [34]. With this aspect, T. harzianum is important
biological control of plant pathogen fungi. The cell
wall of the fungal plant pathogens tested in this study
consisted chitin, b-1,3-glucan, and a-1,3-glucan [3537].
Also, it was revealed in previous studies that
they cause changes in plant metabolism by being colonized on plant surfaces [38, 39]. They play important roles in plant development by decreasing the
development of plant pathogens, producing hormone
like metabolites, and dissolving the nutrients from
soil or organic substances [38, 40].
Hyperparasitic effect of T. harzianum was observed directly on plates of PDA medium using mycelial discs and hyperparasitic effect of growing T.
harzianum against growth of all pathogenic fungal
isolates was observed. In this study, hyperparasitic
effects of T. harzianum isolates were investigated according to percentage interference rate, and the prevention of the pathogens was classified as low, medium, high, very high and ineffective level. According to the average values, ET 4 isolate was effective
at a high level on G. candidum, and the ET 14 isolate
was effective at a medium level on A. alternata.

According to, plant pathogen specieses, ET 4
were low in 6 isolates of F. oxysporum, ineffective
in 1 isolate, low in 1 isolate of A. alternata, medium
in 1 isolate, low in 2 isolates of S. sclerotiorum and
F. solani and very high in 1 isolate of G. candidum,
ET 14 were low in 5 isolates of F. oxysporum, medium in 1 isolate, ineffective in 1 isolate, high in 2
isolates of A. alternata, very high in 1 isolate of S.
sclerotiorum, ineffective in 1 isolate, low in 2 isolates of F. solani and 1 isolate of G. candidum (Table
2).
When the average percentage interference rates
were examined, it was determined that ET 4 was effective at very high level in G. candidum and at low
level in the other pathogens. According to average
percentage intervention rates, ET 14 isolate was effective at high level in A. alternata, low effect in the
other pathogens except for S. sclerotiorum. ET 14
was ineffective S. sclerotiorum (Table 2).
The developments of T. harzianum ET 4 isolate
was the most effective against F. oxysporum (ET 53
(44.40%)), A. alternata (ET 42 (54.17%)), S. sclerotiorum (ET 48 (30.55%)), F. solani (ET 45
(10.25%)), G. candidum (ET 13 (80.24%)) and T.
harzianum ET 14 isolate was the most effective
against F. oxysporum (ET 21 (49.33%)), A. alternata
(ET 42 (66.63%)), S. sclerotiorum (ET48 (79.04%)),
F. solani (ET 45 (18.33%)), G. candidum (ET 13
(26.93%)). These are given in Fig. 3.

DISCUSSION
CONCLUSIONS

Fungucides are commonly used technique to
control soil-borne diseases. However, this method,
besides being time-consuming and uneconomical,
pollute the atmosphere, and are environmentally
harmful as the chemicals accumulate in the soil and
water. In this respect, microbial biocontrol agents
have shown great potential as an alternative to fungicides and offer an environmentally friendly alternative to the use of pesticides [10]. One of this microbial biocontrol agents is Trichoderma species. Especially, Trichoderma the most frequently investigated biocontrol microorganism [11] may be isolated
from natural habitats of the target pathogens (i.e., infested soil or plants). This approach has, indeed, led
to the isolation of several strains of T. harzianum antagonistic to and effective in controlling plant pathogenic fungi [12] and there were many studies demonstrating soil-borne disease control by T. harzianum
[13-21]. Different pathogens such as F. oxysporum
[15, 18, 22, 23], S. sclerotiorum [24-26], F. solani
[16, 18, 22, 27], A. alternata [14, 28] and G. candidum [29] were reported among them, too.
T. harzianum has effect mechanisms like chiWLQDVHȕ-1-JOXFDQDVHDQGȕ-1-4 glucanase production, antibiotics, competitions, inorganic plant nutrient resolution, disabling pathogen enzymes, and encouraging endurance [30-32] and in addition to this,

This study matters to highlight the successful
usage of an environment-friendly, natural, and for
health of humans and other livings, risk-free product
against plant diseases in substitution for the chemical
pesticides that are intensely used and harmful for environment, natural balance and human health.
The present study showed that T. harzianum
(ET 4 and ET 14) may be useful as potential biocontrol agents against F. oxysporum, A. alternata, S.
sclerotiorum, F. solani and G. candidum.
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In order to comprehensively compared the meat
quality among Guizhou semi-fine wool sheep,
Liangshan semi-fine wool sheep, Yunnan semi-fine
wool sheep, Pengbo semi-fine wool sheep, Xiangxiong semi-fine wool sheep and Qinghai semi-fine
wool sheep in southwest China, we detected and analyzed the major components, mineral elements and
amino acids of a series of semi-fine wool sheep in
southwest China according to the national standard
method and the evaluation standards of FAO and
WHO. The calcium and phosphorus content of the
meat of Guizhou semi-fine wool sheep was high, the
mutton of Liangshan semi-fine wool sheep was rich
in magnesium, iron and zinc, the meat of Pengbo
semi-fine wool sheep have a large amount of magnesium and copper, the meat of Yunnan semi-fine
wool sheep was rich in selenium. From the amino
acid score (AAS), we can know that Guizhou semifine wool sheep (228.75) was highest, followed by
Yunnan semi-fine wool sheep (127.41), Pengbo
semi-fine wool sheep (114.61), Xiangxiong semifine wool sheep (113.32), Qinghai semi-fine wool
sheep (103.08) and Liangshan semi-fine wool sheep
(100.50). Through the analysis of EAAI, we can conclude that Guizhou semi-fine wool sheep (149.28)
was highest, followed by Yunnan semi-fine wool
sheep (90.02), Xiangxiong semi-fine wool sheep
(80.69), Pengbo semi-fine wool sheep (80.29), Qinghai semi-fine wool sheep (70.45) and Liangshan
semi-fine wool sheep (67.57). The chemical score
(CS) of essential amino acid of Guizhou semi-fine
wool sheep (885.81) was highest, followed by Yunnan semi-fine wool sheep (477.90), Pengbo semifine wool sheep (80.29), Xiangxiong semi-fine wool
sheep (410.63), Liangshan semi-fine wool sheep
(393.49) and Qinghai semi-fine wool sheep
(386.05). Through the comprehensive evaluation,
Guizhou semi-fine wool sheep is mutton resources
with high- quality. At the same time, we can develop
and utilize a series of semi-fine wool sheep in southwest China according to different utilization ways
and characteristics.


%# &% 
Guizhou semi-fine wool sheep was the introduction of Sinkiang semi-fine wool sheep and local
Tibetan coarse wool sheep crossbred in Guizhou
province, after the wool was homogenized , then we
used the Corriedale, Romney and other foreign semifine wool sheep crossbred to make the wool fiber became bolder and longer and improve meat quality, it
can be formed a new species of semi-fine wool sheep
that has a strong physical fitness, strong adaptability,
fast weight gain, resistance to coarse fodder, high reproduction rate, wet and cold resistance, high dressing percentage and its meat has many characteristics
that is good production, light smell, delicious after
the cross-fixed into the system bred, it can farm at
alpine mountain region, the production and the quality of wool achieve the feeding standard of semi-fine
wool sheep [1-3]. Guizhou semi-fine wool sheep is
the high-quality germplasm resources and endemic
species at karst area in southwest China, it made up
of the system of semi-fine wool sheep in southwest
China with Yunnan semi-fine wool sheep, Liangshan semi-fine wool sheep in southwestern Sichuan,
Pengbo semi-fine wool sheep and Xiangxiong semifine wool sheep in Tibet autonomous region and
Qinghai semi-fine wool sheep. A series of semi-fine
wool sheep in southwest China were basically crossbred by the mountain (plateau) Tibetan sheep with
Sinkiang fine sheep, Merino sheep, Romney sheep,
Border Leicester sheep and Lincoln sheep in 1950s
or 1960s, it has some similar genetics to some extent.
The weight of Guizhou semi-fine wool sheep
was about 3 times compared with the local black
sheep, it has rich nutrition and bright red color, its
taste was pure without fishy, it stayed away from the
pollution, its meat, milk, hair, blood and bone has
high value, because grazing has small influence on
the fragile karst environment where is easily susceptible to be destroyed, so it is an important livestock
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breeding livestock for the minorities in southwest
China region, it mainly goes on grazing and supplements by shed-feeding, it provides a large amount of
meat and wool for domestic and international market
annually. The basic conditions of semi-fine wool
sheep in southwest China are detailed in the Table 1.

to develop grassland ecological animal husbandry
and deep making of meat production. The meat quality of semi-fine wool sheep is an important embodiment that can realize its value. Nowadays, there are
few survey on the meat quality of semi-fine wool
sheep, especially for the amino acids, it also lacks the
integrated study on comparative analysis in the
whole southwest China. Therefore, this survey took
a detailed comparison for a series of semi-fine wool
sheep in southwest China based on systematic experiment and analysis of the nutrient component of the
meat quality of Guizhou semi-fine wool sheep to
provide theoretical basis for developing, utilizing
and popularizing a series of semi-fine wool sheep in
southwest China [4-7].

,>0<4,6=We randomly selected 26 sheep (13
were male, 13 were female) that were 2 years old
with Semi-house feeding and semi-grazing in Salaxi
town, Qixingguan district, Bijie city, Guizhou province (E 105°02′01″~105°08′09″, N 27°11′36″
~27°16′51″, with an average elevation of 1800 m),
which is an ecological industry demonstration zone
for karst rocky desertification control of the karst
plateau-mountain, and then assembly slaughtered,
the carcass of each sheep was 0.1kg that can be collected at random, the total amount of 2.6 kg was
mixed at low temperature, the mixture was crushed
and homogenized, we filled it into the clean plastic
film to be measured finally. Liangshan semi-fine
wool sheep refers to literature [8-9], Yunnan semifine wool sheep refers to literature [10], Pengbo
semi-fine wool sheep refers to literature [11], Xiangxiong semi-fine wool sheep refers to literature [12],
Qinghai semi-fine wool sheep refers to literature
[13].

%#$% $

8@4<98708>,6 -,.52<9?8/= A series of
semi-fine wool sheep in southwest China are mainly
distributed in Yunnan-Guizhou plateau, southwestern Sichuan plateau, Tibetan plateau, which are important meat and wool species at middle and high elevation areas in China (figure 1). A series of semifine wool sheep in southwest China are an important
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Qinghai
semi-fine wool
sheep [11-12]
Surrounding
area of Qinghai
lake
Surrounding
area of Qinghai
lake, Qaidam
Basin

Feature

Guizhou
semi-fine wool
sheep

Liangshan semifine wool sheep
[8-9]

Yunnan semifine wool
sheep [10-11]

Pengbo Semifine wool sheep
[12]

Xiangxiong
semi-fine wool
sheep [11]

Mode ground

Bijie of Guizhou

Liangshan of
Sichun

Zhaotong of
Yunnan

Lhasa

Ali of Tibet

Concentrated
distribution
areas

Western Guizhou, northern
Guizhou, northeastern Yunnan

Liangshan Prefecture, Ganzi
Prefecture, Aba
Prefecture, Yaan

Zhaotong,
Dali,
Dongchuan,
Qujing

The middle and
lower reaches of
the Yalung
Zangbo River

Ali Prefecture

Karst plateau
mountain

Mountains, hills,
alternate with
plateaus

Middle and
high mountains

Valley

High mountains,
alleviation, glacial erosion, glacial drift

Basin alternate
with plateaus

2400.00

2385.00

2500.00

3820.00

4500.00

3500.00

North subtropical
monsoon climate

subtropical monsoon climate

Subtropical
dry and humid
clear monsoon
climate

Plateau temperate semi humid
climate

Plateau temperate arid climate

Plateau temperate semi-arid
climate

13.00

10.00

6.90

5.40

6.00

2.00

1150.00

1032.20

1170.00

450.00

100.00

200.00

Main forage
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Breeding ways

Semi-house feeding and semigrazing

Semi-house feeding and semigrazing

Semi-house
feeding and
semi-grazing

Grazing

Grazing

Grazing

Cultivating
time

1950s

1950s

1960s

1960s

1960s

1960s

Cultivating
organization

Guizhou Provincial Bureau of
animal husbandry, et al

Liangshan Bureau of animal
husbandry, et al

Yunnan Province Animal
Science and
Veterinary Institute, et al

Tibet Institute of
animal husbandry & veterinary science, et
al

Agricultural and
Grazing Bureau
in Ngari Prefecture, et al

Qinghai Provincial Bureau of
animal husbandry, et al

Maternal line

Local coarse
wool ewes (valley type Tibetan
sheep)

Mountain type
Tibetan Sheep

Local coarse
wool sheep

Tibet valley type
Tibetan Sheep

Plateau Tibetan
Sheep

Local Tibetan
sheep, Mongolia sheep

Sinkiang fine
wool sheep

Sinkiang fine
wool sheep, Merino sheep, Romney, Border
Leicester, Lincoln sheep

Romney, Lincoln sheep, etc.

Sinkiang fine
wool sheep,
tsigai

Sinkiang fine
wool sheep,
tsigai

Sinkiang fine
wool sheep,
tsigai, Romney

Species

Landform
types
Average
elevation (m)
Climate type
Annual average temperature (°C)
Annual average rainfall
(ml)

Paternal line

Note: Qinghai Province does not belong to the southwest region geographically, but for the comparative study, we
listed it as an area in southwest China.
0>39/=The test method in strict accordance
with the national standards for testing, the testing of
crude protein, crude fat, cholesterol, moisture, ash,
carbohydrates and PH according to GB/T5009.32003, GB/T5009.4-2003, GB/T5009.128-2003,
GB/T5009.5-2010, GB/T5009.6-2003. The main instrument were RF540 molecular fluorescence photometer of the Japanese Shimadzu and AL-20149
electronic balance of the Switzerland Mettler. The
testing temperature was 11°C, relative humidity was
80%.

Selenium, sodium, calcium, magnesium, iron,
zinc, manganese, copper, phosphorus and other common mineral elements in accordance with
GB/T5009.93-2010,
GB/T5009.14-2003,
GB/T5009.91-2003,
GB/T5009.90-2003,
GB/T5009.87-2003,
GB/T5009.92-2003,
GB/T5009.13-2003, and cadmium, mercury, arsenic, chromium and other heavy metal elements in according with GB/T5009.15-2003, GB/T509.172003, GB/ T5009.11-2003, GB/T5009.12-2003, the
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Species
Testing content
Moisture (%)
Dry substance
(%)
Ash content (%)
Protein (%)
Fat (%)
Carbohydrates
(%)
pH
Vitamin A
(mg/100g)
Vitamin E
(mg/100g)
Cholesterol
(mg/100g)

Guizhou
semi-fine
wool sheep
60.52

Liangshan
semi-fine wool
sheep [8-9]
75.01

Yunnan
semi-fine wool
sheep [10-11]
74.45

Pengbo
semi-fine wool
sheep [10]
72.74

Xiangxiong
semi-fine wool
sheep [11]
68.53

Qinghai
semi-fine wool
sheep [11-12]
73.90

39.48

24.99

25.55

27.26

31.47

26.10

0.73
18.32
7.93

1.23
19.99
7.77

0.97
17.20
4.87

1.0
20.18
6.06

0.98
17.85
9.27

1.18
22.46
3.88

7.00

--

--

--

--

--

7.06

--

--

--

--

--

0.016

--

--

--

--

--

0.07

--

--

--

--

--

49.7

--

--

53.40

--

--



main instruments were the WFX-210 yard absorption spectrophotometer (2011-367), Cray100bio7
UV-visible spectrophotometer (EL05113018) and
ZEEnit700P Atomic absorption spectrophotometer
(150Z7P1064), the testing environmental temperature was 12 °C, relative humidity was 65 %.
Threonine, methionine, tryptophan, leucine,
isoleucine, lysine, valine and phenylalanine were
people essential amino acids, glutamic acid, histidine, alanine, cystine, arginine, proline, tyrosine,
glycine, aspartic acid and serine were people non-essential amino acids [14]. According to GB/T166312008 high performance liquid chromatography general rule, the main instrument was the LC-20AT high
performance
liquid
chromatography
(L20234403088). The testing environmental temperature was 18 °C, relative humidity was 70%.
Amino acid scale (AAS) was compared with
the human essential amino acid pattern and the
amino acid pattern (%, dry) of the whole egg protein
revised by FAO / WHO (1985). The calculation of
amino acid score (AAS), chemical score (CS) and
the required amino acid index (EAAI) according to
the formula as follows [15-17].

 &$ 

98=>,8>.97:9808>We have measured the
constant component of a series of semi-fine wool
sheep in southwest China, the results were shown at
Table 2. From the Table 2, we can know that the lowest moisture content of Guizhou semi-fine wool
sheep was 60.52%, only 81% of Liangshan semi-fine
wool sheep and Yunnan semi fine wool sheep, 82%
of Qinghai semi-fine wool sheep, 83% of Pengbo
semi-fine wool sheep, 88% of male semi-fine wool
sheep, but its dry matter was highest. The ash content
of Guizhou semi-fine wool sheep was only 59% of
Liangshan semi-fine wool sheep, 62% of Qinghai
semi-fine wool sheep, 73% of Pengbo semi-fine
wool sheep, 74% of Xiangxiong semi-fine wool
sheep and 75% of Yunnan semi-fine wool sheep, it
was closest to 7% of national standard. It was indicated that it had the highest purity and highest content of available substances. The protein content of
Guizhou semi-fine wool sheep in the middle level
was 18.32%, lower than Qinghai semi-fine wool
sheep, Pengbo semi- fine wool sheep and Liangshan
semi-fine wool sheep, slightly higher than Xiangxiong semi-fine wool sheep and Yunnan semi-fine
wool sheep, so in the process of eating will not cause
too greasy or light. At the same time, the fat content
of Guizhou semi-fine wool sheep was also in middle
level, it was more suitable to the public taste compared with Xiangxiong semi-fine wool sheep and
Qinghai semi-fine wool sheep. The cholesterol content of Guizhou semi-fine wool sheep was lower than
Pengbo semi-fine wool sheep. Because the constant
data about carbohydrates, pH and vitamin of other
semi-fine wool sheep was lack except for Guizhou
semi-fine wool sheep, so we did not go on comparing with them. It was inferred from the current data
that the differences in the major components of a series of semi-fine wool sheep in southwest China may
be related to regional factors, grazing intensity and
temperature difference.
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In the formula, n is the number of the comparative essential amino acids, a, b, c, … j is the essential amino acids content of muscle protein of meat.
A, B, C, …. J is the essential amino acids content of
the whole egg protein.
Data statistics and mapping were mainly done
by ORIGIN PRO 9.0, SPSS 20.0 and ARCGIS 10.0.
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Species
Testing contents
Calcium (mg/100g)
Magnesium(mg/100g)
Iron (mg/100g)
Zinc (mg/100g)
Manganese(mg/100g)
Copper (mg/100g)
Phosphorus(mg/100g)
Selenium (ug/g)
Sodium (mg/100g)

Guizhou
semi-fine wool
sheep
54.400
16.500
2.890
3.250
0.030
0.040
134.000
0.340
0.750

Yunnan
semi-fine
wool sheep
3.451
24.072
2.673
3.121
0.040
0.143
19.000
0.900

Liangshan
semi-fine
wool sheep
3.400
53.389
9.971
11.366
0.025
0.0376
53.600
-

Pengbo
semi-fine wool
sheep
11.123
-3.104
4.159
0.044
0.275
21.000
0.850

Xiangxiong
semi-fine
wool sheep
6.860
9.874
3.991
3.643
-

Qinghai
semi-fine
wool sheep
6.581
25.812
3.121
4.051
-


% 
%30.97:,<,>4@0>,-6091,7489,.4/=.98>08>91,=0<40=91=0741480A996=300:48=9?>3A0=>348,
722

Species
Amino acids
content
Threonine
(THR)
Methionine
(MET)
Tryptophan
(TRP)
Leucine
(LEU)
Essential
Isoleucine
amino acids
(ILE)
Lysine
(LYS)
Valine
(VAL)
Phenylalanine (PHE)
Glutamic
acid (GLU)
Histidine
(HIS)
Alanine
(ALA)
Cystine
(CYS)
Arginine
Non-essential
(LYS)
amino acids
Proline
(PRO)
Tyrosine
(TYR)
Glycine
(GLY)
Aspartic
acid (ASP)
Serine
(SER)
Total amino acids(TAA)
Flavor amino acids(FLAA)
Branched chain amino acids
Aromatic amino acids
Branched -chain amino acids/
Aromatic amino acids (F)
Essential amino acids(EAA)
EAA/TAA
EAA/NEAA

Guizhou semifine wool
sheep

Liangshan
semi-fine wool
sheep

Yunnan
semi-fine
wool sheep

Pengbo
semi-fine
wool sheep

Xiangxiong
semi-fine wool
sheep

Qinghai
semi-fine
wool sheep

12.60

8.30

9.40

9.60

9.30

9.15

2.83

5.10

4.90

5.10

5.40

8.36

1.18

0.66

1.60

1.40

1.90

1.14

25.07

15.90

16.00

16.90

12.70

15.67

14.54

8.30

9.10

9.20

9.30

8.355

33.21

15.40

16.60

17.20

10.70

17.44

14.26

8.80

9.00

9.10

9.90

8.75

10.27

7.30

7.20

7.50

8.40

8.81

2.30

29.20

36.60

31.20

31.80

27.86

7.23

5.20

6.30

6.20

6.80

5.14

20.79

11.80

11.80

12.30

11.90

10.52

7.76

2.30

1.70

2.80

--

4.06

17.56

12.70

12.80

13.00

12.20

12.41

6.88

8.60

6.60

6.60

6.80

8.92

0.70

6.60

6.70

9.20

5.70

4.97

11.21

11.60

8.60

11.80

8.80

12.76

--

16.90

18.20

18.30

18.60

18.71

--

7.30

7.20

7.50

7.60

8.38

188.39
34.30
53.87
12.15

197.90
52.60
33.00
14.56

189.60
57.00
34.10
15.50

191.70
55.30
35.20
18.10

177.60
52.50
31.90
16.00

183.61
51.14
32.78
14.92

4.43

2.27

2.20

1.94

1.99

2.20

113.96
0.60
1.53

69.76
0.35
0.62

73.80
0.39
0.63

76.00
0.40
0.64

67.60
0.38
0.61

77.68
0.42
0.68

Note: "-" means no test or undetected.
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%30,8,6C=4=91,7489,.4/=From Table 4,we
known that the total amino acid (TAA) of Guizhou
semi-fine wool sheep was in the middle level, but the
essential amino acids of threonine, methionine, tryptophan, leucine, isoleucine, lysine, valine and phenylalanine of a series of semi-fine wool sheep in
southwest China were highest, higher than 63%,
54%, 50%, 69% and 47% of Liangshan semi-fine
wool sheep, Yunnan semi-fine wool sheep, Pengbo
semi-fine wool sheep, Xiangxiong semi-fine wool
sheep and Qinghai semi-fine wool sheep respectively. The proportion of the total essential amino acids and the total amino acid (TAA) of Guizhou semifine wool sheep, Liangshan semi-fine wool sheep,
Yunnan semi-fine wool sheep, Pengbo semi-fine
wool sheep, Xiangxiong semi-fine wool sheep and
Qinghai semi-fine wool sheep was 0.6, 0.35, 0.39,
0.4, 0.38 and 0.42respectively. The ratio of
branched-chain amino acid (leucine, valine, isoleucine) content and aromatic amino acids of phenylalanine, tyrosine and tryptophan of Guizhou semi-fine
wool sheep, Liangshan semi-fine wool sheep, Yunnan semi-fine wool sheep, Pengbo semi-fine wool
sheep, Xiangxiong semi-fine wool sheep and Qinghai semi-fine wool sheep was 4.43, 2.27, 2.20, 1.94,
1.99 and 2.20 respectively. The total essential amino

%30,8,6C=4=917480<,6060708>=As can be
seen from Table 3, the mineral contents of a series of
semi-fine wool sheep in southwest China change
greatly because of species differences. The Ca content of Guizhou semi-fine wool sheep was reach up
to 54.40 gm per 100 g, it was about 5-16 times to
other semi-fine wool sheep, which may be mainly
related to the carbonate environment in karst area.
The Mg content of Guizhou semi-fine wool sheep
was in the middle level, 31% of Liangshan semi-fine
wool sheep, 69% of Yunnan semi-fine wool sheep,
167% of Xiangxiong semi-fine wool sheep and 64%
of Qinghai semi-fine wool sheep. The Fe and Zn
content of Guizhou semi-fine wool sheep only
higher than Yunnan semi-fine wool sheep, but lower
than other semi-fine wool sheep. The Mn and Cu
content of Guizhou semi-fine wool sheep lower than
Pengbo semi-fine wool sheep and Yunnan semi-fine
wool sheep, but higher than Liangshan semi-fine
wool sheep. The P content of Guizhou semi-fine
wool sheep at a series of semi-fine wool sheep in
southwest China was about 2.5 times to Liangshan
semi-fine wool sheep, 7.05 times to Yunnan semifine wool sheep and 6.38 times to Pengbo semi-fine
wool sheep.

%
%30,7489,.4/=.9<091,=0<40=91=0741480A996=300:48=9?>3A0=>348,

Amino acids
Threonine (THR)
Methionine (MET)
and Cystine (CYS)
Tryptophan
(TRP)
Leucine (LEU)
Isoleucine(ILE)
Lysine (LYS)
Valine(VAL)
Phenylpropanamine (PHE) and
Tyrosine (TYR)
Average score
Amino acids
Threonine (THR)
Methionine (MET)
and Cystine (CYS)
Tryptophan
(TRP)
Leucine (LEU)
Isoleucine(ILE)
Lysine (LYS)
Valine(VAL)
Phenylpropanamine (PHE) and
Tyrosine (TYR)
Average score

FAO/WHO
(1985)
(mg/g Protein)
40
35

Guizhou
semi-fine wool
sheep
(mg/g Protein)
AAS
91.17
227.93
76.63

218.94

Liangshan
semi-fine wool sheep

Yunnan
semi-fine wool sheep

(mg/g Protein)
41.52

AAS
103.80

(mg/g Protein)
54.65

AAS
136.63

37.02

105.77

38.37

109.63

10

8.54

85.38

3.30

33.02

9.30

93.02

70
40
55
50

181.40
105.21
240.30
103.18

259.15
263.02
436.92
206.37

79.54
41.52
77.04
44.02

113.63
103.80
140.07
88.04

93.02
52.91
96.51
52.33

132.89
132.27
175.48
104.65

60

79.38

132.30

69.53

115.89

80.81

134.69

228.75
FAO/WHO
(1985)
(mg/g Protein)

Pengbo
semi-fine wool sheep

100.50
Xiangxiong semi-fine wool
sheep

127.41
Qinghai
semi-fine wool
sheep
(mg/g Protein)
AAS
40.74
101.85

40

(mg/g Protein)
47.57

AAS
118.93

(mg/g Protein)
52.10

AAS
130.25

35

39.15

111.85

30.25

86.43

55.30

158.00

10

6.94

69.38

10.64

106.44

5.08

50.76

70
40
55
50

83.75
45.59
85.23
45.09

119.64
113.97
154.97
90.19

71.15
52.10
59.94
55.46

101.64
130.25
108.99
110.92

69.77
37.20
77.65
38.96

99.67
93.00
141.18
77.92

60

82.76

137.93

78.99

131.65

61.35

102.26

114.61
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acid content of FAO / WHO model standard. Methionine and cystine content of Xiangxiong semi-fine
wool sheep slightly lower than the amino acid content of FAO / WHO model standard. Methionine,
leucine, isoleucine and valine of Qinghai semi-fine
wool sheep lower than the amino acid content of
FAO / WHO model standard. Other essential amino
acid content of them were higher than the standard
model. The threonine, lysine, phenylalanine and tyrosine of a series of semi-fine wool sheep in the
southwest China were higher than the FAO / WHO
(1985) model standard (table 6).

acids content of other semi-fine wool sheep was approximately 0.6 except for Guizhou semi-fine wool
sheep which was over 1. The flavor amino acids content (aspartic acid, glutamic acid, glycine, alanine) of
Guizhou semi-fine wool sheep, Liangshan semi-fine
wool sheep, Yunnan semi-fine wool sheep, Pengbo
semi-fine wool sheep, Xiangxiong semi-fine wool
sheep and Qinghai semi-fine wool sheep was 34.3,
52.6, 57.0, 55.3, 52.5 and 51.14 respectively.

7489 ,.4/ =.9<0 $ According to the
FAO / WHO (1985) model standard, the essential
amino acids of a series of semi-fine wool sheep in
the southwest China were evaluated. It can be seen
from Table 5, only the tryptophan content of Guizhou semi-fine wool sheep and Yunnan semi-fine
wool sheep slightly lower than the amino acid content of FAO / WHO model standard. Tryptophan and
valine of Liangshan semi-fine wool sheep and
Pengbo semi-fine wool sheep lower than the amino

3074.,6 =.9<0 $ ,8/ 0==08>4,6 ,7489
,.4/48/0BComparing with the amino acid
pattern standard of whole egg protein [15], the other
essential amino acid scores of Guizhou semi-fine
wool sheep were higher than the standard except
tryptophan and phenyl propanamine and tyrosine.
The other essential amino acids scores of Liangshan
semi-fine wool sheep were lower than the standard
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Amino acids

Threonine
(THR)
Methionine (MET) and
Cystine (CYS)
Tryptophan (TRP)
Leucine (LEU)
Isoleucine (ILE)
Lysine (LYS)
Valine(VAL)
Phenylpropanamine
(PHE) and Tyrosine
(TYR)
Total
The essential amino acids index(EAAI)

Amino acids

Threonine
(THR)
Methionine (MET) and
Cystine (CYS)
Tryptophan (TRP)
Leucine (LEU)
Isoleucine (ILE)
Lysine (LYS)
Valine(VAL)
Phenylpropanamine
(PHE) and Tyrosine
(TYR)
Total
The essential amino acids index(EAAI)

The amino acid
pattern standad
of whole egg
protein
(mg/g protein)

CS
Stanrd

47.00

Guizhou semi-fine
wool sheep

Liangshan semi-fine
wool sheep

Yunnan
semi-fine wool sheep

(mg/g protein)

CS

(mg/g protein)

CS

(mg/g protein)

CS

1

91.17

1.94

41.52

0.88

54.65

1.16

57.00

1

76.63

1.34

37.02

0.65

38.37

0.67

17.00
86.00
54.00
70.00
66.00

1
1
1
1
1

8.54
181.40
105.21
240.30
103.18

0.50
2.11
1.95
3.43
1.56

3.30
79.54
41.52
77.04
44.02

0.19
0.92
0.77
1.10
0.67

9.30
93.02
52.91
96.51
52.33

0.55
1.08
0.98
1.38
0.79

93.00

1

79.38

0.85

69.53

0.75

80.81

0.87

490.00

885.81

The amino acid
pattern standad
of whole egg
protein
(mg/g protein)

CS
Stanrd

47.00

393.49

477.90

149.28

67.57

90.02

Pengbo
semi-fine wool
sheep

Xiangxiong semi-fine wool
sheep

Qinghai
semi-fine wool sheep

(mg/g protein)

CS

(mg/g protein)

CS

(mg/g protein)

CS

1

47.57

1.01

52.10

1.11

40.74

0.87

57.00

1

39.15

0.69

30.25

0.53

55.30

0.97

17.00
86.00
54.00
70.00
66.00

1
1
1
1
1

6.94
83.75
45.59
85.23
45.09

0.41
0.97
0.84
1.22
0.68

10.64
71.15
52.10
59.94
55.46

0.63
0.83
0.96
0.86
0.84

5.08
69.77
37.20
77.65
38.96

0.30
0.81
0.69
1.11
0.59

93.00

1

82.76

0.89

78.99

0.85

61.35

0.66

490.00

436.08
80.29
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%30.97:,<4=9891,7489,.4/=.98>08>91,
=0<40=91=0741480A996=300:48=9?>3A0=>348,
From the nutriology view, the protein value depends
on the quantity and proportion of essential amino acids especially the content and composition [18]. The
total amino acid content of Guizhou semi-fine wool
was 18.34% (excluding aspartic acid and serine, essential amino acid content was 11.40%). The total
amino acid content of Liangshan semi-fine wool
sheep was 19.79% (the essential amino acid content
was 6.98%). The total amino acid content of Yunnan
semi-fine wool sheep was 18.96% (the essential
amino acid content was 7.38%). The total amino acid
content of Pengbo semi-fine wool sheep was 19.17%
(the essential amino acid content was 7.6%). The total amino acid content of Xiangxiong semi-fine wool
sheep was 17.76% (the essential amino acid content
was 6.76%). The total amino acid content of Qinghai
semi-fine wool sheep was 18.36% (the essential
amino acid content was 7.77%). Evaluating a series
of semi-fine wool sheep in southwest China from the
view of amino acids especially the essential amino
acids, we can see that Guizhou semi-fine wool sheep
was an excellent protein meat resource. From the
perspective of flavor amino acid to evaluate that flavor amino acid content of Yunnan semi-fine wool
sheep was highest, so it has a high cooking taste. The
branched-chain amino acids of Guizhou semi-fine
wool sheep was highest, and it has little difference
with other semi-fine wool sheep. Branched-amino
acids (leucine, valine and isoleucine) play an important role in promoting insulin release, growth
hormone release and metabolic metabolism (muscle
growth). Aromatic amino acids (tyrosine, phenylalanine, tryptophan) of Pengbo semi-fine wool sheep
was highest. F value (branched-chain amino acid /
aromatic amino acid) of Guizhou semi-fine wool
sheep was highest, followed by Liangshan semi-fine
wool sheep, Yunnan semi-fine wool sheep, Qinghai
semi-fine wool sheep, Xiangxiong semi-fine wool
sheep and Pengbo semi-fine wool sheep.

except lysine. The other essential amino acid scores
of Yunnan semi-fine-wool sheep were lower than the
standard except threonine, leucine and lysine. The
threonine and lysine of Pengbo semi-fine wool
sheep, the threonine of Xiangxiong semi-fine wool
sheep and the lysine of Qinghai semi-fine wool
sheep was slightly higher than the standard, and the
other essential amino acids scores were lower than
the standard. It was found that chemical score of the
essential amino acid and essential amino acid index
of Guizhou semi-fine-wool sheep were higher than
other species, followed by Yunnan semi-fine wool
sheep, Xiangxiong semi-fine wool sheep, Pengbo
semi-fine wool sheep, Qinghai semi-fine wool sheep
and Liangshan semi-fine wool sheep.
$&$$ 

%30.97:,<4=9891.98=>,8>.97:9808>=91,
=0<40=91=0741480A996=300:48=9?>3A0=>348,
The nutritional components of meat are closely related with the habitat environment besides the species, heredity, fodder and growth period [18]. Semifine wool sheep of this study selected was grew in
Yunnan-Guizhou plateau (Guizhou semi-fine wool
sheep, Yunnan semi-fine wool sheep), southwestern
Sichuan plateau (Liangshan semi-fine wool sheep)
and Tibet plateau (Pengbo semi-fine wool sheep,
Xiangxiong semi-fine wool sheep and Qinghai semifine wool sheep), all of them are a series of species
that are grew in different geographical environment
background. The moisture and dry substance of a series of semi-fine wool sheep in southwest China have
an obvious difference. In general, the protein content
of meat in the Tibet Plateau was higher than other
areas, and the difference was also obvious, it may be
closely related with grazing environment, activity intensity and fat thickness.

%30.97:,<4=98917480<,6060708>=91,=0
<40=91=0741480A996=300:48=9?>3A0=>348,
The mineral component of a series of semi-fine wool
sheep in southwest China was closely related with
the environment. Under the influence of karst environment, the calcium content of Guizhou semi-fine
wool sheep was up to 54.4 mg per 100 g, and the
phosphorus content was 134.00 mg per 100 g, it was
much higher than other semi-fine wool sheep. The
magnesium content of Liangshan semi-fine wool
sheep was highest, it was also rich in iron and zinc,
which may be related to the rich magnesite resources
in southwestern Sichuan plateau, and the soil of this
region is rich in iron and zinc. Manganese and copper content of Pengbo semi-fine wool sheep was
highest. Selenium content of Yunnan semi-fine wool
sheep was highest. Different people can be based on
the mineral diversity differences of mineral content
of a series of semi-fine wool sheep in southwest
China to choose food varieties.

@,6?,>49891,7489,.4/=91,=0<40=91=074
1480 A996 =300: 48 =9?>3A0=> 348, The amino
acid score (AAS) is widely used to evaluate the nutrient value of protein, in general, the higher the
score, the higher the nutritional value of protein.
From the amino acid score, we known that Guizhou
semi-fine wool sheep was highest, followed by Yunnan semi-fine wool sheep, Pengbo semi-fine wool
sheep, Xiangxiong semi-fine wool sheep, Qinghai
semi-fine wool sheep and Liangshan semi-fine wool
sheep. The essential amino acid index (EAAI) is
commonly used to evaluate the nutritional value of
food, it is the standard for evaluating the essential
amino acids of egg protein. By means of evaluation
of the essential amino acid index (EAAI), it can be
seen that Guizhou semi-fine wool sheep was highest,
followed by Yunnan semi-fine wool sheep, Xiangxiong semif-ine wool sheep, Pengbo semi-fine wool
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sheep, Qinghai semi-fine wool sheep and Liangshan
semi-fine wool sheep. From chemical score (CS) of
essential amino acid, we can conclude that Guizhou
semifine-wool sheep was highest, followed by Yunnan semifine-wool sheep, Pengbo semifine-wool
sheep, Xiangxiong semifine-wool sheep, Liangshan
semifine-wool sheep and Qinghai semifine-wool
sheep.
 &$ 

This paper was compared the conventional nutrients content and analyzed the varieties of amino
acids (especially the content and the proportion of
essential amino acids) of a series of semi-fine wool
sheep in southwest China, it is a basis to evaluate its
meat quality. Through the existing data and comprehensive evaluation, we known that Guizhou semifine wool sheep was an excellent mutton resource, it
has broad economical value and developing prospects [6]. It is of great significance to develop and
utilize a series of semi-fine wool sheep in southwest
China series for poverty alleviation throughout the
southwest region. At the same time, we can develop
and utilize semi-fine wool sheep from different angles, for example, we can exploit Liangshan semifine wool sheep which is rich in magnesium, iron,
zinc and other mineral elements. However, due to incomplete data, this study is only a general description, it is still need further comparison.
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&ROOHJHRI/LJKW,QGXVWU\7H[WLOH )RRG(QJLQHHULQJ6LFKXDQ8QLYHUVLW\&KHQJGX6LFKXDQ35&KLQD

&ROOHJHRI/LIH6FLHQFH6LFKXDQ1RUPDO8QLYHUVLW\&KHQJGX6LFKXDQ35&KLQD

PRELOLW\ DV FRPSDUHG ZLWK WKDW RI WKH SDUHQW FRP
SRXQGDQGFDQGLVUXSWWKHVHFUHWLRQRIUHSURGXFWLYH
KRUPRQHVOHDGLQJWRWKHIUDFWXUHRIVSHUP'1$DQG
GHFUHDVHG VSHUP FRQFHQWUDWLRQV LQ PDOHV > @
7KHUHIRUHLWLVQHFHVVDU\WRVLPXOWDQHRXVO\GHJUDGH
ȕ&<DQG3%$>@
&RFXOWXUH RI FHUWDLQ PLFURRUJDQLVPV HIIL
FLHQWO\GHJUDGHVSHVWLFLGHVDQGWKHLUDVVRFLDWHGPH
WDEROLWHV>@/LXHWDOUHSRUWHGWKDWWKHGHJ
UDGDWLRQRIPJ/ȕ&<UHDFKHGZLWK
WKHFRQFHQWUDWLRQRI3%$IDOOLQJWRPJ/
LQDFRFXOWXUHRIWKHȕ&<GHJUDGLQJVWUDLQ%DFLOOXV
OLFKHQLIRUPLV % DQG 3%$GHJUDGLQJ VWUDLQ
6SKLQJRPRQDVVS6&LQ/XULD±%HUWDQL /% PLQ
HUDOVDOW 06 PHGLXP>@1HYHUWKHOHVVQRWFRFXO
WXUH RI DQ\ ȕ&<GHJUDGLQJ DQG 3%$GHJUDGLQJ
PLFURRUJDQLVPV FDQ EH HIIHFWLYH WR GHJUDGDWLRQ RI
WKHVHWZRFRPSRXQGV>@LQWHUDFWLRQVEHWZHHQ
FRFXOWXUHGPLFURRUJDQLVPVDSSHDUWREHWKHFULWLFDO
IDFWRUIRUHIILFLHQWGHJUDGDWLRQRIȕ&<DQG3%$
3UHYLRXV VWXGLHV UHSRUWHG WKDW FRFXOWXUH RI V\PEL
RWLFPLFURRUJDQLVPVUHVXOWVLQWKHHIILFLHQWGHJUDGD
WLRQ RI SHVWLFLGHV DQG WKHLU DVVRFLDWHG PHWDEROLWHV
> @ %\ FRQWUDVW FRFXOWXUH RI DQWDJRQLVWLF RU
FRPSHWLWLYHPLFURRUJDQLVPVLQKLELWVWKHGHJUDGDWLRQ
RIPXOWLSOHFRPSRXQGV>@KRZHYHUWRWKHEHVWRI
RXUNQRZOHGJHWKHUHDUH QRVWXGLHVIRFXVHGRQWKH
VHOHFWLRQRIPLFURRUJDQLVPVZLWKȕ&<DQG3%$
GHJUDGLQJSRWHQWLDODFFRUGLQJWRWKHLULQWHUDFWLRQ
0LFURELDO LQWHUDFWLRQV DUH V\QWKHWLFDOO\ DI
IHFWHGE\H[WUDFHOOXODUVHFUHWLRQVDQGLQWHUPHGLDWHV
>@Mendoza et al. reported that microbial interactions between yeast and lactic acid bacteria were DQ
WDJRQLVWLFthroughVWXG\LQJWKHHIIHFWVRI fermentation metabolites and H[WUDFHOOXODU SHSWLGLF FRP
SRXQGVRQ\HDVWDQGEDFWHULDOJURZWK>@%OLFKHQ
LIRUPLV%DQG$VSHUJLOOXVRU\]DH0exhibit the
ability to degradeȕ&<DQG3%$UHVSHFWLYHO\>
@+HUHZHLQYHVWLJDWHGWKHHIIHFWVRIVXVSHQ
VLRQ RU ILOWUDWH  IURP ȕ&<GHJUDGLQJ RU 3%$
GHJUDGLQJ PLFURRUJDQLVPVRQWKHGHJUDGDWLRQRI
3%$ RUȕ&< E\VWUDLQ0 RU% DVZHOODVȕ
&<DQG3%$GHJUDGDWLRQHIILFLHQF\2XUILQGLQJV
provided insight into the selection process associated
with co-culturing microorganisms and RIIHUHG D
SURPLVLQJPHWKRGIRUWKHVLPXOWDQHRXVDQGHIILFLHQW

ABSTRACT
Residues of beta-cypermethrin (ȕ-CY) and its
associated metabolite 3-phenoxybenzoic acid (3PBA) in the environment cause serious threats to human health. Co-FXOWXUH RI VSHFLILF ȕ-CY- and 3PBA-degrading microorganisms can simultaneously
degrade both compounds. In this study, we determined the microorganisms capable of complete degUDGDWLRQRIERWKȕ-CY and 3-PBA in co-culture. We
found that Bacillus licheniformis B-1 and Aspergillus oryzae M-4 efficiently degraded ȕ-CY and 3PBA, respectively, and further elucidated the interaction between these two strains. ȕ-CY and 3-PBA
degradation by strains B-1 and M-4 increased by
26.77% and 39.04% after addition of 2 mL of the filtrate from the monoculture of strain M-4 and the supernatant from the monoculture of strain B-1, respectively. )XUWKHUPRUHWKH\LHOGVRIVWUDLQV%DQG
0LQFRFXOWXUHDQGPRQRFXOWXUHVZHUHDOPRVWDW
WKHVDPHRUGHURIPDJQLWXGHLQGLFDWLQJWKDWWKHLQ
WHUDFWLRQEHWZHHQWKHVHWZRVWUDLQVZDVQRWDQWDJR
QLVWLFRUFRPSHWLWLYHAt media and inocula ratios of
2:1 (v/v) in co-culture of strains B-1 and M-4, ȕ-CY
(100 mg L-1) and 3-PBA were completely degraded
after 96 h. The results provided a promising approach for the efficient biodegradation of pyrethroids and their associated metabolites.

KEYWORDS:
Characterization, Biodegradation, Beta-Cypermethrin, 3Phenoxybenzoic, Acid, &R&XOWXUH0LFURRUJDQLVPV

INTRODUCTION
ȕ-F\SHUPHWKULQ ȕ-CY) is frequently and
widely used throughout the world for insect control,
both in agricultural and home formulations [1-3@ȕCY often remains in agricultural soil and products
GXH WR H[FHVV VSUD\LQJ HQDEOLQJ ȕ-CY residues to
accumulate in humans or mammals through frequent
contact or the food chain and resulting in toxic effects on the reproductive, immune, and nervous systems [4-7]$VLWVPDMRUELRGHJUDGDWLRQSURGXFW
SKHQR[\EHQ]RLF DFLG 3%$  H[KLELWV JUHDWHU VRLO
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'HWHUPLQDWLRQ RI VWUDLQ % RU VWUDLQ 0
GHJUDGDWLRQ DELOLW\ 7KLUW\ PLOOLOLWUHV RI /% PH
GLXPFRQWDLQLQJPJ/RIȕ&< RU3%$ DQG
06PHGLXPFRQWDLQLQJJ/RIJOXFRVHDQG
PJ/RI3%$ RUȕ&< ZHUHPL[HGZLWKP/
RIWKHVWUDLQ%DQGVWUDLQ0LQRFXOXPVUHVSHF
WLYHO\IROORZHGE\LQFXEDWLRQDWUSPDQG&
IRUK$VDPSOHZLWKRXWWKHLQRFXOXPVRIVWUDLQ
%DQGVWUDLQ0VHUYHGDVDFRQWUROȕ&<RU
3%$ GHJUDGDWLRQ   ZDV FDOFXODWHG DQG WKH ELR
PDVVRIVWUDLQ%ZDVGHWHUPLQHGDW2''U\FHOO
ZHLJKW J/ ZDVREWDLQHGXVLQJILOWHULQJPHGLDDQG
GU\LQJDW&DQGUHSUHVHQWHGWKHELRPDVVRIVWUDLQ
0

GHJUDGDWLRQRISHVWLFLGHVDQGWKHLUDVVRFLDWHGPHWDE
ROLWHV

MATERIALS AND METHODS
0DWHULDOV ȕ&<   DQG 3%$  
ZHUH REWDLQHG IURP WKH 1DWLRQDO 6WDQGDUG 6XE
VWDQFHV&HQWHU %HLMLQJ&KLQD DQG6LJPD$OGULFK
&KHPLFDO&R 6KDQJKDL&KLQD UHVSHFWLYHO\&KUR
PDWRJUDSKLF JUDGH DFHWRQLWULOH RI ZDV SXUFKDVHG
IURP 7HGLD &RPSDQ\ )DLUILHOG 2+ 86$  $FH
WRQLWULOH HWK\O DOFRKRO .+32 .+32 0J62
1D&ODQG 1+ 62ZHUHDQDO\WLFDOJUDGHDQGSUR
FXUHG IURP .HORQJ &KHPLFDO &RPSDQ\ &KHQJGX
&KLQD 

(IIHFWVRIWKHVWUDLQ0ILOWUDWHRUVWUDLQ%
 VXSHUQDWDQW RQ ȕ&< RU 3%$ GHJUDGDWLRQ
7KLUW\PLOOLOLWUHVRI/%06PHGLXPFRQWDLQLQJ
PJ/ȕ&< RU3%$ ZDVPL[HGZLWKP/RI
WKHVWUDLQ% RUVWUDLQ0 LQRFXOXP$IWHULQFX
EDWLRQZLWKVKDNLQJDWUSPDQG&IRUK
WKHVWUDLQ%FXOWXUHZDVFHQWULIXJHGDW4500 gDQG
& IRU  PLQ DQG WKH FXOWXUH RI VWUDLQ 0 ZDV
ILOWHUHG7KHVXSHUQDWDQWRIVWUDLQ%RUWKHILOWUDWH
RIVWUDLQ0ZDVREWDLQHGDQGDVHULHVRIILOWUDWH RU
VXSHUQDWDQW  YROXPHV    DQG  P/ 
IURPVWUDLQ0 RUVWUDLQ% ZHUHDGGHGWRP/
RI/%06PHGLXPFRQWDLQLQJPJ/ȕ&< RU
3%$ IROORZHGE\DGGLWLRQRIP/RIWKHVWUDLQ
% RUVWUDLQ0 LQRFXOXP$OOPL[WXUHVZHUHLQ
FXEDWHGZLWKVKDNLQJDWUSPDQG&IRUK
$ VDPSOH ZLWKRXW WKH ILOWUDWH RU VXSHUQDWDQW  RI
VWUDLQ0 RUVWUDLQ% VHUYHGDVDFRQWUROȕ&<
RU3%$GHJUDGDWLRQ  ZDVFDOFXODWHG

0LFURRUJDQLVPVDQGPHGLD%OLFKHQLIRUPLV
% FDSDEOH RI GHJUDGLQJ ȕ&< ZDV LVRODWHG IURP
WKHVRLORIDWHDJDUGHQ <D¶DQ&KLQD >@$RU\]DH
0FDSDEOHRIGHJUDGLQJ3%$ZDVREWDLQHGIURP
VR\VDXFHNRML>@
LBDQG06PHGLDZHUHSUHSDUHGDFFRUGLQJWR
WKHPHWKRGGHVFULEHGE\/LXHWDODQG/%06PH
GLXPFRQVLVWHGRI/%DQG06PHGLDDWD YY 
UDWLR 5RVH %HQJDO PHGLXP ZDV SXUFKDVHG IURP
$RER[LQJ%LRWHFK&RPSDQ\ %HLMLQJ&KLQD 7KH
S+YDOXHRIHDFKPHGLXPZDVDGMXVWHGWREHWZHHQ
DQGDQG YY HWK\ODOFRKROZDVDGGHG
WRWKHPHGLXPDVDK\GURWURSLFDJHQWEHIRUHVWHULOL
]DWLRQDW&IRUPLQ
,QRFXOXP SUHSDUDWLRQ 6WUDLQ % LQRFXOXP
ZDVSUHSDUHGXVLQJDPHWKRGUHSRUWHGE\=KDRHWDO
>@7KHVSRUHVIURPDVWUDLQ0VODQWZHUHWUDQV
IHUUHGDQGVXVSHQGHGLQQRUPDOVDOLQH 1D&O 
WRDFKLHYH DQRSWLFDOGHQVLW\ DWQP 2' RI
a7KLVIXQJDOVSRUHVXVSHQVLRQZDVXVHGDVWKH
VWUDLQ0LQRFXOXP

6WUDLQV%DQG0ELRPDVV7KLUW\PLOOLOL
WUHVRI/%06PHGLDFRQWDLQLQJPJ/RIȕ&<
ZDVPL[HGZLWKP/RIVWUDLQ%LQRFXOXPDQG
P/RIVWUDLQ0LQRFXOXPDQGLQFXEDWHGZLWKVKDN
LQJDWUSPDQG&/%06PHGLDFRQWDLQLQJ
PJ/RIȕ&< RU3%$ DQGP/RIVWUDLQ
% RUP/RIVWUDLQ0 LQRFXOXPVHUYHGDVWKH
FRQWURO7KHPDVVRIVWUDLQ% RUVWUDLQ0 LQPH
GLD ZDV PHDVXUHGHYHU\KDQGWKH WRWDOFRORQ\
IRUPLQJ XQLWV &)8V RIVWUDLQ%DQGVWUDLQ0
ZHUHGHWHUPLQHGE\FRORQ\FRXQWVRQ/%DQG5RVH
%HQJDOPHGLDUHVSHFWLYHO\>@

'HWHUPLQDWLRQ RI ȕ&< DQG 3%$ FRQFHQ
WUDWLRQVThirty millilitres of medium and acetonitrile were transferred to a 100-mL Erlenmeyer flask
and shaken for 30 s by a vortex mixer, followed by
ultrasonication (40 kHz and 300 W) for 30 min. After centrifugation of the mixture 4500 g for 20 min,
the supernatant was collected and filtered through a
0.22-ȝPPHPEUDQHILOWHUȕ-CY and 3-PBA concentrations were determined using a method previously
described by Liu et al [4@ȕ-CY or 3-PBA degradation was calculated according to the following equation:

Degradation (%)

Fresenius Environmental Bulletin

6HOHFWLRQ RI FRQGLWLRQV IRU FRFXOWXUH RI
VWUDLQV%DQG0/%DQG06PHGLDSURSRU
WLRQV/%DQG06PHGLDZHUHPL[HGDWYDULRXVYRO
XPHWULFUDWLRV>DQG
YY @HDFKFRQWDLQLQJPJ/ȕ&<$YROXPH
P/ RIHDFKPL[HGPHGLXPZDVWUDQVIHUUHGWRD
IODVNFRQWDLQLQJP/RIVWUDLQ%LQRFXOXPDQG
P/RIVWUDLQ0LQRFXOXPDQGWKHIODVNVZHUH
VKDNHQ USP DW&IRUK7KHFRQFHQWUD
WLRQV PJ/ RIȕ&<DQG3%$ZHUH PHDVXUHG
DQGȕ&<GHJUDGDWLRQ  ZDVFDOFXODWHG

(1  Ck / C ) u100

(1)
ZKHUHC and Ck UHSUHVHQWWKHUHVLGXDOȕ-CY or
3-PBA concentrations PJ/ LQWKHVDPSOHVROX
WLRQDQGWKHLQLWLDOȕ&<RU3%$concentration PJ
/ UHVSHFWLYHO\
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),*85(
&RQFHQWUDWLRQVRIȕ&< D DQG3%$ E LQ/%PHGLXPDIWHULQFXEDWHGZLWKVWUDLQ%IRUK
6HOHFWLRQRIVWUDLQ%DQGVWUDLQ0LQRFX
ODWLRQUDWLRV0L[HGLQRFXODRIVWUDLQ%DQGVWUDLQ
0DWYDULRXVYROXPHWULFUDWLRV>
DQG YY @ZHUH
SUHSDUHG DQG HDFK LQRFXOXP  P/  ZDV VHSD
UDWHO\ LQWURGXFHG LQWR  P/ RI /%06 PHGLXP
FRQWDLQLQJPJ/ȕ&<$OOPL[WXUHVZHUHLQ
FXEDWHGZLWKVKDNLQJDWUSPDQG&IRUK
WKHFRQFHQWUDWLRQV PJ/ RIȕ&<DQG3%$ZHUH
PHDVXUHG DQG ȕ&< GHJUDGDWLRQ   ZDV FDOFX
ODWHG

RESULTS AND DISCUSSION
'HJUDGDWLRQDELOLW\RI %OLFKHQLIRUPLV%
ȕ&<DQG3%$FRQFHQWUDWLRQVLQ/%PHGLXPFRQ
WDLQLQJPJ/RIȕ&<DQG3%$ZHUHLQYHV
WLJDWHGIROORZLQJLQFXEDWLRQZLWK%OLFKHQLIRUPLV%
IRUK )LJ D DQG E UHVSHFWLYHO\ ,Q )LJ
 D ȕ&<FRQFHQWUDWLRQDQGWKH2'RIVWUDLQ%
 GHFUHDVHG DQG LQFUHDVHG RYHU WLPH UHVSHFWLYHO\
ZLWKWKHORZHVWFRQFHQWUDWLRQDQGWKHKLJKHVW2'
REVHUYHGDWPJ/DQGDWKUHVSHF
WLYHO\&RPSDUHGZLWK%DFLOOXVVXEWLOLV%6)>@
DQG3VHXGRPRQDVDHUXJLQRVD*)>@VWUDLQ%
PRUH HIILFLHQWO\ GHJUDGHG ȕ&< UHODWLYH WR UHVXOWV
REVHUYHGIRUERWKRIWKHVHRUJDQLVPV7KHVHUHVXOWV
LQGLFDWHGWKDWVWUDLQ%HIILFLHQWO\GHJUDGHG ȕ&<
LQ/%PHGLXP
3%$ FRQFHQWUDWLRQ UHPDLQHG QHDUO\ XQ
FKDQJHGLQGLFDWLQJWKDWVWUDLQ%ZDVXQDEOHWRGH
JUDGH3%$ )LJ E 7KH2'RIVWUDLQ%LQ
WKH PHGLXPFRQWDLQLQJ3%$ ZDVORZHUWKDQWKDW
REVHUYHG LQ WKH PHGLXP FRQWDLQLQJ ȕ&< GHPRQ
VWUDWLQJWKDW3%$LQKLELWHGWKHJURZWKRIVWUDLQ%
>@;LDRHWDOUHSRUWHGWKDW3%$ZDVFDSDEOHRI
LQKLELWLQJWKHJURZWKRIWKHȕ&<GHJUDGLQJVWUDLQ%
VXEWLOLV%6)DQGWKDWLWH[KLELWHGDWR[LFHIIHFWRQ
S\UHWKURLGGHJUDGLQJ VWUDLQV >@ 7KHUHIRUH RXU
ILQGLQJV VXJJHVWHG WKDW VWUDLQ % HIILFLHQWO\ GH
JUDGHGȕ&<EXWQRW3%$

6HOHFWLRQRIȕ&<FRQFHQWUDWLRQ/%06PH
GLD FRQWDLQLQJ YDULRXV ȕ&< FRQFHQWUDWLRQV  
DQGPJ/ ZHUHSUHSDUHG
7KH VWUDLQ % LQRFXOXP  P/  DQG  P/ RI
VWUDLQ0LQRFXOXPZHUHVHSDUDWHO\WUDQVIHUUHGLQWR
HLJKWIODVNVFRQWDLQLQJP/RIWKH/%06PHGLD
FRQWDLQLQJYDULRXVȕ&<FRQFHQWUDWLRQV)ODVNVZHUH
VKDNHQ  USP  DW & IRU  K WKH FRQFHQWUD
WLRQV PJ/ RIȕ&<DQG3%$ZHUH PHDVXUHG
DQGȕ&<GHJUDGDWLRQ  ZDVFDOFXODWHG
ȕ&<DQG3%$GHJUDGDWLRQLQDFRFXOWXUH
RIVWUDLQV%DQG07KLUW\PLOOLOLWUHVRI/%06
PHGLXP FRQWDLQLQJ  PJ / ȕ&< ZDV PL[HG
ZLWKP/RIVWUDLQ%LQRFXOXPDQGP/RI
VWUDLQ 0 LQRFXOXP IROORZHG E\ LQFXEDWLRQ ZLWK
VKDNLQJDWUSPDQG&/%06PHGLXPFRQ
WDLQLQJPJ/ȕ&<DQGP/RIVWUDLQ%
LQRFXOXPVHUYHGDVDFRQWUROȕ&<GHJUDGDWLRQ  
DQG 3%$ FRQFHQWUDWLRQ PJ /  LQ PHGLD ZHUH
PHDVXUHGHYHU\KDQGWKHGHJUDGDWLRQUDWHFRQ
VWDQW N KDOIOLIH W DQG\LHOGFRHIILFLHQW < ZHUH
FDOFXODWHGDFFRUGLQJWRWKHPHWKRGGHVFULEHGE\/LX
HWDO>@

'HJUDGDWLRQDELOLW\RI$RU\]DH03%$
DQGȕ&<FRQFHQWUDWLRQVLQ06PHGLXPFRQWDLQLQJ
 PJ / RI 3%$ DQG ȕ&< ZHUH LQYHVWLJDWHG
IROORZLQJLQFXEDWLRQZLWK$RU\]DH0IRUK
)LJ D DQG E UHVSHFWLYHO\ 2XUUHVXOWVVKRZHG
WKDW3%$FRQFHQWUDWLRQGHFUHDVHGRYHUWLPHZLWK
3%$FRQFHQWUDWLRQQHDUO\XQPHDVXUDEOHDIWHU
KDQGLQGLFDWLQJWKDWVWUDLQ0ZDVFDSDEOHRIFRP
SOHWHO\GHJUDGLQJ3%$LQ06PHGLXP )LJ D 
%\ FRQWUDVW ȕ&< FRQFHQWUDWLRQ ZDV DOPRVW XQ
FKDQJHG LOOXVWUDWLQJ WKDW VWUDLQ 0 ZDV XQDEOH WR
GHJUDGH ȕ&< )LJ  E  0RUHRYHU WKH GU\ FHOO
ZHLJKWLQWKHPHGLXPFRQWDLQLQJ3%$ZDVJUHDWHU

Statistical analysis(DFKH[SHULPHQWZDVSHU
IRUPHG LQ WULSOLFDWH DQG WKH UHVXOWV REWDLQHG ZHUH
H[SUHVVHG DV WKH PHDQV RI WKUHH UHSOLFDWHV ZLWK
VWDQGDUGGHYLDWLRQV$OOVWDWLVWLFDODQDO\VHVZHUHSHU
IRUPHG XVLQJ 6366 YHUVLRQ  6366 ,QF &KL
FDJR,/86$ .
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0 RUVWUDLQ% LQFUHDVHGDQGZKHQERWKWKHYRO
XPHVRIVWUDLQ%VXSHUQDWDQWDQGVWUDLQ0ILOWUDWH
ZHUH DW  P/ ȕ&< DQG 3%$ GHJUDGDWLRQ ZDV
DQGUHVSHFWLYHO\7KHVHUHVXOWVUH
YHDOHGWKDWWKHVXSHUQDWDQW RUILOWUDWH RIVWUDLQ%
RUVWUDLQ0 LPSURYHG3%$ RUȕ&< GHJUDGD
WLRQLQGLFDWLQJWKDWWKHPL[WXUHVRILQWHUPHGLDWHPH
WDEROLWHVRI3%$ RUȕ&< DQGH[WUDFHOOXODUVHFUH
WLRQVIURPVWUDLQ0 RUVWUDLQ% ZHUHIDYRXUDEOH
IRUȕ&< RU3%$ GHJUDGDWLRQE\VWUDLQ% RU
VWUDLQ0 DQGWKDWWKHUHODWLRQVKLSEHWZHHQWKHVH
WZRVWUDLQVZDVV\QHUJLVWLF.LPRWR1LUDHWDOIRXQG
WKDW WKH LQWHUDFWLRQ EHWZHHQ (QWHURFRFFXV PXQGWLL
,)2DQG/DFWRFRFFXVODFWLV<ZDVDOVRV\QHUJLVWLF
DQG WKDW WKH VXSHUQDWDQW RI VWUDLQ ,)2  HQ
KDQFHGWKHJURZWKRIVWUDLQ<>@6LPLODUO\.DWVX
\DPDHWDOUHSRUWHGWKDWWKHVHFRQGLQWHUPHGLDWHRI
%XUNKROGHULDVS01FRXOGEHXWLOL]HGE\6SKLQJR
PRQDV VS 7)(( IRU IHQLWURWKLRQ GHJUDGDWLRQ DQG
WKDWIHQLWURWKLRQZDVV\QHUJLVWLFDOO\GHJUDGHGE\FR
FXOWXULQJWKHVHWZRVWUDLQV>@7KHUHIRUHȕ&<DQG
3%$ PLJKW XQGHUJR V\QHUJLVWLF GHJUDGDWLRQ
WKURXJKFRFXOWXULQJRIVWUDLQV%DQG0

WKDQWKDWPHDVXUHGLQWKHPHGLXPFRQWDLQLQJȕ&<
EHFDXVHVRPH3%$PHWDEROLWHVDUHFDSDEOHRILP
SURYLQJ WKH JURZWK RI WKH 3%$GHJUDGLQJ VWUDLQ
>@ 7KHVH UHVXOWV LQGLFDWHG WKDW VWUDLQ 0 HIIL
FLHQWO\GHJUDGHG3%$EXWQRWȕ&<
3RVVLEOHLQWHUDFWLRQEHWZHHQVWUDLQV%DQG
0 0LFURRUJDQLVP LQWHUDFWLRQV DUH FRPSOH[ EH
FDXVHLQWHUPHGLDWHPHWDEROLWHVDQGH[WUDFHOOXODUVH
FUHWLRQVIURPRQHVWUDLQPLJKWSOD\LPSRUWDQWUROHV
LQ WKH JURZWK RU LQKLELWLRQ RI WKH RWKHU VWUDLQ >
@ 7KH VXSHUQDWDQW RU ILOWUDWH  RI VWUDLQ % RU
VWUDLQ0 FRQWDLQVLQWHUPHGLDWH PHWDEROLWHVRI ȕ
&< RU3%$ DVZHOODVH[WUDFHOOXODUVHFUHWLRQVRI
WKH VSHFLILFVWUDLQ7KHUHIRUHWKH HIIHFWVRIWKH VX
SHUQDWDQW RUILOWUDWH RIVWUDLQ% RUVWUDLQ0 RQ
3%$ RU ȕ&< GHJUDGDWLRQDOORZH[SORUDWLRQRI
WKHVHGHJUDGDWLRQLQWHUDFWLRQV7KHHIIHFWVRIVWUDLQ
0ILOWUDWHDQGVWUDLQ%VXSHUQDWDQWRQȕ&<DQG
3%$GHJUDGDWLRQDUHVKRZQLQ)LJDDQGEUH
VSHFWLYHO\ȕ&<RU3%$GHJUDGDWLRQLQFUHDVHGDV
WKHYROXPHVRIWKHILOWUDWH RUVXSHUQDWDQW RIVWUDLQ

),*85(
&RQFHQWUDWLRQVRI3%$ D DQGȕ&< E LQ06PHGLXPDIWHULQFXEDWHGZLWKVWUDLQ0IRUK

),*85(
ȕ&<RU3%$GHJUDGDWLRQDIWHUKLQWKH/%06PHGLXPZLWKYDULRXVYROXPHVRIVWUDLQ
0ILOWUDWH D RUVWUDLQ%VXSHUQDWDQW E

4252

© by PSP

Volume 27 ± No. 6/2018 pages 4249-4257

),*85(
%LRPDVVRIVWUDLQ%DQGVWUDLQ0
GXULQJFRFXOWXUHWKHPLQ/%06
PHGLD
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),*85(
ȕ&<GHJUDGDWLRQDQG3%$FRQFHQWUDWLRQVDIWHU
KLQYDULRXVSURSRUWLRQVRI/%$1'06LQD
PL[HGPHGLXP

%LRPDVVRIVWUDLQV%DQG0:HLQYHVWL
JDWHGWKHFKDQJHLQELRPDVVRIVWUDLQV%DQG0
GXULQJ WKH FRFXOWXUH LQFXEDWLRQ SHULRG )LJ  
8SRQLQFUHDVLQJWKHLQFXEDWLRQSHULRGIURPKWR
KWKHELRPDVVRIVWUDLQV%DQG0LQFRFXO
WXUH LQFUHDVHG IURP  î  WR  î  &)8
P/ DQG IURP  î  WR î  &)8 P/
UHVSHFWLYHO\ZLWKWKHELRPDVVRIVWUDLQ%RUVWUDLQ
0 LQ FRFXOWXUH DQG PRQRFXOWXUH QHDUO\ DW WKH
VDPH RUGHURIPDJQLWXGH$OWKRXJKWKH ELRPDVVRI
VWUDLQV%DQG0LQFRFXOWXUHZDVVOLJKWO\ORZHU
WKDQWKDWREVHUYHGLQWKHFRQWUROWKHLUJURZWKWUHQGV
ZHUHVLPLODUWRWKDWRIWKHFRQWURO.DWVX\DPDHWDO
>@UHSRUWHGWKDWWKHLQWHUDFWLRQEHWZHHQ6SKLQJR
PRQDV VS 7)(( DQG %XUNKROGHULD VS 01 ZDV
V\QHUJLVWLF DQG WKDW ELRPDVV RI VWUDLQ 7)(( DQG
VWUDLQ01LQFRFXOWXUHZDVVOLJKWO\ORZHUWKDQWKDW
REVHUYHG LQ PRQRFXOWXUHV 6HR HW DO >@ DOVR UH
SRUWHGWKDWWKHELRPDVVRIDQDSKWKDOHQHGHJUDGLQJ
VWUDLQ DQG LWV LQWHUPHGLDWHGHJUDGLQJ VWUDLQ LQ FR
FXOWXUHZDVDOPRVWWKHVDPHDVWKDWREVHUYHGLQPRQ
RFXOWXUHVDQGWKDWFRFXOWXUHRIWKHVHWZRVWUDLQVHI
ILFLHQWO\GHJUDGHGQDSKWKDOHQHDQGLWVLQWHUPHGLDWH
7KHUHIRUHWKHVHUHVXOWVLQGLFDWHGWKDWLQFXEDWLRQRI
WKHVHWZRVWUDLQVWRJHWKHUGLGQRWLQKLELWWKHJURZWK
RIHLWKHUVWUDLQ

SHWLWLYHLQWHUDFWLRQVDUHQRWFRQGXFLYHWRVXFKHIIL
FLHQWGHJUDGDWLRQ>@,QWKLVVWXG\VWUDLQV
%DQG0HIILFLHQWO\GHJUDGHGȕ&<DQG3%$
)LJVDQGUHVSHFWLYHO\ LQGLFDWLQJWKDWWKHLULQ
WHUDFWLRQVZHUHQRWDQWDJRQLVWLFRUFRPSHWLWLYH0L
FURELDO LQWHUDFWLRQ EHWZHHQ WKHVH WZR VWUDLQV ZDV
HYDOXDWHGXVLQJWKHVXSHUQDWDQWIURPVWUDLQ%DQG
WKH ILOWUDWH IURP VWUDLQ 0 ZLWK UHVXOWV LQGLFDWLQJ
WKDW WKHLU FRPELQDWLRQ LPSURYHG 3%$ DQG ȕ&<
GHJUDGDWLRQ0RUHRYHUSUHYLRXVUHSRUWVVKRZHGWKDW
PLFURELDOLQWHUDFWLRQVDUHDOVRDIIHFWHGE\TXRUXP
VHQVLQJ 46 PROHFXOHVLQEDFWHULDRUIXQJL>@
ZKLFK FRXOG DIIHFW WKH IXQJDO RU EDFWHULDO ELRPDVV
DQG UHVXOW LQ DOWHUDWLRQV LQ SHVWLFLGH GHJUDGDWLRQ
*HQHUDOO\LI46 SKHQRPHQDH[LVWVLQPLFURRUJDQLVP
FRFXOWXUHVWKHJURZWKRIRQHPLFURRUJDQLVPFRXOG
EHVLJQLILFDQWO\DIIHFWHGE\WKHRWKHU>@+HUH
WKHJURZWKRIVWUDLQV%DQG0ZDVQRWLQKLELWHG
E\WKHLUFRFXOWXUH )LJ LQGLFDWLQJWKDW46PROH
FXOHVSUHVHQWLQ VWUDLQV%DQG0GLGQRWQHJD
WLYHO\ DIIHFW WKH JURZWK RI WKHVH WZR VWUDLQV $OW
KRXJKVWUDLQ% RUVWUDLQ0 ZDVXQDEOHWRGH
JUDGH3%$ RUȕ&< LWVSUHVHQFHLPSURYHGGHJ
UDGDWLRQ through its LQWHUPHGLDWHPHWDEROLWHVDQGH[
WUDFHOOXODU VHFUHWLRQV ZKLFK GLG QRW LQKLELW WKH
JURZWKRIHLWKHUVWUDLQ7KHVHILQGLQJVVXJJHVWHGWKDW
FRFXOWXUHRIWKHVHWZRVWUDLQVZRXOGHIILFLHQWO\GH
JUDGHȕ&<DQG3%$

&RFXOWXUHRIVWUDLQV%DQG07RGHWHU
PLQHWKHDELOLW\RIFRFXOWXUHVRIȕ&<DQG3%$
GHJUDGLQJ VWUDLQV WR VLPXOWDQHRXVO\ GHJUDGH WKHVH
WZRFRPSRXQGV>@ZHLQYHVWLJDWHGWKHLUGHJUDGD
WLRQ HIILFLHQFLHV EDVHG RQ LQWHUDFWLRQV EHWZHHQ WKH
FRFXOWXUHGPLFURRUJDQLVPV>@%DFWHULDODQG
IXQJDOLQWHUDFWLRQVFDQEHPXWXDOLVWLFDQWDJRQLVWLF
RUFRPSHWLWLYH>@0XWXDOLVPUHSUHVHQWVDSRVLWLYH
LQWHUDFWLRQ EHWZHHQ GLIIHUHQW PLFURRUJDQLVPV
ZKHUHLQERWKSDUWQHUVEHQHILWIURPWKH SUHVHQFHRI
WKHRWKHUDQGZRXOGSRWHQWLDOO\UHVXOWLQWKHHIILFLHQW
GHJUDGDWLRQRISHVWLFLGHVDQGWKHLUDVVRFLDWHGPHWDE
ROLWHV>@+RZHYHUDQWDJRQLVWLFDQGFRP

&RQGLWLRQVIRUWKHFRFXOWXUHRIVWUDLQV%
DQG 0 (IIHFWV RI YDULRXV /%06 UDWLRV :H
RQO\REVHUYHGHIILFLHQWGHJUDGDWLRQZKHQWKHFRP
SRVLWLRQ RI WKH PHGLXP VDWLVILHG WKH QXWULWLRQDO UH
TXLUHPHQWVIRUWKHLQFXEDWLRQRIERWKWKHEDFWHULXP
DQGWKH IXQJXVEHFDXVH PXWXDOLVWLFGHJUDGDWLRQRI
RUJDQLF FRQWDPLQDQWV E\ WKH FRFXOWXUHG PLFURRU
JDQLVPVZDVFORVHO\DVVRFLDWHGZLWKWKHDYDLODELOLW\
RI JURZWK VXEVWDQFHV >@ :H LQYHVWLJDWHG ȕ&<
GHJUDGDWLRQDQG3%$FRQFHQWUDWLRQLQFRFXOWXUHV
RIVWUDLQV%DQG0LQWKHSUHVHQFHRIYDULRXV/%
06UDWLRVRYHUK:KHQWKHSURSRUWLRQVRI/%DQG
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WRȕ&<GHJUDGDWLRQLQFUHDVHGIURP
WRDQG3%$FRQFHQWUDWLRQUHPDLQHGDWDO
PRVW]HUR+RZHYHUZKHQWKHLQRFXODWLRQUDWLRLQ
FUHDVHG IURP  WR  ȕ&< GHJUDGDWLRQ GH
FUHDVHGIURPWRDQG3%$FRQFHQ
WUDWLRQ LQFUHDVHG IURP  PJ / WR  PJ /
7KLVLVEHFDXVHKLJKSURSRUWLRQVRIVWUDLQV%DQG
0DUHIDYRXUDEOHIRUWKHGHJUDGDWLRQRIȕ&<DQG
3%$UHVSHFWLYHO\ )LJVDQG 0RUHRYHUWKH
RSSRVLWH UHVXOW ZDV REVHUYHG ZKHQ WKH LQRFXODWLRQ
UDWLRVRIVWUDLQ%DQGVWUDLQ0LQFUHDVHGIURP
WR7KLVPD\EHDWWULEXWDEOHWR3%$DFFXPX
ODWLRQQRWEHLQJDOWHUHGLQDWLPHO\PDQQHUE\VWUDLQ
0DWWKHVHLQRFXODWLRQSURSRUWLRQVWKHUHE\LQKLE
LWLQJȕ&<GHJUDGDWLRQE\VWUDLQ%LQWKHFRFXO
WXUH>@7KHUHIRUHDQLQRFXODWLRQUDWLRRI>VWUDLQ
%VWUDLQ0 YY @ZDVVXLWDEOHIRUGHJUDGLQJȕ
&<DQG3%$LQFRFXOWXUH

06PHGLDURVHIURP YY WR YY ȕ&<GHJ
UDGDWLRQLQFUHDVHGIURPWRDQGWKH
3%$FRQFHQWUDWLRQGHFUHDVHGIURPPJ/WR
PJ/ )LJ :KHQWKHSURSRUWLRQVRI/%WR
06PHGLDLQFUHDVHGIURPWRȕ&<GHJUD
GDWLRQ GHFUHDVHG IURP  WR  DQG 
3%$ FRQFHQWUDWLRQ ZDV DOPRVW ]HUR 7KHVH UHVXOWV
VKRZHG WKDW ORZHU UDWLRV   DQG KLJKHU UDWLRV
! RI/%WR06LPSURYHDQGLQKLELWFRFXOWXUH
ȕ&< GHJUDGDWLRQ DFWLYLW\ UHVSHFWLYHO\ 7KLV LV
OLNHO\EHFDXVHVWUDLQ%FRPHWDEROLFDOO\GHJUDGHV
ȕ&< WKURXJK HVWHUDVHV > @ DQG ORZ FRQFHQWUD
WLRQVRIWKHRUJDQLFFDUERQVRXUFHV /%PHGLXP FDQ
LPSURYHWKLVDFWLYLW\ZKHUHDVKLJKFRQFHQWUDWLRQVRI
/%PHGLXPFDQFDXVHFRPSHWLWLYHLQKLELWLRQRIRU
JDQLF FRQWDPLQDQW GHJUDGDWLRQ > @$GGLWLRQ
DOO\ZKHQWKHSURSRUWLRQRI/%WR06PHGLXPZDV
!3%$ZDVDOPRVWFRPSOHWHO\GHJUDGHGLQWKH
FRFXOWXUH 7KLV LV OLNHO\ GXH WR WKH FRPHWDEROLF
GHJUDGDWLRQRI3%$YLDR[LGDVHVIURPVWUDLQ0
>@ 7KHUHIRUH LQFUHDVHG HQ]\PH DFWLYLW\ LQ WKH
SUHVHQFHRILQFUHDVHGFDUERQVRXUFHV /%PHGLXP 
FDQLPSURYHWKHGHJUDGDWLRQRI3%$>@2XU
UHVXOWVLQGLFDWHGWKDW/%06PHGLXPDWD YY 
UDWLR ZDV DSSURSULDWH DQG ZDV XVHG IRU VXEVHTXHQW
H[SHULPHQWV

(IIHFWRILQLWLDOȕ&<FRQFHQWUDWLRQRQȕ&<
DQG3%$GHJUDGDWLRQȕ&<GHJUDGDWLRQDQG
3%$FRQFHQWUDWLRQLQDFRFXOWXUHRIVWUDLQV%DQG
0 ZHUH LQYHVWLJDWHGDWYDULRXVLQLWLDO ȕ&<FRQ
FHQWUDWLRQVDIWHUK$VVKRZQLQ)LJFRFXOWXUH
RIVWUDLQV%DQG0DOPRVWFRPSOHWHO\GHJUDGHG
ȕ&<DWDQLQLWLDOFRQFHQWUDWLRQRIPJ/:KHQ
ȕ&<FRQFHQWUDWLRQVZHUHPJ/DQGPJ
/ȕ&<GHJUDGDWLRQUHDFKHGDQG
UHVSHFWLYHO\GXULQJFRFXOWXUH%\FRQWUDVW3%$
ZDVDOPRVWFRPSOHWHO\GHJUDGHGDWȕ&<FRQFHQWUD
WLRQVUDQJLQJIURPPJ/WRPJ/KRZHYHU
3%$ FRQFHQWUDWLRQ LQFUHDVHG DORQJ ZLWK VXEVH
TXHQWLQFUHDVHVLQȕ&<FRQFHQWUDWLRQ7KHVHUHVXOWV
DJUHHGZLWKWKRVHUHSRUWHGE\&KHQHWDOVKRZLQJ
WKDWDWPJ/ȕ&<3%$ZDVFRPSOHWHO\GH
JUDGHGLQDFRFXOWXUHRI%DFLOOXVFHUHXV=+DQG
6WUHSWRP\FHV DXUHXV +36 ZKHUHDV KLJK ȕ&<
FRQFHQWUDWLRQVVLJQLILFDQWO\LQKLELWHG3%$GHJUD
GDWLRQ>@

(IIHFWRIVWUDLQ%DQGVWUDLQ0LQRFXOD
UDWLRVȕ&<GHJUDGDWLRQDQGFKDQJHVLQ3%$FRQ
FHQWUDWLRQZHUHFRUUHODWHGZLWKWKHLQRFXODIURPWKH
ȕ&<DQG3%$GHJUDGLQJVWUDLQV>@7KHUHIRUH
WKHSURSRUWLRQVRIWKHLQRFXODIURPVWUDLQV%DQG
0ZHUHDQLPSRUWDQWIDFWRUIRUHIILFLHQWȕ&<DQG
3%$ GHJUDGDWLRQ ȕ&< GHJUDGDWLRQ DQG 3%$
FRQFHQWUDWLRQ DIWHU  K LQ WKH SUHVHQFH RI YDULRXV
SURSRUWLRQVRILQRFXODIURPVWUDLQV%DQG0DUH
VKRZQLQ)LJ6WUDLQV0DQG%ZHUHXQDEOHWR
GHJUDGHȕ&<DQG3%$VHSDUDWHO\ )LJVDQG
UHVSHFWLYHO\ UHVXOWLQJLQQHDUO\QR ȕ&<GHJUDGD
WLRQZKHQWKHUDWLRRIVWUDLQ%DQGVWUDLQ0LQ
RFXODZDV YY 8SRQLQFUHDVLQJWKHUDWLRIURP

),*85(
ȕ&<GHJUDGDWLRQDQG3%$FRQFHQWUDWLRQVDIWHU
KDWYDULRXVUDWLRVRIVWUDLQ%WRVWUDLQ0
LQRFXOD
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),*85(
ȕ&<GHJUDGDWLRQDQG3%$FRQFHQWUDWLRQV
DIWHUKLQDFRFXOWXUHRIVWUDLQV%DQG0
DWYDULRXVFRQFHQWUDWLRQVRIȕ&<
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),*85(
ȕ&<GHJUDGDWLRQDQG3%$FRQFHQWUDWLRQVLQRQO\FXOWXUHRIVWUDLQ%DQGDFRFXOWXUHRIVWUDLQV%
DQG0
7$%/(
)LUVWRUGHUNLQHWLFSDUDPHWHUVRIȕ&\SHUPHWKULQ ȕ&< GHJUDGDWLRQE\VWUDLQ%RUWKHFRFXOWXUHRI
VWUDLQV%DQG0DIWHULQFXEDWLRQIRUK
7UHDWPHQW
6WUDLQ%
6WUDLQV%DQG0

5HJUHVVLRQHTXDWLRQ
&W HW
&W HW

ȕ&<DQG3%$GHJUDGDWLRQLQDFRFXOWXUH
RI VWUDLQV % DQG0 ȕ&< GHJUDGDWLRQ DQG 
3%$FRQFHQWUDWLRQVLQDVWUDLQ%PRQRFXOWXUHDQG
LQDFRFXOWXUHRIVWUDLQV%DQG0DWDȕ&<FRQ
FHQWUDWLRQRIPJ/DUHVKRZQLQ)LJȕ&<
GHJUDGDWLRQLQWKHFRFXOWXUHZDVFRQVLVWHQWO\KLJKHU
WKDQWKDWREVHUYHGLQWKHVWUDLQ%PRQRFXOWXUH$W
KZHREVHUYHGPD[LPDOȕ&<GHJUDGDWLRQLQWKH
FRFXOWXUH DW  ZKLFK ZDV DOPRVW IROG
JUHDWHUWKDWREVHUYHGLQWKHVWUDLQ%PRQRFXOWXUH
3%$FRQFHQWUDWLRQLQWKHVWUDLQ%PRQRFXOWXUH
LQFUHDVHG RYHU WLPH ZKHUHDV LW UHPDLQHG DW D QHDU
]HURLQFRFXOWXUH7KHPD[LPXP3%$FRQFHQWUD
WLRQREVHUYHGLQWKHFRFXOWXUHZDVPJ/DW
K ZKHUHDV WKDW LQ WKH VWUDLQ % PRQRFXOWXUH ZDV
PJ/DWK)LUVWRUGHUNLQHWLFSDUDPHWHUV
IRUȕ&< PJ/ GHJUDGDWLRQLQWKHVWUDLQ%
PRQRFXOWXUHDQGWKHFRFXOWXUHRIVWUDLQV%DQG0
IROORZLQJLQFXEDWLRQIRUKDUHSUHVHQWHGVHSD
UDWHO\LQ7DEOH&RPSDUHGZLWKWKHVWUDLQ%PRQ
RFXOWXUHWKHWRIȕ&<LQWHUPVRIWKHFRFXOWXUH
GHFUHDVHG E\  ZKHUHDV WKH 3%$ < GH
FUHDVHGIURPWR 7DEOH 7KHVHUHVXOWV
LQGLFDWHGWKDWFRFXOWXUHRIVWUDLQV%DQG0ZDV
FDSDEOHRIFRPSOHWHGHJUDGDWLRQRIȕ&<DQG3%$
EDVHG RQ PLFURELDO LQWHUDFWLRQV EHWZHHQ WKHVH WZR
VWUDLQV QRW EHLQJ DQWDJRQLVWLF RU FRPSHWLWLYH DQG
WKHUHE\HQDEOLQJWKHHIILFLHQWGHJUDGDWLRQRIWKHRU
JDQLFFRQWDPLQDQWVDQGWKHLUDVVRFLDWHGPHWDEROLWHV

N K



W K
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CONCLUSION
6WUDLQV%DQG0HIILFLHQWO\GHJUDGHGȕ&<
DQG3%$LQ/%DQG06PHGLDUHVSHFWLYHO\)XU
WKHUVWXG\VKRZHGWKDWWKHVXSHUQDWDQW RUILOWUDWH RI
VWUDLQ % RU VWUDLQ 0  LPSURYHG 3%$ RU ȕ
&< GHJUDGDWLRQDQGWKDWWKHJURZWKRI WKHVH WZR
VWUDLQVZHUHQRWLQKLELWHGE\RQHDQRWKHU7KHLQWHU
DFWLRQEHWZHHQWKHVH WZR VWUDLQV ZDVFRQILUPHGDV
QRWEHLQJDQWDJRQLVWLFRUFRPSHWLWLYHVXJJHVWLQJD
SRWHQWLDOO\ PXWXDOLVWLF LQWHUDFWLRQ 6XEVHTXHQW FR
FXOWXUH RI WKH WZR VWUDLQV H[KLELWHG VLPXOWDQHRXV
GHJUDGDWLRQRIȕ&<DQG3%$DWUDWLRVRI/%DQG
06PHGLDDQGLQRFXODRIZLWKDKLQFXEDWLRQ
UHVXOWLQJLQFRPSOHWHGHJUDGDWLRQRIPJ/ȕ
&<DQGLWVPHWDEROLWH3%$

ACKNOWLEDGEMENTS
7KLVZRUNZDVILQDQFLDOO\VXSSRUWHGE\WKH1D
WLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD
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[11] 7UDQ1+8UDVH71JR+++X-DQG2QJ
6/  ,QVLJKWLQWRPHWDEROLFDQGFRPHWD
EROLFDFWLYLWLHVRIDXWRWURSKLFDQGKHWHURWURSKLF
PLFURRUJDQLVPVLQWKHELRGHJUDGDWLRQRIHPHUJ
LQJ WUDFH RUJDQLF FRQWDPLQDQWV %LRUHVRXUFH
7HFKQRORJ\
[12] 2USKDQ9-  0HWKRGVIRUXQYHLOLQJFU\S
WLF PLFURELDO SDUWQHUVKLSV LQ QDWXUH &XUUHQW
2SLQLRQLQ0LFURELRORJ\
[13] .DZDL ) DQG (QRNLEDUD 6   6\PELRWLF
GHJUDGDWLRQ RI SRO\HWK\OHQH JO\FRO 3(* 
SKWKDODWH SRO\HVWHU E\ SKWKDODWH HVWHU
DQG 3(* XWLOL]LQJ EDFWHULD -RXUQDO RI
)HUPHQWDWLRQDQG%LRHQJLQHHULQJ
[14] .DZDL )DQG<DPDQDND+  %LRGHJUD
GDWLRQ RI SRO\HWK\OHQH JO\FRO E\ V\PELRWLF
PL[HGFXOWXUH REOLJDWHPXWXDOLVP $UFKLYHVRI
0LFURELRORJ\
[15] .DWVX\DPD&1DNDRND67DNHXFKL<7DJR
.+D\DWVX0DQG.DWR.  &RPSOH
PHQWDU\ FRRSHUDWLRQ EHWZHHQ WZR V\QWURSKLF
EDFWHULD LQ SHVWLFLGH GHJUDGDWLRQ -RXUQDO RI
7KHRUHWLFDO%LRORJ\
[16] 0HQGR]D/01DGUD0&DQG)DULDV0(
 $QWDJRQLVWLFLQWHUDFWLRQEHWZHHQ\HDVWV
DQGODFWLFDFLGEDFWHULDRIRHQRORJLFDOUHOHYDQFH
3DUWLDO FKDUDFWHUL]DWLRQ RI LQKLELWRU\ FRP
SRXQGVSURGXFHGE\\HDVWV)RRG5HVHDUFK,Q
WHUQDWLRQDO
[17] 'HQJ:/LX6DQG<DR.  0LFURELDO
GHJUDGDWLRQ RI SKHQR[\EHQ]RLF DFLG$ UH
YLHZ$FWD0LFURELRORJLFD6LQLFD
[18] 'HQJ:/LQ'<DR.<XDQ+:DQJ=
/L - =RX / +DQ ; =KRX . DQG +H /
 &KDUDFWHUL]DWLRQRID QRYHO ȕF\SHUPH
WKULQGHJUDGLQJ $VSHUJLOOXV QLJHU <$7 VWUDLQ
DQGWKHELRFKHPLFDOGHJUDGDWLRQSDWKZD\RIȕ
F\SHUPHWKULQ$SSOLHG 0LFURELRORJ\ DQG %LR
WHFKQRORJ\
[19] 6HR+.LP--XQJ--LQ+0-HRQ&2
DQG3DUN:  &RPSOH[LW\RIFHOOFHOOLQ
WHUDFWLRQV EHWZHHQ 3VHXGRPRQDV VS$6 DQG
$FLQHWREDFWHUROHLYRUDQV'5PHWDEROLFFRP
PHQVDOLVP ELRILOP IRUPDWLRQ DQG TXRUXP
TXHQFKLQJ5HVHDUFKLQ0LFURELRORJ\

[20] ;LDR<&KHQ6*DR<+X:+X0DQG
=KRQJ *   ,VRODWLRQ RI D QRYHO EHWDF\
SHUPHWKULQ GHJUDGLQJ VWUDLQ %DFLOOXV VXEWLOLV
%6)DQGLWVELRGHJUDGDWLRQSDWKZD\$SSOLHG
0LFURELRORJ\ DQG %LRWHFKQRORJ\  

[21] 7DQJ$:DQJ%/LX</L47RQJ=DQG
:HL<  %LRGHJUDGDWLRQDQGH[WUDFHOOXODU
HQ]\PDWLF DFWLYLWLHV RI 3VHXGRPRQDV DHUX
JLQRVDVWUDLQ*)RQȕF\SHUPHWKULQ(QYLURQ
PHQWDO 6FLHQFH DQG 3ROOXWLRQ 5HVHDUFK 
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Sand flies (Diptera: Psychodidae: Phlebotominae) are the vectors of # species. Since
the larval control of the sand flies is very difficult
and almost impossible, the fighting has mainly been
carried out for the adults. In this research, the fumigant toxicity of two plant essential oils obtained
from $%" %Ten. and ) " 
# Lam. was evaluated against fieldcollected adult $%# sand flies under laboratory conditions. The fumigant activity was tested
by exposing the sand fliesto essential oil vapors at
10, 20, 50 and 100 µL/L air concentrations. Knock
time 50 (KT50) values and the 95% confidence
limits were calculated by using a probit analysis
program. A decrease in the KT50 value is observed
in % and   # essential oils
in a concentration dependent manner. KT50 values
at the highest concentration (100 µL/L air) are 9,3
and 11,6 min, respectively. After a 1 h exposure
period, both test oils produced 100% mortality at all
the concentrations tested. The results of the research suggest that essential oils from these two
plants have a potential as control agents for sand
flies.



metamorphosis within oviposition, first-instar larvae emerge in 12–19 days, pupae in 25–59 days,
and adults in 35–69 days [2]. In ideal conditions
they complete their life cycle within 1–2 months,
but depending on the fly species and their environmental conditions require longer time periods.
To date, 988 sand fly species have been identified in the world. In Turkey, 28 sand fly species are
present, and 24 and 4 of them belong to genus
$%# (5 subgenus) and genus "$(,
respectively [3].
Because of their blood feeding behavior, sand
flies are the vectors of some pathogens including
viruses, bacteria and parasites. These insects are
primarily responsible for the transmission of leishmaniasis that is one of the most important vectorborne and neglected diseases affecting more than
two million people every year. Cutaneous leishmaniasis (CL) is the most common clinical form of
leishmaniasis and causes self-healing skin lesions.
In Turkey, around 2000 CL cases have been reporting every year and more than 96% of all cases are
recording from Southern and Southeastern Anatolia
Regions [4]. Sand flies can also transmit more than
60 phleboviruses in the different parts of the world
including Turkey. Their uninfected bites may cause
allergic skin reactions for sensitive persons, like
other blood-sucking insects, because of the composition of their saliva [3].
Since the larval control of the sand flies is
very difficult and almost impossible, the fighting
has mainly been carried out for the adults. World
Health Organization and many other Pest Control
Associations have been recommended insecticides
for indoor residual spraying against adult sand flies.
Insecticide-treated bed nets and Thermal (TF) and
Cold (ULV) fogging applications have also being
used for controlling adults in indoor and outdoor
conditions. Application of repellent products containing chemicals or plant-derived oils can be used
for protection from sand fly bites. Most often, insecticides affect the nervous system and dangerous

)'!#$
Essential oils, Fumigant toxic effect, Sand fly
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Sand flies (Diptera: Psychodidae: Phlebotominae) are present in many parts of the tropical or
sub-tropical regions of the world. Their adults are
small (about 3-3,5 mm body length) and are brownish, golden, or gray colored. They have egg, larva
(four instars), pupa and adult stages in their life
cycles [1]. Only females suck blood from various
hosts such as: mammals, birds and reptiles. After
the female has taken a blood-meal and completed
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<520*6;;7?2,2;@;.:;:The fumigant toxicity of both essential oils on sand flies was tested in
polyethylene bottle (500 mL) in which field collected 10 adult insects were released. Filter papers were
cut into 2x1 cm pieces and fixed under the vial
screw caps. Filter papers were impregnated with a
series of concentrations of each essential oil. Numbers of knock down insects were counted 5 min
intervals for 1 h. After 1 h exposure, treated sand
flies were transferred to untreated bottles and feed
with 10% sucrose solution for 24 h. Mortalities
were recorded after 24h from the start of test. Four
replicates were run for each test concentration and
for the control. All tests were conducted at 22±2 oC,
60±10% RH and 12:12 h (light: dark) photoperiod.
The control did not show any mortality.

$;*;2:;2,*4*6*4@:2:The mortality rate (%) in
each bottle was analyzed by the Statistical Analysis
System (ANOVA). Duncan's Multiple Range Test
was used to test for differences among the percent
means and the controls at the p≤ 0.05 level of significance [9]. Knock time 50 (KT50) values and the
95% confidence limits were calculated by using a
probit analysis program (Stut Plus).


#$&%$

for humans and non-target organisms. And also
according to the some reports in recent years sand
flies have started to develop resistance to insecticides [5].
For these reasons, many researchers have begun to investigate less toxic products for humans.
Essential oils obtained from different plants could
be an alternative source for protecting of human
from bites of adult sand flies. Insecticidal activities
of these essential oils are making them a safe alternative to synthetic insecticides and repellents.
Therefore in this study, we aimed to evaluate the
fumigant toxicity of essential oils obtained from 
% and  # on field collected
adult sand flies under laboratory conditions.


%#$ %!$

$*6- /42.: $ sand flies were collected using CDC light traps (CDC trap model 512,
John Hock, Gainesville, FL, U.S.A.) for this research in three CL endemic regions; the villages of
Yaylalı, Aliefendi, and Büyükpınar in Alanya town
belonging to Antalya province in June 2016. Previous studies in these areas showed the presence of
eight sand fly species belonging to $%#
genus, $%# $%##("%# Tonnoir, 
$Adler, Theodor and Lourie, #"$Parrot,
'"Sinton, #$$Grassi,   $#
Scopoli,  "& Parrot ve #Nitzulescu.
The most common species in these areas was detected as $%#/#("%#(Unpublished data).

%.:; 84*6;: *6- .::.6;2*4 724: Ariel parts of
test plants were collected in the flowering period by
Dr. Cinbilgel from their natural habitats in Antalya
province in June–July 2015 and the taxonomic
identification of plants was done according to Davis
[6] and Güner et al. [7], and then voucher specimens were deposited in the laboratory. Plant aerial
parts were shade-dried at room temperature for two
weeks. The oils were extracted from plants by water
distillation (2h) using a Clevenger apparatus as
described by Cetin and Yanikoglu [8]. The oils
were stored in dark glass tubes in a refrigerator at 4
o
C until evaluation.

The results of fumigation assays were shown
in Tables 1–3. The percentage of knock down effect
increased by increasing the concentrations of the
essential oils. The laboratory tests showed that the
essential oils of the two plants were highly toxic to
adult sand flies. A decrease in the KT50 value is
observed in  % and   #
essential oils in a concentration dependent manner
(Table 1). Both oils caused 100% knock down after
45 min exposure at all test concentrations. KT50
values at the highest concentration (100 µl/L) are 9,
3 and 11,6 min, respectively. Test oils at all concentrations caused 100% mortality after an exposure
period of 1h (Table 2–3). Both  % and 
 # essential oils were highly toxic
against the adults of $%# sand flies after
24h.



% 
67,3-7>6;25.: % =*4<.:7/;.:;.::.6;2*4724:
76,.6;9*;276:
D *29


 




 


% 
526
% ! "
20,3
17,8
13,7
11,6
#$!$
21,1
14,0
13,6
9,3


7=.976/2-.6,.252;:

17,4
13,5
10,2
8,2

16,0
12,3
12,8
8,3
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22,9
21,5
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15,5
14,5
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% 
<520*6;;7?2,2;@7/% ! ".::.6;2*4724:76:*6-/4@ #$"*-<4;:*;=*927<:
,76,.6;9*;276:67,3-7>69*;.:B$>2;126 526*6-5.*6579;*42;@*/;.9 1B$
?87:<9.
;25.526
5
10
15
20
25
30
35
40
45
50
55
60


0,0±0,0 ax
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a

x

%.:;,76,.6;9*;276:C *29

67,3-7>69*;.:B$
0,9±0,7 a
6,9±3,3 a
8,2±1,0 ab
17,8±1,9 ab
17,4±1,3 ab
33,1±5,7 ab
42,1±4,5 b
41,9±6,9 b
64,8±5,7 b
58,1±9,9 b
81,2±5,8 b
79,6±6,4 b
95,2±3,8 b
97,9±1,7 b
99,0±0,7 b
100 b
100 b
100 b
100 b
100 b
100 b
100 b
100 b
100 b
179;*42;2.:
100 b
100 b


 



17,2±2,6 a
30,4±5,3 b
49,9±11,1 b
57,4±10,7 b
66,9±7,6 b
85,8±7,0 b
100 b
100 b
100 b
100 b
100 b
100 b

22,2±11,3 a
34,4±11,8 b
50,0±12,4 b
60,0±9,4 b
94,4±2,4 c
100 b
100 b
100 b
100 b
100 b
100 b
100 b

100 b

100 b

: Means within a line for each concentration followed by the same letter are not significantly different (P> 0.05).

% 
<520*6;;7?2,2;@7/#$!$.::.6;2*4724:76:*6-/4@ #$"*-<4;:*;=*927<:,76,.6
;9*;276:67,3-7>69*;.:B$>2;126 526*6-5.*6579;*42;@*/;.9 1B$
?87:<9.
;25.526
5
10
15
20
25
30
35
40
45
50
55
60

x

%.:;,76,.6;9*;276:C *29




0,0±0,0 ax
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a
0,0±0,0 a

6,0±2,5 ab
13,4±1,7 ab
25,0±3,0 ab
35,4±1,6 ab
46,0±9,1 b
64,3±9,5 b
77,3±12,7 b
89,4±8,6 b
100 b
100 b
100 b
100 b

0,0±0,0 a

100 b


67,3-7>69*;.:B$
0,0±0,0 a
30,0±12,4 ab
58,3±13,4 bc
66,6±23,2 bc
85,4±11,9 c
100 b
100 b
100 b
100 b
100 b
100 b
100 b
179;*42;2.:
100 b

 



0,0±0,0 a
13,6±4,2ab
52,9±11,8 bc
100 c
100 c
100 b
100 b
100 b
100 b
100 b
100 b
100 b

12,2±5,0 b
42,7±7,8 b
87,2±5,9 cd
100 c
100 c
100 b
100 b
100 b
100 b
100 b
100 b
100 b

100 b

100 b

: Means within a line for each concentration followed by the same letter are not significantly different (P> 0.05).



$&$$!

" and %%# oils, respectively.
Many plant essential oils have also repellent
effect on the sand flies. In laboratory experiments,
they were found to be protective against the sand
fly bite for several hours. Kimutai et al. [15]
showed that the essential oils of ( $"
$%# and $# %$ were highly repellent to
adult sand flies,  %#!. Müller et al. [16]
reported that some plants essential oils major components were used for production of candles. These
candles reduced the number of female sand flies
caught in traps between 15,4–69,8% at a distance of
1 m.
According to our literature searches, we could
not find any report about the insecticidal effects of
both tested plant species, used in the present study,
on sand flies. This is the first research on the toxic
effects of aerial part essential oils of  %
and   # against sand flies. But some
other $%" species were found toxic to stored
product pests and public health pests [17, 18].

Plant essential oils and extracts are often used
in many studies to discover new products [10]. Oils
are effective on ectoparasites such as mosquitoes,
ticks and sand flies [11]. Insecticidal effects of
extracts and essential oils of two "$ (Asteraceae) species on %$)(  (Diptera:
Psychodidae) were studied by Torres et al. [12].
They reported that essential oils from both tested
plants caused 100% mortality of   at the
concentration of 10 mg/ml after 48 h exposure.
Cárdenas et al. [13] found that extracts and essential
oil of aerial parts of $ "
(Hieron) Jeffrey (#$") have adulticidal effects on  (Diptera: Psychodidae) females.
Maciel et al. [14] searched the toxicity of essential oils from three species of %( $%# genus on
different life stages of %$)(  #. %
( $%# #$" oil was found the most effective
on all life stages of the insect, followed by $"
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) "  # essential oil has insecticidal activity on different stages of stored product
pests, #"%%# %$%# Fab. [19] and
 #$ % Zeller [20]. In fumigants assays, this plant oil was found highly toxic on egg,
larvae and adults of %[21].
The use of chemicals for many purposes is increasing day by day and causes environmental
problems (21). For this reason, more environmentally friendly pesticides need to be investigated.
Essential oils are an important source in this purpose and they contain a large number of active
components such as terpenes, phenols etc. They are
also highly toxic to insects due to the synergistic
activity between the components [22]. A number of
essential oil-based insecticides and insect repellents
have been successful in the marketplace, at least in
North America, dating back more than 15
years. While it may be of academic interest to isolate active principles from these oils, it is certainly
not a prerequisite to their use as safer insecticides
[23]. Researchers should isolate components from
plants and develop safer new insecticides.


! &$! 

According to our results the essential oils obtained from  % and   #
showed strong insecticidal activity on adult
$%# sand flies. These oils may be used for
developing new products such as, candles, vaporizer mats and liquid vaporizers against sand flies.
However, further research is needed such as mode
of action, impacts on human health, isolation of
insecticidal compounds.


 !' %$
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The aim of the present research was to evaluate
the performances of four winter vetch varieties (i.e.,
‘Aday’ (‘Ceylan’), ‘Efes-79’, ‘Menemen-79’ and
‘Selçuklu-2002’) grown in two locations   Agricultural Stations of Hatay and Ceylanpınar in Turkey
during 2010-12. In both the locations, all traits of
winter hairy vetch varieties were significant, except
for winter hardiness and plant length in Ceylanpınar
and winter hardiness and length of the main stem in
Hatay. Considering on varieties, variety ‘Aday’
(‘Ceylan’) with winter hairy vetch produced the
highest dry matter production in both agricultural locations. Therefore, it is assumed that variety ‘Aday’
(‘Ceylan’) considerably to be the most appropriate
for both the locations to achieved erect growing,
high-productivity and winter-resistant, as well as a
promising variety.



field in terms of nutritional aspects and physical
properties. The chemical composition of legume
feeds varies according to species, variety, geographical area and agricultural practices, and the protein
content varies between 20-45% [3]. Grain of leguminous is used as alternative protein sources in areas
where the production of oilseed crops is low or expensive due to high crude protein content. Vetch-cereal intercrops produced considerably higher protein
yields on the soil without any N-fertilizer than sole
cereal crops and were regarded as highly suitable for
organic farming [4].
Hairy vetch (   ) has high-nutritive
value and has ability to grow in harsh environments
under rainfed or irrigated condition, specially in arid
and semi-arid regions [5]. While, productivity is
high under temperate and cold-temperate environments [6]. However, common vetch (Vicia sativa)
seed is normally used in poultry diets as an animal
feed for alternate source of protein [7] It is cover
crops provide a great array of ecosystem services
like, erosion protection, weed deactivation, and N fixation [8]. In identifying the differences between
feeds, it is important to identify the chemical composition of feed and energy and digestible nutrients.
This research was carried out to evaluate the performances of the genotypes with the yield and yield
components of widely used vetch varieties.


&$%! &"%

*)"$%
   , winter vetch, agronomic traits, nutritional
values

!&$"'&"!

Presently scientist all over the world noticed
that, global warming, seriously climatic changes occurred worldwide but the unfavorable effects of climatic changes are more pronounced in arid and
semi-arid regions of the world, due to rising the temperature [1]. While, other researchers [2], reported
that, climate change alleviation and to ensuring the
food security of increasing population in the 21st
century are the main widely acknowledged key constraints in the world. All efforts made in animal husbandry are aimed at increasing the efficiency to be
provided from the unit head or animal group in spite
of unit production. This, on the one hand, is dependent on the use of high yielding/qualified animal
breeds, and on good care and nutrition. Making a
good feed can be accomplished by the fact that feed
or feedstuffs used are adequate and balanced in the

The experiments were carried out in an experimental field in both Ceylanpınar and Hatay Agricultural Experimental Enterprise in 2010-2011. Four
vetch varieties ‘Aday’ (‘Ceylan’), ‘Efes-79’, ‘Menemen-79’ and ‘Selçuklu-2002’ were compared for
yield and attributed traits in a field trial in two separate locations Ceylanpınar and Hatay in Turkey.
The sites of experiment in Hatay and
Ceylanpınar consist of soluble salts (EC=0.38 and
0.69 dsm-1), high CaCO3 (22.37% and 25.4%), organic matter (0.84% and 2.26%), and pH value of
7.82 and 7.81, respectively. Available phosphorus
(P2O5) in Hatay and Ceylanpınar was 83.5 and 4.2
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(kg ha-1); potassium (K2O) 1381.3 and 1125.0 (kg
ha-1), respectively (Table 1).

some portions of the fertilizers. Weed control was
performed manually as required.

758->5/ :905>5:9= The average atmospheric temperature of Hatay and Ceylanpınar in the
experimental period was 13.7 oC and 10.9 oC, a total
precipitation was 705.8 mm and 179.5 mm, the humidity was 71% and 62.2%, respectively (Figure .1
A and B). The precipitation in January, February and
March in the Hatay location was higher than in other
station. Although precipitations of Hatay were
higher than in both Ceylanpınar and long years, the
plants were not observed in either location [9].
Plot size was 7.5 m2, with 0.25 cm spacing distance and 5 m plot length. The plot was arranged in
a completely randomized block design with four replications. Sowing rate was 100 kg ha-1. The four genotypes 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 with top dressing of

3<:9:85/-7 81-=?<1819>= Vetch genotypes were harvested at 5 cm above the ground level
24 May 2012. It were measured the days to flowering, days to physiological maturity, lodging, Winter
hardiness, the number of pods per plant, the number
of seeds per pod, biological yield, seed yield, straw
yield, 1000-seed weight and harvest Index.

%>->5=>5/-7 -9-7C=5=. The obtained data was
evaluated separately and combined using SAS statistical package program. The LSD test was used to
compare the difference between the averages [10].
$%'&%!%'%%"!

3<:9:85/ ><-5>= There were considerable
differences between agronomic traits in terms of environment and climate (Tables 2, 3 & 4).

& 
%:81/4-<-/>1<5=>5/=:2=:571B;1<5819>0?<593>413<:A593C1-<

Soil sample
Hatay
Ceylanpınar

Water
Saturation
(%)
77
77

EC
dsm-1

Soil
pH

Lime (CaCO3)
%

0.38
0.38

0.38
0.38

22.37
22.37



C1-<

Available (kg ha-1)
Phosphorus
Potassium
(P2O5)
(K2O)
83.5
1381.3
83.5
1381.3

Soil organic matter (%)
0.84
0.84



Hatay-MaxT



Ceylanpinar-MaxT







June

May

April

March

February

  

January

December

 

November











'$ 
 -B58?8-9085958?8>18;1<->?<1$-592-7759>41.:>4>41<1=1-</47:/->5:9=0?<593
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)59>1<
-<0591==


#:0=
#7-9> 

5:8-==
*5170> 4- 

%110C5170
> 4- 

%><-AC5170
> 4- 

=110
A1534>
3

187 d

2.0

90

33.0 a

4.0 a

4.41 a

0.77 a

3.6 a

38.0 b

17.4 a

165 b
168 a

199 b
202 a

3.6
3.8

90
90

21.4 c
25.0 b

3.6 ab
4.0 a

3.48 b
3.67 b

0.53 c
0.56 bc

2.95 b
3.1 b

42.0 a
38.0 b

15.2 b
15.3 b

157 c

195 c

4.0

90

17.4 d

3.2 b

4.01 b

0.61 b

3.4 a

42.0 a

15.2 b

0.35
0.78
**
160.3

0.35
0.95
**
195.7

ns
90

5.6
1.87

24.2

8.1
0.52

3.7

6.7
36

3.9

8.8
7.5

0.618

6.3
28.6

3.3

4.2
2.35

40.0

2.5
0.54

15.79

ns
3.35

-<@1=>
5901B

:03593
 

151 d

%110
#:0 

-C=>:
8->?<5>C

0-C
1C7-9
21=
191819
%17E?67?

(
%  
&1=>
1-9

-C=>:
27:A1<593

(-<51>C

& 
*5170-90=:81-3<:9:85/><-5>=:22:?<@1>/4@-<51>51=3<:A9591C7-9;F9-<3<5/?7>?<-719>1<;<5=1=59



abc = means with different superscripts within row are significantly different p (0.05).
ns: not significant; * significant at P < 0.05; ** significant at P < 0.01.
)59>1< 4-<0591== Winter resistance of all
vetch varieties in Hatay and Ceylanpınar regions was
found to be the quite high performance (Table 2, 3 &
4). In addition, there was no difference between the
varieties despite different climatic conditions. To enhance the winter hardiness in common vetch, it is essential to know the magnitude of genotypic variability current, as this will provide the selection effectively [11]. 

&41 9?8.1< :2 ;:0= ;1< ;7-9>The number
of pods per plant significantly differed between the
locations and the values ranged from 17.3 to 33 in
Ceylanpınar and 46.6 to 60.4 in Hatay location. The
variety Aday (Ceylan) produced the highest number
of pods/plant of 33.0 and 60.4 in Ceylanpınar and
Hatay locations, respectively (Table 2, 3 & 4). Statistically significant differences were found among
varieties, the number of pods per plant was always
higher in Hatay than in Ceylanpınar location. These
differences can be attributed to amount of precipitation in Hatay was higher than Ceylanpınar (Table 2).

&419?8.1<:2=110=;1<;:0The number of
seeds per pod is a crucial yield character of the plant
in both cereal and forage crops as a yield parameter.
The number of seeds per pod lies between 3.2 to 4.0
in Ceylanpınar and 4.4 to 5.6 in Hatay (Table 3 & 4).
However, the highest seed number per pod was recorded in Aday (Ceylan) variety followed by the variety Menemen-79, Efes-79 and the lowest seed was
in the variety Selçuklu-2002 in Hatay location (Table 4).

-C=>:27:A1<593Days to flowering of varieties in Ceylanpınar region ranged from 151 to 168
days and from 160 to 169 days in Hatay region. Genotype Aday (Ceylan) had early flowering in both locations as presented in (Table 2, 3 & 4) showing the
earliest among varieties of vetch tested. This findings were close to the results of [11, 12], therefore,
the identify for more rapid crop growth to increase
the common vetch productivity. The early maturity
hybrids are advantageous as they produce more production/day and relevant well in several cropping
systems [13, 14].

-C=>:;4C=5:7:35/-78->?<5>CDays to physiological maturity of Ceylanpınar and Hatay ranged
from187 to 202; 195 to 204 and means of locations
were 191 and 203 days, respectively. Variety
Selçuk-2002 in both locations was the earliest variety that reached physiological maturity (Tables 2, 3
& 4). Our results were quite close to the results of
[15], who reported that the range of days to physiological seed maturity was194.0-198.4 days.

:03593Growing form of vetch varieties was
observed from different scale and the varieties Efes79, Menemen-79 and Selçuk-2002 were the semierecting growing types. In contrast, the variety Aday
(Ceylan) was the highest erect form among the varieties tested (Tables 2, 3 & 4). In general, common
vetches have a long, thin, easily lodging stem. Therefore, it is a great importance for agricultural development to be upright without company plants. Lodging was not prominent in any of the four cultivars
and did not affect forage yields. It is seen that the
average value of two points according to Candidate
(Ceylan) 1-5 scale in varieties and two values according to the average are promising regarding agricultural development. 

=110A1534>1000 seed weight (TSW) is
an important characteristic which directly yield contributed to the yield of crop and it slightly varied with
locations ranging 38.0 to 42.0 g in Ceylanpınar and
37.5 to 40.9 g in Hatay (Tables 2, 3 & 4). Irregular
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and in Hatay locations. However, there were significant differences on seed yield between the locations.
The performance of the varieties was superior in
Ceylanpınar to Hatay locations. Seed yields of the
present study were higher than findings of [20], who
found that the average grain yields of   
and     were varied significantly ranging
from 12.16 t ha-1 to 14.29 t ha-1. Furthermore, the variations might be due to the difference in soil fertility,
agronomic activities and agro ecology. [21], found
that the seed yield of common vetch genotypes were
varied due to different ecological condition (ranging
from 980 to 1600 kg ha-1). Similarly, [22] found that
genotype x environment interaction was statistically
significant in hay yield and seed yield of common
vetch genotypes. However, [18], [20] stated that high
seed density resulted in the greater dry matter and
seed yield than the low seed density. The significance of the genotype and environment interaction
indicated that the productivity were significantly affected by changing the environment [23, 24, 25].

performance was observed among the varieties in
different locations, and Efes-79 and Selçuklu-2002
produced the highest TSW (42.0) than Aday and
Menemen-79 (38.0 g) in Ceylanpınar whereas, later
varieties produced the highest TSW (40.9 & 40.5 g)
than the previous two varieties (38.0 & 37.5 g) in
Hatay location. Concerning 1000-seed weights
(39.3-40.0 g), There was no a statistically significant
difference among the varieties except Selçuklu-2002
which was low elder of TSW in the mean (Table 3).
[16], concluded that 1000-seed weight of genotypes
was higher (31.92- 63.52 g) than findings of the present study. On the contrary, [17, 18], did not find any
significant differences of the measured characteristics except 1000-seed weight between two studied
cultivars, Also, it has been agreed with [19].

%><-A
C5170
>4- 

=110
A1534>3

-<@1=>
5901B

90

%110
C5170
>4- 

90
90
90
90

5:8-==
*5170
>4- 

2
4
4
4

%110
#:0 

195 c
201 a
204 a
199 b
0.5
99.8
**
199.7

#:0=
#7-9>

)59>1<
-<0591==


160 d
167 a
169 a
165 b
0.6
1.08
**
165.2

:03593
 

-C=>:
27:A1<593

0-C1C7-9
21=
191819
%17E?67?

(
%  
&1=>
1-9

-C=>:
8->?<5>C

(-<51>C

%110C5170 The differences between the varieties were statistically important in both location,
among the seed yield of vetch varieties, Aday
(Ceylan) produced the highest yield in Ceylanpınar

& 
*5170-90=:81-3<:9:85/><-5>=:22:?<@1>/4@-<51>51=3<:A959->-C3<5/?7>?<-719>1<;<5=1=59




60.4 a
49.0 bc
55.0 ab
46.6 c
8
5.83
**
52.8

5.6 a
5.2ab
4.4 b
4.4 b
11.8
0.8
**
4.9

6.79 a
6.65 a
6.89 a
6.19 b
3.2
29.4
**
6.62

1.29 a
1.15 b
1.25a
1.02 c
4.5
7.38
**
1.16

5.48 a
5.49 a
5.64 a
5.17 b
3.1
23.4
**
5.47

40.9 a
38.0 b
40.5a
37.5 b
1
0.56
**
39.2

19.1 a
17.3 c
18.0 b
16.4 d
2.6
0.63
**
17.69

abc = means with different superscripts within row are significantly different p (0.05).
ns: not significant; * significant at P < 0.05; ** significant at P < 0.01.

%110
C5170
>4- 

%><-A
C5170
>4- 

=110
A1534>3

-<@1=>
5901B

5.59 a
5.06 b
5.27 b
5.10 b
4.5
22.04



1.03 a
0.83 c
0.91 b
0.81 c
6
5



4.56 a
4.23 b
4.36 b
4.29 b
4.3
17.5



39.5
40.0
39.3
39.3
3.1
1.13
ns
ns

18.3 a
16.3 ab
16.7ab
15.8 ab
2.6
0.4

















ns






90

ns
38.5


4.3


5.23


0.89


4.36


39.6


16.7

2.0 c
3.6 b
3.8 ab
4.0 a

90
90
90
90









162.8


198.7

%110 
#:0

-C=>:
27:A1<593

191.0 d
200.0 b
203.0 d
197.0 c
0.3
0.65



:03593
 

(-<51>C

155.5 c
166.0 a
168.5 a
161.0 b
0.4
0.63



#:0=
#7-9> 

4.8 a
4.4 ab
4.2 ab
3.8 b
11.4
0.45



)59>1<
-<0591==




46.7
35.4
40.0
32.0
8.1
2.9



0-C1C7-9
21=
191819
%17E?67?

(
%
>1=>
:/->5:9
(-<51>C
B(
B(59>
1-9=

-C=>:
8->?<5>C



5:8-==
*5170
>4- 

&
3<:9:85/><-5>=:2@1>/4@-<51>51=3<:A9591C7-9;F9-<-90->-C3<5/?7>?<-719>1<;<5=1=
3<:A593=1-=:9@1<-31


abc = means with different superscripts within row are significantly different p (0.05).
ns: not significant; * significant at P < 0.05; ** significant at P < 0.01.
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&
%58;71/:<<17->5:9/:1225/519>=-8:93C5170-90C5170/:8;:919>:2@1>/4@-<51>51=

-C=>:27:A1<593
-C=>: ->?<5>C 
:03593
!#:0= #7-9># #
!%110 #7-9>% #
5:8-==*
%110C5170%*
%><-A*5170%*
%110A1534>%)
-<@1=>901B


1
.982**
.604**
.248
.191
.281
.209
.299
-.075
-.108

 



# #

% #

*

%*

%*

%)

1
.675**
.199
.120
.265
.189
.285
.013
-.146

1
-.311*
-.309*
-.139
-.261
-.106
.066
-.608

1
.685**
.940**
.960**
.930**
-.193
.857**

1
.668**
.699**
.656**
-.176
.673**

1
.986**
.999**
-.160
.796**

1
.978**
-.121
.880**

1
-.169
.770**

1
-.087

* and **, significant P<0.05 and P<0.01 levels respectively.
:<<17->5:9-9-7C=5=Strong positive correlation was found between pods plant-1, seeds pod-1, biomass yield (BY), Seed yield (SY), Straw yield
(SY), 1000-seed weight (TSW) and harvest index
(HI) with each other (Table 5). While, SY was a positive and strong correlation between pods plant-1,
seeds pod-1, biomass yield. But, negative correlation
was also observed between lodging and other major
traits, specially pods plant-1 and seeds pods-1 (Table
5). These results of the present study is also similar
to the findings of [30], who also found that pods
plant-1 was positively correlated with seed yield,
while negative correlations was found between
1000-seed weight and seeds pod-1 by [31]. Likewise,
significant associations between harvest index and
grain yield of narbon vetch was confirm by [32].
However, significant and positive relations between
seed yield and pods plant-1, seeds pod-1 and BY were
also confirmed by [27]. Considering on phenology,
negative correlations was observed between days to
flowering and harvest index [32]. The passive relation between days to flowering and harvest index implies that accessions with delayed flowering would
achieved less grain in non-tropical dry areas [33].

%><-A C5170 Regarding straw yields of vetch
ranged from 29.5 to 36.9 (Table 3), 51.7 to 54.9 (Table 3) and 42.9 to 45.6 t ha-1 (Table 3) in
Ceylanpınar, Hatay and means of the locations. Although, straw yields of vetch varieties in different locations have some irregularities and the highest
straw yields were obtained from Aday (Ceylan) variety followed by Selçuklu-2002 in Ceylanpınar and
from Menemen-79 followed by Efes-79 and Aday
(Ceylan) in Hatay locations (Table 3 and 4). These
findings were verified by [26, 27] who concluded
that seed yield strongly correlated with straw yield.

5:7:35/-7C5170The biological/biomass yield
(BY) of vetch varieties significantly varied according to their locations. In Ceylanpınar, biological
yield of Aday (Ceylan) was higher than the other varieties, on the other hand, the variety Selçuk 2002
showed lower yields than the other varieties in Hatay
(Tables 2, 3 & 4). As a mean of locations, Aday
(Ceylan) with was prominent genotype among varieties in respect of BY (61.8 t ha-1) as shown in (Table
4). Environmental conditions might cause some a
difference in cultivars. However, [28] reported that
biological yields depends on a wide range of agronomic management with eco-climatological factors
as well as genotypic differences. Similarly, [29] observed that major of the lines had wide adaptation to
dry areas in terms of both grain yield and stability.

-<@1=>901BThe statistical analysis showed
the significant difference of harvest index (HI)
among the vetch varieties in two locations (Tables 2,
3 & 4). The highest harvest index was recorded in
the variety Aday (Ceylan) in both Ceylanpınar and
Hatay locations. There were no significant differences among the other three varieties in Ceylanpınar
(Table 3) but remarkable variation among the varieties on HI was observed in Hatay region (Table 4)
although no statistical variations among the varieties
on HI (15.8-18.3) was recorded in mean location
(Table 4). The harvest index of our findings (15.818.3) was lower than the reported harvest index
(33.92-47.41%) of [15].

"!'%"!
Most of the tested vetch varieties are adapted to
the region of Ceylanpınar and Hatay conditions in
terms of both agricultural traits and chemical analysis. Leguminous grain foods are used as alternative
protein sources in areas where the production of
oilseed crops is low or expensive due to high crude
protein contents. The best variety was Aday (Ceylan)
with winter hairy produced the highest and dry matter production in both agricultural stations. Consequently, could be the ideal cultivar suitable for
achieving high-yielding and winter-adaptability.
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the risk of cancer. In order to exert the desired metabolic effects, several studies have proposed that the
necessary minimum amount of microorganisms at
the time of consumption is 106 - 109 viable probiotic
bacteria g or L-1 [7-11].
The most commercially used probiotic microorganisms in foods belong to the genera 
 and  which are usually among
the human intestinal microbiota. Bifidobacteria constitute 95% of the total intestinal flora in the colon of
breast-fed infants and 5-10% of the total intestinal
flora of children and adults. The genus 
 is mostly of rod-shaped with different sizes,
gram-positive, anaerobes with the exceptions of a
few species, highly sensitive to pH above 8.0 or below 4.5 with optimum growth between 37 to 41˚C.
Media for the culturing of  spp. require the presence of a carbon source. Besides glucose, all Bifidobacteria catabolize a variety of monoand oligosaccharides such as galactose, lactose and
fructose as carbon sources, or products containing
these carbohydrates [12-15].
 spp. have been shown to have
positive effects such as immunostimulation, anticarcinogenic activity, inhibition of pathogens and reduction of serum cholesterol, vitamin B and amino
acid production. The most recognized species of
Bifidobacteria used as probiotics are  , 
,  ,     
 and  . To enhance the survival and
viability of  spp. in foods, different
approaches are summarized i) selection of acid- and
bile-resistant strains, ii) use of oxygen-impermeable
packaging material, iii) application of two-step fermentation, iv) stress adaptation, v) incorporation of
prebiotics and vi) microencapsulation [16-22]. The
general approach to stimulate the growth of
Bifidobacteria is supplementation of prebiotics.
Prebiotics, functional food components, favorably affect the host’s health by stimulating the activity, survival and/or colonization of the gastrointestinal microbiota associated with well-being. An effective prebiotic is i) non-digested, not-hydrolyzed and
non-absorbed in the upper part of gastrointestinal
tract, ii) fermented by the microbiota as a growth factor in the colon, iii) able to selectively stimulate the
growth and metabolic activities of one or more bacteria, iv) alter the colonic microbiota towards a
healthier composition by enhancing the levels of

Gums are complex polysaccharides such as
agar, alginates, carrageenan, carboxymethyl cellulose, gelatin, guar, locust bean, methyl cellulose,
pectin, starches and xanthan. They are obtained from
endosperm of plant seeds, plant exudates, sea weeds,
microorganisms and animal connective tissues and
widely used as stabilizers, thickeners, gelling agents
and fat replacers in the food industry. Some of them
could also enhance the growth and viability of probiotic bacteria. Thus the aim of this paper was to
compare the growth of  
subsp.  on Tryptone Peptone Yeast Extract
media containing glucose, inulin, carrageenan, locust bean or xanthan gums as sole carbon sources
and promote gums as promising prebiotic substances.


&%!"
Gums, , probiotic, prebiotic
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Currently, consumers have become more interested in the growing food category recognized as
“functional foods” that provide a positive effect on
health beyond the provision of essential nutrients,
consumed at efficacious levels as part of a varied diet
on a regular basis. It is these demands that have led
researchers and manufacturers towards new components with health promoting properties. Among
these functional components the focus is on synbiotic foods containing probiotic microorganisms and
prebiotic components, from which a two-fold positive effect on the gastrointestinal microbiota is expected. Extensive research has been conducted on
the dietary supplementation of probiotics and prebiotics in novel functional products [1-6].
Probiotics are defined as live, non-pathogenic
microorganisms. They contribute a positive impact
on the health of the host when administered in sufficient amounts. Their primary health benefits include
maintenance of healthy microbiota in the gastrointestinal tract, regulation of lactose, stimulation of the
immune system, prevention of gastrointestinal infections, reduction of both blood cholesterol levels and
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beneficial bacteria such as  and
 spp. and decreasing the levels of
pathogenic bacteria such as   and 
by lowering pH. The health-related benefits of prebiotic fermentation are i) relieving constipation, ii) reducing risk of coronary heart disease, colon cancer
and other colonic disorders, iii) decreasing the risk
of osteoporosis by improving mineral absorption, iv)
preventing intestinal infections, v) stimulating the
immune system, vi) improving glycemic control, and
vii) increasing folate and B vitamin levels. On the
other hand, when included in food matrices, the
functional properties expected from prebiotics are
reduced caloric value, non-cariogenic and bifidogenic impact, sugar and fat-replacement, dietary
fiber enhancement and improved sensorial properties like texture and mouth feel [23-30].
Many foods such as cereals and legume crops,
vegetables like chicory, onion and garlic, fruits like
dragon fruit, jack fruit, milk components like oligosaccharides are natural sources for prebiotic components [31-34]. Nowadays, research is focused to find
new natural sources which are relatively low in cost
in comparison to commercially available prebiotics.
In this context, gums, such as fructo-oligosaccharides and galacto-oligosaccharides, are regarded as
potential candidates of prebiotics [35-41].
Prebiotic effects of potential candidates are
evaluated according to i)  fermentation profiles of single, specific strains, particularly fecal bacteria, ii) the prebiotic activity scores of potential
products for selected strains of Lactobacilli and
Bifidobacteria and iii)    fermentations of potential substrates in animals and human experiments.
Pure culture fermentations are generally performed
in appropriate basal media supplemented with potential prebiotic and an increase in cell numbers is quantified by turbidity caused by growth or viable cell
count. Fluorescent in situ hybridization (FISH) or
Polymerase chain reaction (PCR) technique are used
to enumerate the population increase and interactions in mixed bacterial populations in gut models.
Although there are few studies on   fermentations of gums in animals and human experiments, to our knowledge,the fermentability of gums
such as carrageenan, locust bean and xanthan gums
has not been reported. Therefore, the main objective
of this study was to investigate the capability of carrageenan, locust bean and xanthan gums to support
the   growth of  . Its growth was
evaluated through optical density (OD), pH value
and growth rate determinations.

activated according to the method suggested by
DSMZ, and incubated at 37°C under anaerobic conditions using an anaerobic atmosphere generation
system (Anaerocult A, Merck, Darmstadt, Germany).

64;8. 43*/8/437 To study the ability of
  to utilize carrageenan, locust bean, xanthan gums carbohydrate-free Tryptone Peptone
Yeast Extract (TPY) was used as the basal growth
medium. The selected gums were supplied from
Maysa Dairy & Food Ingredients, Istanbul, Turkey.
The basal medium had the following components
(concentrations in g per L); peptone (5.00), yeast extract (2.50), glucose (5.00), tween 80 (1.00),
K2HPO4.3H2O (2.00), MgCl2 (0.50), ZnSO4.7H2O
(0.20), CaCl2 (0.15), FeCl3.6H2O (0.003) and L-cysteine HCl (0.50). The medium was sterilized at
121oC for 15 min. Stock solutions of carrageenan
(102 FRC), locust bean (102 LBG) and xanthan (102
XG) were prepared in distilled water and filter-sterilized using Millipore-Stericup-GP 0.45 µm. Sterile
substrate solutions were added into the basal TPY
medium to obtain final carbohydrate concentrations
of 0.5%. The most commercially applied prebiotics
are inulin and fructooligosaccharides, thus, as positive control TPY with 0.5% (w/v) glucose and inulin
were used while TPY without carbohydrates served
as the negative control. The assay was performed by
adding 2% (v/v) of an overnight culture of
 . The test tubes were incubated at 37oC for 48 h, and the pH and OD were
measured. The experiments were completed in triplicate and the results were presented as the means ±
SD (standard deviation).

52+'796+2+38The pH of each sample was
determined on 0, 12, 24, 36 and 48 h of fermentation
using a pH-meter (pH 315i / SET; WTW, Germany).

64;8.2+'796+2+38The cell density of the
cultures was determined by monitoring the optical
density at 600 nm (OD600) with a spectrophotometer
(Shimadzu UV 1800, Kyoto, Japan) on 0, 12, 24, 36
and 48 h of fermentation. The corresponding sterile
TPY solutions without bacteria were used as blanks
for the absorbance measurements.

64;8.!'8+Growth rate was calculated according to Azmi et al. [42] by using the following
equation:
Growth rate:

#!"#"

')8+6/'1 786'/3  
subsp.  (DSM 20219) was obtained from
DSMZ (Deutsche Sammlung von Mikroorganismen
und Zellkulturen GmbH, Braunschweig, Germany)



"8'8/78/)'1 3'1<7/7 All results are expressed
as mean ± SD. Data were analyzed by two-way analysis of variance (ANOVA). Duncan’s Multiple
Range Test was applied to determine the significant
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( ). The rate of pH fall was observed as substrate-dependent. It was observed that the highest pH
value was determined at the beginning of the fermentation and the lowest pH value was determined at the
end of the fermentation. As the microorganism reduced the pH by rapidly producing acid during the
fermentation, it was determined that carrageenan has
the lowest pH value in the nutrient media, followed
by xanthan, at the end of 48 h-fermentation. The pH
value changed gradually from 5.89 to 5.23 for carrageenan, and from 5.98 to 5.03 for xanthan. The findings obtained in this study showed that  
can use carrageenan and xanthan, as well as glucose.
Since growth is another measure of bacterial
fermentation ability, cell count, optical density (OD)
and dry weight are commonly used to measure the
growth of the microbial population [43]. In this
study, the fermentation of carrageenan, xanthan and
locust bean gums by  was determined by
measuring optical density on 0, 12, 24, 36, and 48 h
of fermentation period. OD reflected the survival of
bacteria on different carbon sources and the highest
OD stated the preferred carbohydrate.

difference between the fermentation times and substrates used as carbohydrate source at !.

!"$#""$""
During the fermentation of prebiotics by the
 species, significant lactic, acetic,
propionic and butyric acids and various by-products
are produced. These acids reduce the pH of the intestinal microbiota and prevent the development of putrefactive and potentially pathogenic bacteria due to
the induced growth and domination of the 
 species in the gut. Therefore, pH is a significant parameter which defines the bifidobacterial
growth.
Changes in the pH of TPY broth containing
various substrates incubated at 37oC during 48 h are
displayed in Figure 1. The initial and final pH of
samples ranged from 5.86 to 6.12, and 5.89 to 5.23,
respectively. The drop in pH was different for all
samples, showing significant differences in the pH
of TPY broth containing different substrates





$! 
#.+5:'19+7,46-64;3/3('7'1# &2+*/9279551+2+38+*;/8.:'6/497-927

/,,+6+38)'5/8'11+88+67*+348+7/-3/,/)'38*/,,+6+3)+7(+8;++3*/,,+6+388/2+74,
,+62+38'8/43
'(
/,,+6+3814;+6)'7+1+88+67*+348+7/-3/,/)'38*/,,+6+3)+7(+8;++3*/,,+6+3886+'82+387
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:'6/497-927

/,,+6+3814;+6)'7+1+88+67*+348+7/-3/,/)'38*/,,+6+3)+7(+8;++3*/,,+6+388/2+74,
,+62+38'8/43
'(
/,,+6+38)'5/8'11+88+67*+348+7/-3/,/)'38*/,,+6+3)+7(+8;++3*/,,+6+3886+'82+387


The optical density (OD600nm) values of the 
 grown on glucose, inulin (0.5% w/v), various gums (0.5% w/v), and on TPY medium without
an added carbon source were presented in Figure 2.
With the increasing time of fermentation, OD values
increased gradually from 0.016 to 0.352 for carrageenan, from 0.018 to 0.207 for xanthan on 36 h of
fermentation. When the results were examined, in
the TPY broth containing carrageenan and xanthan,
the   had higher cell density value in the
same group as the positive controls. Of the three
gums tested,  reached maximal growth in
carrageenan, followed by xanthan, locust bean gum
and glucose, maximal absorbance levels at 600 nm
being 0.352, 0.146, 0.037 and 0.037, respectively
(Fig. 2). reached its maximum growth after 36 h of fermentation in 0.5% carrageenan and
xanthan. Growth of   in inulin attained
lower maximal absorbance levels (0.031). These results showed that  could grow in a media
containing carrageenan and xanthan as well as glucose, which supported the bifidogenic potential.
However, locust bean gum showed a growth stimulatory effect on   as well as positive controls.
The OD600 and pH values revealed that growth

was significantly promoted on glucose and inulin
(P<0.01). To date there have been very few studies
on the fermentation of gums by probiotic bacteria;
the results of the present work did not directly correspond the bifidogenic effectiveness of gums used.
Karlton-Senaye and Ibrahim [39] reported that population of  in M17 media with
carrageenan-maltodextrin was increased at 37oC for
16 h-incubation.
The cell density values determined in the study
were similar to Palframan et al. [44] which investigated the growth of pure culture of  (DSM
20219) on a media containing glucose, xylose, xylooligosaccharides, xylan or fructooligosaccharides
as the sole carbon source.
Carrageenan and xanthan were found to have a
significant stimulating effect on the growth of 
, in comparison to glucose and inulin. 
 showed an outstanding growth rate of about
2.00 to 15.69 times of its original cell density after
48 h of fermentation rather than glucose and inulin
which indicated slower growth rates of 1.25 and
0.76, respectively (Table 1). The cell density of 
 in gum-supplemented media showed an apparent increase even after 24 h. However, after 24 h
of fermentation a decrease in the growth rate was
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noted in supplemented with locust bean.
Up to 48 h, metabolizedcarrageenan and
xanthan supplemented, positively supporting their
potential prebiotic impact. Accordingly Azmi et al.
[42] reported that  showed the highest cell
density increase after 48 h in a media supplemented
with the polysaccharides extracted from 
 shoots.
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64;8.6'8+4,4:+6,+62+38'8/43
8/2+
'6(43
7496)+
Control
Glucose
Inulin
Locust bean
Xanthan
Carrageenan

 .
-0.80
1.23
0.53
1.25
7.10
11.56

 .
0.09
0.28
0.07
0.33
-0.23
0.33

 .
0
1.85
0.76
2.00
2.72
15.69

$"
In conclusion, the results of in this study indicate that is able to utilizecarrageenan, locust bean and xanthan gums. Gums used in this study
may exhibit stimulating effect on the survival, viability and activity of other  spp.
Therefore, additional studies involving other probiotic bacteria would be required. These findings may
lead to more detailed studies of gums as a starting
point for animal and human trials.
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ABSTRACT

INTRODUCTION

Concentrations of the heavy metals, lead (Pb)
and cadmium (Cd), in the muscles, liver, gills, gonads and kidneys of three fish species (Katsuwonus
pelamis, Auxis thazard and Euthynnus affinis) collected from the Jordanian coast of the Gulf of Aqaba,
Red Sea during May to December 2015 were investigated using graphite furnace atomic absorption
spectrometry (GFAAS). Heavy metals accumulation
varied significantly between organs, generally, the
highest Pb concentrations were found in muscles,
with concentrations of 0.274, 0.222 and 0.232 in K.
pelamis, A. thazard and E. affinis, respectively;
while the lowest concentrations were found in gonads, 0.102, 0.090 and 0.086 of K. pelamis, A. thazard
and E. affinis, respectively. The highest Cd concentrations were aslo found in muscles with 0.254,
0.210 and 0.275 in K. pelamis, A. thazard and E. affinis, respectively, and the lowest concentrations
were found in gills with 0.115, 0.108 and 0.107 for
K. pelamis, A. thazard and E. affinis, respectively.
The accumulation of heavy metals in fish muscles
can be used as an indicator for pollution levels in the
environment. Levels of Pb in tuna fish muscles were
within the acceptable limits for human consumption.
Cadmium concentration levels in muscles were
slightly higher than the acceptable limits for human
consumption set by the Jordanian, Environmental
Commission, and those of the Australian food standards, whereas it is within the acceptable limits of
consumption in Finland.

Tuna, members of the family Scombridae, are
large epi-pelagic efficient predators, fast swimmers,
with very high metabolic rate. Tuna are also a highly
desirable species for fisheries, both commercial and
recreational. Scombridae represented between 23 to
59% of the total catch during the years 2008 to 2014
in Jordan [1]. Based on the estimates of the three
tuna catches in Jordan, Katsuwonus pelamis corresponded to the highest catch (in number of individuals caught), followed by Euthynnus affinis and the
lowest fish catch was for Auxis thazard which appears in the catch only in two months, May and June
2015 [1].
Heavy metals such as Lead (Pb) and Cadmium
(Cd) have no known essential role in living organisms; exhibit extreme toxicity even at very low concentration and have been regarded as highly toxic to
all forms of life with considerable implications to human health [2, 3]. The toxicity of lead has been
known for about a thousand year [4]. Marine organisms receive lead from different sources including
atmospheric input from motor vehicles using leaded
gasoline [5] and from industrial activities. Marine organisms receive cadmium from different anthropogenic sources. Cadmium poses severe risks to human
health, and negatively affects the kidneys, bones, and
pulmonary system [6].
Several studies have reported on heavy metals
in the marine environment of the Gulf of Aqaba [7,
8, 9, 10, 11, 12, 13, 14]. These results generally indicate that levels of some heavy metals in different
marine organisms. However, this study aims to establish baseline data for the level of Lead and Cadmium in three common fish species belonging to the
family Scombridae; Katsuwonus pelamis, Auxis
thazard and Euthynnus affinis that are economically
important, and extensively consumed by local populations.

KEYWORDS:
Heavy metals, Fish, Lead, Cadmium, Aqaba, Red Sea
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FIGURE 1
Study area in the northern Gulf of Aqaba
were analyzed with every batch of samples for monitoring data quality and assessing blanks and contamination.

MATERIALS AND METHODS
Study area. The study area is located within
the Jordanian coast of the Gulf of Aqaba (Figure 1).
It is at the northern tip of the Gulf of Aqaba and extends south for about 27 km to the Saudi Arabia border between longitude 34 ° 25 'to 35 ° 00' E and latitude 28 ° 00 'to 29 ° 33' N. The Gulf contains unique
biodiversity, with some species endemic to the area
due to its semi enclosed nature. It is connected to the
Red Sea through the Straits of Tiran. The Gulf of Aqaba is more than 1,800 m deep (averaging 650 meters) [15, 16].

Samples analysis. Digested samples were analyzed by injecting 20 ȝO of the solution into the
graphite tube of the graphite furnace atomic absorption spectrometer (GFAAS) instrument (Perkin
Elmer Analyst 800 GFAAS - USA). Pb was detected
at 283.3 nm wavelength [17, 18] and Cd was detected at 228.8 nm wavelength [19, 20].
Statistical Analysis. A non-parametric test
(Kruskal Wallis test) was performed to examine significant differences for Pb and Cd among species and
organs. Concentrations were also compared to formal consumption limits of various countries.

Fish sampling and preparation. A total of 36
samples, comprised of twelve fish from each of the
following species: Katsuwonus pelamis, Auxis
thazard and Euthynnus affinis, were collected from
local fishermen between May and December 2015.
Samples were immediately transported (over ice) to
the laboratory, where they were rinsed with distilled
water. Muscle, liver, kidney, gonads and gills were
taken out then five grams of each tissue were stored
frozen until further analysis.

RESULTS
Heavy metals in muscles of three Scombridae fish species. For all species the highest concentrations of Pb and Cd were found in the muscle tissue. However, the mean values of heavy metal concentrations for Pb in muscle tissue were significantly
different (P= 0.0015) between species (K.pelamis,
A.thazard and E.affinis). While the difference in Cd
concentrations between muscles of different fish
species was not significant. The highest Pb concentration was found in K.pelamis  ȝJJ  IRO
lowed by A.thazard ȝJJ DQGE.affinis (0.139
ȝJJ 7DEOH

Samples digestion. The samples were digested
using a microwave digestion method (Multiwave
3000 - Anton Paar, USA). About 0.7 g from each fish
sample was mixed with 8 ml high purity HNO3 and
1 ml high purity H2O2, placed in a microwave system
for 25 minutes until 200 °C was reached and maintained for 15 minutes. Samples were cooled to < 50
°C and diluted to 200 ml with de-ionized water.
Blanks, Pb and Cd standards (Accu- Standard, USA)
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TABLE 1
0HDQ ȝJJ 6(RI3EDQG&GPHWDOFRQFHQWUDWLRQVLQWKHPXVFOHVRIK.pelamis, A.thazard and E.affinis
collected from the Jordanian coast of the Gulf of Aqaba, Red Sea
Pb
Mean ± SE
0.178 ± 0.009
0.140 ± 0.007
0.139 ± 0.007
0.0015

Fish species
K.pelamis
A.thazard
E.affinis
P-value

Cd
Mean ± SE
0.167 ± 0.007
0.157 ± 0.006
0.176 ± 0.009
0.6043




















 

 


 
 
 
FIGURE 2
Mean concentration μg/g ± SE of Pb in different organs of K pelamis


















 

 


 
 
 
FIGURE 3
Mean concentration μg/g ± SE of Cd in different organs of K pelamis

while the gills had the lowest concentration value
with 0.115 μg/g (dw) (Figure 3).
Lead concentrations also varied significantly
between different organs of A. thazard (P 0.0001).
Muscles had the highest mean concentration among
all organs with 0.222 μg/g (dw), followed by liver
with 0.148 μg/g (dw), while the gonads had the lowest concentration value with 0.090 μg/g (dw) (Figure
4). Cadmium concentrations between different organs of A. thazard was also significantly different
(P 0.0001); muscles had the highest mean concentration among all organs with 0.210 μg/g (dw), followed by kidney with 0.178 μg/g (dw), whereas the

Heavy metals concentration among different
organs of fish species. Lead concentrations (μg/g)
in K. pelamis of different organs was significantly
different (P 0.0001). The results reveal that muscles had the highest mean concentration among all
organs with 0.274 μg/g (dry weight; dw), followed
by kidney with 0.215 μg/g (dw), and the gonads had
the lowest concentration of 0.102 μg/g (dw) (Figure
2). Cadmium concentrations (μg/g) between different organs were also significantly different (P
0.0001). The muscle tissue had the highest mean
concentration among all organs with 0.254 μg/g
(dw), followed by kidney with 0.180 μg/g (dw),
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(dw) (Figure 6). Cadmium concentrations between
different organs of A. thazard were also significantly
different (P 0.0001) muscles had the highest concentration among organs with 0.275 μg/g (dw), followed by kidney with 0199 μg/g (dw), while the gills
had the lowest concentration of 0.107 μg/g (dw)
(Figure 7).

gills had the lowest concentration of 0.108 μg/g (dw)
(Figure 5).
Lead concentrations between different organs
of E. affinis as for the other fish were significantly
different (P 0.0001), muscles had the highest concentration among all organs with 0.232 μg/g (dw),
followed by liver with 0.146 μg/g (dw), while the
gonads had the lowest concentration with 0.086 μg/g

















 

 


 
 
 
FIGURE 4
Mean concentration μg/g ± SE of Pb in different organs of A. thazard


















 

 


 









FIGURE 5
Mean concentration μg/g ± SE of Cd in different organs of A. thazard




















 

 


 
 
 
FIGURE 6
Mean concentration μg/g ± SE of Pb in different organs of E. affinis
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FIGURE 7
Mean concentration ± SE of Cd in different organs of E. affinis
TABLE 2
The correlation coefficient (R2) and probability test (P-value) between fish length of K. pelamis, A. thazard
and E. affinis and final metal concentrations

R2
P-value

K. pelamis
Pb
Cd
0.286
0.441
0.073
0.019

A. thazard
Pb
Cd
0.002
0.672
0.881
0.0002

E. affinis
Pb
0.00
0.978

Cd
0.074
0.393

muscles compared to other organs such as liver and
gills of 11 fish species collected from the Gulf of Aqaba. Also, Cd concentration was very high (up to 195
μg/g) in the liver of some fish collected and analyzed
at other sites [28]. According to [29], fish absorb
metals from both water and food organisms and the
content of these metals in various aquatic organisms
at different trophic levels determines the amount of
metal absorbed by fish.
Significant differences in Pb concentrations
were observed between the organs of all three fish
species. The Pb concentration was higher in muscle
tissue in all three, followed by kidney for K.pelamis
and E.affinis, and liver in A.thazard. This could be
due to the feeding habits and the metal concentration
in food of these fish, which affect the metals accumulation in different tissues in fish [30. Internal organs have been suggested to be among the major organs for metal accumulation and detoxification [31]
but in our study muscle tissue had higher concentration. The results of this study are in agreement with
the studies of [32, 33, 34, 35].
No correlation was observed between Pb in
muscle and length in all three studied fish species.
However, Cd showed a weak correlation with the
fish length of all studied fish species. The result for
Cd is in accordance with the studies of [36, 37], in
which they found a correlation between heavy metals concentration and fish length however it is not
clear why this is not observed for Pb. The differences
between Cd and Pb relation to length could be due to
the feeding habits and the metal concentration in

Effect of fish length on heavy metals concentrations. The results show a weak correlation between Cd in fish mussel and the body length of K.
pelamis, A. thazard and E. affinis with R2 = 0.441,
0.671 and 0.074 respectively. Meanwhile, Pb concentrations in fish mussel had no correlations with
body length of the three studied fish species Table 2.

DISCUSSION
The results of this study show significant differences between the three fish species K. pelamis,
A. thazard and E. affinis for Pb concentration.
Whereas there are no significant differences between
the three studied fish species for Cd. Differences
among species were also reported for toxic metals by
others [21, 22]. These differences in trace metals
concentrations can be attributed to fish physiology,
feeding rate, growth rate, lifespan, migratory patterns, and foraging habits and/or diet [23].
Significant differences between mean Cd concentration in the different organs of the studied fish
species K. pelamis, A. thazard and E. affinis were
observed; this is consistent with previous reports
[24,25,26] on heavy metal concentrations in organs
of various marine fish species. In our current study
Cd concentrations were higher in muscles in all studied fish species when compared to other tested organs. This is in contradiction with the reports of [27],
in which they found low concentrations of Cd in
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food which are related to the metals accumulation in
different tissues in fish [30].The mean concentration
of Pb in the muscles of K.pelamis, A.thazard and
E.affinis were within the permissible limits of the
Jordanian standards (1.0 ppm), Canadian standards
(0.5 ppm) and Australian Standards (0.5 ppm) for
fish consumpion. Meanwhile, the mean concentration of Cd in muscles of K.pelamis, A.thazard and
E.affinis were higher than the values of the Jordanian, and Australian food standards, but they are
lower than the Finland and New Zealand standards
(Table 3).

This work was written during a Sabbatical Fellow from The University of Jordan to Tariq Al-Najjar to be spent at the University of California, Santa
Cruz, USA. Fulbright scholarship was also awarded
to Tariq Al-Najjar during this period. This project
has been supported from the Deanship of Academic
Research at The University of Jordan (grant No.
78/2013-2014).
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In this study, it was aimed to investigate the influence of lycopene administration on serum Neopterin (NEO), Myeleperoxidase (MPO) and
Gamma glutamil tramsferase (GGT) activity in rats
with experimentally induced diabetes. 
Male Wistar-Albino rats aged 7-8 weeks and
weighing 250-300 gr were used in the study. Rats
were randomly allocated to four groups as control,
lycopene, diabetes and diabetes -lycopene with 7 rats
in each. 45 mg/kg streptozotocin (STZ) prepared in
cold citrate buffer was applied via intraperitoneal
route in order to induce experimental diabetes. Lycopene was prepared in corn oil and administered via
peroral route through gavage in the dose of 10 mg/kg
daily in lycopene and DL groups. Blood samples
were taken into serum tubes from the hearts of the
rats under general anesthesia at the end of 28 days of
test period. Blood samples were centrifuged and serum was obtained. Neopterin, MPO and GGT activities were determined in serum samples.
The lowest neopterin level was detected in control group (p<0.001). The highest neopterin level
was obtained in diabetes group, neopterin level of lycopene group was lower than that of diabetes group
however a statistically significant difefrence was not
detected. Neopterin level of DL group was found
lower than that of diabetes and lycopene groups and
this decrease was statistically significant (p<0.001).
MPO level was found the lowest in diabetes group
compared to other groups (p<0.001). MPO level of
control group was found statistically significantly
higher than that of lycopene and DL group
(p<0.001). No statistically significant difference was
observed between groups with regard to CRP levels.
GGT activity was the highest in diabetes group and
the lowest in DL group (p<0.001).
In conclusion, inflammation markers, neopterin
and GGT were low in the groups which received lycopene. These findings suggest that lycopene may be
useful for prevention of the complications of diabetes and related inflammation.




#! 
Diabetes mellitus, Rat, Lycopene, Neopterin, Myeloperxidase, Gamma glutamyl transferase,



 
Diabetes mellitus (DM) is a chronic and progressive disease characterized by carbohydrate, protein and lipid metabolism disorders and hyperglycemia [1]. DM is a chronic metabolic disease which
develops as the result of absolute absence of insülin
or relatively decreased insulin effect leads to death
due to acute complications, reduces quality of life
due to chronic complications, characterized by carbohydrate, protein and fat metablism disorders [2].
Lycopene is a ceratinoid which is found most
in human plasma. Lycopene which is a potent antioxidant is also a vitamin which has anti-inflammatory and anticancer properties [3].
Lycopene shows an antioxidant activity as the
result of binding of double bonds with uncoupled
electrons. It protects lipids from peroxidation injury
in high concentrations [4].
The association between neopterin production
and immune activation was proven and a strong association was shown between neopterin levels and
severity and progression of diseases [5, 6]. Neopterin
and derivatives are synthesized from GTP via guanosine triphpsphate (GTP) cyclohydrolase I in vivo.
GTP cyclohydrolase activity is increased by IFN-γ
most [7, 8].
Neopterin was found high in body fluids in infections, autoimmune diseases, malignities, allograft
rejections, cardiac and renal insufficiencies, coronary artery diseases and myocardial infarction in
many clinical and experimental studies [9].
Type 1 diabetes is accepted as an insulin-dependent chronic autoimmune disease. Neopterin
concentrations were detected high in newly diagnosed Type 1 DM patients compared to control
group. Neopterin levels are similar in Type 2 DM patients and control group [9].
Under the light of these data, neopterin measurement was reported to be sensitive for determining
disease activity and prognosis in autoimmune diseases [6]. Myeloperioxidase (MPO) enzyme is one
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in cold citrate buffer and applied intraperitoneally in
of the major granule proteins and a heme protein
order to create diabetes in the rats. Glucose level was
which consists 5% of total neutrophil protein. Commeasured in venous blood samples obtained from
bination of superioxide production and MPO release
give a widespread and unique oxidative potential of
tail vein 72 hours after STZ injection using Lever
neutrophil. Hydrogen peroxide which is formed by
Check-TD-22 brand of biosensor glucose test dedismutation of superoxide uses oxidize halides to
vice. The rats whose plasma glucose >250 mg/dl
form hypohalous acid through a reaction catalysed
were accepted as diabetic and enrolled in D and DL
by MPO. Chloride is the most proper substrate in
groups. Lycopene dissolved in 10 mg/dl corn oil was
physiologic concentrations [10]. DM is known to afapplied to the rats in D and DL groups via peroral
fect MPO acitivity, although low [11].
gavage for 28 days.
In later studies, MPO was detected to show its

antimicrobial activity by making an inhibitör and
,1&+(/,&$.0$.84,4After the 4-week trial,
killer effect on microorganisms by producing hypounder ether anesthesia, blood samples were taken
chloric acid and other toxic agents in phagolysofrom animals from the left ventricle of their hearts,
somes of neutrophils. MPO realizes its effect on
into tubes with anticoagulant and gel.
post-translational modification in target molecules
Determination of the amount of HbA1c was
by using H2O2 MPO-mediated injury is not limited
performed in whole blood with a commercial kit
with microorganisms, HOCl and its derivatives
(Roche Diagnostics GmbH, D-68298 Mannheim,
cause a similar injury in host tissue [12, 13].
Germany) and an autoanalyzer (HITACHI-911) on
In this study, it was aimed to investigate the inthe same day.
fluence of lycopene administration on serum neNeopterin and Myeloperoxidase levels were
opterin, CRP, MPO and GGT in rats with experimeasured using rat neopterin ELISA kit (Cusabio
emnatlly-induced DM.
Biotech). GGT level was detected using Cobas inte
gra 800 autoanalyser (Roche).



5$5,45,&$.$0$.84,4Results were expressed as
median, mean, standard deviation, minimum and

maximum values. Kruskal-Wallis test was used for
0,/$.Animal material of the study was obcomparison of groups. Tukey test was used as multitained from Test Animals Unit of Yüzüncü Yıl Unicomparison test for determining the different group.
versity (Van, Turkey). A total of 28 male Wistar alStatistical significance was taken as 1% and SPSS
bino rats aged approximately 7-8 weeks were used.
statistical package program was used for calculaInitial weight of rats was determined as 220-2500 gr.
tions.
Rats were kept in cages with animal feed and fresh
water ad libitum in rooms with temperature of 22±
2°C in 12 hours light and dark cycle during 4-weeks
 
of test period. Serum samples obtained from the project with number of 2010-SBE-D115 was used in the
studySubjects were randomly allocated to 4 groups.
Neoptrin, MPO, CRP and GGT levels of groups
The experiments were conducted according to ethiare presented in Table 1.
cal guidelines, and under the supervision of Yuzuncu
It was seen that HbA1c levels are highest in diYil University Local Ethics Committee of Animal
abetes group, close to the levels of control group in
DL group, significantly higher in lycopene group
Experiments.
compared to control and DL groups (p<0.05).
Group I was determined as control group (C)
Neopterin levels did not show a statistical sig(n=7),
Group II as diabetes group (D) (n=7),
nificance in lycopene (L) and diabetes (D) groups
Group III as lycopene group (L) (n=7),
(p>0,05). Neopterin level was lowest in control (C)
Group IV as diabetes-lycopene group (DL)
group and the difference was statistically significant
(n=7).
(p<0,05). Neopterin level of DL group was observed
45 mg/dl of streptozotocin (STZ) was dissolved


%&0(125(3,0$0'.(7(.41)3$54,0&10531.',$%(5(4',$%(5(4.8&12(0($0'.8&12(0(*3162
Groups
Parameters

n

Control Group (C)
X± SEM

Diabetes Group (D)
X±SEM

Neopterin (pmol/ml)
MPO (ng/ml)
GGT (U/L)
HbA1c (%)

7
7
7
7

14.4 ± 0.08c
0.82 ± 0.08a
1.50 ± 0.1b
1.67 ± 0.2 b

34.41 ± 1.79a
0.47 ± 0.10d
3.40 ± 0.26a
6.23 ± 0.89a

#: The letters in the same line express statistical difference (p<0.05)
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Diyabet+Lycopene
(D+L)
Group X±SEM
25.45 ± 1.56b
0.62 ± 0.05c
0.80 ±0.26d
2.08 ± 0.18b

Lycopene Group
(L)
X±SEM
34.26 ± 3.08a
0.78 ± 0.07b
1.20 ± 0.22c
3.93 ± 0.43c
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to be significantly lower compared to D and L group
(p<0,05).
MPO level was lowest in group D and the difference was statistically significant (p<0,05). MPO
level was found statistically significantly higher in
Grup C compared to Group L and DL (p<0.05).
MPO level was detected higher in group L compared
to Group DL and D (p<0.001).

GGT level was the highest in Group D and the
difference was statistically significant (p<0.05). The
lowest GGT level was detected in group DL and a
statistically significant difference was observed
when compared with Group C and L (p<0.05). GGT
level was found statistically significantly low in
Group L when compared to control group (p<0.05).
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C: Control group; D: Diabetes group; DL: Diyabet+Lycopene group; L: Lycopene group. Different letters to express statistical significance
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have antioxidant effects in treatment of chronic diseases like cancer, cardiovascular diseases, osteoporosis and diabetes [16].
Pennathur et al. [17] showed that lycopene
could have protective effects against cardiovascular
diseases, prostate cancer, respiratory and gastro-intestinal system diseases. Lycopene is an anti-inflammatory agent. Lycopene inhibits activation of NF-kB
and thereby decreases the expression of inflammatory cytokines like IL-6 and IL-8 [18]. Ghavipour et
al. [18] observed that tomato juice reduces serum
concentrations of IL-6 and IL-8 in their study investigating the influences of tomato consumption on
levels of inflammatory biomarkers (IL-6, IL-8,
hCRP and TNF- α) in overweight and obese women.
Neopterin activation is increased by interferon

Susceptibility to infections increases in diabetic
patients. Particularly impaired neutrophil functions
are accused for the increase in susceptibility to infections in various studies [14].
Influences of lycopene have been investigated
in many studies with regard to its antioxidant effect
for prevention of the effects of free oxygen radicals.
Antioxidant activity achieved by lycopene mediates
prevention of various oxidative injuries, toxicity and
other diseases. Therefore lycopene, a ceratinoid, is a
more effective antioxidant against biologic effects
and contributes to cell and tissue recovery both in
vivo and in vitro [15]. Lycopene was reported to may
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γ (IFN- γ) [9]. IFN-γ production increases when T
lymphocytes are stimulated by specific antigens and
this condition leads to elevated neopterin levels. The
conditions where T lymphocytes are activated,
mainly viral infections, change neopterin level [19].
Cellular immune events are known to contribute to
the pathogenesis of autoimmune diseases. T cell activation and significant elevation of IFN-γ levels enable the increase in neopterin in early stages of autoimmune diseases and thereby showing the activity
and degree of autoimmune diseases as a marker [20].
Type 1 diabetes mellitus is accepted as an insulin-dependent chronic autoimmune disease. Neopterin concentration was detected higher in newly
diagnosed type 1 DM patients compared to control
group. However it was found to be similar in type 2
DM patients and control group [9]. As the result of
these data, neopterin level measurement was reported to be useful in determining disease activity
and prognosis in autoimmune diseases [6]. Monocyte macrophages play an important role in inflammatory response in diabetic patients [21]. Monocyte
activation was shown to increase in type 1 DM patients compared to non-diabetics [22, 23].
Neopterin was shown to increase the production of chloride species and the oxidative potential of
reactive oxygen in immuno-competent cells. It was
also found to inhibit neopterin, xanthin oxidase and
NADPH oxidase activity. Therefore neopterin may
directly be included in the steps leading to oxidative
stress [24]. Melicharova et al. [25] compared urinary
neopterin level in patients with diabetes and diabetic
foot and could not find a correlation between urinary
neopterin levels. Bodlaaj et al. [26] could not find a
difference between serum neopterin levels in diabetic and non-diabetic patients in their study conducted with the end stage renal failure patients.
Neopterin was reported as a marker of the complications and progression of DM [27]. In invitro
studies, a few antioxidant compounds could slow neopterin production in mononuclear cells of peripheral blood. Antioxidant compounds suppress in vivo
Th1 type immunity and neopterin production [28].
Neopterin is used as a senstive biomarker in immunemediated response of Th-1 type cells [29].
Aşcı et al. [30] compared urinary and serum neopterin levels between Type 1 and Type 2 diabetic
patients. They found serum and urinary neopterin
levels higher in diabetic patients, consistently with
literature. They recommended that neopterin level
could be a useful marker for prediction of the prognosis and activity of the diabetic patients. Lasselin et
al. [31] found neopterin level higher in Type 2 DM
patients compared to Type 1 DM patients.
In this research, the lowest neopterin level was
found in control group. The highest neopterin level
was detected in diabetic group. High neopterin level
in diabetes group may be an indicator of increased
oxidant level in diabetes. Elevated neopterin level

shows an activation in immune system. High neopterin level in the group which lycopene was given
and not diabetic may arise from lycopene's activating
adipose tissue. Reduced neopterin level in diabetic
rats which were given lycopene supports the finding
that lycopene have some immune-suppressor effect.
MPO is a pro-oxidative enzyme which is released from activated leukocytes and monocyte/macrophages. It produces free radicals and reactive oxygen species when released as a part of natural defense of the host [32]. Antimicrobial activity
of MPO leads to injury in endothelium and vessel
wall [33]. An elevation is seen in MPO levels in patients with coronary artery diseases [34]. Heilmen et
al. [35] found plasma MPO level higher in the patients with type 1 DM compared to control group.
Papers are available reporting that MPO activity
both increases and decreases in diabetic cases in different tissue and clinical studies [36, 37].
Diabetic patients are highly susceptible to bacterial and fungal infections. DM leads to impairment
in inflammatory responses and immunologic functions [38]. Some studies proposed that hyperglycemia leads to neutrophil dysfunction [39]. Ferreira et
al. [40] evaluated MPO enzyme activity in peritoneal
neutrophils in diabetic rats. They did not find a statistically significant difference in MPO enzyme activity when compared to control group. In the same
study, they measured hypochloric acid in order to determine MPO gene expression and MPO activity.
MPO gene expression was found high in diabetic
group compared to control group and a 40% reduction was detected in hypochloric acid in diabetic
group. Uchimura et al. [41] found MPO activity in
leukocytes of type 2 diabetic patients lower compared to the controls. Moldeveanu et al. [42] found
MPO level high in diabetic group.
In this study, MPO activity was found the highest in control group and the lowest in diabetic group.
The elevation in MPO activity in control group was
found statistically significant when compared with
other groups (p<0.001)
Elevations in GGT level in diabetic patients
pulled attention in many epidemiologic studies conducted in recent 40 years [43]. The association between serum GGT and poor glycemic control was
documented in 1980 [44]. Watkins et al. [45] showed
that hepatic GGT activity increased in STZ-induced
diabetic rats. Hamden et al. [46] found GGT level
significantly high in alloxan-induced diabetic rats
compared to control group. GGT was found to elevate in drug use and liver diseases. A significant elevation is reported in plasma GGT level in diabetic
rats [47].
In this study, serum GGT activity was found
statistically significantly high in diabetic group
(p<0.001). GGT activity was the lowest in Group DL
and there was a statistically significant difference
when compared to control and lycopene groups
(p<0.001). GGT activity of control group was high
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in lycopene group and the difference was statistically
significant (p<0.001).
Ghathi et al. [47] and Shamsi et al. [48] found
GGT activity significantly high in STZinduced diabetic rats compared to non-diabetics. They reported
that this elevation indicated STZinduced hepatotoxicity. The results of our study are consistent with literature.
Increased GGT level in diabetic rats indicates
STZ-induced hepatotoxicity. GGT level may have
arisen due to oxidative stress caused by diabetes. Lycopene administration caused decreased GGT activity by reducing oxidative stress in Group DL and it
may be stated that this condition has arisen from the
antioxidant property of lycopene. Decreased GGT
activity particularly in Group DL compared to diabetic group is one of the important results obtained
from indicating antioxidant property of lycopene.
It may be stated that decrease in neopterin level
in Group DL compared to Group D, elevated MPO
activity in group DL compared to diabetic group and
very low GGT activity in Group DL compared to diabetic group may be an important indicator of positive and antioxidant effect of lycopene on diabetes.
Lycopene is known to be an antioxidant compound
which has an important role as free radical scavenger. The results of our study suggest that lycopene
may be an effective nutritional factor for prevention
of diabetes complications and inflammatory response, this is important as it shows the antiinflammatory effect and further studies are required.
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century in the world and is going on ever since [8].
Early in 2017 WHO published a news release
stating that multi-drug resistant bacteria frequencies
are on the rise and new antibiotic substances are urgently needed [9]. Drug resistance of pathogenic
bacteria seems to be a critical problem for both human and environmental health. Science needs to
solve this problem as quickly as possible.
The aim of this study is to determine drug candidate substances from secondary metabolites of
Bryoria capillaris and to test them against human
and plant pathogenic bacteria.

ABSTRACT
We tested extracts from Bryoria capillaris,
against human and plant pathogenic bacteria Pantoea ananatis, Burkholderia cepacia, Enterobacter
cloacae, Pseudomonas aeruginosa, Bacillus subtilis,
Staphylococcus aureus, Salmonella enteridis, Enterococcus faecalis, in disc diffusion and liquid medium tests. Kanamycin and Tetracycline were used
as positive controls. We obtained two fractions,
which contain barbatolic acid and alectorialic acid as
major substances, with potent antimicrobial activity
in liquid medium and microdilution tests while having no or negligible antimicrobial activity in disc diffusion tests.

MATERIALS AND METHODS
Chemicals and devices. All solvents and
chemicals used in this study were analytical grade
and purchased from 7(..ø0 øVWDQEXO, Turkey)
and Sigma-Aldrich (St. Louis, USA). For thin layer
chromatography, Sigma TLC (catalog no Z193275)
precoated plates were used. 40 cm long, 2 cm inner
diameter glass columns with Teflon taps and 0.5 μm
pored filter, were used for column chromatography.
Stationary phase for column chromatography was
SiO2 (Sigma, catalog no 236772). Microbiological
assays were performed with TSA (Sigma, catalog no
22091) media. IKA-LABORTEK (Switzerland) rotary evaporator was used to remove solvents. Epoch
plate reader (Biotek Instrument Inc, Highland Park,
Vermont, USA) was used to determine absorbance
values in antimicrobial tests.

KEYWORDS:
Bryoria capillaris, Antimicrobial activity, Bacteria

INTRODUCTION
Lichens are symbiotic organisms, which manage to survive in a wide range of habitats and extreme climatic conditions throughout the globe. The
total number of lichens species is suggested to be approximately 20000 in the world. The exact number
of lichen species in Turkey is unknown as well, estimated to be around 1000 [1, 2].
Lichens can be considered a well-studied group
in phytochemistry. They produce unique secondary
metabolites. More than 700 secondary metabolites
were isolated from lichens. Less than 1% of these
were found to be present in other kingdoms [3].
Many studies report biological activities of isolated
substances or crude extracts from lichens, and researchers recorded tens of antibiotic substances.
One would find it difficult to suggest that obtained data from studies on lichen substances is comprehensive although these studies are carried out
VLQFH¶V in Turkey. Some researchers reported
antioxidant [4, 5], anti-inflammatory and antiulcerogenic [6], antimutagenic [7] activities of lichens.
The research on lichen substances started in late 19th

Lichen Material. Bryoria capillaris was collected in June 2011 from Uzunoluk forest region of
Oltu district, Erzurum province, Turkey. Identification of lichen was carried out according to various
flora books [10-13]. Lichen samples were cleansed
from debris and dried in the shade. A voucher specimen is kept in the personal collection of Y.K. with
accession number YK-2011-010.
Extraction and Fractionation. Lichen samples were ground into a fine powder with liquid nitrogen with the aid of a mortar and pestle. 120 g of
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the concentration of ~1x108 CFU / ml were added to
the medium. Total volume was completed to 1 ml.
Then, 10 % DMSO and sdH2O used as negative control. Bacterial cell numbers were counted as zero
points at this time by serial dilutions. Then, the bacterial cultures were incubated at 27±2 (for plant pathogens) or 37 ºC (for human pathogens) for 24 h.
Growth in the cultures was determined by serial dilution methods with 3 replicates and average was
recorded as alive cell numbers in cultures.

this powder was extracted with tertbutyl methyl
ether in a Soxhlet apparatus for two weeks. The extract was evaporated under reduced pressure at 40
°C, which yielded 2.418 g residue (%2).
Column Chromatography. 1 g of residue was
loaded to a glass column and eluted with n-hexane:ethyl acetate (3:1, 80 ml), ethyl acetate (80 ml),
ethyl acetate:acetone (1:1, 80 ml) and acetone (80
ml). 16 fractions were collected, evaporated to dryness and used in antimicrobial tests.

Microdilution assay. Minimum inhibitory
concentration (MIC) and Minimum bactericidal concentration (MBC) values of lichen components and
antibiotics (positive controls) were determined for
the microorganisms by microdilution assay [23, 24].
The 96-well microtiter plates were used for this test.
Consecutive wells containing lichen components or
antibiotics at the concentration range of 3,9-500
μg/ml was prepared in nutrient broth. Then, 5 μl bacterial suspensions at the concentration of ~1x10 8
CFU / ml were added to each well and total volume
reached 200 μl. The plate was covered with a sterile
plate sealer. The contents of each well were mixed
on a microtiter plate shaker at 300 rpm for 20 s and
then incubated at appropriate temperatures for 24 h.
Microbial growth was determined by absorbance
values at 600 nm using plate reader and confirmed
by plating 5 μl samples from clear wells on nutrient
agar media. The fractions tested in this study were
screened three times for each organism and 10 %
DMSO and sdH2O were used as negative control
The MIC was defined as the lowest concentration of
the compounds or antibiotics to inhibit the growth of
microorganisms and MBC was defined as the concentration of the compounds or antibiotics to kill all
the microorganisms.

Thin Layer Chromatography. Crude extracts
and fractions were analyzed by thin layer chromatography. Standardized thin layer chromatography
has been in use for a long time, for taking advantage
of lichen secondary metabolites in chemotaxonomy.
[14-17]. Enhanced thin layer chromatographic analyzes were performed and evaluated according to
reference books and computer programs [18-21].
Usnic acid was used as control substance.
Bacterial strains. Bacterial strains were obtained from the culture collection of Ataturk University, Agricultural Faculty, Department of Plant Protection and the culture collection of Cornel University, College of Agriculture and Life Sciences, Department of Plant Pathology and Plant Microbe Biology.
Antimicrobial activity test. Two different
tests were performed to determine the antimicrobial
activity of the lichen components. Agar disc diffusion assays were carried out according to [22] with a
minor modification. The fractionated lichen materials and antibiotics used as positive control (tetracycline and kanamycin) prepared in10% Dimethyl sulfoxide (DMSO) or sterile distilled water (sdH2O) at
a concentration of 10 mg/ml. Bacterial suspension
 ȝO  FRQWDLQLQJ a[8 CFU / ml (adjusted by
0,5 McFarland standard turbidity) of bacteria spread
by a sterile swab on Tryptic Soy Agar (TSA) medium. The discs (6 mm in diameter) were impregQDWHGZLWKȝORIWKHOLFKHQFRPSRQHQWRUDQWLEL
otic solutions and put in the middle of the inoculated
plates. The bacterial cultures were incubated at 27±2
(for plant pathogens) or 37 ºC (for human pathogens)
for 48 h, and then inhibition zones were measured in
diameter (mm) around the discs. 10 % DMSO and
sdH2O were used as negative control. The assays
were performed with three replicates.
The other antimicrobial activity test was performed in a liquid medium, Trypticase soy broth
(TSB). Briefly, 900 μl liquid medium was prepared
and sterilized in 2 ml microcentrifuge tubes. Lichen
components and antibiotics suspensions in 10%
DMSO were added to the medium at a concentration
of 1.25 mg/ml. Then, 50 μl bacterial suspensions at

RESULTS
Examination of 16 fractions, obtained by column chromatography, according to references revealed an abundance of barbatolic acid in fraction 6
and barbatolic acid and alectorialic acid in fraction
10. Each fraction was tested in disc diffusion at a
concentration of 10 mg/ml, because some of the fractions produced just about that much residue. According to agar disc diffusion test results, while kanamycin and tetracycline show antimicrobial activity,
IUDFWLRQDWHGOLFKHQPDWHULDOVGLGQ¶WVKRZDQ\DFWLY
ity against the pathogen bacteria. Inhibition zones
ranged from 24 mm to 30 mm for kanamycin and
from 23 mm to 31 mm for tetracycline. Results are
given in Table 1 but lichen fraction data are not presented to save space.
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TABLE 1
Antimicrobial activity of the fractioned lichen materials and antibiotics against the pathogens in agar
disc diffusion tests
Kn
Tc
sdH2O
10% DMSO
P. ananatis
30,00±0,00
29,33±1,15
B. cepacia
28,33±2,51
21,66±0,57
E. clocea
25,00±1,00
20,00±1,00
P. aeruginosa
27,00±1,73
25,66±1,15
B. subtilis
27,66±0,57
29,66±1,52
S. aureus
30,33±0,57
31,00±0,00
S. enteritidis
24,00±0,00
23,00±1,00
E. faecalis
25,00±0,00
25,00±1,73
*Inhibition zones were recorded as millimeter, Kn: kanamycin, Tc: tetracycline, sdH 2O: sterile distilled water,
DMSO: dimethyl sulfoxide -: no inhibition zone

TABLE 2
Antimicrobial activity of the fractioned lichen materials and antibiotics against the pathogens
in liquid medium
24 h later
Kn
Tc
Fr6
Fr10
sdH2O
Zero Point
P. ananatis
1,10E+08
2,10E+08
B. cepacia
1,70E+08
2,80E+08
E. clocea
1,30E+08
1,90E+08
P. aeruginosa
1,40E+08
1,80E+08
B. subtilis
1,30E+08
2,00E+08
S. aureus
1,80E+08
2,60E+08
S. enteritidis
1,10E+08
1,70E+08
E. faecalis
1,20E+08
1,40E+08
Kn: kanamycin, Tc: tetracycline, Fr6: fraction 6, Fr10: fraction 10, sdH2O: sterile distilled water,
DMSO: dimethyl sulfoxide -: no visible colony

10% DMSO
1,90E+08
2,60E+08
2,00E+08
1,80E+08
1,80E+08
2,40E+08
1,60E+08
1,50E+08

TABLE 3
MIC and MBC value of the fractioned lichen materials and antibiotics against the pathogens (μg / ml)
Kn
P. ananatis
B. cepacia
E. clocea
P. aeruginosa
B. subtilis
S.aureus
S.enteritidis
E. faecalis

MIC
<1,90
<1,90
<1,90
<1,90
<1,90
<1,90
<1,90
<1,90

Tc
MBC
<1,90
3,90
3,90
125
3,90
3,90
7,80
<1,90

MIC
<1,90
3,90
3,90
3,90
<1,90
<1,90
<1,90
3,90

Fr6
MBC
15,625
125
125
125
31,25
125
125
125

MIC
250
250
250
250
250
250
250
250

Fr10
MBC
1000
1000
1000
1000
500
1000
1000
1000

MIC
125
250
125
125
62,5
62,5
125
250

MBC
500
500
500
500
500
500
500
500

Kn: kanamycin, Tc: tetracycline, Fr6: fraction 6, Fr10: fraction 10, sdH2O: sterile distilled water, DMSO: dimethyl sulfoxide,
MIC: minimal inhibitory concentration, MBC: minimal bactericidal concentration

DISCUSSION

Microdilution test was performed in TSB medium. Fractions 6 and 10 were chosen to test major
components barbatolic and alectorialic acids in liquid medium. Before adding candidate antimicrobial
substances bacterial cell numbers were counted by
serial dilutions. Then, the substances were added to
the culture. Cultures were incubated at the conditions, described above. After the 24 h incubation period, alive bacteria in cultures were counted by serial
dilutions. While sdH2O and 10% DMSO used as
negative FRQWURO GLGQ¶W show any antimicrobial effects, Fr6, Fr10, kanamycin and tetracycline showed
strong antimicrobial activity against the pathogens.
None of them allowed growth of pathogen strains in
the liquid medium. Results are given in Table 2.
MIC and MBC concentration of antimicrobial
substances were determined by microdilution tests.
Results are given in Table 3.

In recent years, many researchers have shown
interest in developing new antimicrobial agents from
different sources to reduce the detrimental effect of
pathogen microorganisms [25-27]. This is especially
important due to the development of resistance to the
most of existing antimicrobial agents. Lichens have
great potential in this matter and antimicrobial effect
of many lichen components from different lichen
species have been researched by many researchers
[28-31]. As far as we know, researchers studied
some aspects of Bryoria capillaris. [32-34]. There
are only a few reports, however, on this species.
In a recent research, Bryoria capillaris was
found to possess considerable antimicrobial activity
[34]. Researchers observed the antimicrobial activity
of Bryoria capillaris by agar disc diffusion method,
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[5] Odabasoglu, F., Aslan, A., Cakir, A., Suleyman,
H., Karagoz, Y., Bayir, Y., Halici, M. (2005)
Antioxidant activity, reducing power and total
phenolic content of some lichen species. Fitoterapia. 76, 216-219.
[6] Suleyman, H., Odabasoglu, F., Aslan, A., Cakir,
A., Karagoz, Y., Gocer, F., Halici, M., Bayir, Y.
(2003) Anti-inflammatory and antiulcerogenic
effects of the aqueous extract of Lobaria pulmonaria (L.) Hoffm. Phytomedicine. 10, 552-557.
[7] Turkez, H., Geyikoglu, F., Aslan, A., Karagoz,
Y., Turkez, O., Anar, M. (2010) Antimutagenic
effects of lichen Pseudovernia furfuracea (L.)
Zoph. extracts against the mutagenicity of aflatoxin B-1 in vitro. Toxicol Ind Health. 26, 625631.
[8] Hodkinson, B.P., Hodkinson, S.Z. (2013) Recent literature on lichens-230. Bryologist. 116,
316-320.
[9] Anonymous (2017) WHO publishes list of bacteria for which new antibiotics are urgently
needed.
[10] Ozenda, P., Clauzade, G. (1970) Les lichens;
étude biologique et flore illustrée. Paris: Masson. 801p.
[11] Poelt, J., Vezda, A. (1977) Bestimmungsschlüssel europäischer Fletchten Ergänzungsheft I.
Vaduz: J Cramer.
[12] Smith, C. W., Aptroot, A., Coppins, B.,
Fletcher, A., Gilbert, O. L., James, P. W., &
Wolseley, P. (2009). The Lichens of Great Britain and Ireland (C. W. Smith, A. Aptroot, B.
Coppins, A. Fletcher, O. L. Gilbert, P. W.
James, & P. Wolseley Eds.). London: British Lichen Society. x, 1046.
[13] Clauzade, G., Roux, C. (1985) Centre-Ouest
StBd Likenoj de okcidenta Europa: ilustrita determinlibro: S.B.C.O.
[14] Culberson, C.F., Kristinsson, H.-D. (1970) A
standardized method for the identification of lichen products. Journal of Chromatography. A
46, 85-93.
[15] Culberson, C.F. (1969) Chemical and botanical
guide to lichen products. Chapel Hill: University of North Carolina Press. xi, 628p.
[16] Culberson, C.F. (1972) Improved conditions
and new data for the identification of lichen
products by a standardized thin-layer chromatographic method. J Chromatogr. 72, 113-125.
[17] Culberson, C.F., Culberson, W.L., Johnson, A.,
Culberson, C.F. (1977) American Bryological
and Lichenological Society. Second supplement
to "Chemical and botanical guide to lichen products". St. Louis: American Bryological and Lichenological Society. 400p.
[18] Elix, J.A. (2014) A Catalogue of Standardized
Chromatographic Data and Biosynthetic Relationships for Lichen Substances: published by
the author, 155.187.2.24, Canberra, Australia.

and they detected MIC value of the lichen extract.
Our results are generally parallel with this study, but
we did not observe any antimicrobial activity by agar
disc diffusion test in our study. This may be due to
the amount of component concentration used. While
researchers used component at a concentration of
0,833 mg/disc, in our research component concentrations used were 0,1 mg /disc. In our opinion; test
of antimicrobial activity of lichen components by
liquid medium test is more convenient because for
detection of antimicrobial activity by agar disc diffusion method we need to be using much more component concentration, and this can lead to the problem of solubility of lichen components. In the same
research, barbatolic acid was evaluated as the active
component. In our research barbatolic acid and alectorialic acid were considered as active components.
Additionally, this is the first study to investigate the effect of Bryoria capillaris on agricultural
pathogens.
In consequence, finding new antimicrobial
agents is a critical issue for human and environmental health, and Bryoria capillaris has considerable
potential as a drog candidate. Of course, more studies on different pathogens and optimization of extraction methods are required before establishing the
true potential of Bryoria capillaris.
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CADMIUM SELENIDE NANOPARTICLES ELICITED
APOPTOSIS AND OXIDATIVE STRESS IN HUMAN LIVER
CANCER CELLS
Saud Alarifi, Daoud Ali*, Saad Alkahtani, Mansour Almansour
Department of Zoology, College of Science, King Saud University, Riyadh, Saudi Arabia

NPs produces toxicity in mammalian cells. The
liver acts as an important accumulation site of CdSe
NPs in animals [7]. Due to the potential release of
cadmium ion from CdSe [8], it is important to study
the effect on the liver since Cd is a known hepatic
toxicant [9].
Still, the underlying mechanism of toxicity of
CdSe is not fully explored. However, wide application of NPs could be controlled due to insufficient
understanding of their adverse effects. Oberdorster
et al. [10] and Lovric et al. [11, 12] reported that
toxicity of NPs is due to their size, shape, chemical
composition and surface charge. The incentive of
this study was to find out how the agglomeration of
CdSe NPs to sub-micron size may distress the kinetics of cellular uptake and capability to produce
cytotoxic effects and to what extent it can influence
on types of cell and end-point observed. Human
liver cancer cell line (HepG2) was chosen for this
study. CdSe NPs was employed, as it is of high
commercial relevance. In this study, we investigated the cytotoxicity and genotoxicity of CdSe NPs in
HepG2 cells. This study demonstrated the role of
ROS in CdSe NPs produced toxicity and apoptosis
which could have resulted from discharge Cd2+ ion
from the CdSe NPs.

ABSTRACT
Currently, cadmium selenide nanoparticles
(CdSe NPs) have been used in various biological
and medical applications. However, there is a few
data of toxicity pertaining to CdSe NPs. In the present study, we have designed to investigate the cytotoxicity and apoptosis of CdSe NPs in human
hepatocarcinoma (HepG2) cells. HepG2 cells treated with CdSe NPs (1, 5, 10, 25 μg/ml) exhibited
changed morphology, reduced viability, and a
significant level of detectable reactive oxygen species (ROS) generation, and fragmented-shaped nuclei. CdSe NPs at concentration 10 μg/ml unveil
obvious cytotoxic effect on HepG2 cells, which
was positively correlated intracellular reactive oxygen species and oxidative stress. However, a significant increase in the activities of superoxide dismutase (SOD), catalase (CAT) and lipid peroxide
(LPO) was observed. After treatment of CdSe NPs,
the lipid peroxide level was increased and GSH was
decreased in HepG2 cells. Furthermore, we used
AO/PI staining to find out chromosome condensation by using confocal microscope which is an early
marker of apoptosis and more fragmented chromatin was observed at higher concentration of CdSe
NPs. This study suggests that CdSe NPs plays a
significant role in the inducing of cytotoxicity,
apoptosis and genetic instability.

MATERIALS AND METHODS
Chemicals and reagents. CdSe NPs (APS <
10 nm), MTT, neutral red dye, DCFH-DA, acridine
orange and propidium iodide were obtained from
Sigma-Aldrich. Fetal bovine serums, penicillinstreptomycin, DMEM/F-12 medium, were purchased from Invitrogen Co. (Carlsbad, CA, USA).

KEYWORDS:
CdSe NPs, ROS, HepG2 cells, DNA fragmentation,
Apoptosis

INTRODUCTION

Characterization of CdSe NPs. CdSe NPs
were dispersed in distilled water (1000 μg/ ml). The
dispersed stock solution was mixed very well by
using sonicator 40 W for 30 min. The size of CdSe
NPs determined in dynamic light scattering and
field emission electron microscope (JEOL model
2100 F instruments) at an accelerating voltage of
200 kV.

Production of nanoparticles has become common, and few nanoparticles being manufactured
industrially, such as cadmium selenide nanoparticles (CdSe NPs) [1]. CdSe NPs are inorganic
nanocrystals and used in imaging of biological and
medical purpose [2, 3]. CdSe NPs are smaller nanoparticles with diameter <10 nm and used for
diagnosing to disease and drug delivery [4]. Chu et
al., [5] reported that CdSe NPs used in phototherapy of cancer. Pelley et al., [6] have documented that
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Cell morphology and MTT, NRU tests.
Human hepatocarcinoma (HepG2) cells were obtained from ATCC, USA. Morphology of HepG2
cells was observed after exposure of CdSe NPs for
24 and 48 h by using an inverted microscope (Leica
DMIL).
Cytotoxicity effect of CdSe NPs (1, 5, 10, 25
μg/ml) on HepG2cells was determined by using 3(4, 5-dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium bromide and neutral red uptake test as described
[13].

then at excitation/emission wavelength (485/530
nm, green) by using EnVision plate reader (Perkin
Elmer, Waltham, MA).
Visual fluorescence observation was detected
by using upright microscope fluorescence (Nikon
Eclipse 80i) at the excitation wavelength (450480 nm) and emission wavelength (520 nm).
Oxidative stress. HepG2 cells (5x.104
cells/ml) were cultured in 25 cm2 culture flask for
lipid peroxide, GSH, SOD and catalase. After
treatment with CdSe NPs (1, 5, 10, 25 μg/ml) for 24
and 48 hr, cells were scraped and transferred to
Eppendorf tubes in potassium phosphate buffer (0.1
N, pH 7). One set of negative control (without
CdSe NPs exposure) was used in each experiment.

Measurement of ROS. To quantify intracellular ROS in HepG2 cells due to CdSe NPs (1, 5,
10, 25 μg/ml), H2-DCFH-DA (2, 7- dichlorodihydrofluorescein diacetate) dye used as a detection
reagent.
In brief, H2-DCFH-DA (10 mM) solution in
dimethyl sulfoxide was diluted in DMEM/F as a
working solution (5 mM). CdSe NPs treated HepG2
cells were incubated with H2-DCFH-DA (5 mM) at
room temperature after one-hour cells were washed
with PBS and fixed with paraformaldehyde (4%).
Image of HepG2 cells was observed by upright microscope fluorescence (Nikon Eclipse 80i).
HepG2 cells (104 cells/well) were cultured in
black bottom culture plate (96 well) and treated
with CdSe NPs over 48 hr. After treatment HepG2
cells were incubated with H2-DCFH-DA (5 mM)
for one hour and washed with PBS. The intensity of
fluorescence was quantified at the excitation wavelength (485 nm) and emission (528 nm). The results
are presented as % of fluorescence intensity relative
to control wells.

Lipid peroxidation. Thiobarbituric acid reactive substances (TBARS) measurement was used as
an indicator of LPO in HepG2 cells after treatment
with CdSe NPs [14]. Data were presented as expressed in nmol MDA/h/mg pro.
Glutathione estimation. Glutathione (GSH)
level was quantified by using the method of Jos et
al., [15].
SOD and Catalase tests. Catalase activity test
was done by spectrophotometric measurement of
H2O2 breakdown and assessed at 240 nm, [16]. Superoxide dismutase level was measured by the
method of McCord and Fridovich [17].
Caspase-3 assay and chromosome condensation. Chromosome condensation and caspase-3
assay activity in HepG2 cells due to CdSe NPs (1,
10, 25 μg/ml) were detected by Alarifi et al., [13].
Chromosome condensation in HepG2 cells
due to CdSe NPs treatment was detected by
acridine orange (AO)/propidium iodide (PI) staining. AO solution was used to stain the exposed cells
in six-well slides and the slides were incubated for
10 min in the dark at 37°C. Images of the nucleus
were captured using a fluorescence microscope
(Nikon).

Analysis of mitochondrial membrane potential. To evaluate mitochondrial membrane potential in HepG2 cells. Cells were grown in clear
bottom black plate (96 well) and exposed with
CdSe NPs (1, 5, 10, 25 μg/ml) for 24 and 48 hr.
After exposure, the cells were washed with PBS
and incubated with JC-1 dye at 37ºC in dark for 30
minutes. After dye incubation, the dye was discarded and cells were washed two times with chilled
PBS and fluorescence was seen at first at excitation/emission wavelength (485/580 nm, red) and

FIGURE 1
Characterization of CdSe NPs a. TEM image b. size distribution (%) of CdSe NPs.
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FIGURE 2
Morphology of HepG2 cells. a. Control b. at 25 μg/ml of CdSe NPs for 24 h c. at
25 μg/ml of CdSe NPs for 48 h.

FIGURE 3
Cytotoxicity of CdSe NPs in HepG2 cells for 24 and 48 hours, as assessed by a. MTT b. NRU tests.
Each value represents the mean ±SEM of three experiments. *p < 0.05 vs. control.

pressed in picomoles of the product (nitroaniline)
per min/mg of protein.

The activity of caspase-3 was determined from
the cleavage of the caspase-3substrate I (N-acetylDEVD-p-nitroaniline). The p-nitroaniline was used
as the standard. Cleavage of the substrate was monitored at 405 nm, and the specific activity was ex-

Comet test. Comet test was performed as a
three-layer procedure [18].
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Analysis of data. Three independent experiments were done. Each dose was tested in duplicate, in each experiment. Results are presented as
average ± standard errors. Analysis of statistic was
done by using analysis of variance (ANOVA). The
difference was taken significant (p< 0.05).

take was recorded (Fig. 3b).
Oxidative stress and determination of reactive oxygen species. In this study, we have determined the level of ROS, LPO, GSH, SOD and CAT
in HepG2 cells after treatment of CdSe NPs. It was
observed that production of ROS due to CdSe NPs
occur according to duration and concentrationrelated manner (Fig.4).
The level of GSH was depleted on the other
hand LPO, SOD and CAT were hiked as duration
and concentration based (Figs. 5 a, b, c and d).

RESULTS
CdSe NPs and HepG2 cells. The size and
shape of CdSe NPs were observed by TEM and
illustrated in Fig. 1. As image exhibits, most of the
NPs are in round shaped and natural size.
After exposure of CdSe NPs (25 μg/ml) for 48
h duration, the morphology of cells deformed into
round shaped and the unattached surface of culture
plates as compared to unexposed cells (Fig.2).

Effect of CdSe NPs on mitochondrial membrane potential in HepG2 cells. Accumulated
ROS in HepG2 cells can change mitochondrial
permeability and make the collapse of mitochondrial membrane potential. After exposure of CdSe
NPs, mitochondria of cells were crumpled as compared to control.
In the healthy cell, JC-1 dye gives bright red
colour mitochondria (Fig 6). However, when MMP
has decreased as result JC-1 dye cannot accumulate
within mitochondria and remains in the cytoplasm
in green fluorescence monomeric forms (Fig. 6).

EC50 of CdSe NPs on HepG2 cells. We have
determined the proliferative activity of HepG2 cells
after exposure of CdSe NPs for two duration e.g. 24
and 48 hr through MTT and NRU methods. Results
of this test indicated cytotoxicity in dose and time
manner. However, as the dose and time of CdSe
NPs exposure increased, the significant NRU up-

FIGURE 4
CdSe NPs induced ROS in HepG2 cells. a. Control b. at 25 μg/ml of CdSe NPs for 48-hour c. % ROS
production at varioXVGRVHVRI&G6H13VLQ+HS*FHOOV,PDJHVZHUHVQDSSHGLQSKDVHFRQWUDVWFXPÀuorescence microscope (Nikon, model 80i). Each value represents the mean ±SEM of three experiments.
*p < 0.05 vs. control.
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FIGURE 5
a. Levels of LPO b. GSH c. SOD d. CAT in HepG2 cells after exposure to CdSe NPs for 24 and 48
hours. Each value represents the mean ±SEM of three experiments. *p < 0.05 vs. control.

FIGURE 6
Induction of MMP in HepG2cells at 25 μg/ml of CdSe nanoparticles exposure
A. Indicates green fluorescence (JC-1 monomer) B. Indicates red fluorescence (JC-1 aggregate) C.
Indicates overlapped cells (green-red fluorescence) D. % MMP ratio. Data are expressed as the
mean ± SE of three experiments. * p < 0.05 vs control, using one-way ANOVA.

4302

© by PSP

Volume 27 ± No. 6/2018 pages 4298-4306

Fresenius Environmental Bulletin


DNA damage. The DNA damage was measured as % tail DNA and olive tail moment in the
control and CdSe NPs treated HepG2 cells. Maximum DNA damage was found in HepG2 cells at 25
μg/ml CdSe NPs exposure (Fig. 8).

Caspase-3 activity and chromosome condensation. Caspase-3, has a key role in the apoptotic effect of cells, was induced due to CdSe NPs
(Fig.7). Cells were treated with CdSe NPs for 24
and 48 h, the level of caspase-3 was hiked as concentration and duration-dependent manner.

FIGURE 7
Chromosomal condensation and induction of caspase-3 activity in HepG2 cells after treatment with CdSe
NPs a. Control b. at 25 μg/ml of CdSe NPs for 48 h c. Caspase-3 activity. Each value represents the mean
±SE of three experiments. *p < 0.05 vs. control.

FIGURE 8
DNA impairment in HepG2 cells due to CdSe NPs a. Tail DNA (%) b. Olive tail moment. Each value
represents the mean ±SEM of three experiments. *p < 0.05 vs. control.

4303

© by PSP

Volume 27 ± No. 6/2018 pages 4298-4306

Fresenius Environmental Bulletin


DISCUSSION

is cleaved various type of proteins in cells.
Moreover, confirmation of early apoptosis due to
CdSe NPs in HepG2 cells was examined by AO/PI
staining to chromatin condensation, which is an
indication of early apoptosis. The present result
accorded with the finding of Satapathy et al. [27] in
which reported that silver nanoparticles induced
apoptosis. After treatment of CdSe NPs, the level of
LPO, SOD and CAT were increased and GSH was
declined. It is an indication of oxidative stress in
cells due to NPs. Lipid peroxide generates excessive free radicals and destroys nucleic acids, lipid
and proteins. CdSe NPs cause injury to the cell lysosome as indicated by NRU uptake.
Declination of glutathione in CdSe NPs treated cells and increased level of LPO, SOD and CAT
points out that oxidative stress is an initial mechanism of CdSe NPs toxicity in cells. Kang et al., [28]
had been documented that nanoparticles increased
lipid peroxide and oxidative stress, which produces
apoptosis and DNA fragmentation. Cell death due
to CdSe NPs occurred through apoptosis which
may be distinguished by biochemical parameters.
Our results demonstrate that CdSe NPs possess a cytotoxic and DNA-damaging effect in
HepG2 cells, which may be mediated through the
reactive oxygen species and oxidative stress.

In this study, we detect in vitro model for theoretical examination of organ-specific CdSe NPs
toxicity. For this purpose hepatic cancer (HepG2)
cell lines were selected among others, these cells
are generally considered to be the in vitro models
closest to the in vivo phenotype of the parenchymal
cells of the tissue/organ they derive from. For in
vitro toxicity, a xenobiotic compound may be toxic
in case it disturbs with cellular attachment to the
surface [19]. A variety of tests has been developed
and applied for determining the cytotoxicity or viability in vitro. Time-dependent concentration response of CdSe NPs in HepG2 cells was examined
with MTT and NRU tests. Bauden et al. [20] have
been suggested that many methods could be used to
estimate the cytotoxic effect of the nanoparticles in
order to escape wrong results. In this study, we
have selected two most usually used colourimetric
tests such as MTT and NRU tests to evaluate cytotoxic endpoints. These cytotoxicity techniques have
some limitation as well as drawbacks. So, some
researchers suggested it as complementary methods, and it was very important tools for estimation
cytotoxicity due to xenobiotic compounds [21, 22].
MTT and NRU tests are more decisive tests for to
observe the toxicity of cell organelles. Alarifi et al.,
[13] have been reported that MTT assay is a
standard method to examine the viability of cells by
measuring the activity of mitochondria. MTT test
determines cell damage and death at a late stage of
apoptosis and decreased metabolic activity [23].
CdSe NPs treatment induces different genetic
changes leading dysregulation of the cell cycle constituents and apoptosis. HepG2 cell lines are originated from cancerous cells and have different time
of proliferation. The result obtained from cytotoxicity and cell viability tests demonstrated that CdSe
NPs is tolerated by HepG2 cells at 1 μg/ml for 24
and 48 h exposure. Continuous long exposure of
CdSe NPs (25 μg/ml) increased cytotoxicity (Fig.
3). Based on these result, we determined that cytotoxic effect of CdSe NPs is duration and dose response and which is also accorded by other literature [11].
Generation of ROS may disturb animal health
due to oxidative stress. As a consequence, accumulation of oxidative damage induces mitochondrial
damage. In this study, we observed a decrease of
mitochondrial membrane potential in HepG2 cells
after treatment of CdSe NPs. Caspase-3 activity
was increased after exposure to CdSe NPs. Oxidative stress is an important factor for inducing apoptosis [24]. The increase in caspase-3 activity was
may be followed by an increase of chromosome
condensation. Our finding agreement with the previous studies that reported apoptosis produced titanium oxide nanoparticles in JB-6 cells [25]. Porter
and Janicke, [26] have documented that caspase-3
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economy, sustainable development should be the inherent factors of human development, emphasize the
sustainable use of resources and the balance of ecosystems, and the ability of ecological sustainable development is the foundation of a sound economic development. Develop ecological economy, pay attention to economic development, paying attention to
environmental protection and ecological security.
Developed countries to ecological economy theory,
have put forward "recycling economy" and "low-carbon economy" and other development models, set
off in a global boom.
At present, China's economy is in a stage of
rapid development. The demand for energy resources continues to rise. However, the environment
is deteriorating. Ecosystems are facing unprecedented challenges. Under the background that the
18th CPC National Congress strongly advocates the
building of ecological civilization, how to effectively measuring Chinese level and development
trend of ecological civilization construction is one of
the urgent and crucial issues to ensure the coordinated development of China's economic development, resource conservation and environmental protection. Therefore, in order to solve the resource and
environmental problems in the current economic development in our country and promote the coordinated and sustainable development of the regional
economy and resources and environment, we should
enhance the local level of ecological efficiency. Effectively assess the level of ecological efficiency in
all regions of China and find out the differences in
ecological efficiency levels in various economic regions. In-depth analysis of the economic factors that
affect the level of regional ecological efficiency in
our country and seek ways to enhance the regional
ecological efficiency are of great significance to our
country's active transformation of economic development mode and promotion of economic-resource sustainable development of the environmental compound system is very necessary and of great significance.

.6*4&674*4*8.*9!-*0*&1.1,2+4*,.21&/
*(2/2,.(&/ *++.(.*1(; As one of the important indexes to measure economic development and environment, eco-efficiency is a ratio of eco-efficiency.

Nowadays, the contradiction between economic development and resources, environment has
become increasingly prominent, which makes people pay more and more attention to the improvement
of ecological efficiency. The accurate evaluation of
regional ecological efficiency and the analysis of its
influencing factors are important for building a "twooriented" society, and realizing sustainable development the theoretical significance and policy reference value. In this paper, the statistical data of 20042016 is using to calculate the ecological efficiency
of the eastern, central, and western in China by using
the super-efficiency DEA model. The dynamic
changes of the regional ecological efficiency are analysed. Then, the influencing factors of the regional
ecological efficiency in China are analysed. The empirical analysis shows that the regional ecological efficiency in our country shows a pattern of decreasing
from developed cities to less developed cities and declining from the east to the middle and western region, with obvious "club convergence" phenomenon,
with significant spatial correlation and agglomeration. Finally, based on the results of empirical analysis, some suggestions are putting forward to improve the regional ecological efficiency.



%$ 
Environmental effect, Ecological efficiency, Super-efficiency DEA

!"!
With the world economy entering a highly industrialized stage, the rapid economic development
has led to a series of problems such as resource depletion, energy shortage, environmental degradation
and ecological imbalance in the world, which
threaten the sustainable economic growth and social
progress. The crisis has been faded, the coordinated,
sustainable development of economy, resources and
environment has become a topic of increasing concern in today's world. The concept of sustainable development has emerged. Based on the ecological
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In order to solve this problem, some scholars introduce Data Envelopment Analysis (DEA) as a nonparametric frontier analysis method. DEA does not
need to pre-set the specific form of production function and not need to obtain the price information of
input. The whole calculation process is not only affected by human factors, has a strong objectivity, but
also can reflect the interaction between various input
elements and alternative relationships, is considered
to be a more scientific method of calculating ecological efficiency in recent years has been widely used.
For example, Korhonen and Luptacik used two different methods to evaluate the ecological efficiency
of thermal power stations in Europe under the framework of DEA. Korhonen and Kortelainen proposed
a complete set of theoretical framework for ecological efficiency using the DEA method [3]. Zhang considered environmental pollutants as input elements
and constructed various DEA efficiency measurement models to evaluate the ecological efficiency of
industrial systems in various regions of China; Tobit
method was used to measure the ecological efficiency of agricultural enterprises in Spain. Tobit regression method was using to test the influencing
factors of eco-efficiency of agricultural enterprises.
Zhang considered pollutant emissions as a non-expected input in DEA analysis framework. Then he
evaluated the ecological efficiency of 43 enterprises
in Hangzhou Bay Fine Chemical Industry Park [4].
Yang Wenju empirically measured the dynamic environmental performance of industries in China from
2003 to 2007. He decomposed it changes of relative
dynamic efficiency and environmental technology
into two components [5]. Zhang Bing constructed an
index system of eco-efficiency evaluation based on
material flow analysis and DEA model. and then investigated the dynamic evolution trend of eco-efficiency in Jiangsu Province from 1990 to 2005[6];
During the year, the ecological efficiency of 30 provinces in China was analyzed, and the spatiotemporal
variation of convergence and divergence and divergence were analyzed. All of the above documents
confirm the feasibility and validity of the method of
ecological efficiency based on DEA framework to a
certain extent [7].

1+/7*1(.1, +&(6245 Wang Xiaoling used the
DEA-Malmquist model to analyze the current situation of 23 prefecture-level cities in the northeast old
industrial [8]. The date is from 2004 to 2014. The
results show that the ecological efficiency of old industrial bases in Northeast China is generally low
and declining trend from 2004 to 2014. The amplitude of Liaoning Province is relatively large, and the
relative efficiency is the best in Jilin Province. Heilongjiang Province has enjoyed a good momentum
of improvement in recent years. The northeast old
industrial base population density, GDP per capita,
industrial structure and environmental regulation

The meaning of eco-efficiency is to use fewer resources to input or consume to realize greater output
and pay more attention to efficiency and benefit. The
concept of "eco-efficiency" recognize by the World
Business Council for Sustainable Development
(WBCSD) in 1995 as its goal of action. This concept
first discussed in the context of "how to improve the
environmental performance of enterprises to adapt to
the trend of sustainable development and enhance
their competitiveness, innovation and environmental
responsibility". However, from the perspective of
environmental destruction and externalities of governance, the protection of the ecological environment possesses the nature of public goods. Considering the protection of the ecological environment
and even the sustainable development from the enterprise level alone, they cannot be effectively solving. This has prompted the application of eco-efficiency to the enterprise level is extended to a more
macro region, country and even international level.
Government is a landmark research project that sets
the study of eco-efficiency at the regional level and
opens the prelude to "regional eco-efficiency" research. The implication of regional eco-efficiency is
that in a certain economic zone "production of competitive products and services to meet human needs
and improve lives with less resource consumption
and environmental pollution" [1]. Its essence is that
less investment, less emission and more output are
the core concepts of coordinated development of
economy, resources and environment for sustainable
development under the precondition of not posing a
threat to the ecological environment, thus becoming
the measure of sustainable development Key Concepts and Tools for Development [2].
Other international organizations also give the
definition of eco-efficiency. International Finance
Corporation Finance Corporation pointed out that
eco-efficiency means to increase the sustainable use
of resources through more efficient production methods. BASF Group of Germany pointed out that ecoefficiency means using fewer natural resources to
produce products. In the process, fewer pollutants
are releasing, Canada believes that eco-efficiency
creates more benefits with minimal materials, minimizing costs and maximizing benefits. The definition of eco-efficiency given by the Atlantic Canada
Opportunities Agency is to reduce emissions of pollutants, reduce the use of resources and create high
quality, high-quality services and products as the
product is manufacturing.

!-* (&/(7/&6.21 2+ *(2/2,.(&/ *++.(.*1(;
These indicators are simple to calculate and easy to
understand and operate. However, excessive emphasis on the input of certain factors and pollution emissions does not reflect the production process in various types of resource inputs and pollution emissions
between the alternative relationships between the efficiency measurement results do not meet the actual.
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and the fittest of the enterprises will help enhance the
regional ecological efficiency and promote the economic and green development [11].
In summary, the study of ecological efficiency
in China is relatively late for foreign countries, most
of the existing research is qualitative analysis, and
quantitative analysis is less. From the perspective of
the research object, most of them are the evaluation
of the ecological efficiency of an industry, and there
are few studies on the regional level. According to
research contents, most of the existing researches focus on two aspects. First, combine the characteristics
of our country that based on foreign research results
and the establishment of ecological efficiency index
system. Second, establish an appropriate model for
different levels of ecological efficiency evaluation,
from the research point of view, most of the evaluation of regional ecological efficiency, in the analysis
The factors influencing the ecological efficiency of
the area lacks an integrated and systematic analysis,
and the research on the promotion mechanism of regional ecological efficiency is not thorough enough
[12]. Therefore, based on the scarcity of resources
and energy sources and the bottleneck of environmental degradation, and in the context of building a
resource-saving and environment-friendly society,
we conducted an empirical study on regional eco-efficiency in our country and discussed its policy suggestions on improving eco-efficiency. Improve industrial policies, and promote the sustainable development of regional economy, resources and environment.

*/&6*) 6-*24*6.(&/ '&5.5 203&4&6.8* &)
8&16&,*6-*24; Herschel-Russian theory of factor
endowment (HO theory) argues that each country
will export goods that produced by the use of more
abundant elements in the country because of the differences in capital and all trading nations will benefit.
Assuming commodity A is relative to commodity B as a resource-intensive product, country 1 is environmentally friendly (environmental standards
low) relative to country 2 as shown in Figure 1. In
contrast, commodity B is a product of a lack of environmental resources relative to commodity A, while
country 2 lacks environmental resources. On the
other hand, line is the same as the production of two
commodities on the line, which intersects with country 1 and country 2 in H1, H2. Since the country's
price marginal conversion rate (tangent H1P1 slope)
is greater than the marginal conversion rate of country 2 (tangent H2P2 slope) [13]. Therefore, the price
of commodity A in country 1 is lower than the price
in country 2; otherwise, the price of commodity B in
country 2 is lower than that of country 1. In accordance with the reasoning theory of comparative advantage, the state 1 will be specialized in the A industry production, and get the comparative advantage of commodity A. While the country 2 in the

have a positive effect on eco-efficiency, while opening up to the outside world and science and technology have hindered the improvement of eco-efficiency. Yang Yimin from the three dimensions of resource efficiency, energy efficiency and environmental efficiency, taking the agroforestry industry in
Hunan Province as an example, the appraised value
of agro-forestry ecological efficiency in 14 cities and
prefectures in Hunan Province from 2009 to 2013
was calculated. Secondly, the index of agriculture
and forestry was selecting to establish the regression
model. The regression analysis of the model was carrying by SPSS19.0 software. The results show that
the economic growth rate had a significant positive
correlation with the ecological efficiency of agriculture and forestry in Hunan. The market demand, investment in fixed assets Hunan's ecological efficiency of agriculture and forestry showed a significant negative correlation; The input of agricultural
and forestry machinery, the scale of agriculture and
forestry facilities construction had no significant effect on the ecological efficiency of agriculture and
forestry in Hunan. Based on the SBM model [9].
Zhang Huping introduced the non-expected output
and estimated the ecological efficiency in China
from 2004 to 2012, and explained the temporal and
spatial evolution of ecological efficiency in China
from the perspective of regional average efficiency
and economies of scale. From the perspective of environmental regulation, use stepwise regression
analysis of the factors that affect China's ecological
efficiency. The results show that: First, the overall
ecological efficiency of our country shows a downward trend; the eastern region has the highest ecological efficiency, followed by the western region
and the lowest in the central region. Second, the scale
effects of ecological efficiency in all regions of
China are less than 1, indicating that the scale effect
is not the main reason for the difference in ecological
efficiency. From the perspective of the change trend,
the scale effect in the eastern region and the central
region shows a downward trend while that in the
western region shows an upward trend [10]. Fu Jingyan findings from the Malmquist index decomposition show that the main reasons for the improvement
of ecological efficiency are technological progress,
while the technical efficiency is declining. Foreign
trade has significantly promoted the growth of ecological efficiency. However, environmental regulation has an insignificant but not significant impact on
China's ecological efficiency. The regulations are
not strict enough to achieve the inflection point of
ecological efficiency improvement. The impact of
foreign trade and environmental regulation on the
eco-efficiency of different regions is inconsistent,
and the impact on the eastern and central regions is
more significant than that in the western region.
Therefore, forcing the enterprises to enhance their
productivity by strengthening the environmental regulation and promoting the formation of the survival
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have gone abroad to carry out. Foreign direct investment has had an important impact on Chinese economic growth, export, employment, national income
and economic restructuring. It is a strategic choice
for Chinese enterprises to actively integrate into the
world and co-ordinate domestic and foreign economic development in the context of globalization,
which is influenced by government and academia
highly valued. The marginal industry theory suggests that the investor should begin the foreign direct
investment from the marginal industry, which is already or will be at a disadvantage [16, 17, 18, 19, 20].
In this way, the capital, technology and management
skills of the investing country can combine with the
resources of the host country, so that we can give
further play to the comparative advantages of the industry in the host country. According to this theory,
with the development of environmental standards in
developed countries to improve the high-tech industry and energy saving, clean industry, pollution intensive industries and rising environmental costs in
domestic production costs increase, gradually lose
its comparative advantage, pollution intensive industries have eliminated for the marginal industry. Marginal industry theory is as follows.

B industry for specialized production, and get comparative advantage.

"
!4&15.6.21(748*(203&4.521).&,4&0



42)7(6 (;(/* 6-*24; Raymond Vernon divided the product life cycle into three stages, which
includes the new product stage, the product maturity
stage and the product standardization stage. According to the theory, in the international market, the life
cycle of a product is different, and its production
place is different. In the mature stage of the product,
the innovation enterprise will choose the economic
development level and the consumption structure
similar countries as the investment object. At the
stage of standardization, the original investors seek
investment opportunities in developing countries,
and their products have exported to their home countries in order to reduce costs. Jaffe believes that the
development stage is the main reason for the concentration of polluting industries in developing countries. Developing countries are at the stage of economic take-off, mainly in heavy industries, which is
a polluting industry. The developed countries have
upgraded their industries to high-tech industries and
services. On the one hand, they are committed to the
development of new and high technology, and keep
clean, high-tech industries at home [14, 15]. On the
other hand, the industries, which are unfavourable to
their ecological environment, they have transferred
to developing countries, and then products imported
into the country. In this way, we can maintain the
technological gap with the developing countries,
lengthen the decline period of the industry to gain
more profits, and also make use of the cheap resources of developing countries and transfer polluting industries.

"
42)7(6(;(/*6-*24;).&,4&0





%  

*5*&4(-0*6-2)Data envelopment analysis
(DEA) is an efficiency evaluation method proposed
by Charnes and Cooper et al in 1978 [21, 22, 23].
This method has based on the relative efficiency in
convex analysis and linear programming as the tool,
according to the multi input and multi output indicators of the same type of decision-making unit (DMU)
relative to measure the effectiveness of a non-parameter statistical method. Because the DEA method
without the data dimensionless treatment is before
the establishment of model without any assumption,
but in the actual data input and output decision unit

&4,.1&/ .1)7564; 6-*24; Since the reform
and opening up, Chinese rapid development of foreign trade has made remarkable achievements for
Chinese economic, and social development has
made tremendous contributions. While foreign trade
is booming, Chinese regional ecological efficiency
has developed rapidly. With the development of
economy and the implementation of the strategy of
"going out", a large number of Chinese enterprises
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needs to obtain the optimal weights, which can effectively solve the weighted regional problem.
For the traditional DEA model, the multiple decision-making units are at the same time in front of
production, and the multiple decision-making units
are effective at the same time, the model cannot
make further evaluation, comparison of the advantages and disadvantages of the effective decisionmaking unit. Anderson and Petersen set up an investment-oriented super-efficient DEA model to make
up for this flaw [24, 25, 26]. The super efficient DEA
model is as follows Suppose there is a decision unit
 , each DMU has  kinds of input and  kinds of
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ing unit is weak. (b) If the model slack variable   

 + , are all zero , The decision unit is effective but

≥  =    ≠  

not very effective.

&6& 5274(*5 &1) 1).(&624 5*/*(6.21 Ecological efficiency emphasizes the unity of economic
value and environmental benefits [27, 28]. That is,
economic development must take the low consumption of resources and low environmental pollution as
the premise. Therefore, this paper takes resource
consumption and environmental pollution as the input indicators of the super efficiency DEA model,
while the economy Efficiency as a model of output
indicators, the specific indicator system shown in
Table 1.

≥ ε  =   
≥ ε  =    
(1 )
And

=

 =    

variable      is not all zero, the decision-mak-

= 

min θ 

+



+



(3) If the efficiency value θ = 1, then divided
into two cases, (a) if the model of relaxation of the





−

= θ

(2) If the efficiency value θ is less than 1, it indicates that the decision unit is not effective;


  > ,   is used for
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(1) If the efficiency value θ > 1, then the decision-making unit is extremely effective or no feasible solution.




∑


+

(2)
The above model calculates the results into
three categories.

the DMU j with input i, for the DMU j the output r.
The super efficiency value corresponding to the kth
DMU is as shown in (1) (2).

 = 



is as follows.
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*,.21&/*(2/2,.(&/*++.(.*1(;*8&/7&6.21.1)*:5;56*0
Index category

Index form

Wastewater discharge

Total wastewater discharge
Chemical oxygen demand emissions

Environmental pollution
Exhaust emission
Input index
Solid waste discharge
energy consumption
Energy consumption

Output index

Water consumption
Land consumption

Total economic development

SO2 emission
Soot emission
CO2 emission
Industrial dust emission
Industrial solid waste
production
Total energy consumption
Total water use
Construction land area
Regional GDP

!
  *,.21&/*(2/2,.(&/++.(.*1(;
Area
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

East
1.04
1.02
1.01
1.02
1.04
1.00
1.08
1.09
1.11
1.11
1.13
1.14
1.15

Center
0.68
0.66
0.67
0.68
0.69
0.63
0.69
0.75
0.76
0.81
0.83
0.86
0.92

The input-output data required for the super-efficiency DEA model is mainly according to the
China Statistical Yearbook (2004-2016), China Environmental Statistical Yearbook, China Energy Statistical Yearbook and New China Statistical Data for
50 Years. In addition, due to the lack of data in Tibet,
this article will not study the ecological efficiency in
Tibet.

West
0.61
0.66
0.65
0.64
0.59
0.57
0.59
0.63
0.65
0.65
0.68
0.75
0.82

MEAN
1.12
1.09
1.07
1.04
1.01
0.99
0.94
0.91
0.89
0.88
0.85
0.83
0.81

efficiency remained stable, little floating.
Through the analysis of the east, center, and
west regions, the evaluation value of regional ecological efficiency has calculated by using the above
model, and the comparison curve shown as figure 4.
As can be seen from Figure 4, from the perspective of eco-efficiency in the eastern, central and
western economic regions of China, there is a big
difference in eco-efficiency in the eastern, central
and western regions. The eastern eco-efficiency is
the highest, with an average annual efficiency of 1.0
or above. However, which is mainly relating to the
degree of economic development in the east. Recently, the upward trend has become more obvious.
This shows that in the recent years, the eastern region
has paid more attention to the improvement of regional ecological efficiency while developing its
economy. This is in line with the goal of achieving
sustainable development in the country. However,
the eco-efficiency in the central and western regions
was significantly lower than that in the eastern regions, and the magnitude of change was significantly

1&/;5.52+*,.21&/(2/2,.(&/++.(.*1(;.1
-.1&Based on the super-efficient DEA model, the
relevant data is using to account for the total ecological efficiency of China in 2004-2016. The results
are shows in Table 2.
Table 2 shows the total ecological efficiency of
region; Figure 4 shows the trend of ecological efficiency. In 2004 and 2016, the total factor ecological
efficiency level of all provinces and cities was higher,
and the majority of the samples in the sample area
were higher than 0.8. In terms of individual, there
were some differences in total ecological efficiency
among provinces and cities. The value of floating
relatively large, with a certain energy-saving potential, other provinces, and cities all elements of energy
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(2/2,.(&/*++.(.*1(;*8&/7&6.214*57/65

larger than that in the eastern part. However, the gap
is the independent variable vector, α is the interwith the eastern part showed a decreasing trend, in2
cept vector is ε   (0, σ ) , β is the unknown
dicating that the central and western regions are still
focusing on economic growth with the focus on ecovector. At this time, if the model is directly regreslogical efficiency Lower than the eastern part, but in
sion by ordinary least squares (OLS), the parameters
recent years, it has begun to gradually pay attention
of the Tobit model will be biased and inconsistent.
to the improvement of ecological efficiency and the
Therefore, the maximum likelihood estimation
ecological efficiency is on the rise. This article
method is used to analyze the factors affecting the
shows that the development of regional economy retotal ecological efficiency of China.
lies more on the high-consuming and highly polluting economic growth mode than the economically
#&4.&'/*5.16-*!2'.602)*/Technological
developed eastern provinces. The central and westprogress  : This article uses the provinces and citern regions have serious environmental pollution and
ies per million people have the number of patent liinefficient use of resources. The central and western
censes as a proxy for technological progress indicaprovinces should shift their mode of economic detors.
velopment and gradually shift to an intensive mode
Industrial structure  : Based on the purpose
of low-consumption and low-pollution intensive deof
this
study, the industrial structure indicators of the
velopment.
regional in the secondary industry have the output
(2120*64.(1&/;5.52+1+/7*1(.1,&(6245
value of GDP as the proportion of industrial structure
!2'.602)*/It is necessary to the further study the
indicators.
influencing factors and influencing factors of total
Energy consumption structure  : energy
ecological efficiency after using the efficiency DEA
consumption structure refers to the proportion of tomodel to calculate the total energy efficiency. The
tal energy consumption in total energy consumption.
efficiency values estimated by the super-efficiency
China's energy consumption is used to coal-based, so
DEA method dividing into three sets, which are trunthe choice of coal consumption in various regional
cated discrete distribution data. Tobi model proaccounted for the proportion of total energy conposed by Tobin in the study of durable consumer desumption to express the energy consumption strucmand in 1958 can solve the problem of limited or
ture.
cut-off model [8], therefore, this paper uses Tobit
model. The Tobit regression model shown in (3):
The level of economic development  : In
order to more objective measure of the level of eco⎧⎪ ∗ = α + β  + ε ,  ∗ > 0
nomic development of regional, this paper uses the
(3)
 =⎨ ∗
actual per capita GDP as an indicator of economic
⎪⎩0,  ≤ 0
development level.
Where  is the dependent variable vector, 
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Variable






 

mean

value

minimum

maximum

2.3659

16.8263

0.2536

2.8863

0.6766

1.7896

0.1428

0.389

0.4623

0.5843

0.2278

0.0847

0.7752
0.0635

0.9823
0.2453

0.2632
0.0082

0.1302
0.0725

! 
!2'.602)*/3&4&0*6*4*56.0&6.214*57/65


East

Center
West
1.32*
1.1725*
NA
(0.0000)
(0.0000)
-0.136***
-0.0125**
-0.3625*

(0.002)
(0.0000)
(0.0825)
0.889*
-0.0236
-0.098

(0.0015)
(0.3263)
(0.2963)
-0.023
1.269*
0.6325***
 
(0.7785)
(0.0000)
(0.0932)
0.2255*
-0.0318
0.1899**

(0.0001)
(0.2590)
(0.0421)
0.0036*
0.0125*
0.2352*

(0.0023)
(0.0015)
(0.0025)
Note: *, **, ***, respectively, in 1%, 5%, 10% of the conditions were significant, the brackets in the data for the P value, NA said no data.

α

The foreign direct investment : This paper
chooses the total investment of FDI in this region.

!2'.602)*/4*,4*55.21&1&/;5.5Based on the
super efficient DEA model, the total factor energy
efficiency of each province is measuring under the
condition of constant scale remuneration, and the
factors influencing the total energy efficiency of
each province are analyzing. Combining with the existing literature and considering the availability of
data  , The level of foreign direct investment ,
the energy consumption structure
economic development

region is, indicating that the industrial development
has brought a large amount of High pollution and
high emission have a great impact on the environment and affect the ecological efficiency in the area.
The most obvious manifestation is the western region. The higher the level of industrialization is, the
greater the impact on the environment is. The most
significant is the elasticity coefficient reaching
0.3625. However, the elasticity coefficient in the
eastern part is smaller and its significance level is
lower than that in the central and western parts. This
shows that the eastern part of the eastern part of the
country possesses a higher degree of industrialization and higher technical level, and its ability to solve
pollution can weaken the impact on ecological efficiency. The impact of the Central China lies between
the two.
2) From the perspective of energy consumption
structure, the eastern eco-efficiency and energy consumption structure is positively correlating. The
higher the proportion of coal consumption in energy
consumption in the eastern region of the higher the
ecological efficiency, we can see that the eastern region in the coal decontamination capability is
stronger Central and Western China; the central and
western eco-efficiency and energy consumption
structure is negatively correlated and the level of significance is low. On the one hand, it shows that the
high proportion of coal consumption in the central
and western regions will reduce the regional eco-efficiency, which is caused by the coal consumption on
the environment. The impact is greater, on the other
hand also shows that this effect also gradually
smaller, not particularly obvious.
3) From the perspective of FDI, the central and

 , the level of

 and the industrial struc-

ture  as explanatory variables, the provinces and
cities of all elements of energy efficiency as the explanatory variables, the sample interval for 20042016, the establishment of regression equation (4).

 = α + β   + β  



+ β 



+ β    + β 



+ μ (4)

Application software has used for the SPSS
Statistics; the description of the variables shown in
Table 3.
Table 4 is the regression results of the Tobit
model. In the provinces and municipalities, few variables do not pass the significance test at 1%, 5% and
10%, but the coefficients of most variables in each
province are relatively reasonable.
1) From the perspective of industrial structure,
the industrial structure is negatively correlating with
the regional eco-efficiency in the eastern, central and
western regions. The higher the secondary industry's
share of GDP is, the lower the eco-efficiency of the
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western regions are positively correlating with the
ecological efficiency. That is, the higher the degree
of opening up to the central and western regions, the
higher the ecological efficiency in the region. This
shows that the inflow of foreign capital has a greater
impact on the central and western regions. The inflow of foreign capital can improve the technological
level of the region and reduce pollution emissions.
While FDI in the eastern region is inversely relating
to the ecological efficiency, that is, the degree of
opening up will reduce the ecological efficiency of
the region. This shows that at present there is a high
level of technology in the east and more capital inflow. If the inflow of foreign capital continues to increase, it will exert more pressure on the environment and reduce the regional ecological efficiency.
However, this level of significance is rather low.
4) From the perspective of regional economic
development, the eastern and western regions are
positively correlating with the ecological efficiency,
but the eastern is more obvious, the higher the level
of economic development, the higher the ecological
efficiency. Because more funds is used to solve environmental problems, but the western region because of its regional technological level and economic development are more backward, with the
economic development, change the industry Structure, improve the economic level, but in the early
stages of economic development is conducive to the
improvement of regional ecological efficiency. At
the same time, eco-efficiency is negatively correlating with the central region, indicating that economic
development has a greater impact on the environment, while the current economic level cannot reduce environmental pollution, so there is a negative
correlation.
5) From the perspective of technological progress, advances in technology have a positive impact
on the ecological efficiency of the eastern, central
and departmental regions. Improvement of the technological level can improve region ecological efficiency, with the most obvious regional and regional
significance in the three regions. Its elastic coefficient reached 0.2352, indicating that the western region is relatively lack of advanced technology, the
use of technology is relatively old and equipment is
relatively backward, the greater impact on the negative side of ecological efficiency. The impact on the
eastern and central regions is less obvious.

central and western regions all had an upward trend.
In the meantime, the gap between the ecological efficiency in the eastern region and the central and
western regions has shown a downward trend [29,
30]. At the same time, the paper analyzes the main
factors affecting the regional ecological efficiency.
The results show that the industrial structure is negatively correlating with the regional ecological efficiency in the eastern, central and western regions.
The ecological efficiency in the eastern region is
positively correlating with the energy consumption
structure. The ecological efficiency in the central and
western regions is negatively correlating with the
structure of energy consumption. Moreover, the significance level is low. FDI is positively correlating
with the ecological efficiency in center. FDI and ecological efficiency in the eastern region Shows an inverse relationship. The economic development in the
eastern and western regions is positively correlated
with the ecological efficiency, the eastern region is
more obvious, but it is inversely related to the central
part; the improvement of the technical level has an
impact on the ecological efficiency of the eastern,
central and eastern regions Front. This article shows
that the development of regional economy depends
more on the high consumption and high pollution
growth mode. In the economically developed eastern
provinces, the situation is even more pronounced.
Therefore, at present, from the perspective of national macroeconomics, improving ecological efficiency must first focus on promoting the ecological
benefits in the central and western regions and alleviating the differences in ecological efficiency in the
eastern, central and western regions and widening
the western region. The current industrial transfer
has provided a good opportunity to coordinate the industrial transfer in the eastern region. The central
and western provinces adhere to the principle of "doing nothing, doing nothing" to undertake the industry.
Actively develop industries with high added value,
low resource consumption and light environmental
pollution. To adhere to the mode of intensive growth
has an important practical significance for the coordinated development of economy, society and the
environment in central and western regions. In order
to improve the regional ecological benefits and persist in the path of sustainable development, this paper puts forward the following suggestions on the basis of empirical analysis:
(1) Strengthen environmental regulation and
construction, prompting enterprises to actively carrying out resource conservation and environmental
pollution control aspects of technological innovation.
Government departments should increase the intensity of environmental regulation and severely punish
enterprises for their environmental pollution so that
the cost of pollutant discharge by enterprises is
greater than the investment made in technological innovation in order to reduce the emission of pollutants.

" 
The ecological benefits of China are in a state
of "high east and low west and gradual convergence".
The ecological efficiency of the eastern region was
significantly higher than that of the central and western regions. The overall ecological efficiency of the
central region was slightly higher than that of the
western region, but the ecological efficiency of the
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Enterprises should invest in technological innovation in the face of environmental pollution control
Less than the direct cost of sewage, will take the initiative in investment in environmental pollution
control, thus indirectly promoting the technological
innovation of China's enterprises, thereby promoting
China's ecological efficiency to play a certain role in
promoting.
(2) Grasp the characteristics of regional development and promote development according to local
conditions. Under the guidance of the government, it
is necessary to make full use of the existing advantages in economy and technology to build an ecoeconomic cooperation alliance between provinces
and regions under the guidance of the government.
They should adhere to the principle of product-oriented, market-oriented, and promoting the cooperation with each other. Effective cooperation on industry, academia and research institutes can improve the
overall technical and economic innovation system.
They suit the needs of ecological civilization in these
areas. We should tap intensive use of resources from
the aspects of coordination of interests, aid and support, and space organization to central and western
regions. To increase funding and policy support to
guide and encourage these areas to seize the opportunities of the industry transfer, the introduction of
the establishment of energy-saving technology production system to promote resource conservation
and environment to promote the production and consumption activities to develop clean and efficient in
the direction of the development of advanced technology and equipment.
(3) The mode of economic development needs
changing. Promoting the industrialization of the industrial structure, change the extensive mode of production with "high investment, low utilization and
high emission of resources" in underdeveloped areas,
and increase the proportion of manufacturing output
with high industrial linkage and high benefit, Driven
by the structural transformation to improve the allocation of resources effect.
(4) According to local conditions, the policy of
attracting investment from east, west and east should
be formulate to realize the coordinated development
of regional economy. In the eastern region, the infrastructure is perfect and the economy starts early. We
should vigorously introduce the third industry,
which is mainly service oriented, to reduce or prohibit the introduction of foreign industrial enterprises
with serious environmental pollution represented by
the manufacturing industry. The central region is in
the period of rapid economic development, and the
inflow of foreign capital will certainly bring vitality
to the economic development in the central region.
Therefore, in the process of economic development,
the central region should not only pay attention to the
pulling role of foreign capital to the economy, but
also pay attention to the pollution caused by the for-

eign capital enterprises to the environment. The environment of the western region is fragile, so we
should not blindly pursue the economic effect in the
process of developing economy and attracting foreign investment, and should pay more attention to
the environmental effect. Therefore, it is necessary
to reduce the introduction of large industrial enterprises and increase the inflow of foreign invested enterprises, such as ecological agriculture and infrastructure, in favor of local ecological environment
protection.
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survive after thawing [1, 2]. Two important considerations for cryopreservation are the addition of a
cryoprotective agent (CPA) prior to freezing, and the
rates at which cells are cooled and warmed [3, 4, 5].
In most cases, succeeding in cryopreservation is contingent upon the application of the appropriate rate
of cooling, cryoprotective additives, osmotic equilibrium and the ice nucleation process. Although cryopreservation is common in microorganisms (especially in bacteria and fungi) there is little information
about microalgae [6]. In spite of these limitations, it
was possible to successfully cryopreserve hundreds
of species of Cyanobacteria and eukaryotic microalgae [1, 2, 7]. The cryopreservation of bacteria and
fungi cultures is a common method in the protection
of strains in laboratory. Nowadays, glycerol is the
most common CPA for cryopreservation of bacteria.
As a classical method of cryopreserving a culture,
suspending bacteria cultures in 15% glycerol is still
in use [8]. An alternative method is to use skimmed
milk as a preservative to keep bacteria cultures at 80°C in laboratories [9].
In our previous ecological studies, 15 microalgae species were isolated from fresh water environments, while 2 bacteria and 2 fungi species were isolated in microbiological studies. As part of the efforts to generate a microalgae culture collection, the
study aimed to ensure the long-term survival of a microalgae culture collection by prolonging the survival period when the isolated microalgae and other
microorganism cultures can be preserved. Furthermore, we aimed to investigate the effects of different
protectants on different groups of microorganisms in
order to have a better understanding of the steps to
be followed during the cryopreservation process and
improve the application of cryopreservation techniques.

This study aims to generate a microalgae culture collection, and ensure the long-term survival of
this collection by prolonging the period when the
isolated microalgae and other microorganism cultures can be preserved. The microalgae cultures included four microalgae species (!%$!"
&! [Beijerinck],
"!$ "$#
(Kützing)Mikhailyuk, Glaser, Holzinger & Karsten,
!$" $#$" (Gomont) Strunecky,
Komárek & J.R. Johansen and &$"
!$#$"Skuja), two bacteria species (#&
$" $!$"and "!)and two fungi
species("!$"!and$sp.).The
study applied a cryopreservation protocol at -80ºC
directly to each of the species. The cryoprotective
agents used in the study were dimethyl sulfoxide
(DMSO), glycerol and skimmed milk at a final concentration of 5% for the microalgae in addition to an
application without any cryoprotectant at all. The
cryoprotectant agents used for this procedure were
15% final glycerol concentration for the bacteria and
10% skimmed milk for the fungi. After six months,
the strains of (%$!" (93%),  !$#$"
(83%) and $#$" (80%) showed higher viability rates in glycerol, whilethe strain of "$#
(93%) showed higher viability rates in skimmed
milk. The recovery ratio of $!$"
! and $ sp. werefound to be5.10, 3.23,
1.98 and 2.67 log CFU/ml, respectively.

)(!#$
Cryopreservation, cryoprotectant, microalgae, microorganisms, preservation.
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:74*;276*6-,<4;<9.,76-2;276:Microalgae
species were collected from eutrophic freshwater environments in Ankara, Turkey, and isolation and purification was achieved through a dilution and plating technique [10]. The four microalgae strains used

In recent years, studies have investigated longterm preservation methods, and cryopreservation has
been accepted as the most appropriate way of conserving biological material. Cryopreservation can be
described as the storage of a living organism or a
portion of it at an ultra-low temperature to make it
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in the procedure were: %$!", "$#$
#$" and  !$#$" Table 1 presents the
microorganism used in the study, their characteristics and collection time.
The study cultured microalgae cultures in BG
11 Medium, and created the appropriate environmental conditions. The cultures containing 30 ml of
medium were incubated at 25°C under fluorescent
lamps at a photon flux density of 50 µmol photons m−2 s−1 with a photocycle of 16 hours of light
followed by 8 hours of dark. Stock cultures of these
algae were harvested at logarithmic growth phase
[11, 12].
The $!$" and preservedin the microbiology laboratory were cultivated in Nutrient
Agar (NA, Difco) plates, incubated at 37°C for 24 to
48 hours and the CFU/ml of the bacteria were calculated by making serial dilutions from reproduced
colonies. Fungal isolates were inoculated into
Sabouraunt Dextrose Agar (SDA) and incubated at
25°C for 7 to 10 days. The colonies of ! and
$ sp. were covered with 5 ml of distilled
sterilised water containing 1% Tween-20. Afterwards, the conidia were rubbed with a cotton swab
and transferred into a sterilised tube to produce a homogeneous suspension. That suspension was spun in
a vortex mixer at 2000 rpm for 15 seconds and dilutions were made in order to obtain exact concentrations. A cell count was taken with a haemocytometer. In order to remove hyphas, the spores were ob-
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tained by filtering through a millipore filter. The microscopic cell count with the haemocytometer was
adjusted over a range from 1.0×106 to
5.0×106 spores/ml [13, 14].

9..@260To evaluate the effect of the cryoprotectant, microalgae samples were prepared under
two conditions, which were with or without cryoprotectant (CPA). The CPAs used for the microalgae
were dimethyl sulfoxide (DMSO), glycerol and
skimmed milk. Fifteen millilitres of each culture
were taken, 5 ml of which was spared for viability
control. The remaining culture was adjusted to a final concentration of 5% (v/v). Aliquots (1.5 mL) of
the resulting suspensions were dispensed into 2 ml
cryogenic vials. The vials were set in a container and
directly cooled to -80°C in a deep freeze and stored
until the recovery test was completed. Untreated cell
suspension was immediately inoculated into a new
medium to confirm the viability of pre-cultures [6,
12].
Cody et al. [8] utilized 10% skimmed milk and
15% glycerol as a CPA, which were reported to be
effective regarding the viability of the bacteria and
fungi after cryopreservation. For cryopreservation,
the samples were thawed in a serological bath at
25°C for 3 minutes. Serial dilutions were prepared,
20 µl from each dilution was dispersed on Nutrient
Agar and the plates were incubated at 37°C for 72
hours to ensure the viability of the bacteria. There
were 30 to 300 colonies of the bacteria on the plates

% 
%1.52,97790*62:5:<:.-26;1.:;<-?*6-;1.29,1*9*,;.92:;2,:
"1?4<5
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!%$!"&!(Beijerinck)

CCA02Ch01

Unicellular

CCA02Stc01

Filamentous

Freshwater pond
Sampling year: 2008

CCA01Ph02

Filamentous

Freshwater pond
Sampling year: 2008

CCA01Syn01

Unicellular

Freshwater reservoir
Sampling year: 2015

!&#
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&#!
!$#"

"!$"$#(Kützing)Mikhailyuk, Glaser, Holzinger & Karsten
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Strunecky, Komárek & J.R. Johansen
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and the data were determined to be log CFU ml−1.
For viability of the fungi, 0.5 ml of the inoculum
from the active fungal culture was put into cryovials
(1.5 ml), and then 1 ml of CPA (15% glycerol and
10% skimmed milk) was added into separate tubes.
The tubes were put aside for preservation at -80°C.

%1*>260 To perform the thawing procedure,
the researchers set the water bath at 35°C, and placed
a vial into the water bath as quickly as possible [4].
The cultures were centrifuged in order to settle the
supernatant. The supernatant was discarded and the
pellet was removed. The microalgae cultures were
placed in 30 ml of fresh medium so that the concentration of cryoprotectant in the medium was reduced
to below 0.2% (v/v). The cultures were kept in dark
for 1 hour in order to increase their survival rates, 2
hours without direct light and placed under optimal
growth conditions. Then, the cultures were observed
in terms of viable cells appearing within 1 to 2 days
[4, 15].
All bacterial and fungal strains were taken from
the freezer (at -80°C), and kept under 30°C in the
microbiology laboratory. Then, each bacterial strain
was cultivated in Nutrient Agar while fungal isolates
were cultivated in Sabouraunt Dextrose Agar.

'2*+242;?*::*?:Five milliliters of suspended
microalgae cultures was inoculated into 40 ml of
BG 11 medium under normal culture conditions after
the thawing process. The viability capacities of microalgae cells were calculated based upon the determination of chlorophyll-a and the number of cells after thawing. The distinction between viable and dead
cells was made with an optical microscope and the
use of Trypan Blue solution. Trypan Blue solution
was prepared at 0.4% concentration, 50 µl was put
into a vial and kept in that solution for 15 minutes.
Afterwards, 350 µl of medium and 100 µl of culture
were added. While the viable cells did not absorb
Trypan Blue, the dead cells were stained by absorbing it and generated a distinctive blue colour under
the optical microscope. The cell count for cryopreserved cultures was made under a microscope using a Thoma slide at 1-, 7- and 14-day intervals. The
percentage of cell viability is expressed as the ratio
of the total number of viable cells (unstained) to the
total number of cells (stained and unstained) [6, 11,
12, 15]. Viability levels were therefore calculated using the following equation (1):
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were incubated at 25°C for 7 to 10 days [8].The survival ratio of bacteria and fungi (BSR) was calculated by dividing the log of the number of bacteria
cells available in the suspension after preservation
(AP) to the log of the number of viable cells before
preservation (BP) and then multiplying by 100. This
is expressed with the equation (2) given below [16]:
(2)
BSR = (logAP / logBP) × 100

1479781?44*-.;.9526*;276The biomass of
microalgae samples were estimated from their chlorophyll-a content measured through the use of the
methanol method [17]. All the experiments were carried out in triplicate and the viability of the microalgae, bacteria and fungi were controlled by cryopreservation for 3 and 6 months.


#$&%$ $&$$! $
Subculturing is the most common method for
preserving microorganisms, especially for the microalgae cultures produced in the laboratory. However, this method demands a lot of effort, the cultures
are at risk of contamination, and do not guarantee
genetic and phenotypic stability. For this reason, the
cryopreservation method was utilized for long-term
preservation of isolated microalgae, bacteria and
fungi. Based on this methodology, both flamentous
and one-celled microalgae were examined for both
vital staining and the consistency of the original
characteristics, reproduction capacity, cell growth
and morphology. The optical microscope was used
to confirm the presence of specific morphological
features of all the microorganisms before and after
cryopreservation.
While storing microalgae at -80°C using different CPAs, no significant decrease in the viability ratio of the microalgae was observed during the 3- and
6-month periods of preservation. In spite of the fact
that the microalgae have many features to be paid attention to, the content of chlorophyll-a has been the
focus in determining the viability of the microalgae
in this study. Also, no significant decrease was observed in the chlorophyll-a content of any microalgae strain when thawed after 3 or 6 months (Table
2).
The microalgae strains that were tested in the
study were suitable for cryopreservation. %$!"
(CCA02Ch01), !$#$" (CCA01Syn01) and
 $#$" (CCA01Ph02) had higher viability
rates in glycerol, while the "$# (CCA02Stc01)
strain had higher viability rates in skimmed milk.
Also, the viability rate of strains to which CPA were
not applied was high. Dimethyl sulfoxide (DMSO)
was observed to be effective for the viability of microalgae strains when it was compared to other
CPAs. However, other CPAs resulted in higher rates
where the rate varied by species. The !$#$"

Viability Level (%)=(Number of cells unstained x
100)/(Total cells (stained and unstained))
(1)
The retrieval of viable cells was accepted as
positive by observing colonies on plates after the
bacteria cultivated in NA were incubated at 37°C for
24 to 48 hours. Similarly, the retrieval of viable cells
was accepted as positive by observing colonies on
plates after the fungal isolates cultivated in SDA
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(CCA01Syn01) (60 to 85%) and  $#$"
was between 4.61x106 and 6.40x106. The effect of
(CCA01Ph02) (63 to 82%) belonging to Cyanobaccryopreservation on the survival of the microalgae is
teria Phylum showed these viability rates in four of
presented in Table 3 and Figures 1 to 2.
the CPAs. It was found that the highest viability perThe preservation of   (MS-6) $!$"
centage for the (!$#$" strain was 85 to 83%,
(M-3)! (AN-9) and $sp. (PC-12)
and cell density (cells mL-1) was 2.91×106 to
was evaluated using two CPAs and freezing at -80ºC.
3.23×106, while the viability percentage for the 
The results indicated that the viability rate of the bac$#$" strain was 80 to 82%, and cell density
teria and fungus reduced over time and the reduction
ratio was dependent upon the strain and the protecwas 2.85×106 to 3.19×106 in glycerol. The  %$
tive agent that were used in the procedure. These re!" (CCA02Ch01) strain belonging to Chlorophyta
sults are presented in Table 4. The bacterial survival
showed a 75 to 95% viability rate for all CPA appliratio (BSR) decreased at a rate between 25 to 30% in
cations, and the highest viability rate was obtained in
$!$" and  after six months. The skimmed
glycerol (93 to 95%), and cell density was 5.34×106
milk used as a CPA for microorganisms gave better
to 6.27×106. The "$# strain (CCA02Stc01) beresults than glycerol. Regarding fungal activity, a delonging to Charophyta showed a 48 to 96% viability
crease was observed in the survival of ! (Tarate in general, and the highest rate was obtained
ble 4).
from skimmed milk (93 to 96%) where cell density
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549.93
968.84
859.77
117.08
130.4
1219.28
483.71

% 
//.,;7/,9?789.:.9=*;27676;1.:<9=2=*47/52,97*40*.

$;9*26:
 1 
 $;, 
 "1 
 $?6 

76;1:
3
6
3
6
3
6
3
6

>2;1$!

>2;1$3255.-5243

>2;14?,.974

'2*+242;?
76
75
59
57
65
63
61
60

'2*+242;?
90
87
96
93
72
67
63
62

'2*+242;?
95
93
62
60
82
80
85
83

&#
.44-.6:2;?7/52,97*40*.*/;.9 576;1: 

(2;167
,9?7897;.,;*6;:
'2*+242;?
81
78
51
48
76
74
70
68

&#
.44-.6:2;?7/52,97*40*.*/;.9576;1:

4321

$#

! %      





!"  ! 

% 
//.,;7/,9?789.:.9=*;27676:<9=2=*47/;1.+*,;.92*4*6-/<60*4:;9*26:

$;9*26:

%9.*;5.6;

 

Glycerol 15%
Skimmed milk 10%
Glycerol 15%
Skimmed milk 10%
Glycerol 15%
Skimmed milk 10%
Glycerol 15%
Skimmed milk 10%

 




    :8

76;1
70&54B 
8.76
8.76
9.60
9.60
3.50
3.50
5.32
5.32

76;1:
70&54B 
6.80
7.50
5.58
6.16
2.30
2.42
3.13
3.54

$#
77.62 %
85.61 %
58.12 %
64.16 %
65.71 %
69.14 %
58.83 %
66.54 %

76;1:
70&54B 
4.60
5.10
3.97
3.23
1.87
1.98
2.14
2.67

$#
52.51%
58.21%
41.35%
33.64%
53.42%
56.57%
40.22%
50.18%

*BSR: The bacterial survival ratio
no result was obtained when DMSO was used alone.
This result shows that CPA could have different effects on the viability capacities of different strains of
species.
The studies on preservation of microalgae
through cryopreservation have been mainly conducted on Cyanobacteria [22, 23, 24]. It was stated
that the Cyanobacteria strains tested by Rastoll et al.
[6] were suitable for cryopreservation and that
DMSO was a better cryoprotectant than methanol
(MeOH). In the study conducted by Esteves-Ferreira
et al. [4] on five different Cyanobacteria species, it
was stated that glycerol was more effective than
DMSO. According to those results, the survival percentages of species in DMSO were found to be
> 90% for !$ sp. and &$". In
another study on Cyanobacteria and green algae,
DMSO provided better overall retrieval ratios than
the applications with glycerol, MeOH and ethylene/propylene glycol and also without any cryoprotectants [25]. In this study, the best retrieval (at
5% (v/v) for !$#$" and $#$") was
80% in glycerol. When compared to previous studies, the retrieval was approximately 60% in DMSO,
and above 70% in skimmed milk and the application
without CPA.
Simione and Brown [22] reported that skimmed
milk, bovine serum albumin (BSA) and glycerol
were suitable for bacteria as a CPA, but not effective
for Cyanobacteria. For red alga, !&! 5%
skimmed milkwas used as a CPA by Jo et al. [26]
and high viability rates were found. In this study, favourable results were obtained for %$!" (87 to
90%), "$# (93 to 96%), $#$" (67 to
72%) and !$#$" (83 to 85%) with a use of
skimmed milk when thawed after 3 or 6 months. In
this regard, it can be noted that successful results
were obtained for four microalgae species as a result
of the thawing of a 5% concentration of skimmed
milk after cryopreservation at -80ºC.
The results show that the survival and activity
of the bacteria and fungi were dependent upon the
protective agent and the type of isolate. It is very important to choose a suitable protective agent to improve the preservation conditions for bacterial and
fungal cells. An increase was observed in the viability of strains stored with 10% skimmed milk and

There is very limited information on cryopreservation of microalgae in spite of extensive information on long-term cryogenic storing of eukaryotic
cells and biological materials in clinics and laboratories. Therefore, any studies conducted on different
CPAs and cryopreservation applications with microalgae are of great importance. The present study was
conducted with the aim of evaluating cryopreservation, thawing and viability of the microalgae that
were isolated from different freshwater environments as well as the bacteria and fungi that were isolated during microbiological studies. Glycerol and
skimmed milk were used as a CPA for the bacteria
and fungi, while glycerol, DMSO, skimmed milk
and applications without any CPA were used with
microalgae. To evaluate the survival of the microalgae, cell membrane consistency was investigated
with Trypan Blue and effective growth was observed
through cell counts with a microscope and determination of chlorophyll-a. Observation of bacterial and
fungal colonies on plates in agar medium was interpreted as positive in terms of retrieval.
In studies conducted by Guermazi et al. [18]
and Morris [19], it was observed that DMSO was
enough for preservation of !through cryopreservation, but there were differences in cryopreservation tolerance between!strains. On the
other hand, Nakanishi et al. [12] indicated that the
freezing tolerances of the two ! strains
tested were low. There were no viable cells when
DMSO was used alone and cryoprotectants were
more effective when they were used in combination.
In the study carried out using DMSO in different
concentrations, optimal results were obtained with a
30% DMSO concentration [20]. Beaty [21] reported
that %$!" showed high viability rates in 5% of
DMSO and 5% of glycerol. In this study, the %$
!" strain showed quite high viability rates (in the
range of 75 to 95%) in applications with 5% glycerol, skimmed milk, DMSO and without any cryoprotectant. When DMSO was compared to other
CPAs, it resulted in lower viability percentages, and
the most successful retrieval was obtained from
glycerol, skimmed milk and the application without
cryoprotectant. Although the results obtained for 
%$!"were consistent with some of the past studies, a different result was also observed stating that
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15% glycerol. In this study, the use of 10% skimmed
milk solution (v/v) was found to increase viability of
the bacteria and fungi after dissolution and long-term
incubation at 30°C. It was seen that the data were
consistent with the findings of the study conducted
by Mirchevska and Bosshard [27], which proposed
that the protection ratio was higher, and the survival
rate of the stocks could be increased with 10%
skimmed milk.
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During worldwide laboratory studies, microorganisms are isolated yet researchers lose those microorganism cultures since they do not have suitable
protection methods, and there is a lack of manpower
and controlled cooling equipment. Cryopreservation
is a method that has been studied for a long time in
order to preserve microorganisms. Recently, rapid
cooling and two-step cooling methods have been
used in studies conducted on cryopreservation. In
this study, microalgae, bacteria and fungi were subject to direct storage at -80°C through the use of different CPAs. The procedures were successful in the
retrieval of the microalgae cultures with CPA and
without CPA. Furthermore, the present study found
that the bacteria showed higher survival rates in a
10% skimmed milk solution rather than in a 15%
glycerol in the freezer. The skimmed milk may affect
the fatty acid content of the cell membrane and therefore change the viscosity of the membrane or contribute to the stability of cellular enzymes. The researchers suggest that bacteria should be preserved
in 10% skimmed milk in order to provide long-term
survival of the cells. The design to achieve the targeted culture collection is to include the isolated culture in the future study, continue those experiments,
and apply different cryopreservation techniques.
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ABSTRACT

INTRODUCTION

We are witnessing a number of traffic accidents
in the transport of dangerous goods and cargo. The
every vehicle which participates in the traffic presents the determined danger. Risk from misfortunes
is much larger if has driven conveys the slave which,
on case, explosive or poisonous. Also, some substance are alone along him dangerous, on case selfcombustible, so that and without traffic is fortunes
can that challenge the damage and violation. Therefore exist special regulations for carriage dangerous
substances, which needs that protect the safety those
which carriage, other participants in the traffic and
surroundings. About the seriousness this problem
talks and this that he occupies United Nations, and
the European agreement, named ADR, on which
have been established and our regulations, in detail
determines how in the road traffic are transported the
dangerous substance. These regulations consist of
hundreds of pages of text, and we, in the desire to
come closer this complex theme, have written this
work about the transport of dangerous substances.
This paper analyses the effect of the road and rail
transportation on the environment, also presenting
certain data concerning our country and the EU that
is our immediate surroundings. In time of dangerous
materials transport, we often do not manage reliable
LQIRUPDWLRQ¶V ZKLFKDUHQHFHVVDU\ IRUXQGHUWDNLQJ
prevention measures. We were the vitness of numerous accidents, nuclear and chemical accidents connected to army transport and application of dangerous materials. The aim of this paper is to oversee
safety conditions and way of transmitting pollutions
from eventual polluted work environment into life
environment in military traffic and to suggest optimal measures for eco-safety of work and life environment, according to legal regulative and international recommendations.

Under the conditions of disturbed ecological
balance, there was the question of transportation of
hazardous materials / cargo, wasting the disposal of
very complex composition, resulting in one or more
countries, where cross-border transport is becoming
more critical with the immediate problems. There are
many types and forms of threats and working environment of frequent accidents, nuclear and chemical
accidents in peace NCB - NCB terrorism and use of
weapons, which is increasingly becoming harsh but
true reality, especially in terms of transportation of
dangerous goods and substances. Pollution and contamination during transport have become a serious
and ongoing problems in the era of mass application
of modern and dangerous armaments and for peaceful and military purposes. In the neighborhood, but
in the previous Yugoslavia, Yugoslavia and the
country had a case of dislocation transport of hazardous materials by road and air transport, but, even
with scheduled safety measures and protection were
possible surprises and problems of larger scale.
This paper highlights the importance of new
communication models in business process re-engineering in the military organization and logistic support. Experience shows that the introduction of a
quality management system environment and the
transport of hazardous materials are closely related
to organizational change and the necessary involvement and organizational behaviour relevant to all
levels of the defense and security system. Taking
into account all elements of the evaluation of a potential interaction between the accident and the conclusion is drawn based on which planned and executed the security of accidents (regulated by the orders of the commander-garrison airport anchorage,
in cooperation with local government entities) or at
a higher level.
Chemical accident in transport. Chemical accidents and management of the assessed accident occurrence risk present an important aspect in the environmental protection. Accident, as defined by the
European Union, presents a sudden appearance of
considerable emission, fire or explosion as a result
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management, transport, hazardous, materials, environmental
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TABLE 1
Frequency of appearance of certain chemicals in
bigger accidents in 40 countries

of not planned events within a certain industrial activity, occurring within or out of industry, including
one or more chemicals. International Labour Organization (ILO) statistics show that the highest percentage of accidents occurs in the production units
(40%), in transport of hazardous substances (35%)
and in storage (25%). According to the research that
included 1.045 accidents with injured and killed people, in majority of cases it was the accidents with
chlorine (125 cases), with hydrochloric acid (68
cases) and ammonia (67 cases). Oil and oil products
have not been included in this research. International
Labor Organization has published the data from 40
member countries on the frequency of the appearance of certain chemicals in bigger chemical accidents in the past 80 years (Table 1).
Approximately 70% of the accidents described
by US EPA took place in the plants, while the remaining 30% occurred during the transport of toxic
chemicals. National legal document that defines the
risk assessing methodology is Regulations for the
Methodology of Chemical Accident and Environmental Pollution Risk Assessment, by Measures of
Preparation and Measures of Consequence Elimination, Official Gazette of the Republic of Serbia [3].

Chemicals
1.
2.
3
4.
5.
6.
7.
8.
9.
10.

Natural gas, propane/butane
Chlorine
Petroleum naphtha
Ammonia and compound
Vinyl chloride
Chlorohydrin acid
Hydrogen
Sulphuric acid
Ethylene
Ethylene oxide

No. accident
188
123
68
62
41
32
30
23
21
18

The following are defined as the consequences
of chemical accidents: discharge of hazardous pollutants into the air, water or soil (toxic gases, flammable or explosive substances), explosion of matter that
creates destructive wave blow (significant input of
great quantities of toxic, flammable and explosive
matter is discharged into the atmosphere) fires creating heat radiation that might burn people and material property (cloud of hazardous and non-hazardous
gases, particles and other combustion products is
formed) combination of the previously mentioned
consequences.
Analysis of major che mical accide nts in
2000 ye ar

Analysis of major chemical accidents in
2003 year

20%

27%

40%

46%

40%

27%
Plant

T ransportation

Storage

Plant

T ransportation

Storage

Analysis of major che mical accide nts in
2002 ye ar

24%
38%

38%
Plant

T ransportation

Storage

FIGURE 1
Analysis of major chemical accidents in Serbia
Official data from the Environmental Protection Department of the Republic of Serbia have been analysed for the stated years.
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EXPERIMENTAL

of chemical substances in the environment, to be
their reactions and combustion by creating a highrisk areas. The second group is consisted of those
consequences caused by the presence of pollutants in
the soil surface, where it penetrates the larger surface
to the deeper layers of the earth swirled up aquifers.
Particular danger makes pollution of aquifers, which
constitute sources of drinking water or arable land.
Conditions imposed severe damage or NCB
danger of accidents in transport, make obligation to
military theorists and operational commands of the
army groups to develop genuine decision-making
process, whose ultimate goal - to prevent the consequences of an accident-an accident in which a
smaller extent, to organize monitoring, control and
protection service, eliminating consequences and
timely inform the relevant public and, at the same
time create favourable conditions for the continuation of the envisaged task in terms of the new situation and optimization ecosecurity [1-7].

Earthquakes in the economy and transport.
The explosion of urban space has caused turmoil in
the economy, she stimulated migration and left their
marks on human health and environmental quality.
Consequences of rapid change: new technologycomputers, communications, energy, biotechnology,
superconductivity, energy engineering, bionics (the
creation of parts of the human body), and new materials, nanotechnology (manipulation of molecules
and atoms). Of course, any development of civilization has its attendant phenomena, which in this case
is reflected in the existence of limiting factors (increase in population, the problem of drinking water
and food, limited resources of raw materials, the
problems of energy, environment, the need for newer
technologies, hazardous waste, water resources). In
the process of deterioration of the relationship there
are disagreements, disputes and conflicts of interest.
The complexity of communication networks explicates the numbers of life situations which may give
rise to conflicts, then the need for their resolution
through other means. Between the current pace of
utilization of natural resources and the current reserves are significantly depleted, there is a contradiction. The accidents at fixed facilities and vehicles
classify those in production systems, warehouses,
storage tanks and pipelines, conveyors, primarily
within a manufacturing or transport system. The first
two characteristics are that the exact location and
time will result in a disaster are not known, a third
characteristic should know, because the types of
toxic substances that can be cast in familiar surroundings. They determine the type and production
technology. Only when they change, which is not
happening at present and in a short time, there will
be modifying of the number and types of potential
contaminants. In this review, we take into account
the quantities of chemicals as they change during
production, which depends on consumption, dynamic procurement, delays in production and other
reasons. A large number of possible points of damage are followed by a variety of characteristics.
Damage points can be located in an urban area, agricultural land, in the plain, in the meadow, in the hilly
area, the canyon, the bridge in a village in the tunnel
... Because of this the consequences of an accident
can be different. This should be added as a feature
and accessibility point. It can be difficult to access
(the cut in the mountain, in a tunnel, on a bridge, in
a wooded area) or easily accessible (in the neighbourhood, at the intersection). These point features
significantly complicate measures to remove consequences, resulting in transport accidents. When considering the effects of NCB contamination and pollution when it broke, we can classify them into two
groups. The first group is consisted of acute effects,
which cause immediate death or serious and lightirradiation of people getting hurt, bleed and spread

Liability in the midtransport. In Serbia, the
Serbian Law on Transport of Dangerous Goods, Decree of the Government of the Republic of Serbia on
the Transport of Dangerous Goods and ADR, the
transport of dangerous goods, both domestic and for
me international transport. Transportation of hazardous materials can not only deal with companies and
entrepreneurs whose business. For the transport of
certain classes of hazardous materials it is necessary
to have a permition, for each individual ride. Transportation Permits class 1 (explosives) issued by the
MOI, specifically the Fire Police. For Class 6 (toxic
substances and infectious substances) permits issued
by the Ministry for Capital Investments. Ministry of
Science and Environmental Protection is relevant for
radioactive material. Permitions contain all the essential information about transportation, such as the
type and amount of cargo, vehicle registration number, the name of the driver and companion, the route
and the time when the transport is done. Any change
in any of these data should promptly report the authority that issued the license, otherwise it loses its
importance. For substances Class 2, 3, 4, 5, 8 and 9
do not need a special permit, unless they have qualities that make can be classified in Class 1, 6, or 7.
Thus, for example, chlorine is a gas, rated Class 2
(gases), but since he was poisoned, the care require
a permit as well as for substances in Class 6.
Particular importance is vocational training of
all persons who are in contact with them, the possibility of accidents are put to a minimum. European
international agreement on road transport of dangerous goods - ADR (European Agreement Concerning
the International Carriage of Dangerous Goods by
Road), was signed in Geneva on 30.09.1957. And the
states have an obligation to this agreement with deviations from the agreement, if any, may not be the
more lenient criteria. For vehicles carrying hazardous materials, except the general rules of traffic,
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ify the procedure for issuing permits and all documents related to the cross-border movement of hazardous waste, used and applied by a law in this field
in our country and the EU. The biggest problem of
the preparation of documentation is outsider exposure in legislation, lack of EU legislation, under-used
of information technology and others. This chapter
in the book is written to bring the very issue of export
and transit of hazardous waste and is trying to resolve all the issues posted daily in the preparation of
documents. EU Directive 1013/2006 came into force
on July 2007. , and with it apply the new rules that
apply to cross-border movement of waste . The directive is a major problem so far and they are companies engaged in import, export and transit of
waste, as new patterns are applied to the new requirements. Here are closer guidance and solutions for
implementation of the directive and to achieve the
same in practice. The customs authority shall be allowed import of hazardous matter if poison exceeds
limits on the branch level crossing, approval of the
Ministry of Health of the Republic of Serbia with the
approval of the Ministry of Interior, Permission from
the Ministry. Regulations apply to them is the area
of waste management partially regulated by (depending on the type and properties of waste), the prescribed measures to protect the environment from
the harmful effects of waste and jurisdiction is divided between the state, the region term and local authorities. According to the Law on Environmental
Protection, the Rulebook on the manner of waste disposal of a hazardous substances, which regulates
handling wastes with hazardous substances in the
maintaining of records types and amounts of hazardous substances in the production, Implementation of
the EU Directive 1013/2006, a new law on waste
management, use transport, transportation, storage
and disposal and the categorization of waste in accordance with the Basel Convention, also, the Rulebook on the documentation to be submitted with the
application for a license to import, export and transit
of waste, which regulates transboundary movement
of waste but, in particular the movement of hazardous waste [11,12].

there are some special rules. One of them is that the
speed is limited to 80 percent of the speed limit for
other vehicles and that, in any event, shall not be
greater than 70 km / h, and the transport of toxins from 60 km / h. The vehicle should be stopped if
there is no real reason, and if you stop - should be set
so as not to endanger road safety. Depending on the
substance, there are certain rules correctly for parking, so, for example. Vehicle with explosives must
not leave without physical inspection. Regulations
on the transport of a certain order have the rules
about handing during loading and unloading. Most
hazardous materials can unload and unload only on
specially prepared checkpoints, and strict particular
procedure, for example connecting vehicles to the
earth, in order to prevent from static electricity. On
some vehicles, for example, the loading and unloading of flammable liquids and gases must not act
cabin heater must not be turned on. After unloading
a large number of hazardous substances cleaning of
cargo space is mandatory. Each carriage of dangerous goods has the right plan for the case of accident.
If the accident occurred, the driver needs to comply
with these instructions, and one of the basic rules is
that the driver must call the police as soon as he can.
By regulative it is governed by the ministry to issue
a certificate on the transport of dangerous substances
may provide additional security measures. Generally
more common is to escort and accurately determined
by the route of movement. When it comes to the
means of security, that is preserving cargo, escorts
can be done by police, or given to any specialized
firms, and in some cases with a determined and
tracked vehicle is the team for help in case of accident. The route of the movement and the reason is
stated in the permit for transportation, but no details,
so they usually levie only cities through which the
transport takes place. Special measures may detail
the route of movement so dangerous cargo does not
pass through populated areas or areas I'm at great
risk to the environment. For now, there is no map
that determines in which routes can and which cannot transport hazardous materials. The only limitation of this type exists in the road sections which, due
to possibilities of pollution of water, cannot move
tanks. These routes are marked by special random
traffic sign. Regulation on the Transport of Dangerous Goods binds specifically to the owner of the
goods to ensure dangerous goods in case of damage
in case committed to third parties. It is also stipulated
that insurance must cover the cost of remediation
consequences caused misfortune [1, 2, 5, 6].

FIGURE 2
Integrate military transport hazardous cargo

RESULTS AND DISCUSION

Warnings in transport Phrases refer to the
type of risks that exist or may arise in transport of
toxins and poisons in handling are labelled with the
letter "R" and serial number from the list of Rphrases mentioned in this decision. Phrase relating to

Transport of dangerous goods. This section
should clarify all the concepts related to the issuance
of permits issued through laws and regulations, clar-
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transport. System of emergency must be done first
(drawing of unsure certain people, stop the spill of
hazardous substances, fire, stopping the spread of
further destruction and neutralization of primary procedures spilled substances). Which is important, the
system should not act according to the shorter our
time, and the more effective targeting. One thing is
certain -from the time of occurrence of damage by
early intervention there is dead time- in which are
certain processes and the resulting consequences.
This means that there is no absolute certainty that
WKHUH ZRQ¶W EH FRQVHTXHQFHV RI DQ DFFLGHQW EXW
speed intervention significantly affects the intensity
of the effect. Of particular importance to all is training the experts in the army, who are in any manner
related to this issue, the possibility of a crash the human factor can be reduced to a measure of the minimum. Each carriage of dangerous goods and cargo
pretend to give one's attention accident situations. If
the accident occurred, the driver needs to comply
with these instructions, and one of the basic rules is
that he must notify the police. Regulations is governed by the Ministry issued a certificate for
transport of dangerous substances may provide additional security measures. Generally more common is
to escort and accurately determined by the route of
movement. When it comes to the means of security,
that is preserving cargo, escorts can done by police,
or given to any specialized firms, and in some cases
with a determined and tracked vehicle is the team for
help in case of accident. The route of movement and
the reason is stated in the permit for transportation.
Special measures may detail the route of movement
so dangerous cargo does not pass through populated
areas or areas because of the great risk for the environment.

the measures to be applied in traffic handling poisons
and toxins, and alas indicated by the letter "S" and
the serial number from the list of tags notice referred
to in this decision. Toxins in the market for general
use must be marked and labelled information "S2"
preserve out of the reach of children. "In terms of
transport of dangerous goods (use of NBC weapons
technological disaster at NCB due to accidents and
terrorism), the consequences of accidents would be
catastrophic for people, wildlife and the environment
in general. Besides the effect of the nuclear missiles
and nuclear accidents but our level of casualties to
the population in a number of the cities would be destroyed or damaged dried, and cloud contamination
would be blown away by the wide open spaces. Under these conditions global threat, contemporary Decision Making takes place under conditions of tight
time terms with insufficient reliable data. Circumstances that are high risk, why the need to locate and
ways for faster, easier, and better decision making
and response authorities possibilities to intervene in
such situations?
Certainly from NCB hazards and natural disasters, but it is no effective response measures: the
classic term of the security measures undertaken by
citizens and institutions (police, army) to the activation of the relevant specialized agencies and units,
specially equipped to take effective measures in
cases nuclear accidents. The paper points to the importance of environmental management to drive the
development of environmental education for the protection and improvement of the environment, with
expert evaluation of projects and programs, of particular importance for sustainable development.
Most risky part of the job is important in the
preparation and transport to the planned storage of
spent nuclear fuel-waste, where several thousand
units of fuel, preserved for years in a special pool,
need to repack new vessels. Old vessels were partly
corroded, the water in which they are preserved is
elevated radioactivity, and, before repacking, first in
the pool to reduce the concentration of hazardous radionuclides few times. Everything is done with the
platform, special tools, so that the fuel is not a second
over the water. A workers exposed to radiation exposure must bear in mind the MAC and MDD the
Statutory maximum.
Safety in sustainable development As a result of over stepping of boundaries of endurance natural system was followed by the outbreak of the ecological crisis. The most difficult exam that man taken
from its origins to today, can be successfully overcome and lay, solely and only the introduction of
quality and excellence for sustainable development.
Solution to the problem must involve a fundamental
transformation of the values and spirit of contemporary culture. Indicate particular group RCB result of
contamination requires two systems for containment
and elimination of the consequences of a military

FIGURE 3
Preparation for the transport of dangerous
goods
For now, in our country there is no map that determines which routes can and which can not be used
for transport of hazardous materials. The only limitation of this type exists in the road sections which,
due to possibilities of pollution of water, can not
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really highlight the role of science and research directions for further notice and preservation of working and living environment. A great risk in the transportation, storage and use of hazardous and harmful
substances and military burden is the possibility of
serious accidents, NCB terrorism in peace, imminent
threat of war. Without vigorous and rigorous calculation of further pollution of the human spirit and the
environment at all levels, there is no successful solution to the problem in the field of material goods and
spiritual values[13-16].

move tanks. These routes are marked by special random traffic sign. Regulation on the Transport of
Dangerous Goods binds specifically to the owner of
the goods to ensure dangerous goods in case of damage in case committed to third parties. It is also stipulated that insurance must cover the cost of remediation is unfortunate consequences.
The safe transportation of hazardous materials
along the Corridor X implies the fulfilment followed
by basic requirements throughout the European region, and in our country: - a single definition and
compliance regulations at all levels - performed the
identification and characterization of dangerous
goods transported (possession of the safety data
sheet) - quality transport infrastructure considerable;
- quality transport; - monitoring of environmental security and human security prior to the start of the
transport of hazardous goods and - tracking cargo
transport in real time and space. Harmonization of
EU legislation is done in the field of social plane
(harmonization of regulations from local to national
to regional level) but also in the domain of scientifictechnical level (unification of technical standards) in
the whole area along the said corridor. This way, you
build a foundation for good communication between
all the participants in the transport of dangerous
goods. It is a thorough and comprehensive understanding and defining new roles of all participants
and stakeholders in the policy and strategy of research co-development processes, especially in the
sphere of production technologies. Must be thorough
and comprehensive, expressed critically and conceptual review of the concept and philosophy of development, which is really light the role of science and
research directions for further notice and preserving
working environment. This approach to science is
subject to continuous improvement and expansion,
based on the scientific achievements in core areas,
sectors and disciplines, on which the system is implemented and evaluation of projects and programs.
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CONCLUSION
The mission of the social-economic and environmental paradigm involves the establishment of
harmony between human beings nd nature through a
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problem has application in the economic development of the country, as "living matter" is subject to
criticism, and at this scientific conference room for
it. It is a thorough and comprehensive understanding
and defining new roles of all participants and stakeholders in the policy and strategy of research and development processes, especially in the sphere of production technologies. must be thorough and comprehensive, expressed critical and conceptual review of
the concept and philosophy of development, that will
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ADSORPTION STUDY ON NATURAL GAS PURIFICATION
OF SMALL SCALE LNG-PROJECT
Zhao Lei*
Jilin Jianzhu University, Changchun 130118, China

Fossil fuel is the primary energy source worldwide. Natural gas, as one of the most important and
popular alternatives, will play a key role in the next
decades [6]. However, due to existed in deep underground reservoirs, natural gas may contain several
nonhydrocarbon components, such as carbon dioxide (CO2) and hydrogen sulfide (H2S) [7]. These impurities are undesirable compounds and may cause
several technical problems, i.e., corrosion and environment pollution. Moreover, removal of CO 2 from
natural gas can effectively increase the heating value
of sale gas and other products. Natural gas purification by using alkanolamine solutions has been considered as one of the most mature technologies in
comparison with the other available technologies
[8]. The advantages of amine based absorption processes are cost effectiveness, high capability of handling large amounts of the feed stream, and easily to
be retrofitted in an existing industrial plant without
significant changes of installation [9]. However, except installation corrosion and degradation, its main
challenge is high energy consumption (typically 3±4
MJ/kg CO2) for rich solvent regeneration [10]. To
reduce the energy consumption, extensive studies
have been carried out on amine absorption-based
acid gas (i.e. CO2, SO2 and H2S) removal technology, including development of novel solvents and
optimization of process configuration [11].
According to the known geographic distribution of gas reserves, almost 40% of the global reserves are sour and about 30% have a CO2 contents
between 15% and 80% [12]. Sour and acid gas reserves are located in different geographic areas, such
as South-East Asia, North Africa, Middle East, USA
and Australia. As instances, the giant Natuna field in
Indonesia is characterized by a CO2 content higher
than 70%; the Kapuni field in New Zealand with a
CO2 content of about 43.8%; the Uch field in Pakistan with 46.2% of CO2; the LaBarge field in Wyoming (USA) of about 65% [13].
In last decades, low-temperature processes for
the purification of highly acid and/or sour gas reserves have started to gain attention. Beside classical
and worldwide adopted absorption processes, above
all chemical scrubbing by means of aqueous alkanolamine solutions, low-temperature processes allow to reduce the total operating costs when dealing
with gases containing high amounts of CO2 [14]. According to authoritative projections of future energy

ABSTRACT
In this paper, the concept of modularized adsorption purification of natural gas is studied. Effect
of natural gas velocity on adsorption properties is
studied. The breakthrough curve of natural gas was
measured in a layered column of molecular sieve 4A
and 13X. The combination and scheme of the various adsorption modules were also optimized. The
dynamic adsorption curve of natural gas on the composite adsorbent bed was measured. The adsorption
and adsorption modules were optimally combined
and collocated by competitive adsorption theory.
The experimental data show that the pretreatment
modular theory is suitable for the desulfurization of
natural gas.

KEYWORDS:
Natural gas purification, CO2 absorption, small-scale,
LNG

INTRODUCTION
Natural gas is a fossil fuel with broad commercial applications, used as industrial, commercial and
domestic fuel. In some sectors such as glass and
white ceramic manufacturing, and pelletizing, this
fuel is responsible for around 80% of energetic expenses involved in the production process. Besides
that, in several segments of the chemical industry, it
is the main raw material and an important energetic
input for fertilizers, pesticides, plastics, resins,
among others. Another area in which natural gas participation has gradually increased over the years is
the energy generation in thermoelectric power plants
[1±3].
However, the presence of organosulfur compounds in its composition causes some issues such
as corrosion of equipment, oil pipelines and engines,
metallic catalysts poisoning, and environmental and
breathing problems [4]. Hence, the National Petroleum Agency of Brazil (ANP) established a maximum limit for the total sulfur concentration of 53
ppm for the commercialization of natural gas in national territory. According to Zhou et al., [5], for
avoiding equipment damage, sulfur compounds
should be removed for concentrations under 200
ppb.

4332

© by PSP

Volume 27 ± No. 6/2018 pages 4332-4336

Fresenius Environmental Bulletin


penetration curve are important parameters in the design of the adsorption device and other cycles. As the
gas flows through the clean bed, the exit gas concentration has a hysteresis relative to the inlet concentration due to the adsorption of gas by the adsorbent
and the combined effects of gas axial and mass transfer resistance. The breakthrough curve is a response
to this lag Records from which information on the
equilibrium of adsorption can be obtained, and the
degree of lag dispersion illustrates the adsorption kinetics and axial mixing in the adsorbent bed.
The breakthrough curve reflects the effect of
various properties of the adsorbent on the separation
performance, including the adsorption equilibrium
of the adsorbent on the adsorbent and the transport
properties of the adsorbent component inside and
outside the adsorbent particle, as well as the flow in
the bed Characteristics, which is commonly used to
determine the breakthrough curve method to preliminarily evaluate the adsorbent separation performance reasons.
Penetration capacity of different adsorbents
have a greater difference, the same adsorbent penetration capacity under different test conditions are
also different.
Adsorption separation process can be divided
into two categories: one is the cycle of adsorption
and regeneration alternately intermittent system, the
other is the adsorbent and the flow of countercurrent
contact of continuous flow system. Traditional adsorption and separation operations use more intermittent circulation system, which is suitable for high
separation factor and mass transfer rate of the system. In the case of difficult separation systems with
lower separation factor and lower mass transfer rate,
continuous counter-current contact is used, but this
method requires the circulation of the adsorbent.
Natural gas pretreatment mainly studies the
separation of impurities such as hydrocarbons and
water, hydrogen sulfide and carbon dioxide. As water and hydrogen sulfide is a polar molecule, and methane is a non-polar molecule, the separation coefficient between them higher, but also for simple operation applicability considerations, so the choice of
intermittent circulation system. Carbon dioxide is a
linear nonpolar molecule formed by polar bonds.
Compared with water and hydrogen sulfide, the adsorptive capacity of the three adsorbents on the surface of adsorbent is H2O> H2S> CO2.

scenarios [15], the primary energy demand is expected to grow rapidly over the next twenty years:
natural gas will play a key role, resulting in the highest growth trend. For such reason, it is relevant to investigate alternative purification processes, able to
perform a profitable exploitation of acid and sour
natural gas reserves.

MATERIALS AND METHODS
In order to improve the technical and thermodynamic efficiency of the drying and decontamination processes, it is an effective method to simultaneously adsorb different components in one system,
namely multipurpose combined adsorption. Because
it is difficult to find an adsorbent that can adsorb all
non-target components simultaneously and achieve
the desired purification requirements, different adsorbents can be selected for combination, with each
adsorbent selectively adsorbing one or more impurities. Based on such ideas and design ideas, the author
proposes to precondition the concept of modularity.
The so-called pre-treatment modular, refers to
the temperament characteristics of different feedstock gas, the selection of a number of adsorption
modules to be combined into a composite adsorption
tower. For example, the Zhongyuan Oilfield Wen 23
Gas Field Gathering Station No. 1 gas station contains saturated water and CO2, but does not contain
H2S, so you can choose 4A molecular sieve module
and 13X molecular sieve module into a composite
adsorption tower, the feed gas dehydration and CO 2
off. The pretreatment module has the function of selective adsorption for one or several impurities, for
example: 3A molecular sieve module is only responsible for the removal of moisture; 4A molecular
sieve module can remove moisture and H2S, CO2,
but the main removal of moisture; 13X molecular
sieve module It is also possible to remove moisture,
H2S and CO2 but mainly to remove H2S and CO2;
HgSIV molecular sieve module to remove mercury
to 0.01 mg / m3; COSMIN 105A molecular sieve
module to maximize the drying of natural gas containing hydrogen sulphide To reduce the formation
of mercaptan, and very stable; trilobate molecular
sieve module, used in the large flow dryer can reduce
the pressure drop 29%, thereby reducing the energy
consumption of compression, reducing equipment
size and reduce investment costs; Can be located at
the inlet of the adsorbent bed as a protective layer of
adsorbent.

Adsorption module optimization configuration. For different regions of different temperament
of natural gas, modular composite adsorption process to meet the various gas source liquefaction demanding. When the gas quality changes, only the
need to replace the composite adsorption process in
one or several pretreatment module can be adapted
to the gas source flexibility, the raw material gas
quality controllable strong.
Molecular sieve has the crystal structure and

Molecular sieve adsorption properties. Molecular sieve adsorption properties can be used to
characterize the penetration curve. The breakthrough
curve refers to the characteristic curve of an initially
clean adsorbent bed responding to a constant composition of the effluent. The shape and width of the
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of components, as well as changes in the concentration of two cases.
To do a sorption module is only responsible for
the removal of an impurity component, we must address the issue of "adsorption competition." For example, water, hydrogen sulfide and carbon dioxide,
their adsorbent surface adsorption force in the order
of H2O> H2S> CO2, so to simultaneously remove
them you must first dehydration, and then desulfurization of hydrogen and finally decarbonation. Do not
expect to be able to remove all three together using
only one adsorbent since the more adsorbable components can significantly affect the sorption of less
adsorbable components that can remove moisture
and dry methane gas from the molecular sieve H 2S
test obtained. This poses the problem of how adsorption modules are combined.
After moisture is removed, it is desulfurized.
Adsorbent for desulfurization is recommended to use
RK-38 molecular sieve because it is specifically designed for industrial desulfurization of natural gas
(removal of H2S and mercaptans). As moisture is already removed, there is no competition for adsorption of water and hydrogen sulfide.

characteristics of the surface of the solid skeleton,
the interior is a hole, hole between the holes connected to each other, molecules through the channel.
Due to the crystalline nature of the pores, the pore
size distribution of the molecular sieve is very uniform. Molecular sieves based on the size of their internal crystal pores on the molecular selective adsorption, that is, a certain adsorption
Size of the molecule and reject larger molecules, which is vividly called "molecular sieve.".
The function of molecular sieve adsorption or repulsion is also affected by the electrical properties of the
molecule. Therefore, synthetic zeolites are selectively adsorbed according to the size and polarity of
the molecule, which is also the basis for molecular
sieve separation. According to the concept of pretreatment modularity, one adsorption module is only
responsible for the removal of one impurity component. This has the advantage that when the impurity
component of the feed gas is changed, only the component adsorbing module needs to be replaced. This
component changes include the increase or decrease

FIGURE 1
The proposed natural gas purification process by absorption.

FIGURE 2
Effect of natural gas tower velocity on dehydration rate
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FIGURE 3
Breakthrough curve in the multiple adsorption beds

be pushed forward, so H2O must be completely removed before adsorption of CO2, which is the reason
for the 13X molecular sieve before 4A molecular
sieve.
The experimental data shows that the pretreatment modularization theory is applicable to the dehydration and desulphurization of natural gas, and
the H2O and CO2 content of the adsorption phase
meet the natural gas pretreatment indexes.

Take off the hydrogen sulfide, only the carbon
dioxide impurities. 13X molecular sieve is the recommended sorbent for CO2 removal. Although the
diameter of carbon dioxide molecules is small, but
because of non-polar molecules, so weak adsorption.
13X molecular sieve pore size is large, large pores
can accommodate more carbon dioxide molecules.
Feed gas through the above three adsorption
PRGXOHVLQWKHRUGHU$]HROLWHĺ5.-]HROLWHĺ
13X molecular sieve, shown in Figure 1. When an
impurity component disappears, in accordance with
this order to remove the appropriate module can be.
When the impurity component increases, we must
first analyze the adsorption capacity of the component, and then according to the adsorption the principle of competition to arrange the module order.

CONCLUSIONS
For natural gas of different temperament from
different origins, the pretreatment modular process
can adapt to the harsh requirements for liquefaction
of various gas sources. When the gas quality
changes, only one or several pretreatment modules
need to be replaced in the pretreatment process, the
adaptability to the gas source is large, and the controllable quality of the feed gas is strong.
Pretreatment module adsorption and desorption
sequence should be reasonable and effective. In general, the order of adsorption is "first dehydration and
then desulfurization and finally decarburization",
and the desorption order is "decarburization first and
then desulfurization last dehydration".
The dynamic adsorption curve of natural gas on
the composite adsorbent bed (4A + 13X) was measured. The adsorption and adsorption modules were
optimally combined and collocated by competitive
adsorption theory. The experimental data show that
the pretreatment modular theory is suitable for the
desulfurization of natural gas.

RESULTS AND DISCUSSIONS
As can be seen from Figure 3, the CO2 content
decreased significantly in the beginning stage of the
test, then stabilized and reached the lowest value. After adsorption equilibrium, it began to penetrate until
fully penetrating the molecular sieve. Both CH4 and
N2 are directly transmitted. The effective composition of natural gas is CH4, so the shorter the transmission time of CH4, the less the loss and the separation coefficient of the adsorbent
The higher the performance, the better. H2O
and CO2 have different adsorption forces on the surface of molecular sieve (H2O > CO2), which can produce adsorption competition. H2O will replace the
absorbed CO2, and the adsorption peak of CO2 will
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MUTATION BREEDING OF BACILLUS
AMYLOLIQUEFACIENS HT-Q6
Mei-qin Wang*, Xiao-juan Hao, Yan-ping Yao, Min Xu
College of Agronomy, Shanxi Agricultural University, Taigu Shanxi 030801, China

rial communities in their environments. Whole genome can be analyzed using sequencing, DNA-DNA
reassociation, G+C fractionation, metagenomics,
metaproteogenomics. Genetic fingerprinting techniques are used for partial bacterial community analysis, such as ARDRA, SSCP, DGGE, RISA, TRFLP, RAPD, LH-PCR based on 16 S rRNA gene.
These techniques demonstrated the bacterial community by comparing different profiles of different
samples, and do not provide bacterial identification
[8-12]. The ARDRA technique is a fast, simple and
convenient approach able to cluster bacteria in different genera and species. The restriction enzymes
are important to differentiate species of bacteria and
create limitations for this technique by identifying
fewer species than the total number.
Mutagenesis of microorganisms refers to the
artificial purpose of using mutagen treatment of microorganisms, thereby increasing the probability of
mutation and amplitude, select the ideal mutant
strains. Microbials have the characteristics of simple
reproduction, rapid propagation, sensitive to the external environment and other conducive to mutagenesis, combined with the natural mutation frequency
of low amplitude and limitations, and therefore often
in the selection of microorganisms through physical,
chemical and microbiological and other lures Variants for the purpose of breeding strains [13].
In this study, three different methods of UV
mutagenesis, different concentrations of nitrite mutagenesis and nitrous acid UV mutagenesis were
used to mutagenize B. amyloliquefaciens Ht-q6, Rescreening, in order to improve the antimicrobial activity of the strain Ht-q6, screening out a broad-spectrum mutant with high inhibitory effect.

ABSTRACT
As a potential biocontrol resource, endophytic
bacteria have become the focus of biological control
at home and abroad. Our group had a preliminary
screening of a broad-spectrum antibacterial activity
of walnut endophytic bacteria: Bacillus amyloliquefaciens Ht-q6. In this experiment, Ht-q6 as a starting
strain, its mutagenesis, breeding a more efficient antibacterial activity mutant strain GHt-q6, and the
highly efficient mutant strains colonization, antibacterial effect and antibacterial Metabolites and other
biocontrol potential were studied for the later development and utilization of the highly efficient mutant
strains laid the theoretical foundation. Specific methods and conclusions are as follows:
The strain Ht-q6 was mutagenized by ultraviolet mutagenesis, nitrous acid mutagenesis and nitrous acid UV mutagenesis, and the lethality and
positive mutation rate of each treatment were calculated. The optimal duration of UV mutagenesis was
40 s. The antibacterial activity of GHt-q6 was higher
than that of the original strain Ht-q6, but the growth
curves of the two strains were basically the same.

KEYWORDS:
Ht-q6; GHt-q6, UV mutagenesis, biocontrol

INTRODUCTION
Endophytes have metabolic potential for the
production of many compounds, e.g. antibiotics,
phytohormones, toxins, and signaling compounds,
which interfere with plant growth by indirect mechanism [1-5]. The common bacterial endophytes distributed in agricultural crops were Rhizobium,
Azospirillum, Sphingomonas, Burkholderia, Enterobacter, Pseudomonas, Bacillus, Paenibacillus, Nocardia, Streptomyces, Microbacterium, etc. [6]. In
Jerusalem artichoke, diazotrophic communities - nitrogen fixing bacteria in rhizosphere carrying the nitrogenase gene (nifH gene) - have been reported using molecular techniques, resulting in matching uncultured bacteria belonging to Proteobacteria, Firmicutes, Spirochetes and Methanotroph [7].
Molecular techniques are tools to study bacte-

MATERIALS AND METHODS
Material. Test strains. Starting strain: Bacillus amyloliquefaciens Ht-q6 (provided by the research group).
Pathogenic fungi: Phomopsis macrospora,
Colletotrichum capsici, Alternaria solani, Fusarium
oxysporum f.sp., Altenaria alternata, Fusarium graminearum, Fulvia fulva, Molinia fructigena, Botrytis
cinerea, Valsa mali Miyabe et Yamada, eggplant wilt
(Fusarium oxysporum f.sp.) (all provided by Shanxi
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Lethality calculation. The bacterial suspension after ultraviolet radiation treatment was taken
out in a dark environment and placed in a dark box
and placed in a refrigerator at 4 °C for 2 h. The control was also placed under the same conditions. Finally, remove the bacterial suspension of different
mutagenesis duration under dark environment for dilution coating: the initial concentration is regarded as
108, the treatment dilution concentration is divided
into three gradients of 104, 105 and 106; the control
dilution concentration respectively reaches 103, 104
and 105 t Gradient. The amount of bacteria in the
coated plate iVȝ/ZLWKWKUHHUHSOLFDWHVSHUJUD
dient. After coating, incubate at 30 Ԩ for 48 hours in
darkness. The number of colonies in each treatment
was counted (the number of colonies in each treatment was selected to be between 30 and 300), and
the lethality of each UV duration to the cells was calculated according to the following formula.
Lethality = [(number of viable cells per ml of
broth - number of viable cells per ml of broth treated)
/ number of viable cells per ml of broth in control] ×
100%

Agricultural University Plant Pathology Laboratory).
Test medium. NA medium: beef extract 3 g,
peptone 5 g, sucrose 10 g, agar powder 15 g, distilled
water 1000 mL, pH 7.0 or so.
BPY medium: beef extract 5 g, yeast powder 5
g, NaCl 5 g, glucose 5 g, peptone 10 g, distilled water
1000 mL, pH 7.0 or so.
PDA medium: potato 200 g, glucose 20 g, agar
powder 15 g, distilled water 1000 mL, pH natural.
The main reagent. 0.1 mol · mL -1 sodium nitrite solution (sodium nitrite 0.69 g, sterile water 100
mL); 1 mol·L -1 pH 4.5 acetate buffer (acetic acid
6.12 g, sterile water 100 mL; sodium acetate 8.2 g ,
Sterile water 100 mL. The sodium acetate solution is
slowly poured into the acetic acid solution and mixed
to adjust the pH.) 0.07 mol · mL -1 pH 8.6 Disodium
hydrogen phosphate solution (1.246 g disodium hydrogen phosphate, 100 mL sterile water) ); 0.1% pH
7.17 phosphate buffer.
The main equipment. SW-CJ-2FD clean
bench, GI54DWS autoclave, Thermo Sorvall ST refrigerated centrifuge, HH-2 water bath, GSP9270MPE incubator, ZWYR-211C shaking incubator, GL- Haier BCD-579WE refrigerator.
Methods. Bacterial suspension preparation.
After activation of the test tube strain on the NA
plate, the activated strain of the two loops was picked
into the BPY medium, and the seed liquid was cultured in a shake flask of 180 r · min-1 at 30 ° C. for
24 h. The seed solution was then introduced into
BPY medium at 3% inoculum volume and cultured
in shake flask at 180 Ԩ for 12 h at 30 Ԩ. The logarithmic phase (susceptible to the environment and
the fastest growth rate) Conducive to inheritance).
The cultured bacteria were centrifuged at 7000 r ·
min-1 and 4 ° C for 20 min. The precipitated bacterial cells were collected and washed twice with phosphate buffer. The cells were resuspended in 0.1%
phosphate buffer and adjusted to a cell concentration
of 108 cfu · mL-1 by a hemocytometer.

Positive (negative) mutation rate calculation. Thirty morphologically different colonies were
picked from each treatment plate and confined to
walnut blight pathogen, the positive and negative
mutation rates were calculated and preliminary
screening. Cross painted on the back of each dish
line, the central pathogenic fungi, 2 cm away from
the center were treated with three strains and one
strain of the starting strain. Bacteriostasis distance
was measured at 25 ° C in darkness for 5 days and
compared with the control bacteriostasis distance to
calculate the positive and negative mutation rate.
Due to the difficulty in accurately controlling the
amount of bacteria to be spotted, the primary mutant
was positive with 15% of the control bacteriostatic
diameter as the positive mutant, 15% lower than the
control as the negative mutant, and between -15%
and 15% was unmutated.
Positive (negative) mutation rate = [number of
positive (negative) mutant strains / total number of
picked strains] × 100%

UV mutagenesis. UV radiation treatment.
Place a magnetic stirrer before mutagenesis so that
the irradiation distance of the UV lamp is about 20
cm and the stirring speed is adjusted. In addition, the
UV light 30 min ahead of time to open, to ensure
mutagenic stability of light waves. Take 4 ml with a
good bacterial suspension added to the sterile Petri
dish, bacterial liquid not too thick, because the water
can absorb ultraviolet light. The bacteria suspension
added to the dish placed on a magnetic stirrer, the
bacteria suspension while stirring ultraviolet radiation and time. In this experiment, a total of seven UV
irradiation durations were set, which were 20 s, 40 s,
60 s, 80 s, 100 s, 120 s and 150 s, respectively.

Nitrous acid mutagenesis. Ht-q6 cultured to
the logarithmic phase was centrifuged, and the supernatant was discarded and the pellet was washed
twice with phosphate buffer. 0.1 mL · mL-1 sodium
nitrite solution and pH 4.5 acetate buffer solution
were prepared according to the volume ratio of 3: 17,
5:15, 7:13, 9:11, and 11: 9 (the nitrite concentrations
were respectively: 0.015 mol · mL -1,0.025 mol · mL
-1,0.035 mol · mL -1,0.045 mol · mL -1,0.055 mol ·
mL -1), the mixed solution were added to the precipitated bacteria, so that Suspension. Incubate at 37 °
C for 5 min, add 10 mL of pH 8.6 sodium dihydrogen
phosphate solution and bring the pH to about 6.8 to
stop the reaction.
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Nitrous acid UV mutagenesis. Nitrite treatment with 2.2.3, after the completion of the treatment placed in 4 Ԩ refrigerator 2 h removed, take
the treatment of bacteria 4 mL added to the sterile
Petri dish, and then follow the 2.2.2.1 method and
2.2.2 obtained the most Good UV irradiation duration to deal with nitrite-induced bacterial suspension.
Positive mutation of the screening, stability
and comparison of the original strain. The mutagenic treatment of selected strains were shake flask
culture, continuous culture for 10 generations, respectively, take the 1st, 4th, 8th and 10th generations
of bacteria dilution plate separation, and in accordance with the method of above. Determination of antibacterial effect, each strain 3 replicates, to determine whether to maintain a higher generation of antibacterial effect. Select stable strain can be genetically modified and the largest increase in antibacterial strain named GHt-q6 for follow-up test.
GHt-q6 and Ht-q6 were respectively spotted at
2 cm on both sides of the pathogenic fungi to compare the antibacterial distance. Shake flask culture of
highly efficient mutant strain GHt-q6 and the original strain Ht-q6 each 3 bottles, each bottle of liquid
volume of 100 mL inoculum volume of 3%, every 2
hours each take 1 mL culture broth to measure the
OD600 value of non-inoculated BPY medium as a
blank control.

FIGURE 1
Effect of UV on the fatality rate and mutation
rate of B. amyloliquefaciens Ht-q6

Strain GHt-q6 inhibition spectrum determination. The highly efficient mutant strain GHt-q6
was selected to confront each of the tested pathogenic fungi in the test material. After incubation at
25 ° C for 5 days, the bacteriostasis band was determined and 3 replicates of each of the pathogenic
fungi were isolated.
The experimental data by SPSS 17.0 analysis
and processing, using SigmaPlot 12.5 for mapping.
FIGURE 2
Effect of nitrous acid on the fatality rate and
mutation rate of B. amyloliquefaciens Ht-q6

RESULTS AND DISCUSSION
UV mutagenesis. Bacillus amyloliquefaciens
Ht-q6 UV mutagenesis results shown in Figure 1, 20
s UV treatment when the lethal rate was close to
90%, indicating that strains in the log phase sensitive
and no spores. The mutation rate of UV mutagenesis
strains increased by 13.33% -36.67% compared with
the natural state, but the trend of positive and negative mutation rate was not synchronized, and the
highest positive and negative mutation rates appeared under different treatments. Among them, the
negative mutation rate reached the highest at 20 s
when irradiated by ultraviolet light, reaching 30%.
The highest positive mutation rate reached 26.67%
at 40 s under UV irradiation. So choose the irradiation time of 40 s for the best UV mutagenesis dose.

Nitrous acid mutagenesis. The results of nitrous acid mutagenesis of B. amyloliquefaciens Htq6 are shown in Figure 2. The lethal rates of nitrite
at concentrations of 0.015 mol · mL-1 and 0.025 mol
· mL-1 were 75.65% and 85.06%, respectively, at a
concentration of 0.035 mol · mL-1, the lethality
reached over 90%. In addition, relative to the UV
mutagenesis, the positive and negative mutation
rates of nitrous acid mutagenesis were lower, both
lower than 10%, and the difference between the different concentrations of treatment is not very different, which may be due to nitrous acid and ultraviolet
radiation mutagenesis mechanism different. Therefore, the composite mutagenesis test using different
concentrations of nitrous acid gradient, with the optimal irradiation duration UV mutagenesis mutagenesis.
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sults shown in Figure 3, all treatments on the lethality of strains were higher than 90%, and the positive
and negative mutation rate compared with single UV
mutagenesis, nitrous acid mutagenesis No increase,
but the antibacterial test showed that the magnitude
of mutation compared with a single UV radiation, nitrous acid mutagenesis have a more significant increase. According to the preliminary screening, the
secondary screening and the stability test, two strains
with larger antibacterial activity than the original
strains were screened, and their antibacterial activities increased by 41.67% and 28.57% respectively.
Select the antibacterial effect of an increase of 41.67%
of the strains named GHt-q6 for follow-up test.
Stability of highly efficient mutant strain
GHt-q6. Highly efficient mutant strain GHt-q6 continuous transfer of 10 generations, of which the 1st,
4th, 8th and 10 generations of fungi Walnut
Shuanghuai antibacterial effect shown in Figure 4,
the antibacterial activity was not weakened, antibacterial distance unchanged, that is, different generations of GHt-q6 strains showed the same strength of
bacteriostasis. Proved high efficient mutant strain
GHt-q6 genetic stability is good, after 10 consecutive generations can still maintain a strong antibacterial capacity.

FIGURE 3
Effect of compound treatment on the fatality
rate and mutation rate of Ht-q6

Comparison of the highly efficient mutant
strain GHt-q6 with the original strain Ht-q6. Antibacterial activity of the highly efficient mutant
strain GHt-q6 compared to the original strain Ht-q6
The highly efficient mutant strain GHt-q6 had
a significantly stronger antibacterial activity than the
original strain Ht-q6. As shown in FIG. 5, the mutant
strain GHt-q6 was higher than that of the original
strain Ht-q6 (A), Botrytis cinerea (B) and Sclerotinia
sclerotus (C) More antibacterial activity, so it can be
the next test.
The efficiency of the mutant strain GHt-q6
compared with the growth curve of the original
strain Ht-q6. Compared with the original strain Htq6, the mutant strain GHt-q6 showed an enhanced
bacteriostatic effect, which was basically consistent
with the growth curve of the strain Ht-q6. Their
growth curve (OD600 absorbance) as shown in Figure 6, 4 hours before the incubation period for the
adjustment of the strain, OD600 stagnated at 0, no
substantial increase in the amount of bacteria. The
shake flask culture 4 to 18 hours for the logarithmic
phase of the strain, OD600 increased rapidly during
that period, indicating rapid growth of bacteria, 10
hours or so the amount of bacteria up to K / 2 or so.
22 hours after the strain into the balance period,
OD600 remained unchanged, we can see the basic
stability of the amount of bacteria, and has reached
the maximum environment to accommodate K value.

FIGURE 4
The stability of strain GHt-q6
Nitrite UV mutagenesis. Bacillus amyloliquefaciens Ht-q6 nitrite UV composite mutagenesis re-
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FIGURE 5
The antibacterial effect of strain GHt-q6 and Ht-q6
Note:A-Fusarium graminearum; B:Botrytis cinerea; C:Phomopsis macrospora.
TABLE 1
The antibacterial spectrum of mutant strain GHt-q6
Pathogen
Phomopsis macrospora
Colletotrichum capsici
Alternaria solani
Fusarium oxysporum f.sp.
Altenaria alternata
Fusarium graminearum
Fulvia fulva
Molinia cinerea
Botrytis cinerea
Valsa mali Miyabe et Yamada
Fusarium oxysporum f.sp.

The width of inhibition zone (mm)
9.67±0.29bc
10.33±0.17b
4.90±0.58f
8.83±0.96bcd
5.83±1.28ef
7.17±1.15de
8.87±0.23bcd
7.83±0.31cd
9.33±0.77bc
12.67±1.15a
5.23±0.55f

Note: The values were the average of three times, same letters indicated no significant difference (Pψ0.05). The
same below.
Bacteriostatic effect is strong, antibacterial bandwidth are above 8.80 mm. While the inhibitory effects on Altenaria alternata, Fusarium oxysporum
f.sp. and Alternaria solani were relatively small, and
the inhibition bands were all less than 6.00 mm.

CONCLUSIONS
UV mutagenesis can greatly increase the mutation rate of microorganisms, so that all types of mutant strains for production and research can be
screened more quickly. Mutagenesis conditions required by different microorganisms vary, the test by
different mutagenesis and gradient-dose treatment,
and finally screened highly efficient mutant strain
GHt-q6. The antibacterial activity of the highly efficient strain was 41.67% higher than that of the original strain Ht-q6, but the growth traits of the two
strains were similar and their growth curves were
also basically consistent.

FIGURE 6
The growth curve of strain GHt-q6 and Ht-q6
Antibacterial spectrum determination of
highly efficient mutant strain GHt-q6. As shown
in Table 1, the high-potency mutant strain GHt-q6
had a broad-spectrum antibacterial spectrum but different antagonistic effects on different pathogenic
fungi. Among them, Valsa mali Miyabe et Yamada
had the strongest bacteriostatic activity, Bandwidth
greater than 12.50 mm, and the inhibitory effect of
other pathogenic fungi compared to significant differences. In addition, the resistance of Colletotrichum capsici, Phomopsis macrospora, Botrytis cinerea, Fulvia fulva and Fusarium oxysporum f.sp.
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2

[3]. Lipases remain active in slightly hydrated organic solvents, enabling them to be used as biocatalysts in organic synthesis [4].
Lipases play an important role in the digestion,
transport and processing of food lipids in most living
organisms. Lipases are widely used in industrial applications due to the wealth of reactions they catalyze. Lipases catalytic potentials are enormous. Lipases of microbial origin which are used in the food,
diary, cosmetic, detergent, and tanning industries are
particularly attractive. In view of their current and
potential applications, lipases are considered to be a
promising class of industrial enzymes [5].
In this study, it was aimed to use the same enzyme for a long time by adsorbing the lipase enzyme
activated carbon and acacia leaf. In addition, was investigated the effect of various parameters such as
temperature, pH and concentration on the activity of
free and immobilized enzyme. Introduction should
state the purpose of the research and should include
appropriate citations of previous and relevant works.

ABSTRACT
Lipases perform essential roles in the digestion,
transportation and processing of the dietary lipids.
The properties of the clay activated carbon (pear
shell) and acacia tree (acacia tortilis) as a support for
enzyme immobilization were studied using the enzyme lipase. The Km and Vmax values of the butyrate hydrolysis were determined, respectively. The
free and immobilized ones on activated carbon and
acacia tortilis lipase was determined to be the most
active in mildly alkaline conditions (pH 8.0-9.0) and
in the temperature range of 40-50°C. Taking in the
account the Lagergren Firs-order equation for adsorption kinetics, q1 and k1 which are the measure
of adsorbed assets strength have been carried out.
7KHUPRG\QDPLF SDUDPHWHUV ǻ* ǻ+ DQG ǻ6
were calculated.

KEYWORDS:
lipases, solid supports, immobilized enzymes, adsorption

EXPERIMENTAL
INTRODUCTION
In this study, were used as adsorbent activated
carbon from pear shells and acacia leaf. For the preparation of activated carbon (Van-Turkey), pear shells
were burned for one hour in a nitrogen atmosphere
at 350-400°C degrees in oven. Activated shells by
chemical activation were abundantly washed with
pure water. After the process was analyzed chloride
with previously prepared AgNO3. The solution was
allowed to dry in a 60°C degrees in oven. The acacia
leaf was dried in the sun and then powdered. These
two adsorbents were milled at the mill and elected
pore size 0.038 mm (400 mesh) by sieve. In this
study for standard purposes, solutions of lipases (0.1
g.L-1) in 0,1M sodium phosphate buffer, pH 7.25
were adapt to 25 mg.ml-1 suspensions of activated
carbon and acacia tortilis, in a 1:4 volume ratio. The
lipase activated carbon and acacia tortilis complex
was removed by centrifugation at 3500 g for 15 min
and then washed 4 times with 5 ml of phosphate
buffer.

In vitro activities of enzymes have begun to be
used in many areas. However, the fact that the enzymes are found in a small amount in living organisms and the difficulty of purification processes
makes these molecules extremely expensive. This
situation has made it possible for enzymes to be used
repeatedly by immobilizing them into a water-insoluble solid material.
The lipase enzyme (acylglycerol hydrolases,
E.C. 3.1.1.3) is an enzyme that catalyzes the hydrolysis of ester bonds of lipids. Lipases are a subclass
of esterases. It is an important enzyme in biological
systems, where it catalyzes the hydrolys is of triacylglycerol to glycerol and fatty acids [1]. Besides their
natural substrates, lipases have unique characteristics such as catalyzing reactions involving insoluble
organic and aqueous phases and ability to preserve
their catalytic activity in organic solvents, physic
system and in micelle solutions [2]. Versatility of lipase catalyzed reactions made them a unique heterogeneous catalyst for transester frication reactions
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The values of Km was found to be 2.23 mM
whereas the Vmax was calculated as 2.50 μmol.min1
for free lipase. The Km value was found to be 2.18
mM lipase-activated carbon and 2.21 mM lipaseacacia tortilis. The Vmax value was found to be
4.71μmol.min-1 for the lipase-activated carbon and
3.58 μmol.min-1 lipase-acacia tortilis [11].

Enzyme. Lipase (E.C.3.1.1.3) from wheat gem
Typ I. Lyophilized powder 5-15 units/mg protein
product of USA. Then 50 μl of substrate solution
(100 mM pNPB diluted in 2-propanol and stored 20°C) were added [6]. The contents were mixed and
the tubes were incubated in the water bath 30°C for
exactly another 10 min. In order to measure the pnitro phenol (pNP) released from the substrate, a
control was prepared without soil [7].

Effect of pH on enzyme activity. Free and immobilized lipase preparations were incubated at
30°C, for 24h at different pH in appropriate 0.1M
NaH2PO4/NaOH/HCl buffer pH 4.0-10.0 and the activity was measured under standard conditions. The
optimum pH for free lipase and immobilized lipases
it was Fig.2. pH being a measure of acidity of a medium, plays an important role in free lipase and immobilized lipase. Observed optimum free lipase and
immobilized lipases at pH 9.0, which is in agreement
with the results from our study. The partially purified
soluble lipase enzyme was the most active toward pNPB in mildly alkaline pH range and showed optimum activity around pH 9.0 [12].

RESULTS AND DISCUSSION
The Lineweaver-Burk plots were linear indicated that hydrolysis of various activated carbon and
acacia tortilis the lipase followed kinetics parameters
[8-9]. Km and Vmax values of the supported lipases
were determined from the lineer regression analysis
of 1/V versus 1/S. The Km and Vmax values were determined by means of the Lineweaver-Burk plot [10].
The Michaelis-Menten equation is written and correlated to determine the Km and Vmax
V= Vmax.S / S+Km
1/V=Km+S/ Vmax.S
1/V= Km/Vmax .1/S + 1/Vmax

FIGURE 2
(IIHFWRIS+RQWKHHQ]\PHDFWLYLW\RI Ÿ OL
pase-DFWLYDWHGFDUERQ Ƈ OLSDVH-acacia tortilitis
DQG Ŷ IUHHOLSDVH

FIGURE 3
Effect of temperature on the enzyme activity of
Ÿ OLSDVH-activated carbon, (X) lipase-acacia
WRUWLOLWLVDQG Ŷ IUHHOLSDVH
FIGURE 1
Lineweaver-Burk plots (a) free lipase, Lineweaver-Burk plots (b) lipase-acacia tortilis,
Lineweaver-Burk plots (c) lipase-activated carbon

Effect of Temperature. Experiments to determine the temperature stability of lipase enzyme were
conducted and the extent activity loss under various
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was more affected than the activity of the lipase enzyme.

temperature regimes was determined. Thermal stability studies of free and immobilized lipases were
performed by measuring the residual activity of the
enzyme after exposure to six different temperatures
(20-70°C) in 0.1 M NaH2PO4 / NaOH buffer (pH
7.25) for 2 and 5h. The effect of temperature on the
stability of free and immobilized lipase is shown in
Fig.3.
The optimal reaction temperature shifted from
40°C for the free lipase and immobilized lipase. In
this study, the influence of temperature on immobilization system of lipase activated carbon and acacia
tortilis. The thermal stability of the supported lipase
is also increased.

FIGURE 5
Eight months of activity change of bound enzyme. Lipase-DFWLYDWHGFDUERQ Ŷ OLSDVH-acacia
WRUWLOLWLV Ƈ
The amount of activity determined for the adsorbed enzyme at one month intervals is shown. At
the end of eight months, the activated-carbon lipase
enzyme % 67.73, acacia tortilis-lipase enzyme %
73.60 was observed to be preserved.
Thermodynamic Studies. The type of the adsorption can be determined through the quantities of
thermodynamic parameters such as Gibbs free enHUJ\¨*0VWDQGDUGHQWKDOS\¨+0 and entropy change
¨S0 for the adsorption of lipase enzyme activated
carbon and acacia tortilis.
¨G0 was calculed using the following equation
¨G0 = - RTlnK
Where R is the universal gas constant (R=8.314
J.mol-1.K-1  ¨*0 DQG ¨+0 are in Jmol-1 ¨60 is in
J.mol-1.K-1 were calculated respectively from the
slop and intercept of the plots of 1/T versus lnK usLQJWKH9DQ¶W+RIIHTXDWLRQ
OQ. ¨60/R-¨+0 / RT

FIGURE 4
Effect of ionic strength on the enzyme activity of
Ÿ OLSDVH-DFWLYDWHGFDUERQ Ŷ OLSDVH-acacia
WRUWLOLWLVDQG Ƈ IUHHOLSDVH
Effect of ionic strength. The results obtained
for both free and supported-lipases are given in Fig.4.
The activated carbon-lipases and acacia tortilis lipase appears significantly more active at high ionic
strengths than the lipase enzyme. In order to examine
the effect of ionic strength, different of (1, 0.5, 0.25,
0.1, 0.05M) sodium phosphate buffers to the reaction
medium at pH 7.25 value. These results show that
when the buffer concentrations was increased, the
activity of activated carbon and acacia tortilis lipase

TABLE 1
$FDFLDWRUWLOLVDQGRIOLSDVHGLIIHUHQWFRQFHQWUDWLRQVǻ*0ǻ+0ǻ60, R2 values
Concentration(M)
Equation
R2
ǻ+
ǻ6
ǻ*313
ǻ*323
ǻ*333
ǻ*343
ǻ*353

0.05
y=-1,2556x0,2380
0.9447
10.43
-1.97
629.77
649.55
669.33
689.12
708.91

0.1
y=-1,0892x0,9313
0.9147
9.05
-7.74
2434
2511
2589
2666
2744

4345

0.25
y=-0,6651x1,9766
0.9638
5.52
-16.43
5149
5310
5477
5641
5806

0.5
y=-1,0552x0,7442
0.9877
8.77
-6.18
1945
2007
2069
2125
2192

1
y=0,7258x1,7257
0.9584
6.03
-14.34
4497
4637
4781
4924
2192
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FIGURE 6
Acacia tortilis-lipase enzyme different concentration (lnkd/T - 1/T)
TABLE 2
$FWLYDWHGFDUERQDQGRIOLSDVHGLIIHUHQWFRQFHQWUDWLRQVǻ*0ǻ+0ǻ60, R2 values
Concentration(M)
Equation
R2
ǻ+
ǻ6
ǻ*313
ǻ*323
ǻ*333
ǻ*343
ǻ*353

0.05

0.1

0.25

0.5

1

y=1,4549x+1,6418
0.8128
12.09
13.64
4260
4393
4520
4664
4802

y=-1,08228x+2,8515
0.9231
15.18
23.70
7405
7639
7876
8113
8350

y=-2,0287x+3,4924
0.9965
16.86
29.13
9100
9392
9683
9974
10266

y=-1,4109x+1,5637
0.8474
11.73
13
4057
4187
4317
4447
4577

y=-1,1441+0,601
0.9165
9.51
4.99
1554
1604
1652
1702
1751

TABLE 3
The linear equation of the acacia tortilis±lipase and activated carbon-lipase enzyme
Equation
qe
k1
R2

Lipase-acacia tortilis
y=-0,0448x-0,9975
9.94
0.103
0.858

Lipase-activated carbon
y=-0,0626x-0,1571
1.45
0.14
0.96

FIGURE 7
Activated carbon-lipase enzyme different concentration (lnkd/T - 1/T)
indicates the endotermic nature of adsorption. The
QHJDWLYHYDOXHRI¨60 correspondence to the exothermic spontaneous and exothermic nature of the supported-lipases reactions [14-15].
The first order equation is described by Lagergren as follows:
dq/dt =k1 (qe-qt )

According to the results obtained from the theoretical calculations of thermodynamic parameters
for lipases activated carbon [13].
It was seen that the values of change in Gibs
IUHHHQHUJ\ ¨*0 HQWURS\ ¨60 DQGHQWKDOS\ ¨+0)
were positive values proved that Lipases- acacia
WRUWOLV¨*0 SRVLWLYHYDOXHV7KHSRVLWLYHYDOXHRI¨+0
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log(qe-qt)=log qe±k1 t/2.303
Where qt refers to the amount of lipase enzyme
adsorbed per unit weight of adsorbent (mg.g-1) at
time t (min). The value of qe and first order rate constant (k1) can be calculated from the plot of log (qeqt) wersus t. The linear equation of the plot of log
(qe-qt) versust [16,17].
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FIGURE 8
Enzyme adsorption related Lagergren pseudofirst-order equation. (a) lipase-acacia tortilis.
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ABSTRACT
Nutritional behaviors of adolescent girls are a
major health concern. Adolescents are considered
main target group for improvement in nutritional
behaviors. This study aimed to determine the impact of an educational intervention based on theory
of planned behavior (TPB) on nutritional behaviors
in Iranian adolescent girls. This randomized controlled trial study was conducted among 12-16
years old high-school girls in Tehran, Iran, from
September 2015 to July 2016. The study subjects
were selected using multistage random cluster sampling. Then, they were randomly assigned to the
intervention (n=289) and control (n=289) groups.
The school-based intervention including nutrition
education program based on a modified TPB was
performed among intervention group. The control
group received only school routine education program. Both groups were assessed at baseline, and
after 6-months follow-up. The significant improvement in attitude (15.5%, 95% CI=14.7 to
19.3), subjective norms (17.5%, 95% CI=15.1 to
0.19), perceived behavioral control (16.1%, 95%
CI=14.8 to 18.5), perceived parental control (13.4
%, 95% CI=11.2 to 17.6), behavioral intention
(16.4%, 95% CI=14.7 to 19.3), and behavior
(17.2%, 95% CI=13.7 to 20.7) was observed in
intervention group compared to control group
(p<0.001 for all dimensions). This study evaluates
the impact of a school-based intervention, guided
by TPB, on nutritional behaviors improvement as
well as knowledge of adolescent girls towards those
behaviors. TPB-based educational intervention can
effectively improve the healthy nutritional behaviorsof adolescent girls.

INTRODUCTION
Obesity is a multifactorial chronic disease
which presently imposes annual medical costs of 30
billion dollars to the United States [1]. Obesity is a
global nutrition problem known to be a major risk
factor for heart disease, diabetes, some cancers, and
hypertension, and it carries an independent risk of
its own. In addition to physiological risks of obesity, there may be a more substantial psychosocial
impact [2]. Lower levels of education and income
have recently been considered as associated factors
with obesity in adolescents and young adults [3].
The public health impact of obesity is increasing as
more persons become overweight at the younger
age, and the larger observed degree of obesity [4].
The more intensity of obesity, the greater likelihood
of it to continue in adulthood [5]. It has reported
that the poor nutritional behaviorsand low physical
activity, to some extent, lead to the prevalence of
chronic diseases [3]. Obesity is a significant public
health problem in many countries, yet its global
prevalence has increased with changes in nutritional
behaviors [6]. Hence, it is necessary to design and
implement an educational intervention to improve
healthy nutritional behaviors in adolescents. The
school would be regarded proper venue for educational intervention since students spend a lot of time
there. Besides, there are many educational facilities
and equipment available in schools assisting nutrition education programs [7, 8]. Moreover, schools

4349

© by PSP

Volume 27 ± No. 6/2018 pages 4349-4356

Fresenius Environmental Bulletin


with available opportunities and staff can deliver
students' health as well as nutritious and healthy
food [9]. Studies have documented more effectiveness of nutrition education interventions guided by
behavioral theories on behavior change rather than
ones without theoretical approaches [10]. TPB [2]
is the most generally used theory in interventions
IRULPSURYHPHQWRIDGROHVFHQWV¶ nutritional behavior [11]. It is also applied for the development of
the curriculums in school and after-school educational programs, since students, in the school environment, have the opportunity to create attitudes
and behaviors [12]. Based on TPB, the individual's
behavioral intentions and behaviors are shaped by
the attitude toward behavior, subjective norms, and
perceived behavioral control. The behavioral intention is also assumed to be an immediate antecedent
of behavior. In this study, we investigated the role
of SDUHQWDOFRQWURORQVWXGHQWV¶SHUFHSWLRQ by TPB.
Hence, this study adds an additional construct to
TPB named perceived parental control. This new
construct might influence sexual and reproductive
health behavior of adolescents and it has been considered before [11]. Parents, in some developing
countries, prefer to use information resources which
improve their children's knowledge about nutrition
[10]. Nutrition education interventions have been
reasonably successful in Iran, nonetheless most of
them have not improved behavioral changes [13],
and have had the relatively low impact, especially
on adolescents [14], possibly because of inattention
to behavioral change theories while planning the
intervention [15], and to ignore determinants like
supportive policies and change in environment [16].
The purpose of this study was to evaluate the impact of a school-based nutrition education intervention, based on TPB, on the improvement of adolesFHQWV¶nutritional behavior.

control groups, the standard deviation of knowledge
scores was considered to be between 22.9 and 25.2,
according to previous studies [17, 18]. Eventually
and according to design effect of 2.1, the minimal
289 samples per group was needed.
Random sampling and Randomization. The
sampling method was proportional stratified random sampling and the samples were selected from
3 districts of the 22 municipal districts of Tehran. In
each district, four schools were randomly selected
using the probability-proportional-to-size sampling
method. In every school, three classes and in every
class, 16 students were randomly recruited. For
schools of every district, the cluster randomization
was used to place students of two schools as an
intervention group and students of two schools as a
control group. All eligible participants were requested to complete the informed consent form.
Baseline assessments were done before placing the
students into intervention or control groups. Baseline and post-test assessments were conducted by a
research team member blinded to group allocation.
However, participants might know whether they are
in the intervention group or control group, due to
nature of interventions.
Intervention. First, students in both groups
filled out the self-made questionnaires. Then, a nutrition education program, in the form of a course
plan, was given to the students by the educator. As
documented, nutrition improvement interventions
should be gender-tailored and appropriate for learners. The education program was a school-based
approach consisting of the educational sessions and
educational booklet for adolescents. The approach
was based on a premise that to break bad eating
habits and make healthy choices, adolescents
should equip themselves with the necessary skills
and acquire needful information about nutritional
behaviors and understand how bad eating habits
may put them at risk of disease and obesity. The
intervention approach pursued a logical progression
of knowledge and skills relevant to nutrition improvement and encompassed a variety of communication techniques like slide presentation, lecture,
role-playing, educational animation and teaser,
brainstorming, story-writing, small group discussion, and healthy nutrition booklet to motivate participants to take part in the study. The chapters of
healthy nutrition booklet were discussed during the
education sessions and feedback was solicited from
the students. Overall, the education program involved four sessions in two parts for 45 minutes
with a 15-minute break. After completing the education program for the intervention group, the education materials were given to the control group.
Moreover, a 2-hour nutrition education workshop
ZDV KHOG IRU WKH VWXGHQWV¶ SDUHQWs. TPB principles
were the guidelines used for our educational inter-

MATERIALS AND METHODS
Participants and Procedures. A randomized
controlled trial study was carried out to evaluate the
impact of a school-based nutrition education intervention on nutritional behaviors of student adolescent girls in some state high schools in Tehran, Iran,
from September 2015 to July 2016. The study followed the pretest-posttest intervention design. The
inclusion criteria were being a high school girl, 12
to 16 years old, living in Tehran, willing to participate in the studyDQGKDYLQJSDUHQW¶VFRQVHQWIRUP
The exclusion criteria were lack of participation in
the intervention program, migration, and incomplete questionnaire. Finally, 578 eligible participants entered into the study. The sample size calculation was based on knowledge as it produces the
maximum sample size. To have a power of 90%, to
detect ten score difference between two groups,
with an attrition rate of 10% in intervention and
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index (CVI), in this study, were 0.65 and 0.77, respectively. Exploratory factor analysis (EFA) was
used to evaluate construct validity. BartOHWW¶V WHVW
and KMO indicated the suitability of data for factor
analysis (KMO=0.83, P<0.001). Principal component analysis with varimax rotation found six factors with eigenvalues more than one and factor
loading equivalent to or more than 0.4, accounting
for 67% of the variance observed. CFA results confirmed the exploratory six-factor constructs (attitude, perceived behavioral control, perceived parental control, subjective norms, behavioral intention,
and behavior). We asked a subsample of students
(n=25) to complete the questionnaire two times,
with a 2-week interval, to examine the stability of
the scale by calculating Intraclass Correlation Coefficient (ICC), considering the ICC of 0.4 or above
acceptable (ICC =0.91).

vention design. The impact of educational intervention on nutritional behaviors, personal attitudes and
beliefs about nutritional behaviors, subjective
norms encouraging nutritional behaviors, perceived
behavioral control, and intention of nutritional behaviors was evaluated in this study. The evaluation
was performed during the education process
through questions and answers as well as six
months after the intervention through questionnaires. The control group did not receive any education program throughout the intervention. All education programs were performed in schools by a
research team member experienced in adolescent
health.
Questionnaire. An anonymous self-made
questionnaire, as main data collection instrument,
consisting of various nutrition-related issues was
designed using the direct measures of TPB. Some
parts of this instrument originated from the WHO
questionnaire [19]. Other parts were developed by
literature review and the qualitative study including
eight focus group discussions (FGDs) with 40 participants.
The questionnaire consisted of three parts:
Socio-economic characteristics including age,
IDWKHU¶Vlevel of educationPRWKHU¶Vlevel of educationPRWKHU¶VMREDQGIDWKHU¶VMRE
Knowledge part: a 15-item questionnaire asVHVVLQJWKHSDUWLFLSDQWV¶NQRZOHGJHDERXWQXWULWLRQ
7KHUHVSRQVHVZHUHFDWHJRUL]HGDV³7UXH´³)DOVH´
DQG³, GRQRWNQRZ´, and scored from 0 to 100.
Modified TPB part: a 57-item questionnaire
assessing TPB constructs including attitude (8
items), perceived behavioral control (20 items),
perceived parental control (4 items), behavioral
intention (13 items), behavior (6 items), and subjective norms (6 items). The responses were categorized from ³VWURQJO\ GLVDJUHH´ WR ³VWURQJO\ DJUHH´
and scored from 0 to 100. The maximum total score
of 100 would be obtained by each participant. The
obtained scores were identified as follows: 0 to 33.3
as poor scores, 33.4 to 66.7 as moderate scores, and
66.7 and more as good scores. Negative items were
inversely coded before computing the mean scale
scores. All questions were transformed to the scale
of 0 to 100 using the formula (question score minus
minimum possible score of the question) divided by
(the range of possible score of the question). The
score of every dimension was obtained from the
mean score of all questions of that dimension and
scored from 0 to 100. Face, content, and construct
validities were assessed to determine the scale validity. The internal consistency and stability of the
scale were assessed to determine the scale reliability. &URQEDFK¶V DOSKD FRHIILFLHQW VKRZHG DQ H[FHllent internal consistency, ranging from 0.80 to 0.92
for different dimensions. The numeric value of content validity ratio (CVR) is determined by the Lawshe table [20]. The mean CVR and content validity

Ethical Considerations. Ethical issues were
completely observed by the authors (ethics code
No. 651, dated Monday, April 25, 2016). Also, registers of clinical trials in Iran on November 13,
2015 was registered with IRCT2015070623089N2
code. Meanwhile, after explaining the nature and
purpose of the study, participants were allowed to
decide whether or not to participate in the study.
Moreover, researchers committed themselves to
behave in a respectful manner and adhere to confiGHQWLDOLW\ RI VWXGHQWV¶ LQIRUPDWLRQ. (Registration
code: IRCT2015070623089N2).
Statistical analysis. Data were analyzed via
SPSS software, version 23. The scores of TBP constructs (1 to 5) were transformed to scores of 0 to
100 to make the results comparable with other studies. Furthermore, multilevel analysis was used to
include the correlation of measurements in the clusters. The Likelihood Ratio (LR) test was used for
obtaining the proper number of levels in multilevel
analysis. The baseline values between two groups
were compared by two-level multilevel analysis.
The three-level multilevel analysis was used to
evaluate the changes in each group. The interaction
between the groups and time, in the multilevel
analysis, was assessed with the aim of comparing
the changes in the scores of dimensions in two
groups. All statistical tests were two-sided and the
results were significant at the level of (p<0.05).

RESULTS
A total of 578 students participated in the
study. The mean age of the participants was 14.1±1
years. The preliminary analysis revealed no significant difference in the baseline characteristics (demographic variables, knowledge, and TPB constructs) between the participants in the control and
intervention groups. 366 fathers (63.8%) and 379
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mothers (65.8%) had under diploma education The
demographic characteristics of the participants are
summarized in Table 1.
Table 2 depicts the differences between two
groups in knowledge and TPB constructs (attitude,

subjective norms, behavioral intention, perceived
behavioral control, perceived parental control, and
behavior) (All p<0.001) at baseline and after a sixmonth follow-up.

TABLE 1
The demographic characteristics of the participants
Variable
Age
Economic status; n (%)

Area location; n (%)
)DWKHU¶Vlevel of education; n (%)
0RWKHU¶Vlevel of education; n (%)
)DWKHU¶VMREQ 
0RWKHU¶VMREQ 

Mean ± SD
Very good
Good
Average
Weak
2
4
10
<6
6-12
>12
<6
6-12
>12
Working
Unemployed
Working
Housewife

Total
14.1 ± 1.0
35 (6.1)
242 (41.9)
254 (43.9)
47 (8.1)
196 (33.9)
143 (24.7)
239 (41.3)
57 (9.9)
366 (63.8)
151 (26.3)
72 (12.5)
379 (65.8)
125 (21.7)
544 (94.1)
34 (5.9)
153 (26.5)
425 (73.5)

Group
Intervention
14.0 ± 1.0
12 (4.2)
114 (39.4)
131 (45.3)
32 (11.1)
98 (33.9)
95 (32.9)
96 (33.2)
34 (11.8)
191 (66.1)
64 (22.1)
35 (12.1)
204 (70.6)
50 (17.3)
275 (95.2)
14 (4.8)
74 (25.6)
215 (74.4)

Control
14.2 ± 0.9
23 (8.0)
128 (44.3)
123 (42.6)
15 (5.2)
98 (33.9)
48 (16.6)
143 (49.5)
23 (8.1)
175 (61.4)
87 (30.5)
37 (12.9)
175 (61.0)
75 (26.1)
269 (93.1)
20 (6.9)
79 (27.3)
210 (72.7)

P-value
0.473
0.442

0.591

0.291

0.427

0.297
0.637

TABLE 2
The differences between groups in knowledge and TPB constructs at baseline and
after six-month follow-up
Total
49.1 ± 20.6
68.7 ± 24.3
19.7 ± 28.2

Group
Intervention
Control
49.1 ± 20.6
49.1 ± 20.6
84.3 ± 13.4
53.2 ± 22.8
35.2 ± 23.9
4.1 ± 23.2
<0.001
0.003

Diff

P
Á
<0.001§

Knowledge

Pre
Post
change
P-ZLWKLQÁ

Attitude

Pre
Post
change
P-ZLWKLQÁ

68.6 ± 14.3
84.7 ± 13.3
16.1 ± 19.4

68.6 ± 14.3
92.6 ± 7.7
24 ± 16.3
<0.001

68.6 ± 14.3
76.9 ± 13
8.2 ± 19.1
<0.001

0.0
15.7
15.7

-2.3
14.0
12.8

2.3
17.5
18.6

Á
<0.001§

Subjective norms

Pre
Post
change
P-ZLWKLQÁ

61.7 ± 13.8
85.9 ± 14.2
24.2 ± 20.1

61.7 ± 13.8
94.2 ± 8.9
32.5 ± 16.6
<0.001

61.7 ± 13.8
77.6 ± 13.8
16 ± 19.8
<0.001

0.0
16.5
16.5

-2.3
14.6
13.6

2.3
18.4
19.5

Á
<0.001§

Behavioral intention

Pre
Post
change
P-ZLWKLQÁ

69.3 ± 16.2
85 ± 13.4
15.7 ± 21

69.3 ± 16.2
94.2 ± 7.2
24.9 ± 17.4
<0.001

69.3 ± 16.2
75.7 ± 11.7
6.5 ± 20.2
<0.001

0.0
18.5
18.5

-2.7
16.9
15.4

2.7
20.1
21.6

Á
<0.001§

Behavioral control

Pre
Post
change
P-ZLWKLQÁ

63 ± 12.9
85.9 ± 12.5
22.9 ± 18.2

63 ± 12.9
94.9 ± 5.5
31.9 ± 14.3
<0.001

63 ± 12.9
76.9 ± 11
13.9 ± 17.2
<0.001

0.0
18.0
18.0

-2.1
16.6
15.4

2.1
19.5
20.6

Á
<0.001§

Parental control

Pre
Post
change
P-ZLWKLQÁ

55.8 ± 14
86.1 ± 15.8
30.4 ± 21

57.1 ± 14.2
94.6 ± 9.8
37.6 ± 16.8
<0.001

54.5 ± 13.7
77.6 ± 16
23.1 ± 22.3
<0.001

2.6
17.0
14.4

0.3
14.9
11.2

4.9
19.2
17.7

Á
<0.001§

Pre
60.8 ± 17.7
60.8 ± 17.6
60.9 ± 17.8
-0.1
-3.0
Post
85.1 ± 16.6
94.3 ± 10.5
75.9 ± 16.4
18.4
16.2
change
24.3 ± 24.3
33.5 ± 20.8
15 ± 24.1
18.5
14.8
P-ZLWKLQÁ
<0.001
<0.001
Á%DVHGRQDtwo-level multilevel general linear regression.
§ Based on interaction analysis of time and group within a three-level multilevel general linear regression.

2.8
20.7
22.2

Á
<0.001§

Behavior
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(83.1±13.4), attitude (15.5%, 95% CI=14.7 to 19.3),
subjective norms (17.5%, 95% CI=15.1 to 0.19),
perceived behavioral control (16.1%, 95% CI=14.8
to 18.5), perceived parental control (13.4 %, 95%
CI=11.2 to 17.6), behavioral intention (16.4%, 95%
CI=14.7 to 19.3), and behavior (17.2%, 95%
CI=13.7 to 20.7) for the intervention group compared to control group (based on the interaction
between groups and time in multilevel analysis)
(Table 2, Figure 1 and 2).

The score of knowledge in pre-test was not
significantly different between two groups, while
after the educational intervention, the score of
knowledge in intervention group significantly increased (p<0.001 . In post-test, the significant interaction effects between groups and time in
knowledge and TPB constructs were observed after
six months follow-up (p<0.001 for all constructs).
Furthermore, the model analysis indicated the significantly more improvement in knowledge

FIGURE 1
Changes each of structure based on the dimensions theory of planned behavior

FIGURE 2
The clustered bar chart compares the improvement in different dimensions between intervention and
control groups.
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norms are regulating the standards, either accepted
or rejected by people [12]. In this study, the subjective norms have been investigated from parents,
teachers/advisors, and friends/classmates. A significant increase in subjective norms was indicated
among the two groups after educational intervention. In the present study, it is likely that presence
RI VWXGHQWV¶ SDUHQWV WHDFKHUDGYLVRUV, and
friends/classmates enhance subjective norms associated with nutrition. Our results indicated the effectiveness of the educational intervention to increase subjective norms for improved nutritionin
the intervention group after the educational program. These results are consistent with the findings
of similar studies [26]. Perceived behavioral control
UHIOHFWV WKH LQGLYLGXDO¶V EHOLHI UHJDUGLQJ WKH H[LVtence or lack of resources for performing a behavior
so that the presence of resources is considered as
the facilitator and the lack of them as preventive of
behavior [24]. In fact, the perceived behavioral control indicates one's perceptions of the existence of
advantages and opportunities. The results of this
study showed that the mean score of behavioral
intention in the intervention group significantly
increased compared with control group. Other studies, such as Meader et al. [27], also showed similar
results, that behavioral intention significantly improved in the intervention group. This result is in
line with 29 and 30 [27]. The results also stated that
students' behavioral intention to nutrition and PA in
the intervention group was increased after the educational program and comparison of the results between the intervention and control groups, before
and after educational showed a statistically significant difference; this is consistent with other studies
in the field of application of TPB for increasing
SDUWLFLSDQWV¶ LQWHQWLRQ WR SHUIRUP KHDOWK EHKDYLRUV
such as the study of Cadet [26]. Also, based on the
findings of this study, parents can play a prominent
role in promotion. Parents usually influence their
FKLOGUHQ¶V QXWULWLRQ DQG 3$ WKURXJK FDUH Dnd control. The present study demonstrated that there was
a significant difference between the two groups.
The score of perceived parental control had a steeper upward trend in the intervention group, consistent with the findings of Chorpita et al. [26]. According to study results, families have accorded the
more influential to the education of their children
about nutrition (including motivating, the discovery
RIDGROHVFHQWV¶WDOHQWVLQDSDUWLFXODUH[Hrcise field)
among children. Also, in this study, the mean scores
of the control group slightly increased in all studied
constructs. Since there are some kinds of nutrition
education program in high schools in Iran, it was
not unexpected to see such an improvement in the
control group. Furthermore, the questions in the
pre-test part aroused curiosity about these items
among students in the long term. In various studies
[28, 27], there are also significant changes in the
control group.

DISCUSSION
The results of the present study show that the
use of the TPB is useful to improve nutritional behaviors in high school students. According to recent
studies, it has been demonstrated that to improve
nutritional behaviors, increasing PA during school
is useful while the results in settings outside of
school were less clear. The results revealed significant changes in attitudes, subjective norms, perceived behavioral control, perceived parental control, behavioral intention and behavior in the intervention group compared to the control group after
the experiment. In this study WKH VWXGHQWV¶
knowledge of the importance of nutritional behaviors was low in both groups at baseline. This can be
due to an inadequacy of nutrition education by
teachers and parents as well as the media, and since
WKH VWXGHQWV¶ VFRUHV LQ WKH intervention group increased after educational, it can be stated that the
educational program was more effective in the
promotion of knowledge than educational through
textbooks and other educational and communication
materials. Burns et al. [21] showed importance of
the school-based nutrition education intervention to
LPSURYH DGROHVFHQWV¶ nutritional behaviors and behavioral mediators based on theory. A school environment is a suitable place for the formation of appropriate nutritional behaviors for students. Therefore, it is necessary to design and implement programs in schools for VWXGHQWV¶ nutritional behavior
improvement. In terms of increased levels of
knowledge among students after educational, the
present study is consistent with the study of Hosseini [22] on students, showed that nutrition educational FDQ LQFUHDVH VWXGHQWV¶ NQRZOHGJH ZLWK WKH
study of Wang [23] who revealed that the mean
knowledge score of students about breakfast consumption has increased after educational; and with
the study by Fahlman who investigated the impact
of nutrition educational on knowledge and nutritional performance of French students demonstrating that knowledge was significantly increased after
educational [24]. Growing the desired attitude to
encourage goal behavior is a strategy which has
been emphasized in studies related to nutrition education. This study was successful in improving attitude by using the TPB and intervention through
group discussion, question and answer. Weaker
attitude towards breakfast in students before educational can arise from lack of a positive perception of
the value and benefits of breakfast consumption,
but an attitude was created in them towards the importance of breakfast after the intervention. Numerous studies have been performed to increase attitude
towards behavior using TPB [2, 25]. In this study,
the attitude was significantly increased four weeks
after of the educational program The subjective
norms are related to the perception of social pressures on an individual to perform a task. Subjective
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and Canada. NCHS Data Brief. No. 211.
[6] Guenter, D. (2017) Nearing the Shore: The
Mystery of Living While Dying. Ars Medica.
11(3), 69-79.
[7] Lai, S.K., Costigan, S.A., Morgan, P.J., Lubans, D.R., Stodden, D.F. and Salmon, J.
(2014) Do school-based interventions focusing
on physical activity, fitness, or fundamental
movement skill competency produce a sustained impact in these outcomes in children and
adolescents? A systematic review of follow-up
studies. Sports Medicine. 44(1), 67-79.
[8] Vasconcellos, F.C., Seabra, A., Katzmarzyk,
P.T., Kraemer-Aguiar, L.G., Bouskela, E. and
Farinatti, P. (2014) Physical activity in overweight and obese adolescents: systematic review of the effects on physical fitness components and cardiovascular risk factors. Sports
Medicine. 44(8), 1139-52.
[9] Sallis, R., Franklin, B., Joy, L., Ross, R.,
Sabgir, D. and Stone, J. (2015) Strategies for
promoting physical activity in clinical practice.
Progress in Cardiovascular Diseases. 57(4),
375-86.
[10] Kautonen, T, Gelderen, M. (2015) Robustness
of the Theory of Planned Behavior in Predicting Entrepreneurial Intentions and Actions.
Journal of Entrepreneurship Theory and Practice. 39(3), 655-674.
[11] Darabi, F., Kaveh, M., Khalajabadi Farahani
F., Yaseri, M., Majlessi, F. and Shojaeizadeh
D. (2017) The Effect of a Theory of Planned
Behavior-based Educational Intervention on
Sexual and Reproductive Health in Iranian Adolescent Girls: A Randomized Controlled Trial.
JRHS, 17(4). 1-8.

Finally, this study results is recommend using
practical and comprehensive school-based nutrition
education intervention is needed in Iran. These
findings have great implications for nutrition promotion interventions among young people in Iran.
Additionally, all of the TPB constructs played a key
role in improving the studHQWV¶QXWULWLRQ behaviors.
The results of this study suggest that this welldesigned theory-driven, highly structured and supervised nutrition education program was effective
among adolescents in a high school setting.

LIMITATIONS
In the current study, the present study demonstrated that the school-based nutrition education
could be a promising program for enhancing adoOHVFHQWV¶QXWULWLRQDOEHKDYLRUV7KLVPRGHOFRXOGEH
scaled up to the national level for improving adolescent nutritional behavior. Also, this study has the
potential to contribute to the development and implementation of programs at the national level and
in countries with similar situations. Therefore, these
results can be generalized only to adolescent girls
residing in urban areas of Tehran. Also, this study
was not inclusive of other high school students such
as males. Despite these limitations, the present
study had several notable strengths, including; the
use of a standard questionnaire for gathering data,
the use of face-to-face education and use of a booklet and a pamphlet.
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SPATIAL CLUSTERING OF ENVIRONMENTAL
POLLUTION RISK AREAS USING KERNEL DENSITY
ANALYSIS IN THE VALLEYS OF TRABZON, TURKEY
Tugba Memisoglu, H Ebru Colak*
Karadeniz Technical University, Faculty of Engineering, Department of Geomatics Engineering, Trabzon, Turkey

pollution. The main reasons that cause environmental problems are both the uncontrollable sourcing of
needs with an increase in world population and the
enlargement of technology that is parallel in the industry. Eventually, the environment substantially
polluted and the natural balance is disturbed.
Looking at legislation in Turkey, there are important regulations about the protection of watersheds and the preparation of the management plan
[1]. The scope of this regulations aim is to develop
action plans for the protection of watersheds, in addition, to prepare a watershed management plan in
order to prevent pollution and to carry out efficient
and effective use of water resources with The Watershed Protection Action Plans (WPAP). The action
plans that are intended to improve in the 25 watersheds in Turkey have been developed to be implemented in the sub-basins, and some of these plans
have been completed for many regions. Therefore, in
the context of watershed management, all inventory
information related to the basins has been evaluated
in an information system; to define where the pollution is in the watershed and regions as well as the
precautions that need to be taken for the protection
of the basin. In this study, Trabzon Province was carried out and Eastern Black Sea Watershed Protection
Action Plan (EBS-WPAP) was evaluated; and the
provincial borders were defined in the Trabzon SubBasin Water District of this basin. General inventory
information for watershed action plan was evaluated
as spatially together and pollution load calculations
were performed on the upper scale along stream valleys, but these calculations were not shown spatially
in the form of presentation. To examine the size of
pollution with pollution load calculations, our aim is
to continue more detailed studies in areas identified
as sub-basin areas [2].
An important need has been to examine more
spatial-based detailed studies for identifying environmental pollution risk areas along stream valleys
in the scope of the WPAP. In accordance with these
developments, strategies need to improve with regard to the precautions of dealing with environmental problems in cities that established around valleys.
Based on this purpose, Trabzon province was selected as the pilot region. Industrial facilities in terms
of environmental pollutants that pass domestic and
agricultural pollutant features were defined as point

ABSTRACT
After the industrial revolution, environmental
pollution is one of the major problem in the world.
Pollution size further increase with each passing day
along with industrialization, rapid population
growth, and urbanization activities. In this study, the
aim is to identify environmental pollution risk areas
using Geographic Information Systems (GIS), determinate of the accuracy of the clustering test and to
compare pollution size with respect to these areas in
the three mainstream valleys located in Trabzon. In
this context, a geodatabase design was assessed the
environmental pollutants in these valleys and spatial
data were brought together in this system. Pollutant
factors in these stream valleys primarily were determined by questionnaire assessment, and then evaluated with pairwise comparison matrix using normalized values. These factor weights used as input values for Analytical Hierarchy Method (AHP). With
factor weights, kernel density analysis was applied;
finally, the risk of pollution intense regions was
identified; and results were indicated on the maps. In
this study, result maps show important points in the
stream valley to be protected and show which points
need to be taken under environmental pollution protection. The resulting maps also represent significant
contributions to the establishment of environmental
information systems for the Watershed Protection
Action Plan and with the generated prediction maps,
it can be determined in which areas the pollution
very intense and this contribute significantly where
preventions will be taken in the stream valleys.
KEYWORDS:
Environmental Pollution, Spatial Clustering, Kernel Density, GIS, AHP, Trabzon.

INTRODUCTION
Environmental pollution is emerged as one of
the major problems over the past few centuries. Especially, this important problem increases in the city
founded around the stream valleys, and these valleys
are the most risky area in terms of environmental

4357

© by PSP

Volume 27 ± No. 6/2018 pages 4357-4366

Fresenius Environmental Bulletin


source pollutants and cluster regions were determined as planned according to the types of pollution.
Geographic Information Systems (GIS) can use to
perform pollution risk analysis. GIS is a technological tool collecting, managing, querying, and analyzing information related to the natural environment
data and it is also used in making the right decisions
related to environmental events [3-10]. It is possible
determination of the factors causing environmental
pollution and collected in a geodatabase with analyzes and inquires this factors related spatially [11].
Thus, the factors that cause environmental pollution
and the regions that cause more pollution can be determined easily and identification and analysis of
risk areas can be provided.
In recent years, environmental studies have
been intensively carried out watershed [12, 13] even
a geostatistical analysis regarding point density analysis studies has been conducted [14]. Considering
determining the data weight, GIS-based AHP (Analytical Hierarchy Process) method studies interoperability [15-18] are popular recently as used in this
study. Especially, kernel density analysis studies that
planned to serve as an example in this work are available in the literature [19-23]. Numerous scientific
studies in the literature have focused on clustering
with kernel density analysis using GIS [21, 24, 25].
.HUQHO GHQVLW\ HVWLPDWLRQ DOVR NQRZQ DV ³NHUQHO
GHQVLW\DQDO\VLV´LVDQRQ-parametric test expressing
point density that results in varying distance from the
circle center and falls into a circle with a defined radius [26-29]. Using this method, we aim at creating
base maps for the identification of hot spot areas
where environmental pollutants are quite dense,
routing of pollution load analysis in this region, and
development of precautions strategies against pollution.
In this study, an application that is qualified to
show direction to the sub-watershed of the pollution
load analysis studies performed as stated in the watershed protection action plan. Cluster regions (hot
spots) of the point source pollutants of environmental pollution were determined in Trabzon that selected along three mainstream valleys. Clustering
studies were carried out using GIS undertaking separately by pollutants that cause various kinds of
noise, air, water, and chemical pollution and pollution factors were determined. Pollutant factors in
these stream valleys primarily determined by questionnaire assessment, and then evaluated with pairwise comparison matrix using normalized values.
These factor weights were used as input values for
AHP. Then all data were entered ArcGIS 10.4 software and result factor weights were entered in geodatabase. In a created geodatabase, kernel density
analysis were applied to the pollutants in the point
feature and the results of the clustering studies were
assessed in themselves with GIS software. In addition, these three types of pollution hot spot areas of

the valleys compared relative to each other and results described in the regions. Along with these obtained maps, possible pollution zones will be determined and these results maps can made to contribute
to the taking of measures in stream valley areas. Additionally, because of this study, an important guiding work will be done to the Eastern Black Sea Watershed Protection Action Plan: The Watershed Protection Action Plans (WPAP).

MATERIALS AND METHODS
Study area. In this study, Trabzon province of
Turkey was selected as the pilot area. Trabzon is approximately located in 38030'-40030 ' eastern meridians and 410400 30'-30 'north latitudes in the Eastern
Black Sea Region. Among the mountains, there are
totally six main streams flowing northward and the
valleys formed by these streams. Akcaabat/Duzkoy,
Of/Solakli, and Yomra stream valleys that are the
most important three valleys of Trabzon Province,
which exhibit the most intense pollution, are considered the application areas. Yomra Stream valley is
located in the district of Trabzon province. It is an
important valley that improves industrial plants day
by day and there are no numerous businesses that
cause pollution compared with other valleys.
Of/Solakli Stream valley is located to the east of
Trabzon province starting from the coast of the province to the south toward the Caykara County. Akcaabat/Duzkoy Stream valley is located in Akcaabat
County of Trabzon province. Of/Solakli and Akcaabat/Duzkoy Stream valleys have the most industrial
structuring when compared with other valleys. Furthermore, operating facilities have especially seen
and found more throughout the valley. The reason
for selecting these three important valleys as study
areas is that inadequate studies to the extent that environmental pollution has done in the valley and no
strategy has developed for any of these stream valleys. In this study, these three stream valleys were
relatively evaluated along with each other according
to the pollution risk areas. Spatial relationships between hot spot points of pollution were discussed
and subject to the clustering test. In addition, the results of this study used to define the hot spot regions
of environmental pollution. The study areas are
shown in Figure 1.
Data collection. The most basic components
involve the data required in order to develop a geodatabase for identifying the level of environmental
pollution in the valley. In this study, data used for the
application were obtained in two ways: from institutions and by measuring the land that are commonly
found in three valleys as industrial plants (lightheavy industries), quarries and hydroelectric power
plant facility point data. Because point density analysis used in this study, point source pollutants that
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FIGURE 1
Study Area

FIGURE 2
Representation of the data used in stream valley
transformed into the same coordinate system 3 0 European Datum 1950 Universal Transverse Mercator
(UTM) zone 37N, classified according to each data
type, and arranged in the database in GIS software.
All spatial data for three valleys used in the study are
shown in Figure 2.

cause environmental pollution were obtained in
these valleys. Spatial data for industrial plants were
produced by coordinate measurement with Topcon
GMS-2 tool handheld GPS device. Quarry and hydroelectric power plant data were obtained from the
Provincial Directorate of Environment and Urban
Planning and Chamber of Commerce. The other spatial data such as administrative boundaries, residential centers, stream routes and satellite images of the
study area were added to the designed geodatabase
using the data available in the Karadeniz Technical
University GISLab. All data in the geodatabase were

Method. In this study, density maps were designed to separately obtain air, water, chemical, and
noise environmental pollution each for Akcaabat/Duzkoy, Of/Solakli, and Yomra Stream valleys.
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GIS is the most appropriate tool in the implementation of analyzing density areas and produce maps.
ArcGIS 10.4 software was used for this study. Some
processing steps were determined in order to analyze
environmental pollution density in three major
stream valleys of Trabzon province. The first step of
these processes was determining how weights of environmental data pollute the valley with questionnaires. The prepared questionnaires have been applied to 40 people, whom were experts working in
the field of environmental pollution. The weights obtained by questionnaire then were assessed, and
weights were determined with pairwise comparison
matrix. The normalized weight vector value was obtained according to the level of importance of used
criteria, then using resulting normalized vector values, the consistency ratio (CR) values were computed, and these values were used in the application
to determine whether it was valid or not with AHP
method. Finally, valid weights were specified and
used in this application. Normalized weights associated with point data were entered to the geodatabase.
The second step of these processes was determining
which method more appropriate in density analysis.
For this study, kernel density analysis (kernel density
estimation) method was selected in this study. After
determining the best method, the kernel density analysis used how more local clustering takes place in
the local area and results presented through final
maps with geographic visualization.
Briefly, with this study, weights in terms of the
pollutants that pollute the valley first were determined with AHP method. Density analysis was used
to produce for air, water, chemical and noise pollution density maps using obtained weights with the
kernel density method. Pollution density maps were
obtained, and the result maps presented visually.
Eventually, all maps showing the intensity of the
pollution rate were compared each other for all the
whole valleys.

these values are used in the application to determine
whether it is valid or not.
 ൌ

େ୍
ୖ୍

< 0, 1

(1)

TABLE 1
Pairwise Comparison Matrix [30]
Point
Definition
1.
Indifferent (equal)
3.
Weak preference
(moderately more important)
5.
Preference (more important)
7.
Strong preference
(strongly more important)
9.
Very strong preference
(extremely more important)
2.-4.-6.-8.
Intermediate values
Kernel Density Estimation (KDE). Kernel
density (KD) estimation is a smoothing technique.
This technique transforms a sample of observations,
recorded as geographically referenced point data,
into a continuous surface that indicate the intensity
of individual observation over space [33]. Kernel
GHQVLW\DOVRNQRZQDV³NHUQHOGHQVLW\HVWLPDWLRQ´
represents point density that result in varying distance from the circle center and point density falling
into a circle with a defined radius (Figure 3). In the
kernel density method, the point area divided into a
square with grid format and density is determined
with a histogram depending on the number of points
falling within each square. The frequency distribution of points in kernel density tested; the frequency
distribution of the square observed; and a comparison of the predicted value made.

Analytical Hierarchy Process (AHP)
method. The Analytic Hierarchy Process (AHP)
method was originally developed by Prof. Thomas
L. Saaty in 1977 [30]. The AHP method used frequently in the solution of complex decision problems
and allows decision makers to model the relationship
between the criteria and sub-criteria. AHP uses a
pairwise comparison of criteria to determine which
criteria is more important than the other criteria [16,
17, 30-32]. In AHP, each factor is compared as a binary value using the pairwise comparison method,
and the relative values are assessed in accordance
with the level of importance among themselves to
each other and a paired comparison matrix is formed
as Table 1 [30].
After creating all weight matrices, the weighted
vector normalized and the normalized weight vectors
calculated. From the resulting normalized vector values, the consistency ratio (CR) values computed, and

FIGURE 3
Displaying the basis of density method [33, 35]
This method known as KDE because around
each point at which the indicator observed a circular
area (the kernel) of defined bandwidth created. This
takes the value of the indicator at that point spread
into it according to some appropriate function. Summing all of these values at places, including those at
which no incidences of the indicator variable recorded, gives a surface of density estimates. Radius of
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the circular neighborhood affects the resulting density map. If the radius is increased, there is a possibility that the circular neighborhood would include
more feature points which results in a smoother density surface [34]. The common form of the KD function is as follows:
ᐬሺ= ݏσୀଵ

ଵ
ఛమ

݇ሺ

ሺௌିௌ ሻ
ఛ

ሻ

study was prepared about the extent to which to pollute the valley for each type of pollution factors, and
pollutants compared with each other and then each
factor compared as a binary value using pairwise
comparison method in Analytical Hierarchy Method
(AHP). The relatives assessed in accordance with the
level of importance among themselves to each other.
Finally, a pairwise comparison matrix formed, the
weighted vector normalized and the normalized
weight vector calculated. With resulting normalized
vector values, consistency ratio values calculated
and consistent factor weights obtained. The weight
values of each pollutant were shown in Table 2. The
result weights entered into the database and performed individually for each valley. The final version of the geodatabase was ready for the analysis
conducted for the application.

(2)

Where μ(s) is the estimate of the intensity of the
spatial point pattern measurement at location s; s i is
the observed ith event, k represents the kernel
weighting function; and s is the bandwidth [36, 37].
Compared with other studies of point patterns, KD
smoothing provides significant advantages, in particular, it makes it possible to estimate the intensity of
a point pattern and to represent it by means of a
smoothed continuous surface, thus helping highlight
the presence of clusters or regularities in the paramHWHU¶VGLVWULEXWLRQ [38].

Determination of the density area of the pollutants with Kernel Density Estimation. In this
chapter, we have tried to use the kernel density
method that was, the number of expected events in
DQ³V´ORFDWLRQ GHQVLW\ RUFRPSXWLQJDQHYHQWSRV
sibility (intensity) in this location using the kernel
function. For each valley where pollution was more
intense, a local basis has been identified with the kernel density analysis in accordance with the weight
factors identified AHP method of environmental pollutants used in each of these valleys. In this stage, the
analysis tool ArcGIS 10.4 software was used. All
data entered to the geodatabase included in the
ArcGIS software. Air, water, chemical, and noise
pollution analysis has been sequentially conducted.
First, density analysis of air pollution was performed
for Yomra stream valley. Kernel density module,
FRPPRQO\NQRZQDVWKH³VSDWLDODQDO\VLVPHWKRGV´
was used for analysis. Likewise, density analyses

RESULTS AND DISCUSSIONS
Factors that assessed the level of environmental
pollution in common have been first identified for
each valley. However, in this study, point data were
obtained by measuring the coordinates from the field
of environmental pollutants along valleys. Therefore, using the same scale data and finding that these
data were common in each valley has resulted in the
adoption of a decisive character with respect to the
selection of pollutant factors. The data used for the
application were selected industrial plants, quarries,
power plants, and fish farms. All data were subjected
to the geodatabase design, and a separate geodatabase were created for each valley. A questionnaire

TABLE 2
The weight values of pollutants
Factor
Air Pollution

CR=0,006793<0,1
Noise Pollution

CR=0,007637<0,1
Chemical Pollution

CR=0,005953<0,1
Water Pollution

Sub-factors
Heavy Industry
Light Industry
Quarry
Hydroelectric Power Plant

Weights
0,4837
0,2974
0,1095
0,1093

Normalized Weights
48
29
11
11

Heavy Industry
Light Industry
Quarry
Hydroelectric Power Plant

0,2204
0,1215
0,5364
0,1215

22
12
54
12

Heavy Industry
Light Industry
Quarry
Hydroelectric Power Plant

0,4838
0,2975
0,1094
0,1094

48
30
11
11

Heavy Industry
Light Industry
Quarry
Hydroelectric Power Plant

0,4760
0,2885
0,0814
0,1541

48
29
8
15

CR=0,006879<0,1
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were performed by using polluting factor weights of
all the valleys. Pollutant density maps were obtained
for air, water, chemical and noise environmental pollution types in Yomra, Of/Solakli, and Akcaabat/Duzkoy stream valleys by using kernel density

analysis (Fig. 4, Fig. 5 and Fig. 6). Looking at the
result maps, it is possible to identify the risk of pollution areas.

FIGURE 4
The pollution density map of Yomra stream valley

FIGURE 5
The pollution density map of Akcaabat/Duzkoy stream valley
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FIGURE 6
The pollution density map of Of/Solakli stream valley

CONCLUSIONS

identification of cluster regions with regard to the
concentration of pollutants. Kernel density analysis
in GIS was used to determine that density regions
might pose risks of pollutants in the point feature
with obtained weights. Cluster regions of pollution
risk density maps produced by cluster analysis also
discuss each kind of pollution types. Along with
these obtained maps, possible pollution zones were
determined and this study results contribute to the
taking of measures in stream valley areas.
When primarily assessing that every valley in
its own structure, it has been identified that air and
water pollution was the most polluted by looking at
the density map obtained in Yomra stream valley.
Next, chemical pollution found to be pollution type
secondly, and noise pollution is identified as the least
polluted. When the structure of Akcaabat/Duzkoy
stream valley assessed, it was determined that water
and noise pollution was the most polluted. It observed that chemical pollution was the second with
regard to type of pollution and the least polluted of
air pollution. However, considering in this stream
valley, pollution types do not contain many differences between each other in the context of polluting
the valley. Therefore, there were minor differences
in the discrimination pollution types point. Finally,
when the structures of Of/Solakli stream valley was
assessed, it was determined that the most polluted
was water pollution and it follows this pollution: air,
chemical, and noise pollution, respectively. The
cause of water pollution is too intense; because of
this, hydroelectric power plants are more than other

Generally, the number of factors that cause environmental pollution in the valley is increasing day
by day. When evaluated in Trabzon province, urban
areas are generally located along the coast and there
are districts around river valleys that progress toward
the interior. Stream valleys almost passes through
every district, and these rivers feed on the valley
where they are located. However, despite this positive trend, environmental conditions and the increase
of the pollutants create an adverse effect on the valleys in general and cause environmental pollution.
For these reasons, the areas where pollution are intense or less dense for each valley in the context of
watershed management need to be determined. Thus,
for which pollutants and where precaution strategies
need to be developed has to be revealed.
In this study, an analysis was performed based
on the definition of the factors affecting air, water,
chemical and noise pollution, kinds of environmental pollution and their focus, and pollution levels in
three important valleys in Trabzon province. A questionnaire conducted for determining the level of pollution to valleys, and the weight levels were determined for each pollutant factor. Afterwards, these
factors were evaluated with pairwise comparison
matrix using normalized values. These factor
weights used as input values for AHP. Then all data
were entered ArcGIS 10.4 and result factor weights
entered into the geodatabase. In a designed geodatabase, kernel density analysis applied to the pollutants
in the point feature. This method was used for the
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stream valleys along this valley. Therefore, the valley comes first to take precautions in these areas.
When comparing all the valleys with each other, it
has been identified that Yomra stream valley is under
maximum pollution risk whereas Of/Solakli stream
valley is under minimum pollution risk considering
the overall valley. Considering all of the stream valleys, it is necessary to take precautionary measures
at the point of further reduction of pollution facilities.
Produced in this density map, it has been shown
that polluting factors defined stream valleys where
clustering or insensitivity exist. Based on these
maps, necessary precautions can be taken toward environmental pollution in areas that coincide with the
point pollution. With this clustering study, identification of areas where there is concentration of pollutants and developing pollution, prevention strategies
will be targeted in this region for watershed management plans prepared for Trabzon province. This
study is important in terms of creating direction
stands in making urban planning along stream valleys, making the protective plans of watershed management, and about whether it should be public or
private investment. With these obtained maps, possible pollution zones to be determined and an important study will be made to contribute to the taking
of measures in stream valley areas, and also as a result of this study, an important guiding work will be
done to the Eastern Black Sea Watershed Protection
Action Plan.
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high nutritional quality due to its high oil and protein
content [4]. Oil content of most sesame genotypes is
in the range of 35-60%, with some values as high as
62.7% [5, 6]. The predominant unsaturated fatty acids in sesame oil are oleic and linoleic acids, which
are desirable in the human diet [7]. Sesame seed and
oil also include the unique antioxidant lignans, sesamin and sesamolin, which have significant roles in
the oxidative stability and anti-oxidative activity of
oil [8, 9]. Sesame also has agricultural advantages
including that it can be grown on soil moisture only,
without any extra rainfall or irrigation [10] and that
it is suitable for second crop cultivation [3]. Despite
these benefits, the yield of sesame is very low compared to major oilseed crops. This can be attributed
to its wildish traits, capsule shattering [11], indeterminate growth habit [12], non-synchronous maturation, and susceptibility to diseases [13, 14]. Furthermore, due to lack of funding, non-valuable genetic
resources, and/or lack of international cooperation
for sesame, there is limited research focusing on improving yield and quantity traits [10].
Regionally adapted germplasm with good yield
performance is one of the major objectives in sesame
improvement programs. Oil and protein content are
also important issues because of commercial demands. The success of sesame breeding programs
depends on the use of elite lines in specific environments and/or regions, because the quality and quantity of sesame are greatly affected by interactions of
genotype x environment [15]. Although sesame cultivation is more intense in tropical climates, Mediterranean agro-ecological zones also present suitable
growing conditions for sustainable sesame production [16]. In these zones, wheat is a main crop that is
traditionally planted in the fall or spring and harvested in the summer, and sesame is a significant option for second-crop cultivation. However, there is
only a limited effort to develop sesame cultivars for
these climatic areas [17, 18, 19]. The evaluation of
quantity and quality traits, which have economic importance, is therefore essential in order to select useful parents in these zones. This study aimed to assess
sesame genotypes with regard to their yield potential
and oil and protein content, thereby identifying genotypes most suitable for cultivation in the Mediterranean climatic area.



Selection of genotypes with higher seed quality
and quantity is the major objective in sesame breeding. In the present study, 16 selected breeding lines
and two registered cultivars (Uzun and Aksu) were
evaluated for agronomic traits as well as oil and protein content in the growing seasons of 2015, 2016,
and 2017. Field studies were conducted in the Antalya province of Turkey, which borders the Mediterranean Sea and features a typical Mediterranean
climate. Data obtained from the field evaluation indicated that there were significant differences among
the sesame lines with respect to the agronomic traits
studied. Results showed that ACS 208 had a higher
seed yield than other lines. ANT-33/2 and ACS 118
also showed notably higher values in the quantity of
seed yield compared to the controls. In addition, the
ACS 202 line had a higher number of both capsules
and branches, with a relatively higher seed yield
compared to the control cultivar, Aksu. These lines
are thus agronomically superior and are likely to provide better opportunities for developing high seed
yielding cultivars suitable for this area. In addition,
ANOVA analysis demonstrated that there were significant differences observed among the lines in
terms of oil and protein content. The highest protein
content was recorded for ACS 127 with a value of
26.1%. The maximum oil content except for the controls was observed for ACS 256 at 58.3%. Oil yield
ranged from 137.4 to 441.6 kg ha-1 with an average
of 326.6 kg ha-1. The high oil yield of the ACS 208
and ACS 118 lines indicated that they are ready for
commercial release.



 :
Breeding, Germplasm, Line selection, Oil crop,    
  L.



 

Sesame (      L.) is one of the
oldest oilseed crops, with its cultivation dating back
to ancient times [1]. It was a major oilseed in the old
world because of its ease of extraction, higher stability, and drought resistance [2]. Sesame is well
adapted to the tropical and subtropical climates,
mostly north of the equatorial belt [3]. Seeds have
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$+$1("*!1$/(!)0!+#%($)#012#($0The plant
material for this study includes 16 selected breeding
lines with two registered controls, Uzun [20] and
Aksu (Table 1). The field studies were carried out
during the 2015, 2016, and 2017 growing seasons at
the West Mediterranean Agricultural Research Institute in Antalya, Turkey, (36°52′ N, 30°50′ E), which
has a coastline on the Mediterranean Sea. The experimental area shows a typical Mediterranean climate
characterized by hot, dry summers and mild, wet
winters. The soil of the experimental site comprised
clay silt loam with pH of 7.8, and it was formed of
15% sand, 55% silt, and 30% clay. For three years,
the seeds were sown by pneumatic seed drill in fourrow plots that were 5 m long with spacing of 20 cm
between seeds and 70 cm between rows. A randomized complete-block design was used to conduct
field experiments with three replications. Furrow irrigation provided soil moisture. Local agronomic
practices were used for cultural inputs. Fertilizers
were applied before seeding at the rate of 30 kg ha-1
using an N-P2O5 formula at 18-46-0. The genotypes
were sown in mid-June for three years.

extraction, petroleum ether was evaporated under reduced pressure using a rotary flash evaporator (Heidolph, model Laborota 4000, Germany). The resulting oil extract was weighed and percent oil content
determined. The micro-Kjeldahl method was used to
determine total proteins [21]. Oil and protein yields
(kg ha-1) were identified according to the results of
seed yield (kg ha-1)  oil content (%) as well as seed
yield (kg ha-1)  protein content (%), respectively.

()!+#-/,1$(+",+1$+1!+!)50(020 g of sample seeds obtained from 2016 and 2017 were dried in
an oven at 105ºC for 48 h before the extraction procedure. Seeds of each genotype were ground using a
homogenizator (Heidolph, Homogenizer Silent
Crusher M, Germany) and then transferred into a
thimble. This was followed by oil extraction using
the conventional Soxhlet method with petroleum
ether (40–60°C) for 4 h using a Soxhlet apparatus
(Gerhardt, model 173200, EV, Germany). After oil



1!1(01("!)!+!)50(0Plants were sampled from
the center rows, and observations on plant height,
first capsule length, number of branches, and number
of capsules were recorded before harvest. Seed yield
(g) for each of the breeding lines was calculated on
a plot basis and converted to kg ha-1. Combined analysis of variance of the three-year experimental data
was performed based on variation for agronomic
traits as well as oil and protein contents and yields
using SAS 9.3 [22]. There was no significant replication effect on experimental years for the traits
studied. The means were compared using least significant differences (LSD) at the 5% and 1% significance levels.

The analysis of variance of yield and yield
components combined data from the replicated experiments in three consecutive years and showed that
there were highly significant differences among the
breeding lines (Table 1). Plant height was highly variable, ranging from 111.1 to 142.3 cm with the grand
mean of 126.4 cm. The control cultivar, Aksu, was
found to be significantly higher than the other genotypes for this trait, and S 46 was identified as the


 
$/%,/*!+"$,% 0$0!*$&$+,15-$04(1'.2!+1(1!1(3$1/!(10
Genotypes
ANT-33/2
B-2/1
S 149
S 46
ACS 1
ACS 38
ACS 102
ACS 118
ACS 127
ACS 202
ACS 208
ACS 211
ACS 216
ACS 237
ACS 285
ACS 256
AKSU
UZUN
Means
LSD

Plant height (cm)
128.1
132.8
128.2
111.1
128.9
104.7
118.9
120.0
120.3
132.7
131.7
120.8
131.2
130.1
135.0
130.5
142.3
127.5
126.4
15.72**

First capsule
length (cm)
45.8
44.7
42.9
42.8
58.0
42.2
42.8
44.1
43.3
44.4
47.0
54.4
46.9
54.7
61.1
50.5
60.8
56.4
49.0
11.64**

Number of
branches
4.2
4.5
4.2
3.9
4.0
4.6
5.6
4.4
5.8
4.7
4.5
3.6
3.8
4.9
3.9
3.5
5.3
5.1
4.5
1.11**

Number of capsules
per plant
129.1
136.0
153.1
99.3
127.8
105.5
134.0
121.3
135.6
154.8
130.0
96.5
128.3
121.4
88.4
92.6
124.6
119.4
122.1
19.97**

*, **: Statistically significant at P = 0.05 and P = 0.01 significance level, respectively
LSD is Least significant differences
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Seed yield
(kg ha-1)
734.3
583.3
657.1
628.1
399.5
280.5
683.8
768.1
646.7
514.3
805.2
448.1
663.8
577.1
569.0
627.6
507.1
725.6
601.1
100.34**
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yield compared to the control cultivars. It was folshortest genotype, considering the mean of three
lowed by Uzun and ANT-33/2 had 428.2 and 421.8
years of data. The genotype ACS 285 also had a sigkg ha-1 oil yield, respectively. The protein content of
nificantly higher value for plant height than other
genotypes. The trait of first capsule length ranged
the seeds varied from 19.7% to 26.1%, the average
from 42.2 to 61.1 cm (grand mean =49 cm). The
being 21.3%. The most desirable genotype for the
ACS 285 and Aksu similarly showed good perforprotein content was ACS 127 with respect to overall
mance and produced the highest first capsule length,
means of the three years. Five genotypes, B-2/1,
significantly. The lowest value was recorded in ACS
ACS 102, ACS 1, ACS 211, and ACS 256, also had
38 for the first capsule length. The maximum and
higher protein content than the controls and grand
minimum number of branches was detected in ACS
mean of germplasm. The protein yield ranged be127 and ACS 256 with values of 5.8 and 3.6, respectween 59.1 and174.0 kg ha-1 with the mean of 326.6
tively. The grand mean was identified as 4.5 and
kg ha-1. ACS 38 and ACS 127 had the minimum and
ACS 38, ACS 102, ACS 202, and two control cultithe maximum values for this trait, respectively.
vars showed a higher number of branches than the
mean of the germplasm. The highest number of capsules per plant was recorded for ACS 202, followed
 
by S 149. They produced about 29% more capsules
than the control cultivar Uzun. The lowest number
This study showed wide variation of yield and
of capsules per plant was obtained from ACS 285
yield components useful in the selection of genowith a value of 88.4. The highest seed yield was rectypes as desirable parents for sesame breeding. The
orded for ACS 208, with a notably lower value in the
number of branches is one of the important selection
quantity of seed yield observed in ACS 38 in the
criteria in sesame improvement programs because a
germplasm (Table 1). The mean value of seed yield
higher number of branches enables bearing more
was observed as 601.1 kg ha-1. ANT-33/2 and ACS
capsules per plant and results in higher seed yield
118 also had desired seed yield with the values 734.3
[18]. In this study, the number of branches of the varand 768.1 kg ha-1, respectively, compared to the
ious genotypes varied from moderate in ACS 211
grand mean of germplasm and the two controls.
(3.6) to high in ACS 102 and ACS 127 (≥5). The
The oil content, protein content, oil yield, and
general mean of this trait was identified as 4.5 in the
protein yield for each genotype are presented in Tagermplasm, with a correlative result obtained by Anble 2. Significant differences were observed among
astasi et al. [23] under similar climatic conditions.
the lines for all these traits. The highest oil content
This mean was higher than average values found by
was observed in the control cultivar, Aksu, followed
El Mahdi et al. [24] and Khan et al. [25] under difby ACS 256. The maximum and minimum oil conferent management conditions and climates, indicattent was detected, with values of 58.6 and 47.3%, reing that the number of branches is affected by envispectively. The oil yield range in the collection varronmental differences and growing conditions [26, 
ied from 137.4 to 441.6 kg ha-1, with a mean value
of 326.6 kg ha-1. ACS 208 demonstrated desirable oil
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Genotypes
ANT-33/2
B-2/1
S 149
S 46
ACS 1
ACS 38
ACS 102
ACS 118
ACS 127
ACS 202
ACS 208
ACS 211
ACS 216
ACS 237
ACS 285
ACS 256
AKSU
UZUN
Means
LSD

Oil content (%)
47.6
48.6
49.8
55.3
51.8
47.3
48.7
52.6
56.8
49.7
55.2
52.3
56.4
50.6
54.6
58.3
58.6
57.9
52.9
3.41**

Protein content (%)
20.7
22.4
20.2
20.2
22.9
20.3
21.5
21.4
26.1
20.3
20.5
21.7
21.4
20.8
19.7
21.5
21.4
21.4
21.3
1.17**

Oil yield (kgha-1)
421.8
291.8
324.9
358.5
200.3
137.4
330.2
410.1
378.9
255.3
441.6
240.4
377.5
291.6
328.4
367.1
295.5
428.2
326.6
85.1**

Protein yield (kgha-1)
158.1
134.3
128.8
130.9
88.6
59.1
147.9
166.5
174.0
103.9
164.1
99.7
143.0
119.0
118.7
135.3
106.1
158.1
129.8
34.94**

*, **: Statistically significant at P = 0.05 and P = 0.01 significance level, respectively
LSD is Least significant differences
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27]. The genotypes ACS 102 and ACS 127 yielded
1
≥630 kg ha- which was higher than the general mean
of the germplasm as well as the control cultivar
Aksu. This indicates that the trait of number of
branches had a positive contribution to seed yield;
correlation between these traits has been reported by
different researchers [28, 29]. Therefore, in sesame
improvement programs, preferred genotypes should
be evaluated for combining yield traits.
Plant height differed significantly among genotypes when comparing the mean of three years of
data. The control cultivar was approximately 142 cm
tall, which is slightly taller than ACS 285, which
measured135 cm in height. The grand mean was observed as 126.4 cm, which is higher than the mean of
plant height for world sesame collection [14] and Indian collection [30]. Sesame demonstrates indeterminate growth habit, which causes non-synchronous
maturity and very high plant height; these prevent
mechanized harvesting. Shorter plant height is therefore an essential part of adaptation in modern agricultural systems with combine harvesting [12]. Reducing plant height also improves lodging resistance, which is another problem in sesame cultivation. However, low plant height seems to be a disadvantage with respect to higher seed yield, because
plants of greater height tend to bear more capsules
and thus yield more seed. According to Ashri [31],
this disadvantage can be addressed through narrower
row and intra-row spacing to provide high population density. In this study’s germplasm, the genotype
ACS 118 had slightly shorter plant height and also
high seed yield; therefore its use as a parent in crossing programs is recommended to obtain superior
genotypes that have the higher seed yield characteristic.
In the present study, the number of capsules
produced was more variable than the traits of plant
height, first capsule length, and number of branches.
Baydar [18] stated that capsule production is one of
the most important traits defining the ideal type of
sesame plant; it has also been identified by Osman
[32] as the most contributing characteristic influencing seed yield. The genotypes S 149 and ACS 202
showed the highest number of branches, having
about 25-30 more capsules per plant than the two
controls. Hence these genotypes could be integrated
in yield trials to develop the best potential cultivars
for this environment. The mean of the germplasm
was 122.1 branches per plant, which was higher than
several other sesame genetic resources developed by
various researchers [14, 19, 23, 30]. Although ACS
202 produced the highest number of capsules, the
seed yield of this genotype was lower than the two
controls and the mean of the germplasm. This issue
may relate to the maturity of the capsules counted,
because sesame’s indeterminate character can cause
non-mature capsule production at harvest time.
Acquiring higher seed yield under different climatic conditions is the most significant challenge in

plant breeding. In the present investigation, the trait
of seed yield showed wide variation with significant
differences among genotypes. Seed yield ranged
from 280.5 to 805.2 kg ha-1 in the germplasm. The
highest seed yield was observed in ACS 208, followed by ANT-33/2 and ACS 118. Based on the
mean values for the three years of the study, eight
genotypes showed greater seed yields than the mean
of the germplasm and of the registered cultivar Aksu.
In particular, ACS 208 and ANT-33/2 demonstrated
relatively high capsule production and plant height;
thus these lines were agro-morphologically admirable and likely to present better opportunities for developing high seed-yielding cultivars suitable for
this area. The ACS 102 line had better seed yield
than both the control cultivar and the mean of the
germplasm, and was identified as resistant to the
phyllody disease; it was selected from 542 sesame
genotypes after assessment in the field, greenhouse,
and real-time-analysis [33]. Phyllody is one of the
most detrimental diseases of sesame in the last decade, causing important yield losses reported over 15
sesame growing countries [34]. ACS 102 should
therefore be selected in those regions where phyllody is widespread at epidemic proportions.
The oil content of the seeds varied from 47.3 to
58.3% except for controls. These minimum-maximum values were narrower than Turkish [6] and
worldwide [35] collections (Table 2). Extreme values have been reported for oil content under similar
climatic conditions [17]. These differences may be
due to interactions of genotype x environment [36],
with genotype being an important factor [37]. Agricultural practices are also a significant factor for oil
characteristics in oil crops [38]. Increasing oil content in sesame is an important issue because its
higher market price makes sesame oil less competitive compared to other major oil crops. Therefore
high yielding genotypes should be evaluated for oil
production. In contrast, sesame seeds with low oil
content also have commercial value, especially for
use in tahini production [16]. The low oil content of
ACS 38 suggests that it should be used as a parent in
hybridizations to obtain genotypes with high seed
yield and low oil content. The mean of the protein
content of sesame germplasm was identified as
21.3%, which is reported to be in good agreement
with the collection grown in Israel (19.8%) [31],
while higher protein content (27.44%) was reported
in Moroccan genotypes [39]. ACS 127 had the highest protein content in germplasm with a value of
26.7%, which is close to legume crop protein content
[40]. Sesame is a commercial crop; therefore quality
parameters should be evaluated together with seed
yield. From this perspective, achieving higher yields
to increase oil and protein yield per unit area appears
to be a good option compared to raising oil and protein content [3]. ACS 208 and ACS 118 had >52%
oil content and >410 kg ha-1 oil yield; these superior
values make them ready for commercial release.
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The rice weevil, "#!  &' (L.) (Coleoptera: Curculionidae), is one of the most destructive
pests on the stored rice throughout the world. In present study, the mortality effects of six entomopathogenic isolates of #$  !! (BB-4984),
&! !#! (PAF-2538), ! #!
! (ISFUM-4501), !   ! (IFA-3580),
# #! # (LECMUS-972) and
# #! # (LECMUS-5128), were
tested against the adults of   &' under 85±5%
R.H. and with 1x105 and 1x107 conidial concentrations (ml-1). Treatments were carried out in a climate
chamber with 27±1°C and 16 h. light and 8 h. dark
photoperiods. Each concentration was replicated
three times, and the mortality percentages were monitored on the 2nd, 4th, 6th, 8th and 10th days of incubation. ##! #isolate extracted
from Mycotal (Koppert, NL) was used as the commercial (positive) control, while Tween20+sterile
water was used as control in this study. Results revealed that I. farinosa (IFA-3580) yielded the greatest mortality rates (between 62.60 - 90.60%) for 
 &' adults under 85±5% R.H. and 1x107 conidial
concentrations (ml-1) during incubation, but #!
 # (LECMUS-5128) yielded the least mortality
rates (between 26.60 - 73.30%, except  !!
(BB-4984) and  #! # (LECMUS-972) on
the 8th day) the same conditions and with 1x105 dose
on 10th days. As compared to control treatments, six
entomopathogenic fungi isolates led to a significant
amount of mortality on  &' adults at all doses
and periods. Therefore, they might have a potential
effect in biological control of  &' adults due to
their strong entomopathogenic activity.

Recent studies mostly focus on increasing production levels to meet the food demand of ever-increasing world population. However, significant
crop losses still exist due to pests, diseases, pathogens, fungi, bacteria and viruses [1]. The rice weevil,
"#!  &' (L.) (Coleoptera: Curculionidae),
is one of the most important pests with serious impacts on stored raw cereals throughout the world [2].
The pest is usually found in grain storage facilities
or processing plants, infesting wheat, rice, oats, rye,
barley and corn; and also feeds on these foods, especially on rice grains. Females oviposit directly into
the seeds and the larvae complete development by
feeding inside the seeds and emerge as adults [3].
This pest can cause both quantitative and qualitative
damages on rice grains. Quantitative damages are
commonly observed as seed weight loss caused by
feeding of larvae and adults. Qualitative damages are
usually experienced as loss of nutritional and aesthetic values, increased levels of rejects in the grain
mass and loss of industrial characteristics (for preparation of breads and other products) [4]. In order to
control this pest, different synthetic chemicals (insecticides) have been used in grain storages [5].
However, some synthetic chemicals may leave toxic
residues over the treated product surfaces [6, 7].
Such residues then have negative impacts on environment and human health [8, 9]. Therefore, health
authorities are reluctant to allow chemical insecticides and their residues on grains [10]. Furthermore,
.  &'has been reported to develop resistance to
synthetic chemicals [4]. The growing need for research on biological protectants has revealed the
positive role played by microbial [2]. For this purpose, the use of entomopathogenic fungi in biological control could be a viable alternative method to
control this pest.
Entomopathogenic bacteria, fungi, protozoans
or viruses can cause disease by infecting insects or

,*#%&
Entomopathogenic fungi, mortality effects, stored rice
pest, "#! &'
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as spray source on the storage pests. Conidia harvested from 14-day old cultures grown on PDA
plates were thoroughly mixed with the carrier in
screw capped bottles containing 3 ml distilled sterile
water. Spore solutions of entomopathogenic fungi
isolates were prepared at 1x105 spore ml-1 and 1x107
spore ml-1 concentrations and mixed with Tween 20
(0.04%). The suspension was sieved through and 1
ml suspension was sprayed onto each replicate of 25
beetles as storage pests in each Petri dishes. The
sprayed Petri dishes were then incubated at 25±2°C
and the dead beetles were counted in every 48 h. For
evaluating the conidial viability, the spores of different isolates were saved in the suspension of distilled
sterile water and Tween 20, checked by light microscopy (Olympus BH2) on the 2nd, 4th, 6th, 8th and 10th
days of the treatment.

5:-==-C=  The application of fungal entomopathogen treatments was carried by adding 1×105
and 1×107 conidia to 15 g wheat seeds in 9 cm diameter plastic Petri dishes with sterile paper. Twentyfive newly emerged  &' adults were fed with
wheat seeds in each Petri dishes and were sprayed
with 1 ml of the entomopathogenic fungal suspension, and incubated at 25±2°C. After these treatments, the mortality of  &' adults was evaluated for 10 days in every 48 h (Table 1).

other arthropods and subsequently are capable of
causing rapid declines in large populations of their
arthropod hosts. Among these entomopathogens,
fungi have garnered the most interest for research
and used as biological insecticides. There are more
than 100 genera containing insect pathogens, which
are environmentally safe with low mammalian toxicity [11, 12]. It has known that at least 10 entomopathogenic species of fungi have been widely
used as bio-control agents [13]. The use of entomopathogenic fungi in biological control against
pests is an attractive alternative to conventional pesticides, because these fungi are quite friendly control
agents for plants, animals, other living organisms
and the environment [14, 15].
There are many studies with the use of entomopathogenic fungi for control of stored product
pests and related product pests [16, 17, 18, 19, 4, 2,
20, 21, 22, 23, 24, 25, 26, 15, 27, 28].
The aim of this study was to investigate the potential use of six entomopathogenic fungi isolates [
 !#!(PAF-2538),  ! (IFA-3580), #
! !(ISFUM-4501), !!(BB-4984),
 #! # (LECMUS-972) and  #! #
(LECMUS -5128)] in controlling   &' adults
under laboratory conditions.


!'% &"!'#&

&>:<10;1=> "#! &' adults were obtained as infested stored wheat grains from the Laboratory of Diyarbakır Plant Protection Research Institute, Turkey. They were reared on healthy wheat
grains in glass jars under laboratory conditions
(27±1°C temperature and 70±5% relative humidity)
with 16 h. light and 8 h. dark photoperiods. The pest
adults were kept in wheat seeds under laboratory
conditions in cloth mesh covered plastic pots (15 cm
in diameter and 20 cm high) until the initiation of
experiments. Newly emerged adults (mixed males
and females) were used for subsequent experiments.
The experiments were carried out in three replicates
with 25 adults of the pest in each Petri dishes. The
adult insects were fed with sufficient amount of
wheat seeds during the entomopathogenic tests.

&>->5=>5/-7 -9-7C=1=  Resultant findings were
subjected to one-way ANOVA with SPSS 17.0 software package. Means were separated with Duncan’s
multiple range test at p < 0.01. 


%&( '&
Percent mortality rates of   &' adults
treated with six entomopathogenic fungi isolates of
!! (BB-4984),  !#! (PAF-2538), 
#! ! (ISFUM-4501),   ! (IFA3580), #! # (LECMUS-972) and #!
# (LECMUS-5128) are given in Table 1. The results show that these entomopathogenic fungi isolates had insecticidal effects on   &' adultsas
compared to control treatments. In all experiments,
the mortality rates generally increased with increasing exposure times. The greatest mortality was observed at 10-day exposure. The mortality of  &
' adults varied between 77.3% - 90.6% 10 days after treatments. In general, treatments with 1×107
doses of all entomopathogenic fungi isolates caused
significantly higher mortalities than the treatments
with 1×105 doses (Table 1). The mortalities of  &
' adults for commercial (positive) control (Mycotal extract of  #! #) and negative control
(distilled sterile water with Tween 20) was respectively recorded as 70.6% and 2.66% 10 days after
treatments. There were not significant differences in

9>:8:;->4:3195/5=:7->1=-90;<1;-<->5:9
Six entomopathogenic fungi strains were obtained
from an entomopathogenic fungi collection
(ARSEF, USA). These are !! (BB-4984),
  !#! (PAF-2538),  #! ! (ISFUM4501),  ! (IFA-3580), #! # (LECMUS-972) and #! # (LECMUS-5128). Another #! # isolate, used as positive control,
was obtained from a commercial product (Mycotal,
Koppert, NL). Fungal isolates were cultivated in Potato Dextrose Agar (PDA, Oxoid, CM0139) medium
at 25±2°C in dark for two weeks and they were used
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On the 4th day of the treatments, it was observed
mortality of   &' adults 8 and 10 days after
that among six entomopathogenic fungi isolates, 
treatments.
 !(IFA-3580) caused significant mortalities at
According these results,  ! (IFA-3580)
1×107 dose with the greatest mortality rate of 64.0%.
yielded the greatest mortality rates (min. 62.60% and
However, the lowest mortality rate at 1×105 dose
max. 90.60%) for   &' adults under 85±5%
7
-1
nd
th
th
th
was recorded as 33.3% for  #! # (LECR.H. and 1x10 conidia ml on the 2 , 4 , 6 , 8
MUS-5128) isolate. The highest mortality at the
and 10th days, but  #! # (LECMUS-5128)
same dose was recorded as 62.6% for #! !
yielded the least mortality rates (between 46.6% and
(ISFUM-4501).
81.3%).Accordingly, the greatest mortality rates at
On the 6th day of the treatments, the highest
1x105 conidial concentrations (ml-1) 10 days after
mortality of  &'adults was observed for  
treatments ranged from 50.6% to 90.6% for  #
! (IFA-3580) isolate with 80.0% mortality at
! ! (ISFUM-4501) fungi isolate. However,
1×107 dose. But, the minimum mortality rate was
 #! # (LECMUS-5128) yielded the least
recorded as 61.3% for  #! # (LECMUSmortality (between 26.6% and 77.3%, except !
5128) isolate at the same dose. Similarly, although
!(BB-4984) and #! # (LECMUS-972)
the highest mortality rate of  &'adults at 1×105
on the 8th day) under the same laboratory conditions
5
-1
and with 1x10 conidial concentrations (ml ) 10
dose of the treatment was recorded as 74.6% for 
#! !(ISFUM-4501) isolate, the lowest mordays after the treatments.
Two days after the treatments, although the
tality was noted for #! #(LECMUS-5128)
lowest mortality rate at 1×105 dose was recorded as
isolate as 58.6% (Table 1).
Furthermore, on the 8th day of the treatments,
26.6% for  #! # (LECMUS-5128) isolate,
the highest mortality rates of  &'adults were
the greatest mortality rate was found as 50.6% for 
found for #! # (LECMUS-972) and  
#! !(ISFUM-4501) and  !#! (PAF! (IFA-3580) isolates with 86.6% and 84.0%
2538) isolates. Similarly, the lowest mortality rate
mortalities at 1×107 dose, respectively. But, the mintwo days after the treatments and at 1×107 dose was
recorded as 46.6% for  #! # (LECMUSimum mortality rate was recorded as 68.0% for 
5128) isolate, but the greatest mortality rate was rec#! # (LECMUS-5128) isolate at the same
dose of the treatment. Similarly, although the highest
orded as 62.6% for   ! (IFA-3580) isolate
(Table 1).
mortality rate of  &'adults at 1×105 dose of the
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>40-C-
>40-C-
64.0 ± 4.0 bcdef
73.3 ± 7.05 bcde
69.3 ± 5.81 cdefg
76.0 ± 4.61bcde
65.3 ± 7.05 bcdef
70.6 ± 10.4 bcd
74.6 ± 2.66 efg
78.6 ± 1.33 cde
69.3 ± 8.11 cdefg
78.6 ± 8.11cde
62.6 ± 4.80 bcdef
70.6 ± 5.81 bcd
76.0 ± 2.30 fg
86.6 ± 2.66 e
60.0 ± 6.11 bcd
70.6 ± 4.80 bcd
80.0 ± 6.11 g
84.0 ± 4.0 de
72.0 ± 2.30 cdefg
77.3 ± 3.52 bcde
61.3 ± 5.81 bcde
68.0 ± 4.0 bc
58.6 ± 7.05 bc
73.3 ± 7.05 bcde
73.3 ± 8.11 defg
70.6 ± 9.33 bcd

0-C-
52.0 ± 2.30 de
50.6 ± 1.33 d
52.0 ± 2.30 de
50.6 ± 4.80 d
53.3 ± 3.52 de
48.0 ± 2.30 cd
50.6 ±5.81 d
38.6 ± 2.66 c
62.6 ± 7.42 e
45.3 ± 3.52 cd
46.6 ± 10.9 cd
26.6 ± 1.33 b
54.6 ± 6.66 de

>40-C-
58.6 ± 2.66 de
57.3 ± 1.33 de
53.3 ± 2.66 cde
62.6 ± 4.80 e
60.0 ± 2.30 de
52.0 ± 2.30 cde
53.3 ± 4.80 cde
44.0 ± 2.30 bc
64.0 ± 8.32 e
49.3 ± 4.80 cd
52.0 ± 10.0 cde
33.3 ± 1.33 b
62.6 ± 8.11 e

48.0 ± 2.30 cd

49.3 ± 2.66 cd

54.6 ± 3.52 b

62.6 ± 4.80 b

70.6 ± 3.52 b

0.0 ± 0.0 a

2.66 ± 1.11 a

2.66 ± 1.11 a

2.66 ± 1.11 a

2.66 ± 1.11 a

a

Mean ± SE of three replicates, each set-up with 25 adults;
Exposure day
Values followed by different letters in the same column differ significantly at  < 0.05
b
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0-C-
88.0 ± 6.11 c
86.6 ± 8.11 c
82.6 ± 6.66 bc
90.6 ± 2.66 c
88.0 ± 8.32 c
85.3 ± 4.80 c
90.6 ± 4.80 c
77.3 ± 5.33 bc
90.6 ± 1.33 c
90.6 ± 4.80 c
81.3 ± 3.52 bc
77.3 ± 8.74 bc
88.0 ± 6.92 c
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treatment was found as 78.6% for  #! !
(ISFUM-4501) isolate, the lowest mortality was recorded as 70.6% for  !! (BB-4984) and 
#! #(LECMUS-972) isolates (Table 1).
However, on the10th day of the treatment, the
lowest mortality rate at 1×107 dose was recorded as
81.3% for  #! # (LECMUS-5128) isolate.
But, the highest mortality rate (90.6%) was recorded
for  #! # (LECMUS-972) and   !
(IFA-3580) isolates. Similarly, the highest mortality
rate 10 days after treatments and at 1×105 dose was
found as 90.6% for  #! ! (ISFUM-4501)
and  !(IFA-3580) isolates. The lowest mortality rate was determined for #! #(LECMUS-972 and 5128) isolates as 77.3% within the
same period and the same dose of the treatments.

More than 85% mortality of  &' adults was observed with 1×105 dose of !! (BB-4984),
  !#! (PAF-2538),  #! ! (ISFUM4501) and  ! (IFA-3580), while  !
(IFA-3580) and  #! # (LECMUS-972) at
1×107 dose caused more than 90% mortality of 
 &'adults (Table 1).
All fungi isolates displayed different mortality
values (P < 0.05) and there was no significant difference between then and the control (Tween20+steril
water). But, there were significant differences for
Mycotal ( # #! #), used as positive control. According to present values, it was
found that   ! (IFA-3580) isolate had the
most toxic effect on   &' adults with 90.6%
mortality rate at 1×105 and 1×107 doses and 10 days
after the treatments (Table 1).
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2nd
4th
6th
8th
10th
2nd
4th
6th
8th
10th
2nd
4th
6th
8th
10th
2nd
4th
6th
8th
10th
2nd
4th
6th
8th
10th
2nd
4th
6th
8th
10th
2nd
4th
6th
8th
10th

 -
8.282
43.354
2.199
0.405
2359.204
8.282
4.445
3.057
2.414
2.170
5.530
5.083
4.625
3.055
3.742
6.171
7.606
12.708
14.498
120.772
5.093
5.637
8.449
9.665
10.892
5.469
5.076
2.343
1.782
*
4.746
5.179
20.351
1.814
42.236

a

The lethal concentration causing 50% mortality
The lethal concentration causing 90% mortality
c
Chi square value
d
Slope of the concentration-mortality regression line ± standard error.
*LC values were not calculated due to very high levels
b
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 .
0.000
0.000
41.438
71.333
2.861
0.000
26.928
15.124
13.432
6.762
72.689
18.087
10.850
21.567
7.409
0.246
0.911
1.193
2.606
3.746
1.237
0.897
3.261
4.518
5.116
14.562
16.019
12.403
10.390
*
2.133
2.112
0.039
29.182
1.957

F /
0.427
0.549
3.425
5.573
13.841
1.707
1.910
3.861
8.006
5.913
3.011
4.644
5.799
7.785
7.719
1.071
0.654
6.122
8.323
12.618
2.477
1.718
2.772
2.595
6.531
4.287
5.901
3.897
2.851
4.412
7.315
6.210
5.216
4.921
7.771

&7:;1E&  0
0.229 ± 1.401
0.233 ± 1.411
1.005 ± 1.451
0.571 ± 1.520
0.439 ± 1.790
0.229 ± 1.401
1.638 ± 1.415
1.846 ± 1.480
1.719 ± 1.527
2.597 ± 1.806
1.146 ± 1.403
2.325 ± 1.414
3.461 ± 1.455
1.510 ± 1.453
4.320 ± 1.656
0.916 ± 1.402
1.391 ± 1.409
1.247 ± 1.448
1.719 ± 1.527
0.850 ± 1.769
2.085 ± 1.411
1.606 ± 1.404
3.100 ± 1.477
3.881 ± 1.628
3.905 ± 1.762
3.013 ± 1.416
2.567 ± 1.417
1.771 ± 1.545
1.674 ± 1.620
0.000 ± 1.949
3.690 ± 1.454
3.291 ± 1.425
0.472 ± 1.417
1.062 ± 1.481
0.961 ± 1.588
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study, !!(4984) yielded the greatest mortality rates for   &' adults at 1×105 and 1×107
doses 10 days after the treatments respectively as
85.3% and 88.0%. But, the lowest mortality rates
were recorded as 48.0% and 53.3% at the same dose
2 days after the treatments (Table 1).
 #! ! is known as a common entomopathogenic fungus all over the world especially in
tropical and subtropical countries [20]. Many studies
were recorded by different authors about this fungus
to control many pests [31, 32, 33]. [15] reported that
#! !KTU–42 yielded 63% and 50% mortality rates for "adults and nymphs, respectively. The authors also advised that this isolate
might be a good biological control agent against 
". In another study, it was revealed that virulent
strain of #! !had considerable potential
effects to control the whitefly [35]. [34] used #
! ! as entomopathogenic isolate against an
important pest of pear, the pear psylla and reported
mortality rates up to 40%. Also, [36] established that
 #! ! isolate had mortality effect on 
 "  nymphs and adults; 35% in nymphs;
and 22% in adults, respectively. In this study, #
! ! (ISFUM-4501) isolate yielded different
mortality rates for   &' adults at two doses
(1×107 and 1×105) and 2, 4, 6, 8 and 10 days after the
treatments (respectively as 52.0%, 53.3%, 65.3%,
70.6%, 82.6%; and as 50.6%, 62.6%, 74.6%, 78.6%,
90.6%) (Table 1).
There are about 700 species of entomopathogenic fungi in approximately 90 genera. Among
these,   ! is one of the most commercially
produced entomopathogenic fungi. This entomopathogenic fungus can infect a quite wide range
of insects including lepidopterous larvae, aphids and
thrips species, which are of great concern in agriculture worldwide [37]. In a previous study, it was
found that  !yielded 22.5% and 45% mortality rates for  !" " at 1x106 and 1x108 conidial concentrations (ml-1) after 9 days of incubation,
respectively [38]. The same authors also established
that this fungus had 52.5% and 70% mortality rates
for this pest adults at 1x106 and 1x108 conidial concentrations (ml-1) after 12 days of incubation, respectively. In another study, the lowest mortality rate for
larvae of pine defoliator ##!   (L.) was
reported as 56.67% for   ! isolate after the
second spray (at the 7th day) [39]. On the other hand,
[40] recorded that   ! fungus triggered at
1×108, 1×107, 1×106 and 1×105 doses and 95% RH
with different mortality rates for the eggs (89.39%,
52.53%, 26.87%, 24.77%); 1st instar larvae (78.71%,
60.69%, 49.75%, 20.45%) and adults of 
#! "  (Risso) (84.53%, 32.29%, 19.24%,
20.54%), respectively. [27] recorded that  !
isolate had significant mortality effect on the sunn
pest adults (# &!" #!"  (Schrk.)). The authors found that   ! yielded 0.00%, 5.00%,
10.00%; and 33.75%, 63.75%, 86.25% mortality

On the other hand, according to LC values
(LC50 and LC90), the lowest toxic effects on the
adults of  &' were found for  !#! (PAF2538) and  #! # (LECMUS-972) isolates
The highest LC50 figures were noted as 2359.204 and
120.772 for this pest10 days after the treatments, respectively, but the lowest LC50 figure was recorded
as 0.405 for  !#! (PAF-2538) isolate 8 days
after the treatments. In addition, the highest LC90 figures were noted for  !! (BB-4984) and 
 !#! (PAF-2538) isolates as 72.689 and 71.333
for this pest2 and 8 days after the treatments, respectively. But, the lowest LC90 figures were recorded for
  !#! (PAF-2538) and  #! !
(ISFUM-4501) isolates as 0.000 two days after the
treatments. According to these values, it was found
that   !#! (PAF-2538) and  #! !
(ISFUM-4501) isolates had the most toxic effects on
 &' adults two days after the treatments (Table
2).


&(&&#"
In this study, six entomopathogenic fungi isolates of !! (BB-4984),  !#! (PAF2538),  #! ! (ISFUM-4501),   !
(IFA-3580),  #! # (LECMUS-972) and 
#! # (LECMUS-5128) were found to be pathogenic on  &' adults. The mortality rates of all
entomopathogens for  &'adults at both doses
(1×105 and 1×107) increased gradually with time. In
other words, when the effects of the exposure times
on the mortality were compared, six entomopathogenic fungi isolates displayed higher efficiency in
longer exposures (Table 1).
There are many studies focused on the mortality effects of entomopathogenic fungi against  &
'. Recently . !!was declared as a common
entomopathogenic fungus. Use of . !! to
control .  &' has been studied by various researchers worldwide [29, 5, 2]. [5] reported 17.0%,
59.0% and 94.1% mortality rates at 1×105, 1×106 and
5×106 doses of a conidial powder of  !! 7
days after the treatments, respectively. The authors
also noted 32.0%, 93.0% and 100.0% mortality rates
at the same doses 14 days after the treatments. It was
found that !!isolate KTU – 24 had 100%
mortality rate for  &"# " (Say) adults
(Hemiptera: Tingidae) within 14 days of treatments
with conidial concentration of 1 x 108 conidia mL-1
[15]. On the other hand, . !! was investigated to be an effective controlling agent for rice
weevil in storage houses and research records
showed an increase in mortality rates for stored
wheat pests at higher doses [19, 5, 2] stated 75.8. %
mortality rate for  &'adults at 28±2 °C and RH
70±5% under the laboratory conditions by using .
!! 25 days after the treatments. In present
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rates for #!"  adults at 1×106 and 1×108 conidia concentration doses ml-1 6, 9 and 12 days after
the treatments, respectively. In present study,  
! (IFA-3580) fungus isolate yielded different
mortality rates for   &' adults at 1×105 and
1×107 doses 2, 4, 6 and 10 days after the treatments
(respectively as 45.3%, 49.3%, 72.0%, 77.3%,
90.6%; and as 62.6%, 64.0%, 80.0%, 84.0%,
90.6%). These percentages were significantly higher
than the control (P <0.05) (Table 1).
[41] recorded that 29 isolates of   !#!
had highly significant mortality on the ! 
" (Homoptera: Aleyrodidae), from 68 to
94% with no significant difference between these
isolates. [42] recorded that  !#!had a mortality effect on two spotted spider, " &#!# "
 K. (Tetranychidae, Acarina). In another study, 
 !#! isolates (290 and 290re) showed lethal effect at 1x108 conidia ml-1 on !!%""#! and 
#"#! adults (Coleoptera: Scolytidae), 45%
and 66.67%, respectively [43]. In present study, 
 !#! isolate (PAF-2538) yielded different mortality rates for  &' adults at 1×107 and 1×105
doses 2, 4, 6 and 10 days after the treatment (respectively as 52.0%, 58.6%, 64.0%, 73.3%, 88.0%; and
as 50.6%, 57.3%, 69.3%, 76.0%, 86.6%) (Table 1).
#! # is known as an important natural
enemy of &#!" ! (Walker) (Hemiptera:
Ricaniidae) in kiwi orchards [44]. This fungus is an
important commercially produced entomopathogenic fungi and has been commercialized worldwide
under different brand names like Mycotal (Koppert,
NL) against whiteflies and thrips and Verticillin
against whiteflies, aphids and mites [45]. In a recent
study, it was stated that  #! # isolates had
mortality effects on the adults and nymphs of "
    (Sulc) (Hemiptera: Triozidae) (up
to 100% for adults and 70% for nymphs) at 1×107
dose 7 days after the treatments [46]. In present
study, #! #isolate (LECMUS-972) yielded
different mortality rates ranging from 38.6% to
77.3% at 1×105 dose (38.6%, 44.0%, 60.0%, 70.6%,
77.3%); and ranging from 50.6 to 90.6% at 1×107
dose (50.6%, 53.3%, 76.6%, 86.6%, 90.6%) respectively 2, 4, 6 and 10 days after the treatments (Table
1).
Furthermore,  #! # (LECMUS-5128)
isolate had mortality effect on   &' adults
(46.6%, 52.0%, 61.3%, 68.0% and 81.3%) at 1×107
dose 2, 4, 6, 8 and 10 days after the treatments, respectively. But, the same fungus isolate had mortality rates of 26.6%, 33.3%, 58.6%, 73.3% and 77.3%
at 1×105 dose. These percentages were significantly
higher than the control (P <0.01) (Table 1).
In brief, six entomopathogenic fungi isolates of
!! (BB-4984),  !#! (PAF-2538), 
#! ! (ISFUM-4501),   ! (IFA3580), #! # (LECMUS-972) and #!
# (LECMUS-5128) were tested against  &'

adults under laboratory conditions in this study. Present findings demonstrated that the fungal isolates
could be used as potential bio-control agents against
this pest. Among the tested fungi isolates,  !
(IFA-3580) isolate with the greatest mortality rates
was identified as the most promising one. Further
studies should be carried out to evaluate the effectiveness of this isolate in the field. Additionally, use
of  !(IFA-3580) isolate as a biological control agent in an integrated pest management (IPM)
program may help to reduce the dependence on
chemical control in the future.

"#* !"'&
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ANTI-DIABETIC POTENTIAL OF SOYMILK FERMENTED
BY LACTOBACILLUS PARACASEI TK1501 ISOLATED FROM
NATURALLY FERMENTED CONGEE
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However, these drugs usually have considerable
side effects, such as hypoglycemia, drug-resistance,
dropsy, and weight gain [1]. Thus, the dietary intake
of functional foods is an appropriate method for
preventing DM.
Soybeans are well-known for their extraordinary health-promoting effects and good nutritional
values [2]. The consumption of acidic soybean milk,
which is considered to be an important, healthy
fermented food, is widespread. The chemical forms
in which phytoestrogens, polyphenols, flavonoids,
and bioactivators are consumed influence their bioavailability and, therefore, their anti-diabetic activities [3-5]. Dietary intake of fermented acidic
soybean milk is linked to a reduced risk of chronic
diseases such as diabetes, cancer, and cardiovascular diseases [6, 7]. It has also been reported that
fermented acidic soybean milk exhibits higher anti-cancer, fibrinolytic stress, and anti-metastatic
activities than non-fermented acidic soybean milk
[8].
Lactobacillus paracasei is a member of the
normal human and animal gut microbiota, and it is
used extensively in the food industry in starter cultures for dairy products and in probiotics [9]. Some
reports have demonstrated the beneficial effects of
strains of L. paracasei on the host, including an
increase in the numbers of lactobacilli in the normal
intestinal microflora, as well as anti-diabetic, antioxidant, anti-diarrheal, antihypertensive, and anti-osteoporosis effects [10-12]. Lactobacillus paracasei has also been isolated from a variety of fermented artisanal products such as fermented milk,
cheese, sourdough bread starter, and fermented
vegetables, as well as from plants.
Congee (acidic gruel), a naturally fermented
cereal gruel that is popular in Inner Mongolia, China, is regarded as a potential probiotic food source
with high nutritional values [13]. The objective of
this study was to screen and identify lactic acid
bacteria (LAB) from naturally fermented congee
produced in Inner Mongolia, China. The isolates
were subjected to a series of analyses to assess their

ABSTRACT
Soybean products fermented by different microbes have been used worldwide as health foods
for their probiotic functions. Here we isolated a
strain of Lactobacillus paracasei, TK1501, from
naturally fermented Chinese congee, and investigated the potential probiotic and anti-diabetic of
soymilk fermented by this strain. In terms of probiotic, the survival rates of L. paracasei TK1501 to
simulated gastrointestinal environment is considered to constitute good resistance, up to 84.93% at
pH 3 and 80.59% in 0.3% (wt/vol) sodium taurocholate. Besides, the total phenolic and genistein
contents of the fermented soy milk were 387.2
mg/100 g and  ȝJ J, respectively. The
half maximal inhibitory concentrations of the fermented soymilk for D-glucosidase and dipeptidyl
peptidase-4 were 1.89 and 30.38 mg/ml, respectively, and those of the reference compound acarbose and diprotin A were 0.40 and 0.05 mg/ml, respectively. Our study revealed the anti-diabetic potential of soymilk fermented by L. paracasei
TK1501, which could be helpful for developing
functional foods.

KEYWORDS:
Anti-diabetic potential, functional food, Lactobacillus
paracasei, soymilk, fermented

INTRODUCTION
Diabetes mellitus (DM) is a disorder of carbohydrate metabolism characterized by excessive
thirst and the excretion of abnormally large quantities of urine containing an excess of sugar, and it is
caused by an insulin deficiency. Currently, the
agents used for DM treatment are mainly synthetic
drugs, ranging from insulin to oral medications and
an ever-increasing variety of other medications.

4381

© by PSP

Volume 27 ± No. 6/2018 pages 4381-4388

Fresenius Environmental Bulletin


Characteristics of the isolated strains. Resistance to simulated gastrointestinal digestion.
A simulated gastrointestinal digestion was performed as described previously [13], with some
modifications. It was prepared with 0.35% (wt/vol)
trypsin and 0.2% (wt/vol) sodium chloride, and the
pH values were adjusted to 2.0 and 3.0. Then, the
simulated gastrointestinal digestion was inoculated
with 1% suspensions of the strains for 24 h and
incubated at 37 °C for 2 h. Subsequently, total viable counts were obtained by the pour plate method.
The ability of the LAB to grow in the simulated
gastrointestinal digestion was expressed as the percent survival, which was calculated using the equation:
survival ratio % = logN1/logN0 × 100
where N1 represents the total viable count of a
strain following simulated gastrointestinal digestion
and N0 represent that of a strain that was not treated.

probiotic properties, especially their anti-diabetic
properties, such as D-glucosidase and dipeptidyl
peptidase-4 (DPP4) inhibitory activities, and their
total phenolic and genistein contents. Our results
suggest that acidic soybean milk fermented by L.
paracasei TK1501 is a health food that has anti-diabetic potential.

MATERIALS AND METHODS
Screening, identification, and characterization of isolated strains. Microorganisms and
culture conditions. The LAB strains in this study
were isolated from traditional fermented congee
obtained from Inner Mongolia, China. These bacteria were cultured at 37°C in brain-heart infusion
broth under anaerobic conditions (80% N2, 10% H2,
and 10% CO2) for 24 h, and they were preserved at
í&LQJO\FHUROXQWLOIXUWKHUDQDO\VLV

Bile resistance. The bile resistance of the isolates was determined in accordance with the method
described by Vinderola et al. [14], with some modification. MRS broth containing 0.3% (wt/vol) sodium taurocholate was freshly prepared and inoculated with a 1% overnight culture of the strains. The
test samples were incubated at 37 °C for 4 h, and
1-mL aliquots were removed at 0 and 4 h for viable
count determinations. The ability of the bacteria to
grow in 0.3% bile salts was expressed as the percent survival, which was calculated according to the
following equation:
survival ratio % = logN3/logN2 × 100
where N3 represents the total viable count of
the strain after treatment with 0.3% bile salts and
N2 represents that before the treatment.

Viable count method. Strains were subjected
to serial 10-fold dilutions in sterile sodium chloride.
The number of viable cell counts was estimated
using agar plates containing reinforced clostridial
medium that were incubated at 37 °C for 48 h. The
viable counts of the strain were calculated as lg
colony-forming units (CFU) mL±1.
Screening of the isolates. A sample (1 mL) of
fermented congee was subjected to serial 10-fold
dilutions in sterile sodium chloride and plated on
reinforced clostridial medium selective agar containing 0.1% calcium carbonate, followed by incubation at 37 °C for 24±48 h. Strains exhibiting larger zones of dissolved calcium carbonate were selected from each plate, and their morphology was
observed by an optical biomicroscope, followed by
Gram staining.

Fermentation of soymilk by L. paracasei
TK1501. Lactobacillus paracasei TK1501 was
cultivated at 37 °C in sterile soymilk (the seed culture) in a 100-mL Erlenmeyer flask for 24 h. Then,
the soymilk was sterilized and transferred to a
250-mL flask, and seed fermentation broth (at an
initial inoculum of 1×107 CFU mLí1) was added,
and the culture was incubated anaerobically at
37 °C for 24 h. Three replicates were performed.

Identification of the selected strains. LAB
selected for identification by a sequence analysis of
16S rDNA were collected by centrifugation (12,000
× g, 5 min) from cultures that were incubated for 24
h at 37 °C, and their DNA was extracted using a
previously described method, with some modifications [13]. The polymerase chain reaction was used
to amplify the 16S rDNA gene using the primers
(16S-6)RUZDUG¶-AGAGTTTGATCCTGGCTCA
G-¶ 6-5 5HYHUVH ¶-TACGGCTACCTTGTTA
CGACTT-¶ . The polymerase chain reaction conditions were as follows: 95 °C for 5 min, followed
by 30 cycles of 1 min at 95 °C, 1 min at 55 °C, and
1 min at 72 °C, followed by 5 min at 72 °C. Partial
16S rDNA sequences of approximately 500 bp were
compared to those in the GenBank database using
the Basic Local Alignment Search Tool to identify
the LAB.

Comprehensive index analysis. D- glucosidase inhibitory activity. D-glucosidase inhibitory
activity was assayed according to the modified
method reported by Kang et al. [15]. Samples
(freeze-GULHG VR\PLON IHUPHQWHG   ȝ/  DW FRQ
centrations of 1, 2, 5, 10, and 20 mg/mL were added
to a 50-ȝ/VROXWLRQ XQLWVP/RI D-glucosidase
dissolved in potassium phosphate buffer, 0.2M, pH
6.8, that was preincubated at 37 °C for 5 min). A
blank solution contained only potassium phosphate
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was analyzed in triplicate. A blank solution was
RQO\  ȝ/ VDPSOH 7RWDO SKHQROLF FRQWHQWV ZHUH
calculated as gallic acid equivalents (GAEs) from
the calibration curve obtained from a gallic acid
standard solution and expressed as mg GAE/g dry
mass.

buffer. The enzymatic reaction was initiated by the
DGGLWLRQ RI  ȝ/ RI p-Nitrophenyl-ȕ-D-glucoside
(pNPG) (0.2 mM, dissolved in potassium phosphate
buffer), and the reaction was incubated for 30 min
at 37 °C. The reaction was terminated by adding
 ȝ/ RI VRGLXP FDUERQDWH VROXWLRQ  0 S+
9.8). D-glucosidase inhibition was determined by
measuring the optical density (OD) of the
p-nitrophenol released from pNPG at 405 nm using
an enzyme-linked immunosorbent assay reader. A
positive control (with D-glucosidase, without sample) and a negative control (without D-glucosidase)
were prepared using potassium phosphate buffer
(0.1M, pH 6.8) in place of the sample and the
D-glucosidase solution, respectively. Each test sample was analyzed in triplicate and acarbose served
as a reference. The D-glucosidase inhibitory activity
was calculated using the following formula:
% D-JOXFRVLGDVHLQKLELWLRQ ^í 2'sample í
ODblank)/(ODpositive control í2'negative control)}

Determination of the genistein content. The
extraction of genistein from soymilk was performed
in triplicate using the method described by Hati et
al. [17], with some modifications. 0.5 g of dried
soymilk was dissolved in 5 mL of 80% methanol
and placed into a 15-mL centrifuge tube with a tight
screw-cap and shaken in a water bath at 60°C for 2
h, and then centrifuged at 12,000 × g for 20 min at
4 °C. The supernatant was filtered through a
0.22-ȝP PHPEUDQH ILOWHU DQG SODFHG LQWR D
high-performance liquid chromatography (HPLC)
vial for HPLC analysis.
Separation of the samples was performed by a
reverse-phase HPLC system consisting of an HPLC
pump (Dionex P680, Darmstadt, Germany), an auto-sampler (Dionex, Darmstadt, Germany), a
1RYD3DN & FROXPQ  î  PP LG  ȝP
Waters, Milford, MA, USA), and a photodiode array detector (PDA-100, Dionex). Mobile phase A
was 0.1% glacial acetic acid in water, and mobile
phase B was 0.1% glacial acetic acid in methanol,
which were filtered through a 0.45-ȝPQ\ORQPHP
brane filter (Waters) prior to use. Solvents A and B
were run at a flow rate of 1.0 mL/min, using a gradient of 20% B at 0 min, increasing to 60% for 8
min, 95% for 18 min, and then decreasing to 20%
for 19 min. The column was equilibrated with 20%
B for 10 min before the next injection. Genistein
was identified by comparing retention times and
PDA spectra (260 nm) of sample peaks with a
standard at 27°C. Genistein was quantified by electronic integration of the chromatographic peak.
Genistein standards were dissolved in dimethyl
sulfoxide and diluted with 80% methanol.

Determination of DPP4 inhibitory activity.
DPP4 inhibitory activity was assayed according to
the modified method reported by Lacroix et al. [23].
Samples (freeze-GULHG VR\PLON IHUPHQWHG   ȝ/ 
at concentrations of 2, 5, 10, 20, and 50 mg/mL
were added to a 50-ȝ/ VROXWLRQ FRQWDLQLQJ 
units/mL of DPP4 dissolved in Tris-HCl buffer (0.1
M, pH 8.0) that was preincubated at 37 °C for 10
min. In the blank solution, the DPP4 was replaced
with Tris-HCl buffer. The enzymatic reaction was
iQLWLDWHGE\DGGLQJȝ/RI*O\-Pro-p-nitroanilide
(6 mM, dissolved in Tris-HCl buffer, 0.1 M, pH
8.0), and the reaction was incubated for 30 min at
37 °C. The reaction was terminated by adding 100
ȝ/RIVRGLXPDFHWDWH 0S+ $SRVLWLYHFRQ
trol (with DPP4, without sample) and a negative
control (without DPP4) were prepared using
Tris-HCl buffer (0.1M, pH 8.0) in place of the sample and the DPP4 solution, respectively. DPP4 inhibition was determined by measuring the OD at 405
nm, and each test sample was analyzed in triplicate
and diprotin A served as a reference. The percent
DPP4 inhibition was calculated as follows:
 '33 LQKLELWLRQ   > í 2'sample í 2'
blank)/(ODpositive control í2'negative control)]

Statistics analysis. All data are expressed as
the means ± standard deviations of three independent experiments. Analysis of variance was performed using SPSS for Windows version 10.0
(SPSS Inc., Chicago, IL, USA). p-values <0.05
were considered to be statistically significant.

Determination of the total phenolic contents.
The total phenolic contents of the soymilk sample
extracts were determined using Folin-&LRFDOWHX¶V
reagent, with gallic acid serving as a standard phenolic compound according to the modified method
reported by Shukla et al. [16]. A 20-ȝ/VDPSOHZDV
aGGHG WR ȝ/ RI )ROLQ-Ciocalteu's reagent for 3
PLQ7KHUHDFWLRQZDVLQLWLDWHGE\DGGLQJȝ/RI
10% sodium carbonate solution, and the mixture
was incubated for 60 min at room temperature. The
OD was measured at 405 nm, and each test sample

RESULTS AND DISCUSSION
Isolation and identification of strains.
Strains exhibiting larger zones of dissolved calcium
carbonate were isolated from each plate, and their
morphology was observed by an optical microscope,
followed by Gram staining. The average number of
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TABLE 1
Resistance of L. paracasei TK1501 to simulated gastrointestinal digestion
gastric juice

Bile salt

pH 2.0
Viable count
(log CFmL-1)
Viable rate

0h
8.21±0.15
56.76%

pH 3.0
2h
4.66±0.20

0.3%

0h
8.23±0.13

2h
6.99±0.27

0h
8.14±0.25

84.93%

4h
6.56±0.18

80.59%

31.86 ± 2.18% at concentrations of 20, 10, 5, 2,
1mg/mL, respectively. However, acarbose as a reference drug dispOD\HG Į-glucosidase inhibitory activities of 80.32 ± 1.87%, 68.59 ± 2.23, 54.92 ±
2.99, 42.07 ± 2.80, and 31.84 ± 2.23 at concentrations of 2.5, 1, 0.5, 0.25 and 0.125 mg/mL, respectively. Furthermore, the half maximal inhibitory
concetration (IC50) of the soymilk samples for
D-glucosidase inhibition was 1.89 mg/ml. In contrast, the IC50 of the positive control (acarbose) for
D-glucosidase inhibition was 0.40 mg/ml.
ܤJOXFRVLGDVH,QKLELWRU\$FWLYLW\RIVR\PLONVDPSOHV

CFU of L. paracasei in the fermented congee was
1×108.175 CFU mLí1. The isolates were identified as
rod-shaped, Gram-positive bacteria. The colonies
were round, white, and opaque, with a convex elevation, a smooth surface, and a mucoid consistency.
One isolate was identified as sharing a similarity of
99% with L. paracasei via partial 16S rDNA sequencing, and it was named TK1501. A recent
study reported that eight Lactobacillus plantarum
strains were isolated from sour congee [18]. However, few L. paracasei strains have been isolated
from naturally fermented Chinese congee.
Tolerance to a simulated gastrointestinal
environment. Tolerance of the simulated gastrointestinal environment is one of the main aspects in
which microorganisms function as probiotic agents;
tolerance to acid and bile salts in the gut are indeed
considered as essential properties that are required
for the survival of LAB [19]. Thus, we tested the
ability of L. paracasei TK1501 to survive in a simulated gastrointestinal environment (Table 1). The
results showed that L. paracasei TK1501 achieved
a high survival rate: up to 84.93% at pH 3 and
56.76% at pH 2. When incubated in 0.3% (wt/vol)
sodium taurocholate, L. paracasei TK1501 had a
survival rate of 80.59%. For LAB strains to have a
beneficial effect on intestine health, they need to
survive in a simulated gastrointestinal environment
[20]. In the present study, the survival rates of L.
paracasei TK1501 in the simulated gastrointestinal
environment demonstrate that this strain has good
resistance, which suggests that it has good potential
as a probiotic in humans.

100%
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concentration (mg/mL)

ܤJOXFRVLGDVH,QKLELWRU\$FWLYLW\RIUHIHUHQFHGUXJ DFDUERVH

A

Comprehensive index of probiotics. Inhibition of D-glucosidase and DPP4 activity. Inhibition of D-glucosidase activity. D-glucosidase inhibitors, which promote the degradation of disaccharides into monosaccharides, alleviate postprandial hyperglycemia, and are mostly evaluated using
pNPG as a substrate [21]. In this study, the
D-glucosidase inhibitory activities of the fermented
soymilk samples and a reference drug (acarbose)
increased in a concentration-dependent manner, as
illustrated in Fig. 1. The soymilk samples showed
D-glucosidase inhibitory effects of 93.09 ± 1.26,
85.38 ± 2.14%, 70.81 ± 1.25, 52.34 ± 1.23%, and

80%
70%
60%
50%
40%
30%
20%
10%
0%
0.125

0.25

0.5

1

2.5

concentration (mg/mL)

B
FIGURE 1
D-glucosidase inhibitory activities of the fermented soymilk samples and the reference drug
acarbose. (A) D-glucosidase inhibitory activity of
the soymilk samples. (B) D-glucosidase inhibitory activity of the reference drug acarbose.
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2.99, 70.40 ± 2.23, and 83.58 ± 1.87%, respectively.
The IC50 of the positive control diprotin A for DPP4
inhibition was 0.05 mg/mL, and that of the soymilk
samples was 30.38 mg/mL.
These findings suggest that fermented soymilk
with D-glucosidase and DPP4 inhibitory activities
may have the potential to improve blood glucose
regulation by slowing the inactivation of incretin
hormones and the intestinal digestion of carbohydrates. Thus, dietary intake of soymilk with strong
LQKLELWRU\ DFWLYLWLHV DJDLQVW Į-glucosidase and
DPP4 is an appropriate method to prevent and alleviate the suffering caused by type 2 diabetes. However, further studies are needed to confirm the efficacy of fermented soymilk.

DPP-IV inhibitory activities of soymilk samples

Inhibition of DPP4 activity. DPP4 inhibitors,
which improve glycemic control in animal models
of diabetes and in patients with type 2 diabetes [22],
are mostly evaluated using Gly-Pro-p-nitroanilide
as a reaction substrate [23]. In this study, the DPP4
inhibitory activities of the fermented soymilk samples and the reference drug diprotin A increased in a
concentration-dependent manner, as illustrated in
Fig. 2. The soymilk samples showed DPP4 inhibitory effects of 67.01 ± 2.28, 51.82 ± 1.13%, 33.62 ±
2.35, 11.39 ± 1.54%, and 8.26± 1.19%, at concentrations of 50, 20, 10, 5, and 1mg/mL, respectively.
However, when diprotin A was used as a reference
drug at concentrations of 0.016, 0.032, 0.063, 0.125,
and 0.250 mg/mL, it displayed DPP4 inhibitory
activities of 32.40 ± 2.23, 47.04 ± 2.80, 62.11 ±
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DPP-IV inhibitory activities of reference drug (Ile-Pro-Ile)
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B
FIGURE 2
DPP4 inhibitory activities of the fermented soymilk samples and reference drug diprotin A. (A) DPP4 inhibitory activity of the soymilk samples. (B) DPP4 inhibitory activity of the reference drug diprotin A.
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A

B
FIGURE 3
HPLC chromatogram of 20 ȝL of a standard mixture subjected to isocratic separation using mobile phases A (acetic acid/ pure water (0.1:99.9 v/v)) and B (acetic acid/methanol (0.1:99.9 v/v)). (A) HPLC chromatogram of unfermented soymilk. Peaks: retention time 13.87 2 min, genistin; retention time 10.999 min,
genistein. (B) HPLC chromatogram of the soymilk fermented by L. paracasei TK1501. Peaks: retention
time 13.857 min, genistein; retention time 10.985 min, genistin.
Genistein content. Genistein influences diabetes-induced complications without affecting glucose metabolism. The good safety profile of
genistein makes it a candidate for treating diabetes
complications and hyperglycemia [26]. In the present study, L. paracasei TK1501 cultures were
tested for their ability to hydrolyze genistin to bioactive genistein in soymilk. Changes in genistein in
the soymilk were monitored during 24 h of fermentation at 37 °C, and then genistein was quantified as
described in Fig. 3. The genistein content increased
GXULQJ WKH LQFXEDWLRQ IURP  ȝJ J WR
   ȝJ J D -fold increase. The
percent hydrolysis of genistein in soymilk fermented by L. paracasei TK1501 cultures was higher
WKDQWKDW ȝJJRIVDPSOH UHSRUWHG
in previous studies of in soymilk fermented with
Weissella sp. 4 [27].
The above findings justify the increasing interest in the anti-diabetic potential of the high total
phenolic and genistein contents in ferment soymilk

Total phenolic and genistein contents. Total
phenolic contents. The total phenolic contents of
the samples of soymilk extracts were determined
from a gallic acid standard curve and expressed as
GAE/g dry mass. The total phenolic contents of the
freeze-dried fermented soymilk samples were 387.2
mg/100 g and 279.1 mg/100 g without fermentation.
In addition, the antioxidant activities and total phenolic contents of soybean and Kinema were shown
previously to be positively correlated [24]. Thus,
fermented soymilk samples with high phenolic
contents are likely to exhibit good antioxidant activity based on these observations. Daily ingestion
of up to 1 g of phenolic compounds from a diet rich
in fruits and vegetables is known to inhibit carcinogenesis in humans. Tanaka and Chai reported lower phenolic contents (197 mg/100 g) for a soybean
seed extract compared with fermented soybean
products of Doenjang (209 mg/100 g), which further confirms the benefits of fermented products
[25].
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[5] Behloul, N. and Wu, G. (2013) Genistein: a
promising therapeutic agent for obesity and
diabetes treatment. Eur J Pharmacol. 698,
31-38.
[6] Shon, M.Y. (2007) Antioxidant and free radical
scavenging activity of methanol extract of
chungkukjang. J Food Compos Anal. 20,
113-118.
[7] Liu, Z., Li, H., Liu, K., Yu, H., and Cheng, K.
(2017) Design of high-performance water-in-glass evacuated tube solar water heaters
by a high-throughput screening based on machine learning: A combined modeling and experimental study. Solar Energy. 142, 61-67.
[8] McCue, P.P. and Shetty, K. (2005) Phenolic
antioxidant mobilization during yogurt production from soymilk using Kefir cultures. Process
Biochem. 40, 1791-1797.
[9] 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, 11311140.
[10] Sullivan, Å., Palmgren, A-C. and Nord, C.E.
(2001) Effect of Lactobacillus paracasei on
Intestinal Colonisation of Lactobacilli,
Bifidobacteria and Clostridium difficile in Elderly Persons. Anaerobe. 7, 67-70.
[11] Sarker, S.A. (2005) Lactobacillus paracasei
strain ST11 has no effect on rotavirus but ameliorates the outcome of nonrotavirus diarrhea in
children from Bangladesh. Pediatrics. 116,
221-228.
[12] Chiang, S.S. and Pan, T.M. (2012) Beneficial
effects of Lactobacillus paracasei subsp. paracasei NTU 101 and its fermented products.
Appl Microbiol Biot. 93, 903-916.
[13] Zhang, N., Liu, J., Li, J., Chen, C., Zhang, H.,
Wang, H.K. and Lu, F.P. (2016) Characteristics
and Application in Food Preservatives of Lactobacillus plantarum TK9 Isolated from Naturally Fermented Congee. Int J Food Eng. 12,
377-384.
[14] Vinderola, C.G. and Reinheimer, J.A. (2003)

because of their ability to inhibit the oxidative degradation of lipids, which thereby improves the quality and nutritional value of foods. Therefore, it was
considered appropriate to evaluate these specific
compounds, total phenolics and genistein, in depth.
The presence of some specific natural compounds
that effectively protect human health and reduce the
risk of some disease may give fermented soymilk
an important added value.

CONCLUSIONS
In this study, soymilk fermented by L. paracasei TK1501, which was isolated from naturally
fermented congee, was investigated for its anti-diabetic potential. The results showed that the
fermented soymilk exhibited strong inhibitory activities against D-glucosidase and DPP4, and it had
higher total phenolic and genistein contents, which
are indicators of its anti-diabetic potential. Overall,
the soymilk fermented by L. paracasei TK1501
has potential applications as a natural probiotic
food with high nutritional value. Although this
study revealed some important discoveries, one
important future focus of our research is the specific, natural compounds in the soymilk fermented by
L. paracasei TK1501.
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and some tomato species in the world [1]. Adults and
larvae feed on patato leaves, fresh twings and flowers might comletely impair. Many synthetic chemicals are extensively used to control this pest. However, when analyzing previous studies, there is a
great problem in the use of these chemicals due to
their residual toxicity in the post-harvest products
and insecticide resistance. And also synthetic pesticides can cause environmental, soil and water pollution owing to their slow biodegradation in the environment [2, 3]. Therefore, in a natural and safe biopesticides have to be improved for this pest. Thus,
there is an increasing interest in new alternative pesticides, insect growth regulators, fungal pathogens,
toxic natural products such as plant essential oils, extracts and secondary metabolites for pest control in
agricultural production by many researchers [4-14].
The number of studies on plant extracts and oils has
been increasing rapidly in recent years in the world
[15-18]. The natural products are approximately in a
lower degree damaging to environment and mammalian health despite synthetic chemicals [19].
The genus Satureja L. (savory), which is one of
the most important genera belonging to Lamiacaeae
family in Turkey and throughout the world, is frequently used as tea or additives in commercial spice
mixtures of many foods to offer aroma and flavour.
This genus contains 200 species of herbs and shrubs,
often aromatic, widely distributed in the Mediterranean area [20]. In Turkey, there are 15 Satureja species and five of them are endemic [21]. Satureja species are known as µµNHNLN¶¶ µµVLYUL NHNLN¶¶ µµNÕOÕo
NHNLN¶¶µµNHNOLNRWX¶¶µµFDWOÕ¶¶or µµILUXEL¶¶by their
names among people in Anatolia [22]. Because the
essential oils isolated from various Satureja species
have shown antibacterial, fungicidal, antiviral and
insecticidal activities, they can be used as natural
pesticides [23]. The common trait of Satureja species is high rated essential oil containing and main
PDWHULDOVRIWKHLUHVVHQWLDORLOFRPSRQHQWVDUHµ¶FDU
YDFURO¶¶DQGµ¶WK\PRO¶¶ [24]. Insecticidal impact experiments of diverse essential oils and some monoterpenes have been broadly studied against various
insects by many researchers [25, 16, 26].
In the present study, the chemical composition

ABSTRACT
In this study, the toxic effects essential oils obtained from six Satureja species (Satureja cilicica P.
H. Davis, Satureja cuneifolia Ten, Satureja hortensis
L., Satureja spicigera (C. Koch) Boiss., Satureja
thymbra L. and Satureja montana L.) were investigated on the adults and larvae of Colorado potato
beetle (Leptinotarsa decemlineata (Say, 1824)). All
tests were executed in glass petri dishes and vacuum
desiccators including 15 individual for each period
with 3 replicates under laboratory conditions. All
doses of essential oils conducted in the petri dishes
and the desiccators showed that depending on concentration increase and duration of exposure time resulted between 0.0% and 100% toxic effect on the
potato beetle larvae and adults. In petri trials, S.
thymbra essential oil at the doses of 15 and 20 μl per
petri and at the first larvae stage after application of
96 hours gave 100% mortality ratio while S. hortensis and S. spicigera essential oils 20 μl per petri dose
and at the second larvae stage gave 100% toxic effect. The highest dose (20 μl) of essential oils in all
times was found to be effective in both petri dishes
and desiccators experiment. The mortality ratios
were found between 0.0% and 97.7% on all larvae
stages and adults in desiccator experiment using essential oils. Among the tested six oils, S. thymbra essential oil was found to be effective in all searched
biological periods. The results obtained from this
study suggested that the essential oils of tested
Satureja species might have use for L. decemlineata
larvae and adults as bio-larvicides and insecticides.
KEYWORDS:
Essential oil, Leptinotarsa decemlineata, Satureja species,
toxic effect.

INTRODUCTION
The Colorado potato beetle, Leptinotarsa decemlineata (Say, 1824), (Coleoptera: Chrysomelide)
is the most destructive pest in the agricultural fields
and especially is a serious pest of potatoes, eggplants
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SODFHGRQWKH¿OWHUSDSHUDQGμL/mL doses
of the essential oils were sprayed to adults insects by
using spray equipment. The Petri dishes were covered with a lid and transferred into incubator, and
then kept under standard conditions of 25 ± 1ƕC, 64
± 5 relative humidity and 16:8 (light: dark) photoperiod for 4 days. The toxic effects against adults and
larvae were WHVWHGXVLQJȝ/SHWUL-dose of essential oils in the desiccator test. In this method, 5 liters
of vacuum desiccators 250 mm in diameter disinfected with 1 % sodium hypochlorite were placed in
15 larvae and adult individuals of each potato beetle
period. Inside the desiccator, 10 ml of standard glass
tubing was added to 1/3 of pure water, and potato
plant branches were placed in the tubes. Doses of 20
ȝORIHVVHQWLDORLOVGLOXWHGLQWKHVROYHQW-water solution were sprayed at a rate of 2 ml per desiccator and
to completely soak the potato leaves.
The treatments were arranged in a completely
randomized design with three replications including
FRQWUROVÚ,]ROGHVLV(& 'HOWDPHWULQ  DQG
20 μl/petri plates) was used as positive control in the
same above mentioned conditions. After exposure,
the mortality of the adults was counted at 24, 48, 72
and 96 h. Sterile water and Ethanol were used as a
control in the same way. Each experiment was replicated for three times at each dose.

of Satureja cilicica P. H. Davis, S. cuneifolia Ten.,
S. hortensis L., S. spicigera (C. Koch) Boiss, S. thymbra L. and S. montana L. oils were analyzed by GCMS. The aim of this study to determine the toxic effects of essential oils obtained from six Satureja species against the 1st, 2nd, 3rd and 4th instars larvae and
adults of the L. decemlineata in-vivo and in-vitro
conditions.

MATERIALS AND METHODS
Plant materials and isolation of essential oils.
The plants used in this study, Satureja cilicica P. H.
Davis and S. cuneifolia Ten Konya from Selçuklu, S.
hortensis L. IURP(U]XUXPùHQND\D Satureja spicigera (C. Koch) Boiss. from Trabzon Maçka,
Satureja thymbra L. from Antalya Demre and
Satureja montana /IURPø]PLUgGHPLú, were collected during flowering between June and September
in the 2011-2012 years. Collected plant materials
were dried in a shady room and powdered by grinding in the grinder (about 0.100±0.400 mm particle).
The tested plants were identified by Prof. Dr. Yusuf
Kaya, Ataturk University, Faculty of Science, Department of Biology, Erzurum (Turkey). The herbariums of the tested plant specimens, S. cilicica (ATA.
HERB 9845), S. cuneifolia (ATA. HERB 9843), S.
hortensis (ATA. HERB 9842), S. spicigera (ATA.
HERB 9847), S. thymbra (ATA. HERB 9846), and
S. montana (ATA. HERB 9844), have been deposited in the herbarium laboratory of Ataturk University Department of Biology, Faculty of Science, Erzurum. The dried plant samples (500g) were subjected to hydrodistillation by using a Clevenger-type
apparatus for 4 h. The oil yields of S. cilicica, S. cuneifolia, S. hortensis, S. spicigera, S. thymbra and S.
montana were 1.20, 1.50, 2.30, 1.56, 1.17 and 1.28%
(w/w, dry weight basis), respectively. The oils were
dried over anhydrous Na2SO4 and stored under N2 in
a sealed vial until required, and then stored at 4 0C
until used for toxicity bioassays.

Biological material. The adults and larvae of
Leptinotarsa decemlineata were collected from poWDWR¿HOGV 7HSHDQG6|÷WOYLOODJH DWHDVWHUQ$Q
atolia (Erzurum) in Turkey and were reared in laboratory at 25±1ƕC, 64±5 relative humidity in the Department of Plant Protection at Atatürk University.
First, second, third and fourth instar larvae (determined according to their head length and width of the
body) and 3-5 day-old adults were used as test insects and larvae. The cultivation of potato plants was
growned in 25 square meter area belonging to Department of Plant Protection, in Agriculture Faculty,
at Atatürk University and the tested insects and larvae feed on fresh leaves from this field is provided.
Tests were carried out under laboratory conditions.

Bioassays using essential oils. Glass Petri
dishes (9 cm wide×1.5 cm deep, corresponding to
120 ml volume) were used as exposure chambers to
test the toxicity of essential oils of 6 plants against
adults and larvae of Leptinotarsa decemlineata (Say,
1824). The oils were dissolved in Ethanol±water solution (10%, v/v) to determine their contact toxicity
eīects7KH¿QDOFRQFHQWUDWLRQRIWKHWUHDWPHQWVZDV
DQGOPO$¿OWHUSDSHUZDVSODFHGLQERW
tom of each of the Petri dishes (9 cm×1.5 cm deep)
and 15 adults and larvae of L. decemlineata were
SODFHGRQWKLV¿OWHUSDSHUFRQWDLQLQJWKHDSSURSULDWH
amounts of potato leaves. Thus, there was direct contact between the oils and the adults and larvae. The
emulsions were sprayed to Petri dishes (9 cm diamHWHU DQGWZROD\HUVRI¿OWHUSDSHUZHUHSODFHGLQWKH
bottom (1 ml/Petri dish). Afterwards, 15 adults were

Data analysis. The results of mean mortality
were subjected to one-way variance analyses
(ANOVA), using SPSS 17.0 software package.
Diīerences between means were tested through
'XQFDQ¶V WHVW ZDV XVHG IRU FRPSDULVRQ EHWZHHQ
means. Significance of differences between means
were determined at p< 0.01. The median lethal concentration (LD25, LD50 and LD90) values were calculated according to the method of [27]. Probit analysis
of concentration-mortality data was conducted to estimate the LC25,50,90 values and associated 95 % confidence limits for each treatment (EPA Probit Analysis).
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GC-MS analysis. The analyses of the essential
oils performed with a Thermofinnigan Trace
GC/Trace DSQ/A1300 (E.I. Quadrapole) equipped
with a SGE-BPX5 MS fused silica capillary column
PîPPLGILOPWKLFNQHVVȝP )RU
GC±MS detection, an electron impact ionization system with ionization energy of 70 eV was used. Carrier gas was helium at a flow rate of 1 mL/min. Diluted samples (1/100, v/v, in methylene chloride) of
ȝ/ZHUHLQMHFWHGLQWKHVSOLWOHVVPRGH,QMHFWRU
and MS transfer line temperatures were set at 220 ºC

Fresenius Environmental Bulletin

and 290 ºC, respectively. The oven temperature was
programmed from 50 ºC to 150 ºC at 3 °C/min, then
held isothermal for 10 min and finally raised to 250
ºC at 10 °C/min. The components were identified
based on the comparison of their relative retention
time and mass spectra with those of standards,
Wiley7N, TRLIB library data of the GC-MS system
and literature data. The results were also confirmed
by the comparison of the compounds elution order
with their relative retention indices on non-polar
phases reported in the literature [28].

TABLE 1
Major constituents of the essential oils of test plants (Satureja cilicia, S. cuneifolia, S. hortensis,
S. spicigera, S. thymbra and S. montana)
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Constituents
ȕ3LQHQH
S&\PHQH
&LQHROH
] ȕ2FLPHQH
Ȗ 7HUSLQHQH
/LQDORRO
%RUQHRO
7HUSLQHQRO
&DUYDFURO0HWK\O(WKHU
7K\PRO
&DUYDFURO
ȕ%LVDEROHQH
( 3LQRFDUYHRO
1HRGLK\GURFDUYHRO
Į&DSDHQH
ȕ-Bourbonene
Į±*XUMXQHQH
ȕ&DU\RSK\OOHQH
*XDLDGLHQH
Į±+XPXOHQH
$OORDURPDGHQGUHQH
*HUPDFUHQH'
ȕ6HOLQHQH
Į6HOLQHQH
Ȗ$PRUSKHQH
Į&DODFRUHQH
ȕ&DODFRUHQH
6SDWKXOHQRO
9LULGLIORURO
HSLĮ0XXURORO
&DGDOHQH
7ULF\FOHQH
0\UFHQH
Į7HUSLQHQH
= Į%LVDEROHQH
&DU\RSK\OOHQHR[LGH
1.8-Cineole
,VRERUQHRO
Į7KXMHQH
1- Octen-3-ol

Monoterpene hydrocarbon (%)
Oxygenated monoterpenes (%)
Sesquiterpene hydrocarbons (%)
Oxygenated sesquiterpenes (%
Aliphatic compounds
Total identified (%)

S.
cilicia (%)
0.15
7.79
0.28
0.36
0.70
1.83
2.95
0.30
0.29
68.91
0.98
0.91
9.00
75.54
0.91
85.45

S.
S.
cuneifolia (%)
hortensis (%)
0.28
0.12
9.74
7.61
0.33
3.25
72.18
1.09
7.29
0.66
1.25
0.49
0.89
0.93
1.70
11.67
0.38
0.53
17.63
8.15
2.68
35.47
1.21
0.18
3.56
1.21
0.64
0.57
0.19
0.27
0.49
0.13
0.30
Grouped components (%)
0.28
18.42
6.25
79.80
82.48
0.13
5.41
0.30
94.72
98.65

S.
spicigera (%)
4.12
2.58
0.27
0.84
90.25
1.38
0.26
0.14
-

S. thymbra
(%)
21.95
4.40
0.55
3.54
7.98
57.13
0.81
1.26
0.50
0.35
0.44

S. montana
(%)
6.06
11.87
0.90
0.68
0.78
71.31
4.70
0.68
-

6.70
91.76
1.38
99.84

27.20
69.20
2.07
0.44
98.91

18.61
73.67
4.70
2.43
99.41

Identification method: GC, identification based on the tR of authentic compounds on a SGE-BPX5 capillary column; MS, tentative identification based on computer matching of the mass spectra with those listed in the Wiley7N
and TRLIB libraries and published data [28]. tr: Traces (< 0.10%).
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RESULTS AND DISCUSSION

oils of Satureja species, are found in S. cilicia, S.
hortensis, S. spicigera, S. thymbra and S. montana
species, while, ȖDPRUSKHQH *HUPDFUHQH' DQG
 JXDLDGLHQH DPRQJ WKH PDMRU FRPSRQHQWV DUH
RQO\ IRXQG LQ 6 FXQHLIROLD VSHFLHV 7K\PRO DF
FRXQWHGIRUDERXWKLJKHVWFRQFHQWUDWLRQFRPSRQHQWV
RI6FLOLFLDRLOWKHFRQFHQWUDWLRQRIWKLVFRPSRXQG
ZDVVLJQLILFDQWO\ORZHULQ6KRUWHQVLVRLO7KHKLJK
HVWDPRXQWRIFDUYDFUROZDVVKRZQIRU6VSLFLJHUD
6WK\PEUDDQG6PRQWDQDRLOV$WWKHVDPHWLPHWKH
KLJKHVW FRQFHQWUDWLRQ RI SF\PHQH ZDV GHWHUPLQHG
LQ6WK\PEUDRLODFFRUGLQJWRWKHHVVHQWLDORLOVRI6
FLOLFLDDQG6KRUWHQVLV
3UHYLRXV VWXGLHV RQ 6 KRUWHQVLV RLO VKRZ WKDW
FDUYDFURO Ȗ 7HUSLQHQHDQGSF\PHQHZHUHWKHPD
MRUFRPSRXQGV>@,QWKHSUHVHQWVWXG\Lt is seen
that the results of our study are in accordance with
previous studies (Table 1). [30], S. spicigera oil including carvacrol, thymol and SF\PHQHDQG>@6
FXQHLIROLDRLOEHDULQJcarvacrol, thymol,SF\PHQH
Ȗ 7HUSLQHQHOLQDORRODQGERUQHRODVWKHPDLQFRP
SRQHQWV6FXQHLIROLDHVVHQWLDORLOZLWKWKHLQFOXVLRQ
RI carvacrol, SF\PHQH DQG Ȗ 7HUSLQHQH ZHUH WKH
PDLQFRPSRQHQWV>@>@UHSRUWHGWKDWWKHPDMRU
FRQVWLWXHQWVRI6PRQWDQDRLODUHWK\PROFDUYDFURO
SF\PHQHDQG Ȗ 7HUSLQHQH7KHchemical compositions of essential oils obtained from different
Satureja species have been obteined [34, 35] and the
result of are comparable to the current with our results.

Chemical composition of the essential oils.
The GC and GC-MS analysises of the essential oils
admitten the identification of 12, 22, 11, 8, 11 and 9
main constituents making a total of 9%, 0.28%,
18.42%, 6.70%, 27.20% and 18.61% monoterpene
hydrocarbons; 75.54%, 6.25%, 79.80%, 91.76%,
69.20% and 73. 67% oxygenated monoterpenes;
0.91%, 82.48%, 0.13%, 1.38%, 2.07% and 4.70%
sesquiterpene hydrocarbons; 0%, 5.41%, 0.30%, 0%,
0% and 0% oxygenated sesquiterpenes; 0%, 0%, 0%,
0%, 0.4% and 0% aliphatic components, which together accounted for 85.45%, 94.42%, 98.65%,
99.84%, 98.41% and 96.98% of the total detected
constituents of S. cilicia, S. cuneifolia, S. hortensis,
S. spicigera, S. thymbra and S. montana, respectively
(Table 1.) Thymol (68.91%) andSF\PHQH  
ZHUHWKHHVVHQWLDORLOPDMRUFRPSRQHQWVRI6FLOLFLD
RLO7KHmain components of S. cuneifolia oil were Ȗ
$PRUSKHQH  *HUPDFUHQH'  DQG
*XDLDGLHQH  7K\PRO  SF\
PHQH   DQG Ȗ 7HUSLQHQH   ZHUH WKH
PDLQ FRPSRQHQWV RI 6 KRUWHQVLV RLO &DUYDFURO
 DQG   DQG SF\PHQH  DQG
  ZHUH WKH PDMRU FRPSRQHQWV 6 VSLFLJHUD
DQG6WK\PEUDUHVSHFWLYHO\7KHmain components
of S. montana oil were carvacrol (71.31%) and Ȗ 
7HUSLQHQH   Thymol and carvacrol, which
are the main two important components of essential

TABLE 2
Insecticide effects against the 1st instar larvae period of L. decemlineata in-vivo conditions of essential oils
obtained from Satureja species
Essential oils

Dose
ȝOSH
tri)

S. cilicica

10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
20

S. cuneifolia

S. hortensis

S. spicigera

S. thymbra

S. montana
P. Control
(Izoldesis)
Control
(Ethanol+
Sterile Water)

1st INSTAR LARVAE
Mortality% (Mean) ± SE
Exposure time (h)
12
40.0 ± 3,84 b
48.8 ± 3.84cdef
51.1 ± 2.22 def
40.0 ± 3.84 b
44,4 ± 2.22 bcd
48.8 ± 2,22 cdef
42.2 ± 2.22 bc
42.2 ± 4,44 bc
51.1 ± 2.22 def
42.2 ± 2.22 bc
48.8 ± 2.22cdef
57.7 ± 2.22 e
44.4 ± 2.22 bcd
48.8 ± 2.22 cdef
55.5 ± 2.22 fg
42.2 ± 2.22 bc
46.6 ± 3.84 bcde
53.3 ± 0.0 efg
95.5 ± 2.22 e
97.7 ± 2.22 e
100 ± 0.0 e
0.0 ± 0.0 a

24
55.5 ± 5.87 bcd
68.8 ± 2.22 fg
66.6 ± 3.84 efg
51.1 ± 4.44 b
57.7 ± 2.22 bcde
62.2 ± 2.22 cdef
55.5 ± 2.22 bcd
57.7 ± 5.87 bcde
64.4 ± 2.22 defg
57.7 ± 2.22 bcde
60.0 ± 3.84 bcde
71.1 ± 2.22 g
57.7 ± 2.22 bcde
55.5 ± 2.22 bcd
62.2 ± 2.22 cdef
53.3 ± 3.84 bc
60.0 ± 3.84 bcde
68.8 ± 2.22 fg
100 ± 0.0 h
100 ± 0.0 h
100 ± 0.0 h
2.22 ± 1.85 a

48
71.1 ± 5.87 bc
73.3 ± 3.84 bcd
77.7 ± 2.22 cde
66.6 ± 3.84 b
71.1 ± 4.44 bc
75.5 ± 2.22 bcde
75.5 ± 2.22 bcde
73.3 ± 3.84 bcd
75.5 ± 4.44 bcde
68.8 ± 2.22 bc
73.3 ± 3.84 bcd
84.4 ± 2.22 e
71.1 ± 2.22 bc
71.1 ± 4.44 bc
73.3 ± 3.84 bcd
68.8 ± 5.87 bc
68.8 ± 2.22 bc
82.2 ± 2.22 de
100 ± 0.0 f
100 ± 0.0 f
100 ± 0.0 f
4.44 ± 1.85 a

72
86.6 ± 3.84 cde
93.3 ± 3.84 efgh
95.5 ± 2.22 fgh
82.2 ± 4.44 bc
88.8 ± 2.22 cdef
93.3 ± 0.0 efgh
84.4 ± 2.22 bcd
84.4 ± 5.87 bcd
95.5 ± 4.44 fgh
86.6 ± 3.84 cde
86.6 ± 3.84 cde
97.7 ± 2.22 gh
84.4 ± 2.22 bcd
86.6 ± 3.84 cde
91.1 ± 4.44 defg
77.7 ± 2.22 b
86.6 ± 3.84 cde
97.7 ± 2.22 h
100 ± 0.0 h
100 ± 0.0 h
100 ± 0.0 h
6.67 ± 0.0 a

96
88.8 ± 2.22 b
95.5 ± 2.22 cde
97.7 ± 2.22 e
91.1 ± 5.87 bc
93.3 ± 0.0 bcd
93.3 ± 0.0 bcd
91.1 ± 2.22 bc
93.3 ± 3.84 bcd
97.7 ± 2.22 de
95.5 ± 2.22 cde
93.3 ± 3.84 bcd
100 ± 0.0e
95.5 ± 2.22 cde
100 ± 0.0 e
100 ± 0.0 e
93.3 ± 4.44 bcd
95.5 ± 2.22 cde
100 ± 0.0 e
100 ± 0.0 e
100 ± 0.0 e
100 ± 0.0 e
6.67 ± 0.0 a

* Values followed by diīerent letters in the same column diīHUVLJQL¿FDQWO\DW 3DFFRUGLQJWR'XQFDQ
Multiple test. Mean±SE of three replicates, each set up with 15 larvae.

4392

© by PSP

Volume 27 ± No. 6/2018 pages 4389-4401

Fresenius Environmental Bulletin

97.7%) after 48 and 72 hrs of treatment in the 10
μL/petri dose of essential oil of S. spicigera on the
1st larval instar of L. decemlineata. After 96 h of the
treatment, the lowest mortality rate (88.8%) was recorded in the 10 μL/petri dose of essential oil of S.
cilicia, while, the highest mortality rate (100%) was
in the 10 and 20 μL/petri doses of S. thymbra essential oil and in the 20 μL/petri dose essential oils of S.
spicigera and S. montana on the 1st larval instar of L.
decemlineata. However, the mortality rates of
izoldesis using as positive control were established
as 95.5, 97.7 and 100% after 12 h in the 10, 15 and
ȝ/SHWULGRVHVIRUst larval instar of L. decemlineata, respectively. Additionally, the mortality rates
after 24, 48, 72 and 96 hrs of treatment with all doses
DQGȝ/SHWUL RIL]ROGHVLVZHUHIRXQGDV
100% for 1st larval instar of L. decemlineata. No mortality for 1st larval instar of L. decemlineata (except
0.0% 12h; 2.22% 24 h; 4.44% 48 h;6.67% 72 h and
96 h) in the control. The lowest mortality rates were
recorded at the different exposure time (12 and 24
KUV DQGLQWKHVDPHGRVH ȝ/SHWUL RIS. cilicica
ve S. cuneifolia essential oils (33.3 and 44.4%) on
the 2nd larval instar of L. decemlineata (Table 2). In
addition, the lowest mortality rates (55.5, 71.1 and
82.2%, respectively) were found at the 48,72 and 96
hrs of treatment with the 10 ȝ/SHWUL dose for the essential oil of S. cuneifolia on the 1nd larval instar of
L. decemlineata. The highest mortality rate was recorded at the same exposure time (12, 24, 48,72 and
96 hrs) and in the dose (10 ȝ/SHWUL) of S. spicigera

Insecticidal activity essential oils. Toxicity effects of the essensial oils obtained from Satureja cilicia, S. cuneifolia, S. hortensis, S. spicigera, S.
thymbra and S. montana on the 1st, 2nd, 3rd and 4th
instars larvae and adults of the L. decemlineata invivo and in-vitro conditions are summarized in tables
(2,3,4,5,6,7 and 8). The results showed that essential
oils of S. cilicia, S. cuneifolia, S. hortensis, S. spicigera, S. thymbra and S. montana had important
toxic effects on both the larvae and adults of L. decemlineata comparison with the control and pozitive
control (Izoldesis). In common, the mortality increased with increasing doses of the essential oils
and exposure time. According to the results of varience analysis, the lowest mortality rate after 12 h of
treatment in the 10 μL/petri essential oils of S. cilicica and S. cuneifolia was recorded as 40% for the
1st larval instar of L. decemlineata. However, the
highest mortality rate (57.7%) after 12 h of treatment
in the 20 μL/petri was found for S. spicigera against
the 1st larval instar of L. decemlineata (table 2). Although the lowest mortality rate (51.1%) was recorded after 24 h of treatment in the dose of 10 μL/petri of essential oil of S. cuneifolia on the 1st larval instar of L. decemlineata, the highest mortality rate
(68.8%) was for S. cilicia (in 15 μL/petri) and S.
montana (in 20 μL/petri) essential oils. Similarly, the
lowest mortality rates (66.6% and 82.2%) were recorded in the 48 and 72 hrs of treatment in the 10
μL/petri dose of essential oil obtained from S. cuneifolia. But, the highest mortality rates (84.4% and

TABLE 3
Insecticide effects against the 2nd instar larvae period of L. decemlineata in-vivo conditions of essential oils
obtained from Satureja species
Essential oils

S. cilicica

S. cuneifolia
S. hortensis

S. spicigera

S. thymbra

S. montana
P. Control
(Izoldesis)
Control
(Ethanol+Sterile
Water)

Dose
ȝOSHWUL
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20

12
33.3 ± 3.84 b
44.4 ± 2.22 de
55.5 ± 2.22 fg
33.3 ± 3.84 b
40.0 ± 3.84 bcd
42.2 ± 2.22 cde
40.0 ± 3.84 bcd
44.4 ± 2.22 de
55.5 ± 2.22 fg
40.0 ± 2.22 bcd
44.4 ± 2.22 de
57.7 ± 2.22 g
35.5± 2.22 bc
44.4 ± 2.22 de
55.5 ± 2.22 fg
40.0 ± 3.84 bcd
44.4 ± 2.22 de
48.8 ± 2.22 ef
86.6 ± 6.66 h
KÕ
Õ

24
44.4 ± 2.22 b
57.7 ± 2.22 cdef
66.6 ± 3.84 fgh
44.4 ± 5.87 b
51.1 ± 4.44 bcd
53.3 ± 3.84 bcd
53.3 ± 3.84 bcd
55.5 ± 2.22 cde
64.4 ± 2.22 efgh
53.3 ± 3.84 bcd
57.7 ± 2.22 cdef
71.1 ± 2.22 h
51.1 ± 2.22 bcd
57.7 ± 2.22 cdef
66.6 ± 3.84 fgh
48.8 ± 5.87 bc
60.0 ± 3.84 defg
68.8 ± 2.22 gh
Õ
Õ
Õ

20

0.0 ± 0.0 a

2.22 ± 1.85 a

2nd INSTAR LARVAE
Mortality% (Mean) ± SE
Exposure time (h)
48
72
57.7 ± 2.22 bc
77.7 ± 2.22 bcd
68.8 ± 2.22 defg
88.8 ± 2.22 defgh
80.0 ± 3.84 gh
91.1 ± 5.87 efgh
55.5 ± 8.01 b
71.1± 5.87 b
68.8 ± 5.87 defg
84.4 ± 5.87 cdef
86.6 ± 7.69 cdefg
65.1± 7.14 efg
68.8 ± 2.22 defg
82.2 ± 2.22 cdef
68.8 ± 2.22 defg
84.4 ± 2.22 cdef
77.7 ± 2.22 fgh
97.7 ± 2.22 gh
66.6 ± 3.84 cdef
80.0 ±3.84 bcde
73.3 ± 3.84 efg
88.8 ± 4.44 defgh
84.4 ± 2.22 h
97.7 ± 2.22 gh
64.4 ± 2.20 bcde
80.0 ± 3.84 bcde
71.1 ± 2.22 efg
80.0 ± 3.84 bcde
75.5 ± 5.87 efgh
91.1 ± 5.87 efgh
60.0 ± 6.66 bcd
75.5 ±5.87 bc
73.3 ± 3.84 efg
84.4 ± 5.87 cdef
80.0 ± 3.84 h
93.3 ± 3.84 fgh
Õ
100 ± 0.0 h
Õ
100 ± 0.0 h
Õ
100 ± 0.0 h
4.44 ± 1.85 a

6.67 ± 0.0 a

96
91.1 ± 2.22 bcde
95.5 ± 2.22 cde
95.5 ± 4.44 cde
82.2 ± 4.44 b
91.1 ± 5.87 bcde
91.1 ± 5.87 bcde
88.8 ± 2.22 bcd
93.3 ± 3.84 cde
100 ± 0.0e
86.6 ± 3.84 bc
95.5 ± 4.44 cde
100 ± 0.0e
88.8 ± 4.44 bcd
91.1 ± 5.87 bcde
95.5 ± 4.44 cde
88.8 ± 5.87 bcd
91.1 ± 4.44 bcde
97.7 ± 2.22 de
100 ± 0.0 e
100 ± 0.0 e
100 ± 0.0 e
6.67 ± 0.0 a

* Values followed by different letters in the same column diffHUVLJQL¿FDQWO\DW3DFFRUGLQJWR'XQFDQ
Multiple test. Mean±SE of three replicates, each set up with 15 larvae.
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izoldesis were established as 100% for 3rd larval instar of L. decemlineata. No mortality was for 3rd larval instar of L. decemlineata (except for 0.0% 12 h;
2.22% 24 h; 4.44% 48 h and 72; 6.67% 96 h) in the
control (Table 4).
The lowest mortality rates were recorded as
LQWKHKLQGRVHȝ/SHWULDQGLQWKH
 K LQ GRVH  ȝ/SHWUL HVVHQWLDO RLO S. cilicica,
LQWKHKLQGRVHȝ/SHWULHVVHQWLDORLOV
of S. cilicica and S. cuneifolia, 64.4% in the 72 h and
LQKLQGRVHȝ/SHWULHVVHQWLDORLOS. cilicica on the 4th larval instar of L. decemlineata.
Additionally, the highest mortality rates were
IRXQGHGDVDIWHUKLQGRVHȝ/SHWULRIS.
hortensis oil), 66.6%, 24 h, 77.7% 48h, 93.3% 72 h
LQGRVHȝ/SHWULHVVHQWLDORLOS. montana) and as
LQWKHKLQGRVHȝ/SHWULRIS. hortensis,
S. cilicica and S. montana oils) on the 4th larval instar
of L. decemlineata, respevtively. In addition to, the
mortality rates after 12 and 24 hrs were determined
DVȝ/SHWULȝ/SHWUL
ȝ/SHWUL LQWKHDQGȝ/SHWULIRU th larval instar of L. decemlineata, respectively. But after
48, 72 and 96 hrs of treatment with all doses (10, 15
DQGȝ/SHWUL RIL]ROGHsis were as 100%. No mortality for 4th larval instar of L. decemlineata (except
for 0.0% 12h; 2.22% 24 h; 4.44% 48 h and 72; 6.67%
96 h) in the control (Table 5).

essential oil (57.7, 71.1, 84.4, 97.7 and 100%) (Table
2). Besides, the mortality rates of izoldesis using as
positive control were established after 12 h in the 10,
DQGȝ/SHWULGRVHVDVDQGDQG
KLQWKHȝ/SHWULGRVHIRr 2nd larval instar of L. decemlineata, respectively. Additionally,
the mortality rates after 48, 72 and 96 hrs of treatPHQW ZLWK DOO GRVHV   DQG  ȝ/SHWUL  RI
izoldesis were determined as 100% for 2nd larval instar of L. decemlineata. No mortality was fixed for
2nd larval instar of L. decemlineata (except 0.0% 12
h; 2.22% 24 h; 4.44% 48 h;6.67% 72 h and 96 h) in
the control (Table 3).
In comparison with the mortality of six
Satureja species essential oils, the lowest mortality
rates were recorded as 17.7% 12 h and 37.7% 24 h in
the all doses and all times for essential oils S. thymbra on the 3rd larval instar of L. decemlineata. But,
WKHPRUWDOLW\UDWHVRIWUHDWPHQWZLWKWKHȝ/SHWUL
dose for the essential oil of S. cilicica were fixed as
48.8% 48 h, 71.1% 72 h, 82.2% 96 h. In general, the
highest mortality rates after all times of treatment
were recorded using 20 ȝ/SHWUL essential oil of S.
hortensis in comparison with other essential oils on
the 3rd larval instar of L. decemlineata. (Table 3). In
additon to, the mortality rates after 24 (100% in the
15 and 20 ȝ/SHWUL) and 48, 72 and 96 hrs of treatment with all doses (10, 15 and 20 ȝ/SHWUL) of

TABLE 4
Insecticide effects against the 3rd instar larvae period of L. decemlineata in-vivo conditions of essential oils
obtained from Satureja species
Essential oils

S. cilicica

S. cuneifolia

S. hortensis

S. spicigera

S. thymbra

S. montana
P. Control
ø]ROGHVLV
Control
(Ethanol+
Sterile Water)

Dose
ȝOSHWUL
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
20

12
26.6 ± 3.84 cd
40.0 ± 3.84 fgh
KÕM
24.4 ± 2.22 bc
31.1 ± 2.22 cde
40.0 ± 2.22 fgh
33.3 ± 3.84 def
JKÕ
51.1 ± 2.22 j
26.6 ± 3.84 cd
37.7 ± 4.44 efg
JKÕ
17.7 ± 2.22 b
37.7 ± 2.22 efg
51.1 ± 2.22 j
35.5 ± 2.22 efg
40.0 ± 2.22 fgh
ÕM
95.5 ± 4.44 k
97.7 ± 2.22 k
100 ± 0.0 k
0.0 ± 0.0 a

24
37.7 ± 2.22 b
53.3 ± 3.84 fg
55.5 ± 5.87 gh
40.0 ± 3.84 bc
42.2 ± 4.44 bcd
48.8 ± 4.44 defg
46.6 ± 3.84 cdef
55.5 ± 2.22 gh
KÕ
37.7 ± 2.22 b
51.1 ± 2.22 efg
55.5 ± 2.22 gh
37.7 ± 2.22 b
51.1 ± 2.22 efg
Õ
44.4 ± 2.22 bcde
53.3 ± 3.84 fg
Õ
97.7 ± 2.22 j
100 ± 0.0 j
100 ± 0.0 j
2.2 ± 1.85 a

3rd INSTAR LARVAE
%Mortality(Mean) ± SE
Exposure time (h)
48
72
48.8 ± 2.22 b
71.1 ± 2.22 b
HIJKÕ
86.6 ± 3.87 def
JKÕM
86.6 ± 3.87 def
53.3 ± 3.84 bc
73.3 ± 3.87 bc
53.3 ± 6.66 bc
73.3 ± 6.66 bc
64.4 ± 5.87 defgh
84.4 ± 5.87 cdef
60.0 ± 3.84 cdef
80,0 ± 3.87 bcdef
IJKÕM
82.2 ± 2.22 bcdef
77.7 ± 2.22 j
91.1 ± 2.22 fg
62.2 ± 2.22 cdefg
80.0 ± 3.84 bcdef
64.4 ± 2.22 defgh
82.2 ± 2.22 bcdef
IJKÕM
88.8 ± 2.22 ef
55.5 ± 2.22 bcd
73.3 ± 3.84 bc
64.4 ± 2.22 defgh
77.7 ± 2.22 bcde
KÕM
91.1 ± 5.87 fg
57.7 ± 2.22 bcde
75.5 ± 5.87 bcd
HIJKÕ
82.2 ± 5.87 bcdef
ÕM
91.1 ± 5.87 fg
100 ± 0.0 k
100 ± 0.0 g
100 ± 0.0 k
100 ± 0.0 g
100 ± 0.0 k
100 ± 0.0 g
4.44 ± 1.85 a
4.44 ± 1.85 a

96
82.2 ± 2.22 b
95.5 ± 2.22 efg
91.1 ± 4.44 cdef
84.4 ± 4.44 bc
84.4 ± 5.87bc
95.5 ± 2.22 efg
88.8 ± 2.22 bcde
95.5 ± 2.22 efg
97.7 ± 2.22 fg
88.8 ± 2.22 bcde
91.1 ± 2.22 cdef
95.5 ± 2.22 efg
86.6 ± 3.84 bcd
91.1 ± 2.22 cdef
97.7 ± 2.22 fg
88.8 ± 5.87 bcde
93.3 ± 3.84 defg
95.5 ± 4.44 efg
100 ± 0.0 g
100 ± 0.0 g
100 ± 0.0 g
6.67 ± 0.0 a

* Values followed by different letters in the same column diffHUVLJQL¿FDQWO\DW3DFFRUGLQJWR'XQFDQ
Multiple test. Mean±SE of three replicates, each set up with 15 larvae.
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TABLE 5
Insecticide effects against the 4th instar larvae period of L. decemlineata in-vivo conditions of essential oils
obtained from Satureja species

Essential oils

S. cilicica

S. cuneifolia

S. hortensis

S. spicigera

S. thymbra

S. montana
P. Control
ø]ROGHVLV
Control (Ethanol+Sterile Water)

Dose
ȝOSHWUL
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
20

12
20.0 ± 3.87 b
28.8 ± 2.22 cde
42.2 ± 2.22 gh
22.2 ± 2.22 bc
33.3 ± 3.84 def
40.0 ± 3.84 fgh
35.5 ± 2.22 efg
KÕ
Õ
26.6 ± 3.84 bcd
40.0 ± 3.84 fgh
KÕ
22.2 ± 2.22 bc
33.3 ± 3.84 def
KÕ
26.6 ± 3.84 bcd
40.0 ± 3.84 fgh
KÕ
93.3 ± 3.84 j
95.5 ± 2.22 j
97.7 ± 2.22 j
0.0 ± 0.0 a

4 th INSTAR LARVAE
Mortality%(Mean) ± SE
Exposure time (h)
24
48
72
37.7 ± 2.22 b
55.5 ± 2.22 bcd
73.3 ± 3.84 bc
40.0 ± 3.84 bc
57.7 ± 4.44 bcde
77.7 ± 4.44 cde
57.7 ± 2.22 ef
73.3 ± 3.84 gh
88.8 ± 4.44 ef
35.5 ± 2.22 b
51.1 ± 2.22 b
71.1 ± 2.22 bc
46.6 ± 3.84 cd
60.0 ± 3.84 bcdef
82.2 ± 2.22 cde
51.1 ± 5.87 def
62.2 ± 8.01 cdef
82.2 ± 8.01 cde
48.8 ± 2.22 de
62.2 ± 2.22 cdef
75.5 ± 2.22 cd
55.5 ± 2.22 def
66.6 ± 3.84 efg
77.7 ± 5.87 cde
55.5 ± 2.22 def
68.8 ± 2.22 fgh
86.6 ± 3.84 def
37.7 ± 4.44 b
53.3 ± 3.84 bc
71.1 ± 4.44 bc
48.8 ± 2.22 de
62.2 ± 2.22 cdef
75.5 ± 2.22 cd
48.8 ± 4.44 de
66.6 ± 3.84 efg
86.6 ± 3.84 def
37.7 ± 2.22 b
60.0 ± 6.66 bcdef
75.5 ± 5.87 cd
53.3 ± 3.84 def
64.4 ± 2.22 defg
77.7 ± 5.87 cde
60.0 ± 3.84 fg
73.3 ± 3.84 gh
86.6 ± 3.84 def
35.5 ± 2.22 b
51.1 ± 2.22 b
64.4 ± 2.22 b
53.3 ± 3.84 def
66.6 ± 3.84 efg
80.0 ± 3.84 cde
77.7 ± 5.87 h
93.3 ± 3.84 fg
66.6 ± 3.84 g
97.7 ± 2.22 h
Õ
100 ± 0.0 g
100 ± 0.0 h
Õ
100 ± 0.0 g
100 ± 0.0 h
Õ
100 ± 0.0 g
2.22 ± 1.85 a
2.22 ± 1.85 a
4.44 ± 1.85 a

96
86.6 ± 3.84 bcd
91.1 ± 4.44 def
97.7 ± 2.22 ef
88.8 ± 4.44 cde
95.5 ± 2.22 def
88.8 ± 8.01 cde
91.1 ± 2.22 def
93.3 ± 3.84 def
97.7 ± 2.22 ef
80.0 ± 3.84 bc
88.8 ± 2.22 cde
95.5 ± 2.22 def
88.8 ± 2.22 cde
91.1 ± 5.87 def
95.5 ± 4.44 def
77.7 ± 2.22 b
93.3 ± 3.84 def
97.7 ± 2.22 ef
100 ± 0.0 f
100 ± 0.0 f
100 ± 0.0 f
4.44 ± 1.85 a

* Values followed by different letters in the same column diffHUVLJQL¿FDQWO\DW3DFFRUGLQJWR'XQFDQ
Multiple test. Mean±SE of three replicates, each set up with 15 larvae.
TABLE 6
Insecticide effects against adults of the period L. decemlineata in-vivo conditions of essential oils obtained
from Satureja species

Essential Oils

S. cilicica

S. cuneifolia

S. hortensis

S. spicigera

S. thymbra

S. montana
P. Control
(Izoldesis)
Control
(Ethanol+
Sterile Water)

Dose
ȝOSHWUL
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
20

12
13.3 ± 3.84 def
13.3 ± 3.84 def
15.5 ± 4.44 def
4.44 ± 2.22 abc
8.89 ± 2.22 bcd
17.7 ± 2.22 efg
2.22 ± 2.22 ab
4.44 ± 2.22 abc
8.89 ± 2.22 bcd
13.3 ± 3.84 def
24.4 ± 2.22 gh
KÕ
20.0 ± 3.84 fg
24.4 ± 2.22 gh
Õ
11.1 ± 2.22 cde
13.3 ± 3.84 def
17.7 ± 2.22 efg
93.3 ± 3.84 j
97.7 ± 2.22 j
100 ± 0.0 j
0.0 ± 0.0 a

ADULT PERIOD
Mortality% (Mean) ± SE
Exposure time (h)
24
48
72
22.2 ± 5.87 c
40.0 ± 4.44 bc
57.7 ± 2.22 bc
28.8 ± 2.22 cde
48.8 ± 2.22 cde
64.4 ± 2.22 cde
28.8 ± 4.44 cde
55.5 ± 8.01 ef
73.3 ± 6.66 fgh
13.3 ± 3.84 b
35.5 ± 4.44 b
55.5 ± 4.44 b
20.0 ± 3.84 bc
40.0 ± 3.84 bc
60.0 ± 3.84 bcd
26.6 ± 3.84 cde
48.8 ± 5.87 cde
68.8 ± 2.22 efg
28.8 ± 2.22 cde
42.2 ± 2.22 bcd
62.2 ± 2.22 bcd
28.8 ± 3.84 cde
42.2 ± 4.44 bcd
64.4 ± 2.22 cde
35.5 ± 2.22 ef
60.0 ± 3.84 f
75.5 ± 2.22 gh
26.6 ± 3.84 cde
37.7 ± 4.44 b
55.5 ± 2.22 b
33.3 ± 3.84 def
44.4 ± 4.44 bcd
60.0 ± 2.22 bcd
40.0 ± 3.84 f
51.1 ± 4.44 def
68.8 ± 2.22 efg
42.2 ± 5.87 fg
57.8 ± 4.44 ef
73.3 ± 3.84 fgh
48.8 ± 5.87 g
60.0 ± 3.84 f
77.7 ± 2.22 h
57.7 ± 4.44 h
71.1 ± 4.44 g
Õ
24.4 ± 2.22 cd
40.0 ± 3.84 bc
57.7 ± 2.22 bc
28.8 ± 2.22 cde
44.4 ± 2.22 bcd
66.6 ± 3.84 def
35.5 ± 2.22 ef
51.1 ± 2.22 def
73.3 ± 3.84 fgh
Õ
100 ± 0.0 h
100 ± 0.0 j
Õ
100 ± 0.0 h
100 ± 0.0 j
Õ
100 ± 0.0 h
100 ± 0.0 j
0.0 ± 0.0 a
0.0 ± 0.0 a
0.0 ± 0.0 a

96
73.3 ± 3.84 cd
80.0 ± 3.84 def
84.4 ± 5.87 efg
80.0 ± 3.84 def
86.6 ± 3.84 efg
86.6 ± 3.84 efg
77.7 ± 4.44 de
84.4 ± 2.22 efg
JKÕ
62.2 ± 2.22 b
68.8 ± 4.44 bc
80.0 ± 3.84 def
86.6 ± 3.84 efg
88.8 ± 4.44 fgh
KÕ
80.0 ± 3.84 def
86.6 ± 3.84 efg
88.8 ± 4.44 fgh
Õ
Õ
Õ
0.0 ± 0.0 a

* Values followed by different letters in the same column diffHUVLJQL¿FDQWO\DW3DFFRUGLQJWR'XQFDQ
Multiple test. Mean±SE of three replicates, each set up with 15 adults.
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TABLE 7
In vitro conditions of essential oils obtained from Satureja species LD25, LD50 and LD90 values against
adult and four larval stages of L. decemlineata
Essential oils
S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana

LD25
1.921
0.002
0.885
0.519
0.091
0.519

Essential oils
S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana

LD25
0.257
0.864
2.972
3.818
0.514
1.356

Essential oils
S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana

LD25
1.083
1.294
1.921
0.063
2.044
0.650

Essential oils
S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana

LD25
2.044
0.000
0.885
2.788
0.514
4.499

Essential oils
S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana

LD25
0.990
0.245
2.380
2.709
1.818
0.657

1st INSTAR LARVAE
LD50
LD90
3.453
10.519
0.031
7.091
2.023
9.725
1.271
6.986
0.322
3.540
1.271
6.986
2nd INSTAR LARVAE
LD50
LD90
0.857
8.450
2.374
16.208
4.649
10.876
5.500
11.005
1.506
11.613
2.827
11.423
3rd INSTAR LARVAE
LD50
LD90
2.635
14.262
3.065
15.764
3.453
10.519
0.369
10.489
3.787
12.219
1.719
10.921
4th INSTAR LARVAE
LD50
LD90
3.787
12.219
0.000
5.159
2.023
9.725
4.963
14.840
1.506
11.613
6.540
13.313
ADULT PERIOD
LD50
LD90
3.301
32.545
1.242
27.052
4.748
17.640
6.823
39.455
3.562
12.781
2.188
21.498

Ȝ2
3.575
3.971
5.123
7.998
5.820
7.998

Slope (±SE)
2.649 ± 1.426
0.544 ± 0.818
1. 879 ± 0.575
1.732 ± 0.181
1.212 ± 0.605
1.732 ± 0.181

Ȝ2
6.334
9.112
5.647
7.520
10.010
8.007

Slope (±SE)
1.289 ± 0.086
1.536 ± 0.577
3.472 ± 2.317
4.255 ± 3.150
1.444 ± 0.257
2.113 ± 0.954

Ȝ2
5.920
6.889
3.575
2.901
3.764
9.477

Slope (±SE)
1.747 ± 0.735
1.802 ± 0.876
2.649 ± 1.426
0.882 ± 0.382
2.519 ± 1.456
1.596 ± 0.375

Ȝ2
5.925
11.692
5.123
2.375
8.724
4.455

Slope (±SE)
2.519 ± 1.456
0.149 ± 1.176
1.879 ± 0.575
2.694 ± 1.874
1.444 ± 0.257
4.151 ± 3.386

Ȝ2
3.877
3.282
3.582
2.129
6.126
3.832

Slope (±SE)
1.290 ± 0.669
0.958 ± 1.052
2.248 ± 1.521
1.681 ± 1.402
2.310 ± 1.274
1.291 ± 0.439

Ȝ2: Chi-square value LD: μl/insect
calculated for 1st, 2nd, 3rd and 4th instars larvae and
adults of the L. decemlineata. According to LD values, although the lowest toxic effects (LD25, LD50
and LD90) were found for S. cilicica oil on the1st instar larvae of L. decemlineata, the most toxicity effects was determined as 0.002 and 0.031 (LD25 and
LD50) for S. cuneifolia oil, respectively.
However, the lowest toxic effect was appointed
for the essential oil S. cuneifolia as 16.208 in the
LD90 value on the 2nd instar larvae of L. decemlineata. But, the highest toxicity effect was found for the
essential oil of S. cilicica as 0.257, 0.857 and 8.450
(LD25, LD50 and LD90, respectively) on the 2nd instar
larvae of L. decemlineata. Similarly, the lowest toxic
effect fixed for the essential oil S. cuneifolia as
15.764 in the LD90 value on the 3rd instar larvae of L.
decemlineata. However, the highest toxicity effect
was established for the essential oil of S. spicigera as
0.063, 0.369 and 10.489 (LD25, LD50 and LD90, respectively) on the 3rd instar larvae of L. decemlineata. Likewise, the lowest toxic effect found for the

The lowest mortality rate was recorded as
LQWKHGRVHRIȝ/SHWULDIWHUKIRUS. hortensis oil. In addition to, the lowest mortality rates in
the same dose and different times were recorded
as13.3% 24 h, 35.5% 48 h, 55.5% 72 h for S. cuneifolia oil) and after 96 h of S. spicigera oil as 62.2%
for adults of L. decemlineata. Similarly, the highest
mortality rates at different exposure times were
found as 35.5% 12 h, 57.7% 24 h, 71.1% 48 h, 86.6%
 K DQG  K LQ WKH ȝ/SHWUL GRVH RI S.
thymbra oil for adults of L. decemlinea, respectively.
On the other hand, the mortality rates after 12 h
  ȝ/SHWUL   ȝ/SHWUL  
ȝ/SHWUL DQGK ȝ/SHWULLQWKH
DQGȝ/SHWUL DQGDQGKRIWUHDWPHQW
ZLWKDOOGRVHV DQGȝ/SHWUL of izoldesis
were found as 100% for adults of L. decemlineata.
However, there was no mortality adults of L. decemlineata in the control grups during the test period.
(Table 6).
The LD25, LD50 and LD90 values after 96 h were
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20.0% at 12h of the treatment, 40.0% at 24 h, 71.1%
at 48 h, 86.6% at 72 h and 95.5% at 96 h in the 20
ȝ/SHWUL dose of S. thymbra oil on the 3rd larval instar
of L. decemlineata. Besides, the mortality rates of
izoldesis were found DV  LQ WKH  ȝ/SHWUL
dose of the treatment after 12h and 24hrs, and as 100
LQWKHȝ/SHWULGRVHRIWKHWUHDWPHQWDIWHU
72 and 96 hrs for 3rd larval instar of L. decemlineata.
No mortality for 3rd larval instar of L. decemlineata
in the control (Table 8).
The minimum mortality rates were recorded as
0.0% in the  ȝ/SHWUL GRVH RI S. cilicica and S.
montana at 12 h of the treatment; 20.0% in the 20
ȝ/SHWUL dose of essential oil S. cilicica at 24 h of the
treatment; 37.7% in the 20 ȝ/SHWUL dose of essential
oil S. cuneifolia 72 h of the treatment and 73.3% in
the 72 h and 86.6% in the 96 h in the dose of 20
ȝ/SHWUL essential oil S. hortensis on the 4th larval instar of L. decemlineataøQDGGLWLRQWRthe mortality
rates after 97.7% at 12h and 24hrs and 100% at 48h,
72h and 96 hrs in the 20 ȝ/SHWUL dose of the treatment izoldesis were found as for 4th larval instar of
L. decemlineata. No mortality for 4th larval instar of
L. decemlineata in the control (Table 8).
The minimum mortality rates were recorded as
 LQ WKH  ȝ/SHWUL GRVH RI S. cilicica and S.
montana at 12 h of the treatment; 6.66 % in the 20
ȝ/SHWUL dose of essential oil S. cilicica at 24 h of the
treatment; 24.4% at 48 h; 40.0% at 72 h; 51.1% at 96
h in the 20 ȝ/SHWUL dose of essential oil S. montana
on the adults of L. decemlineata. Additionally, the
mortality rates after 93.3% at 12 h; 95.5% at 24 h;
100% 48 h, 72 h and 96 hrs in dose of 20 ȝ/SHWUL of
izoldesis were found as for adults of L. decemlineata.
No mortality for adults of L. decemlineata in the control (Table 8).
Previous authors reported that the essential oils
obtained from 14 plant species had toxic at different
doses on adults of L. decemlineata [36]. In this study,
we have found that six Satureja species oils have an
insecticidal effect (between 2.22 and 97.7%) in all
the exposure times (at 12, 24, 48, 72 and 96 hrs) and
WUHDWPHQW GRVHV LQ WKH   DQG  ȝ/SHWUL  on
adults of L. decemlineata (Table 5).
It was stated that the essential oils of 6 plant
species had an insecticidal effect on 4th larval instar
and adults of L. decemlineata [37]. The same researchers stated that the most efficient essential oil
on the 4th larval instar and adults of L. decemlineata
was S. khuzistanica (LC50 = 23.36 and 167.96 ppm,
respectively). In the present study, we have determined that the most effective oil on the 4th larval instar and adults of L. decemlineata was S. cuneifolia
oil (LD50=0.00 and 1.242 ppm, respectively) (Table
7).
In a previous study, it was found that the essential oils of eight plant species had an insecticidal effect on adults of L. decemlineata [38]. In addition to,
it was reported that O. onites essential oil had a toxic
effect at different doses and times on 4th and 5th instar

essential oil S. spicigera as 14.840 in the LD90 value
on the 4th instar larvae of L. decemlineata, while the
most toxicity effects for the essential oil of S. cuneifolia as 0.000 (LD25 and LD50, respectively). In the
same way, the lowest toxic effect was found for the
essential oil of S. thymbra as 39.455 in the LD90
value on the adults of L. decemlineata and the highest toxicity effect was determined as 0.245 in the
value using the essential oil of S. cuneifolia on the
adults of L. decemlineata (Table 7)
On the other hand, the maximum toxicity rates
were found in higher doses and longer exposure
times of the desiccator experiments on 1st, 2nd, 3rd and
4th instars larvae and adults of the L. decemlineata
when compared with the control and pozitive control
(Izoldesis). The analysis of variance demonstrates
that the lowest mortality rates were recorded (after
12 h 100% in the 20 ȝ/SHWUL dose of S. cilicica essential oil), (after 24 h 24.4 % in the 20 ȝ/SHtri dose
of S. cuneifolia and S. montana essential oils) and
(after 48 h 44.4%; 72 h 73.3%; 96 h 84.4% in the 20
ȝ/SHWUL dose of S. cuneifolia essential oil)). But, the
highest mortality rates were ( (12 h 22.2% in the 20
ȝ/SHWUL dose of S. thymbra essential oil), (24 h
42.2% in the 20 ȝ/SHWUL dose of S. thymbra and S.
spicigera essential oils), (48 h 75.5% and 72 h 93.3%
in the 20 ȝ/SHWUL dose of S. thymbra essential oil)
and (96 h 97.7% in the 20 ȝ/SHWUL dose of S. hortensis, S. thymbra and S. montana essential oils)) on the
1st larval instar of L. decemlineata. In addition to, the
mortality rates (after 12h and 24 h 97.7%) and (after
48h, 72h and 96h 100% ) doses of 20 ȝ/SHWUL izoldesis were found for 1st larval instar of L. decemlineata.
However, no mortality for 1st larval instar of L. decemlineata in the control (Table 8).
The minimum mortality rates were recorded as
8.88% in the 20 ȝ/SHWUL dose of S. hortensis and S.
cilicica essential oils after 12 h, 22.2% in the 20
ȝ/SHWUL dose of S. cilicica essential oil after 24 h ,
(46.6% in the 20 ȝ/SHWUL dose of S. cuneifolia essential oil after 48 h, and 66.6% in the 72 h and 80.0%
in 96 h in dose of 20 ȝ/SHWUL of S. cuneifolia essential oil on the 2nd larval instar of L. decemlineata. Additionally, the highest mortality rates were founded
(17.7% after 12 h and in the dose 20 ȝ/SHWUL of S.
spicigera essential oil), (46.6%, 24 h; 73.3% ,48h;
91.1%, 72 h; 97.7%, 96h in the 20 ȝ/SHWUL of S.
thymbra essential oil) on the 2nd larval instar of L. decemlineata. Furthermore, the mortality rates after
12h (97.7% in dose 20 ȝ/SHWUL) 24, 48, 72 and 96 h
(100 % in dose 20 ȝ/SHWUL) of izoldesis were recorded for 2nd larval instar of L. decemlineata. No
mortality for 2nd larval instar of L. decemlineata in
the control (Table 8).
The minimum mortality rates were recorded as
0.0% in the 20 ȝ/SHWUL dose of S. cilicica oil at 12 h
of the treatment; 22.2% at 24 h, 44.4% at 48 h, 66.6%
at 72 h and 82.2% at 96 h in the 20 ȝ/SHWUL dose of
S. cuneifolia oil) on the 3rd larval instar of L. decemlineata. The highest mortality rates were fixed as
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TABLE 8
Insecticide effects of L. decemlineata against adult and four larval stages with desiccator (In-vitro) tests of
essential oils obtained from Satureja species
Essential oils

S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana
3& ø]ROGHVLV
Control

12
8.88 ± 2.22 b
11.1 ± 2.22 b
11.1 ± 2.22 b
20.0 ± 4.44 c
22.2 ± 2.22 c
11.1 ± 2.22 b
97.7 ± 2.22 d
0.0 ± 0.0 a

Essential oils

S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana
3& ø]ROGHVLV
Control

12
8.88 ± 2.22 b
11.1 ± 2.22 b
8.88 ± 2.22 b
17.7 ± 2.22 c
15.5 ± 2.22 bc
11.1 ± 2.22 b
97.7 ± 2.22 d
0.0 ± 0.0 a

Essential oils

S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana
3& ø]ROGHVLV
Control

12
0.0 ± 0.0 a
11.1 ± 2.22 b
2.22 ± 2.22 a
17.7 ± 2.22 c
20.0 ± 3.84 c
4.44 ± 2.22 a
97.7 ± 2.22 d
0.0 ± 0.0 a

1st INSTAR LARVAE
Mortality% (Mean) ± SE
Exposure Time (h)
24
48
26.6 ± 3.84 b
48.8 ± 4.44 bc
24.4 ± 2.22 b
44.4 ± 2.22 b
26.6 ± 3.84 b
55.5 ± 2.22 c
42.2 ± 4.44 c
53.3 ± 3.84 bc
42.2 ± 2.22 c
75.5 ± 2.22 d
24.4 ± 2.22 b
53.3 ± 3.84 bc
97.7 ± 2.22 d
100 ± 0.0 e
0.0 ± 0.0 a
0.0 ± 0.0 a
2nd INSTAR LARVAE
Mortality% (Mean) ± SE
Exposure Time (h)
24
48
22.2 ± 2.22 b
55.5 ± 2.22 bc
24.4 ± 2.22 b
46.6 ± 3.84 b
28.8 ± 2.22 b
55.5 ± 2.22 bc
42.2 ± 2.22 c
66.6 ± 3.84 de
46.6 ± 3.84 c
73.3 ± 3.84 e
24.4 ± 2.22 b
57.7 ± 5.87 cd
100 ± 0.0 d
100 ± 0.0 f
0.0 ± 0.0 a
0.0 ± 0.0 a
3rd INSTAR LARVAE
Mortality% (Mean) ± SE
Exposure Time (h)
24
48
17.7 ± 2.22 b
51.1 ± 2.22 b
22.2 ± 2.22 bc
44.4 ± 4.44 b
26.6 ± 3.84 bc
51.1 ± 2.22 b
26.6 ± 3.84 bc
68.8 ± 2.22 c
40.0 ± 3.84 d
71.1 ± 5.87 c
28.8 ± 2.22 c
51.1 ± 4.44 b
97.7 ± 2.22 e
100 ± 0.0 d
0.0 ± 0.0 a
0.0 ± 0.0 a

Essential oils

S. cilicica
S. cuneifolia
S. hortensis
S. spicigera
S. thymbra
S. montana
3& ø]ROGHVLV
Control

12
0.0 ± 0.0 a
15.5 ± 2.22 b
6.66 ± 3.84 a
4.44 ± 4.44 a
22.2 ±2.22bc
0.0 ± 0.0 a
97.7 ± 2.22 c
0.0 ± 0.0 a

24
20.0 ± 0.0 b
22.2 ± 2.22 b
24.4 ± 4.44 b
28.8 ± 2.22 bc
37.7 ± 5.87 c
35.5 ± 2.22 c
97.7 ± 2.22 d
0.0 ± 0.0 a

Essential oils

S. cilicica
S. cuneifolia

12
0.0 ± 0.0 a
4.44 ± 2.22 a

24
6.66 ± 3.84 ab
13.3 ± 3.84 bc

S.hortensis
S. spicigera
S. thymbra

6.66 ± 3.84 a
4.44 ± 2.22 a
4.44 ± 2.22 a

17.7 ± 4.44 c
13.3 ± 3.84 bc
13.3 ± 3.84 bc

S. montana
P.C. (Izoldesis)
Control

0.0 ± 0.0 a
93.3 ± 3.84 b
0.0 ± 0.0 a

8.88 ± 2.22 ab
95.5 ± 2.22 d
0.0 ± 0.0 a

72
77.7 ± 5.87 bc
73.3 ± 3.84 b
88.8 ± 2.22 cd
86.6 ± 6.66 cd
93.3 ± 4.44 de
91.1 ± 2.22 de
100 ± 0.0 e
0.0 ± 0.0 a

96
93.3 ± 3.84 c
84.4 ± 2.22 b
97.7 ± 2.22 c
93.3 ± 3.84 c
97.7 ± 2.22 c
97.7 ± 2.22 c
100 ± 0.0 c
0.0 ± 0.0 a

72
75.5 ± 5.87 bcd
66.6 ± 3.84 b
71.1 ± 4.44 bc
86.6 ± 3.87 de
91.1 ± 4.44 ef
80.0 ± 3.84 cde
100 ± 0.0 f
0.0 ± 0.0 a

96
91.1 ± 4.44cde
80.0 ± 3.84 b
86.6 ± 3.84 bc
93.3 ± 3.84 def
97.7 ± 2.22 de
88.8 ± 4.44bcd
100 ± 0.0 e
0.0 ± 0.0 a

72
80.0 ± 3.84 c
66.6 ± 3.84 b
75.5 ± 4.44 bc
84.4 ± 4.44 c
86.6 ± 3.84 c
77.7 ± 4.44 bc
100 ± 0.0 d
0.0 ± 0.0 a

96
88.8 ± 5.87 bc
82.2 ± 2.22 b
93.3 ± 3.84 cd
93.3 ± 3.84 cd
95.5 ± 2.22 cd
93.3 ± 3.84 cd
100 ± 0.0 d
0.0 ± 0.0 a

4th INSTAR LARVAE
Mortality% (Mean) ± SE
Exposure Time (h)
48
72
48.8 ± 2.22 c
75.5 ± 2.22 bc
37.7 ± 2.22 b
84.4 ± 2.22 cde
48.8 ± 5.87 c
73.3 ± 3.84 b
66.6 ± 3.84 d
86.6 ± 3.84 de
57.7 ± 4.44 cd
91.1 ± 4.44 ef
53.3 ± 3.84 c
80.0 ± 3.84 bcd
100 ± 0.0 e
100 ± 0.0 f
0.0 ± 0.0 a
0.0 ± 0.0 a
ADULT PERIOD
Mortality% (Mean) ± SE
Exposure Time (h)
48
72
26.6 ± 3.84 bc
40.0 ± 3.84 b
31.1 ± 5.87
44.4 ± 5.87 bc
bcd
40.0 ± 6.66 cd
55.5 ± 5.87 cd
42.2 ± 5.87 d
60.0 ± 8.01 d
35.5 ± 2.22
55.5 ± 4.44 cd
bcd
24.4 ± 4.44 b
40.0 ± 3.84 b
100 ± 0.0 e
100 ± 0.0 d
0.0 ± 0.0 a
0.0 ± 0.0 a

96
88.8 ± 2.22 bc
93.3 ± 0.0 bcd
86.6 ± 3.84 b
93.3 ± 3.84bcd
95.5 ± 2.22 cd
88.8 ± 2.22 bc
100 ± 0.0 d
0.0 ± 0.0 a

96
57.7 ± 2.22 bc
51.1 ± 4.44 b
66.6 ± 3.84 cd
66.6 ± 3.84 cd
75.5 ± 5.87 d
51.1 ± 5.87 b
100 ± 0.0 e
0.0 ± 0.0 a

* Values followed by different letters in the same column diffHUVLJQL¿FDQWO\DW3DFFRUGLQJWR'XQFDQ
Multiple test. Mean±SE of three replicates, each set up with 15 adults.
larvae of Thaumetopoea wilkinsoni [39]. In the current study, we have found that Satureja species oils
have a larvicidal effect in all the exposure times (12,

24, 48, 72 and 96 hrs) and treatment doses (10, 15
DQGȝ/SHWUL ZLWKmortality rates (between 17.7
and 100%) on the 1st, 2nd,3rd and 4th instar larvae of
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reason, it can be suggested that the essential oils obtained from these Satureja species can be noted as
potential alternatives to control against the all the instar larvae and adults of L. decemlineata and natural
crop protectans. But, further studies need to be diverted to evaluate the cost and safety of these reagents.

L. decemlineata. (Table 2, 3, 4 and 5). Previous studies showed that the extracts obtained from S. officinalis and R. officinalis had an insecticidal effect between 85.9 and 97.5% mortality rates under field and
laboratory conditions on adults of L. decemlineata
[40]. In our desiccator work, it was determined that
the essential oils obtained from Satureja species
have an important insecticidal effect in all exposure
WLPHVDQGWUHDWPHQWGRVHRI ȝ/SHWUL EHWZHHHQ
0.0 % and 75.5 % the mortality rates on the adults of
L. decemlineata (Table 8).
The essential oils obteined from three different
plant species had a strong insecticidal activity under
desiccator conditions on adults of Tiribolium confusum and Sitophilus granarius [41]. In our study,
we found that the essential oils obtained from six
Satureja species have a larvicidal effects all the exposure times and treatment (20 ȝ/SHWUL) between
8.88% and 97.7% of the mortality rates on the 1st and
2nd instar larvae of L. decemlineata (Table 8).
The essential oils isolated from six plant have
an fumigant effect against Callosobruchus maculatus adults [42]. But, in the desiccator study, it was
determined that S. cuneifolia oil has a larvicidal effect in all the exposure times (12, 24, 48, 72 and 96
hrs) and treatment dose of (20 ȝ/SHWUL) from 0.0%
to 95.5 % of the mortality rates on the 3rd and 4th instar larvae of L. decemlineata (Table 8).
On the other hand, it was stated that the two major lichen compounds (diffractaic and usnic acids)
isolated from Usnea longissima were tested against
4th instar larvae and aduts of the L. decemlineata. In
the result of this test, diffractaic and usnic acids revealed that the median LC50 values after 96 h were
1.783 and 4.048 mg. ml-1 for adults and 1.509 and
2.759 mg. ml-1 for larvae of L. decemlineata, respectively [43]. However, in our study, we found that the
most toxicity effects of S. cuneifolia essential oil of
0.031 in the LD50 and 3.540 in the LD90 value essential oil S. thymbra on the 1st instar larvae L. decemlineata. At the same time, it was determined that the
essential oil of S. cilicica 0.857 in the LD50 and 8.540
in the LD90 value on the 2nd instar larvae L. decemlineata.
In addition, it was stated that the highest toxicity effects of S. spicigera oil were found as 0.063
in the LD25, 0.369 in the LD50 and 10.489 in the LD90
value on the 3rd instar larvae of L. decemlineata (Table 7).
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ABSTRACT

the pollution and potential dangers of drugs in water environment such as rivers and lakes. Antibiotics refers to a class of substances that have antipathogenic or other activities produced by bacteria,
molds or other microorganisms during their lives,
which are widely used in the prevention and control
of diseases of human medicine, health and livestock
and poultry breeding. According to statistics, the
average annual use of antibiotics is about 6 000 t
[1], which has estimated at excretion rates of 30%
to 90% [2]. And about 1,800 to 5,400 t of veterinary antibiotics are released into the environment
each year. Livestock manure back to the soil, or
discharged into the surface water through the system. A total of 16 kinds of antibiotics in the world
in soil, surface water, sediment, organisms detected,
and even in drinking water sources and groundwater have also been detected in the report [3- 8],
indicating that these substances have become one of
the more serious environmental pollutants, which
will cause concern about a series of problems such
as their distribution in the environment, transformation and harm to biological ecology and human
health. However, Chinese attention is still being
given to the problem of environmental pollution of
antibiotics. There are few reports on the scale of
antibiotic contamination at the basin.
Antibiotics are found in large quantities in
livestock manure and in manure-applied soil. The
results showed that the higher proportion of antibiotics in broilers fed with antibiotics was excreted in
the same form with excrement and could not be
easily degraded. Therefore, there was a large environmental risk for high levels of antibiotic residues
in excrement. At present, the presence of antibiotics
is detected in the inflow and outflow of groundwater, surface water, sewage treatment plants, and
even drinking water, mainly including sulfonamides,
macrolides, tetracyclines, quinolones and trimethoprim, which has concentrations range from ng/L
WR ȝJ/ 6FHQHGHVPXV REOLTXXV LV D FRPPRQ SK\
toplankton that is easy to culture and sensitive to
toxins, and photosynthesis, growth rate and enzyme
activity of exogenous pollutants. At present, there
are few reports on the influence of antibiotics on
the physio-biochemical characteristics of S. alba.
Algae as the primary producers of aquatic ecosys-

Over the past few years, different bioactive
chemical antibiotics have been widely abused, but
they have received little attention and antibiotics
are indeed potential environmental pollutants. Such
antibiotics include not only prescription drugs and
biological products, but also they contain diagnostic
agents, foods, spices, sunscreens, and many others.
These compounds and their active metabolites can
be continuously transported to the aquatic environment. In this study, we tried to synthesize the origin
of antibiotic environment, study the changes of
chlorophyll content and soluble protein content
under different concentrations of sulfanilamide
treated with indoor culture experiments. The results
showed that different concentrations of sulfonamides algae growth and chlorophyll synthesis effect
of different effects. When the concentration of
antibiotics exceeds a certain range, the toxicity
mechanism is enhanced; the inhibition of algae
growth and chlorophyll synthesis is strengthened.
This study explored the potential adverse effects of
SMM on aquatic organisms and found that Chlorella has a higher sensitivity to SMM. Therefore, the
residual SMM in water should be carefully evaluated and applied to reduce the impact on the ecological environment after farmed animals.
KEYWORDS:
Chlorella, Soluble protein, Chlorophyll, Sulfadiazine

INTRODUCTION
Antibiotics are a class of compounds that are
widely used in the prevention and treatment of
various bacterial infections in humans, livestock
and aquaculture. In recent years, the type of antibiotics, production and dosage have been increasing.
Coupled with the chaos in drug management and
the abuse of drugs, the problem of bacterial abuse
has been very serious, which is leading to the continuous increase of bacterial resistance in the human body and the environment. The international
environmental science community and even the
general public have begun to pay close attention to
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fying bacteria and some Bacillus, decompose organic matters in the water phase and sediment
phase. Conversion and recycling plays an important
role. The frequent and frequent use of antibiotics in
aquaculture may destroy the normal ecological
balance of water environment, and the growth of
these beneficial microorganisms has inhibited,
which is resulting in the proliferation of some resistant and harmful microorganisms.
(3) Impact on aquatic organisms. Another aspect of the environmental impact of sulphonamide
antibiotics is another aspect of the impact of antibiotic drugs on non-target organisms such as the
effects on the growth of algae and zooplankton used
in the control of diseases of target organisms. Wollenberger (2000) studied the effects of nine antibiotics, such as sulfadiazine and oxytetracycline, on
the growth and reproduction of Daphnia magna.
The effective concentrations were 13.7 mg/L and
46.2 mg/L, respectively [11]. The impact of antibiotic drugs on non-target organisms may eventually
lead to changes in population and community structure in ecosystems, disrupting ecosystem balance.
(4) Impact on aquatic product safety and human health. After the sulfa antibiotic drug is used to
prevent or treat the disease during aquaculture, the
prototype of the drug or its metabolites may accumulate in the tissue, organ or edible product of the
breeding object in free form or in a partially bound
form. The health of the population poses a threat
[12, 13]. Sulfa antibiotics are relatively stable in
physical and chemical properties, they are not easily degraded, and some have a longer half-life and
may threaten human health through the food chain.
Hektoen has reported that the half-life of fluoroquinolones such as oxolinie acid, and sarafloxacin
reached 300 days in the sediment of mariculture
fishing grounds and has detected in wild fish caught
nearby such drugs. Chronic toxicity may occur if
long-term intake of animal foods containing these
drugs results in an increased concentration.
The fate of the various antibiotic drugs used in
aquaculture and its environmental and ecological
effects are a concern [14, 15]. In the environment,
residues of antibiotics may have various impacts on
the ecological environment. Long-term through the
food chain exposure to low concentrations of antibiotics, especially the coordination of a variety of
antibiotics between the toxic effects on human
health, especially pregnant women and fetal development serious harm. Such as tetracycline, antibiotics affect fetal bone growth, sulfa affect fetal organ
development, deformity, and fetal hemolytic anemia.

tems, their species diversity and primary production
directly affect the structure and function of aquatic
ecosystems. At the same time algae to pollutants
are less tolerant and are more sensitive than crustaceans and fish in the water, often several orders of
magnitude above which algae are the ideal new
pollutants to test organisms [9]. Algae bloom algae
common species of algae, most of Chinese eutrophic water body, Obliquus algae in both the
number and frequency of occurrence are dominant,
and thus to study the toxicity of stomatal Bucharest
on antibiotics and other substances, for the evaluation of these pollution. The ecological risk of aquatic environment is of great significance. In this paper,
the toxic effects of sulfonamide antibiotics on
Scenedesmus obliquus were studied by using algal
biomass, chlorophyll fluorescence Fv/Fm, MDA,
protein and chlorophyll as evaluation indexes. We
can provide a theoretical basis for the toxicity of
algae and the screening of effective biomarkers. In
this study, the preliminary study of antibiotics on
Physalis alburnus photosynthetic pigment content
and other physiological Impact indicators accumulated scientific basis for further evaluation of the
toxic effects of antibiotics and environmental risks
to aquatic organisms.
THE RELATED THEORY RESEARCH AND
APPLICATION
Sulfa antibiotics biological toxicity. Most of
the sulfa antibiotics are usually excreted in the form
of the drug after use. Antibiotics in human sewage
treatment plant in and out of the water content are
higher, resulting in watershed by antibiotic contamination. Large-scale livestock farms in animal excretion of antibiotics concentration of up to ten,
even hundreds of mg/kg [10]. Its impact on the
environment mainly is shown as follows.
(1) Generation of drug-resistant strains. Various types of antimicrobial agents enter the environment in the form of drug prototypes or are excreted in animal excreta. The urine and other excretions may cause prolonged exposure and exposure
of human pathogens to these low concentrations of
drugs, which may induce the development of drugresistant strains, and resistance genes. It may cause
bacteria and faecal bacteria in the population to
pass on each other's bacteria in the ecosystem,
which is resulting in the failure of pathogenic bacteria to become resistant to the treatment of infectious
diseases in humans and animals. On the other hand,
it may cause mutations or metastasis of bacteria and
some of them become drug-resistant.
(2) Destroy the micro-ecological balance. Various microbial communities in the water ecosystem
are in an interdependent and constrained dynamic
equilibrium. Some of the beneficial microbial
communities, such as photosynthetic bacteria, nitri-

Toxicity evaluation method. Joint action refers to two or more chemicals, simultaneously or
sequentially on the role of organisms. Toxicity
measured when two or more sulfonamides are
combined is called combined toxicity. There are
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method:
When AI> 0 is greater than the additive effect,
that is synergy.
When AI <0 is less than the additive effect,
that is antagonistic.
When AI = 0 then is addition.
Formula:
S
Am / Ai  Bm / Bi  Cm / Ci  S is
the biological activity of mixed poisons, A, B, C ...
are tested poisons, i and m are single poisons EC50
value and mixed poisons EC50 value respectively.
If S d 1 AI
1 / S 1
S̱1 AI
S *  1 1
(1)
Toxic unit graphic method to toxicity unit A is
used for the vertical axis to the toxicity unit B as
abscissa.

three main situations.




 









FIGURE 1
Joint toxic effects diagram
a. Addition. The mixture of various sulfonamide antibiotics, the combined effect of which
produces toxicity is the sum of the toxicity of each
individual substance.
b. Synergies. A variety of sulfonamide antibiotics combined toxicity, greater than the sum of the
toxicity of individual substances.
c. Antagonism. Two or more sulphonamides
simultaneously act on the organism. As a result, the
toxicity of each sulphonamide to the organism is
diminished, and the combined effect of the two
sulfonamides is less than the sum of the toxicities
of the compounds.
The Toxicity Unit (TU) is the fraction of lethal
threshold concentration calculated as the concentration of the test solution or the measured concentration divided by the lethal threshold concentration of
the poisons.
Toxicity unit (TU) = test solution formulated
concentration (or measured concentration) / lethal
threshold concentration.
The formula can also be used 48 hours or 96
hours EC50 value instead lethal threshold concentration. When the test solution has a toxic concentration equal to the lethal threshold concentration of
the poisons on the aquatic organism, the toxicity of
the test solution to the aquatic organism is one unit
of toxicity. This test is based on two kinds of test
substance toxicity unit ratio of 1: 1 joint toxicity.
Joint toxicity evaluation method:
Marked additive index method and D. Calamari toxicity units graphic method for the joint
toxicity of the size of the evaluation.
Additive index method AI (Additive Index)

Mechanism of action. Sulfa drugs are generally produced aceto sulfonamide (antipyretic ice) as
the starting material, sulfonyl chloride sulfonated
paracetamol sulfonyl chloride. Acetaminobenzenesulfonyl chloride by ammonia amidation, lye hydrolysis and hydrochloric acid to give sulfonamide
(SN). Sulfonamides and guanidine nitrate, soda ash
melting, treated with sulfamidine. Sulfanilamide
commonly used varieties, and now the acetaminophen sulfonyl chloride sulfonamides are only produced as intermediates [16]. Sulfadiazine and sulfamethoxazole are different production methods.
ᬅ Sulfadiazine: N, N'-dimethylformamide,
followed by addition of phosphorus trichloride and
vinyl ether for addition reaction, the resulting adduct with sulfadiazine cyclization reaction in sodium methoxide, that is Sulfadiazine sodium salt, and
then by acid analysis and refined products.
ᬆ Sulfamethoxazole isoisoconazole: Diethyl oxalate and acetone in the role of sodium methoxide condensation into ethyl acetylacetonate, hydroxylamine hydrochloride and cyclization, will
have 5-methyl-isosulfonyl-3-carboxylic acid B ester.
By ammonia amine solution and sodium hypochlorite Huffman degradation, we get 3-amino-5methyl iso-iso-conazole [17- 19]. The latter and
acetamido benzenesulfonyl chloride in the role of
acid binding agent condensation, acetylation, and
finally lye hydrolysis, acid analysis and refining
will be the finished product.
Synthesis of sulfamethoxazole is shown as follows.

FIGURE 2
Synthesis of sulfamethoxazole
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FIGURE 3
Synthesis of Trimethoprim

FIGURE 4
Synthesis of typical sulfonamides
biology, Chinese Academy of Sciences; sulfamethoxazole Sulfamethoxazole, sulfadiazine and so on.

Synthesis of Trimethoprim is shown as above.
Instead of utilizing the folic acid directly in its
growth environment, bacteria use diaminophenate
(PABA) and dihydropteridine in the environment,
which catalyzes the synthesis of dihydrofolate by
dihydrofolate synthase in the cell body. Dihydrofolate forms dihydrofolate reductase under the action of tetrahydrofolate, tetrahydrofolate as a carbon monomerase transferase coenzyme, involved in
the synthesis of nucleic acid precursors (purine,
pyrimidine) [20, 21]. The nucleic acid is necessary
for bacterial growth and reproduction of the ingredients. The chemical structure of sulfa drugs is
similar to that of PABA [22]. It competes with
PABA for dihydrofolate synthase and affects the
synthesis of dihydrofolate, thus inhibiting bacterial
growth and reproduction.

Instruments and Equipment. UV2600 spectrophotometer (Shimadzu Co., Ltd.), 800 centrifuges (Jintan City, Jiangsu Hongke Instrument Factory)
incubator, etc.
Methods. Cultivate. Staurosporum and Chlorella were transferred to HB-4 artificial medium
under aseptic conditions and acclimated in a light
incubator for 1 week to further expand in logarithmic growth phase. The culture conditions were:
temperature 28 °C. Light and dark is than 12h: 12h,
WKHOLJKWLQWHQVLW\RIȝ(P-V-1, static culture,
shaking three times a day artificial shaking, algae
seed in the initial algae density were 104ind/L,
according to the pre-test adding sulfadiazine Solution and sulfamethoxazole, the final concentrations
were 0,0.8,1.8,2.8,3.8,4.8 mg L-1, the volume of
the culture medium to 200ml. Each treatment group
has set up 2 parallel static culture, measured after
four days.

MATERIALS AND METHODS
Materials. Materials and reagents. Species
for test algae Scenedesmus obliquus (Scenedesmus
obliquus), Chlorella cited from Institute of Hydro-
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record the quality. Add a small amount of 0.
05mol/L pH7.0 phosphate buffer to the centrifuge
tube pour out, grinding, and then poured back into
the centrifuge tube, set the volume to 5mL, the
ordinary centrifuge, and the supernatant [23]. Assay
samples: Aspirate 1ml each of the sample extracts
and put them into a 10ml syringe. Add 5ml of
Coomassie Brilliant Blue G-250 Reagent and mix
well. Soluble protein content was determined.

Determination. 1) Determination of chlorophyll content. Collect algae cells: After 96h culture,
we can take 25mL algae solution and centrifuge at
U  PLQ-1 for 10min to collect the algal cells.
Wash the cells twice with distilled water to remove
the supernatant.
A small amount of volume fraction of 95%
ethanol has added to the centrifuge tube, the algae
cells were poured out, ground to the tissue whitening, grinding 15min. The slurry was poured back
into the centrifuge tube, washed with 95% ethanol
mortar, and 95% ethanol volume to 5ml, then cenWULIXJHGDWUPLQ-1 for 15 min.
Determination of absorbance: respectively,
take the amount of the supernatant, with a spectrophotometer at 665 nm, 649 nm, 652 nm at a concentration of 95% ethanol as the reference sample
was measured absorbance.
Calculation results: The chlorophyll content is
calculated by the following formula.
Ca  b mg / L
1000 A652 / 34.5
(2)

EXPERIMENTAL DATA PROCESSING
The soluble protein content of S. obliquus and
C. algae was calculated by the following formula:
Soluble
protein
content

mg / g

Note: C: we can check the standard curve of
each tube protein content (mg).
V 1: total volume of extract (mL)
V2: Sulfadiazine Sample volume at the time of
measurement (mL)
W: weighed amount (g).

34.5 is the absorbance of chlorophyll a and b
at a wavelength of 652 nm.
2) Determination of soluble protein content of
algae [2]
Coomassie brilliant blue reagent (G-250)
preparation: 100 mg dissolved in 50 mL of 95%
ethanol, add 100 mL, diluted with distilled water to
1000 mL, filter paper. The final reagent contained
0.01% (w / v) coomassie brilliant blue G-250, 4.7%
(w / v) ethanol.
Standard protein solution: Weigh 10 mg bovine serum albumin dissolved in 0.15 mol / L NaCl
and make up to 100 mL to make a stock solution of
ȝJP/
Draw standard curve: take 7 tubes, according
to Table 1 operation. Shake well, develop color for
5 minutes and measure absorbance at 595nm. Draw
a standard curve: A595 nm for the vertical axis, the
standard protein content as the abscissa, draws a
standard curve on the coordinate paper.

Sulfadiazine Determination of Scutellariae
Chlorophyll content. After 96h, the algae color
became lighter than the low concentration group.
Through the determination of photosynthetic pigment content, the change is shown in Figure 5.
When the concentration of sulfadiazine is less than
PJ  / -1, the chlorophyll content is higher
than that of the control group, and the chlorophyll
content increases with the increase of sulfadiazine
concentration and increase antibiotics on the growth
of algae has played a catalytic role. Sulfadiazine
FRQFHQWUDWLRQ LV JUHDWHU WKDQ PJ  / -1, the
pigment content began to decline, compared with
the control group was low [24]. The results showed
that low concentration of antibiotics had a certain
impact on the synthesis of chlorophyll. The reason
may be that high concentrations of antibiotics cause
damage to algal cells, partially block some pathways of synthetic pigments, which are leading to
disruption of chloroplast structure, and pigment
breakdown.

TABLE 1
Drawing of standard curve of calf serum protein
0.1mg/ml
standard protein solution
0.15mol/l NaCl
Solution
Test Coomassie
Blue Solution
ml

0

1

2

3

4

5

6

0

0.1

0.2

0.3

0.4

0.5

0.6

1.0

0.9

0.8

0.7

0.6

0.5

0.4

5.0

5.0

5.0

5.0

5.0

5.0

5.0

CVl / WV 2

Preparation of sample protein solution: 11
centrifuge tubes have been washed, dried and
weighed. 50ml aliquots of each alga, put them in a
centrifuge tube (50mL), centrifuge at 4000r/min in
a refrigerated centrifuge for 15min, pour out the
supernatant, invert the tubes to dryness, weigh, and

FIGURE 5
Effect of sulfadiazine on the chlorophyll content
of algae
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Oxidized algae phylloxera toxicity unit 1: 1
joint toxicity experimental data and processing.
It can be seen from Table 2 Sulfamethoxazole and
sulfadiazine toxicity test S obtained 0.4871, the
additive mass 96h 1.0530, so AI value is greater
than 0, and it is a synergistic effect.
Sulfamethoxazole and sulfadiazine toxic units
drawn by Figure 7, sulfamethoxazole and sulfadiazine in Figure 7 point of action, 96h point in the
coordination area, indicating that sulfamethoxazole
and sulfadiazine The synergistic effect was based
on the 1: 1 toxicity ratio.

FIGURE 6
Effect of sulfadiazine on soluble protein content



Sulfadiazine chlorella soluble protein content. As can be seen from Figure 6, with the increase of antibiotic concentration, the content of

soluble protein increased first and then decreased.
 
At the concentration of sulfadiazine 0.28mg/L, the
 

soluble protein content was the largest, and the
protein content was lower than this concentration.
The soluble protein content of all the concentration
groups was higher than that of the control group.
The increase of soluble protein can explain the




 
stress response of phytoplankton to antibiotic stress
[25]. It can be concluded that the activity of some
enzymes has been increased to cope with antibiotic
FIGURE 7
stress. Liu Binyang studies that sulfadiazine lactate
Sulfamethoxazole and sulfadiazine toxic
caused a decrease in phenylalanine ammonia-lyase
units diagram
activity and a decrease in various secondary metabolites, with the greatest impact on flavonoids [26].
It can be seen from the figure that the EC50
While ciprofloxacin hydrochloride and sulfonamide
values
of sulfamethoxazole and sulfadiazine are
Methoxazole would increase the activity of phenylboth
less
than the single toxicity EC50 values of the
alanine ammonia-lyase and the content of various
two
test
substances,
that is, when the two are dismetabolites, of which ciprofloxacin had stronger
charged
together,
their
toxicity to aquatic organisms
effects on the depo-acid, flavone and flavanol than
is
increased
relative
to
single toxicity, and available
sulfamethoxazole. Sulphamethoxazole is more
to
sensitive. These can support the results of this experiment.
TABLE 2
Sulfamethoxazole and sulfadiazine toxic unit ratio of 1: 1 joint toxicity test results
Subjects

single EC mmol

after Union EC mmol

S

AI

Results

Toxic units
TUS

96h

Sulfonamide
Sulfadiazine

11.7829
4.0050

1.8773
1.8773

0.4871

1.0530

Synergies

(0.2435, 0.2436)

 


Time



 




  

  






  

FIGURE 8
The logarithmic and probability unit graphs of the concentration of sulfonamide and O-methyl
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TABLE 3
Sulfonamide and O-methyl sulfonamide inhibit protein nuclear chlorella vulgaris growth results
Number
Sulfonamide concentrations (mg)
LG concentration (C )
Time
Sulfadiazine concentration (mg)
LG concentration (C )
absorbance A
algae Cell concentration (1 x6 ml)
24h
Mortality
Probability unit
Sulfonamide approaching line equation
Sulfadiazine approaching line equation
absorbance A
algae Cell concentration (1 x6 ml)
48h
Mortality
Probability unit
Sulfonamide approaching line equation
Sulfadiazine approaching line equation
absorbance A
algae Cell concentration (1 x6 ml)
72h
Mortality
Probability unit
Sulfonamide near line equation
Sulfadiazine approaching line equation
absorbance A
algae Cell concentration (1 x6 ml)
96h
Mortality
Probability unit
Sulfonamide approaching line equation
Sulfadiazine approaching line equation

Control
group
0.00
----0.00
----0.0990
0.4440

1

2

217.51
2.3375
146.32
2.1653
0.0650
0.2748
0.3812
4.7559

0.1350
0.6232
---------

0.1090
0.4938
0.2077
4.1835

0.1640
0.7675
---------

0.1240
0.5684
0.2594
4.3542

0.2020
0.9542
---------

0.1450
0.6730
0.2947
4.4708

3

314.18
410.86
2.4972
2.6137
211.22
276.22
2.3247
2.4413
0.0640
0.0590
0.2698
0.2449
0.3924
0.4484
4.7929
4.9779
y=2.8759x-1.9438
y=2.8746x-2.4363
0.0840
0.0720
0.3693
0.3096
0.4073
0.5032
4.8423
5.1585
y=2.8759x-1.9438
y=2.8746x-2.4363
0.1005
0.0685
0.4515
0.2922
0.4118
0.6193
4.8570
5.5417
y=3.3892x-2.9415
y=3.3875x-3.5213
0.1290
0.0800
0.5908
0.3494
0.3808
0.6338
4.7547
5.5894
y=3.4557x-3.0559
y=3.4538x-3.6466

4

5

507.53
2.7055
341.21
2.5330
0.0560
0.2300
0.4821
5.0888

604.20
2.7812
406.20
2.6087
0.0510
0.2051
0.5381
5.2738

0.0640
0.2698
0.5671
5.3694

0.0610
0.2549
0.5911
5.4484

0.0595
0.2474
0.6777
5.7342

0.0600
0.2499
0.6744
5.7235

0.0670
0.2847
0.7016
5.8132

0.0670
0.2847
0.7016
5.8132

TABLE 4
Sulfonamide with the toxicity unit than the 1:1 combined toxicity test Results
Time

Subjects

96h

Sulfonamide
Sulfadiazine

single EC
mmol
13.3195
6.2898

after Union EC
mmol
2.7120
2.7120

AI

Results

Toxic units
TUS

0.5751

0.7388

Synergies

˄0.2874ˈ0.2876˅

sulfadiazine on the Figure 9, and the 96h point in
the Synergy zone, indicating that sulfonamide and
O-methyl sulfonamide are in the 1:1. The joint
result of toxicity is synergistic.
As can be seen, the mixture of sulfonamide
and O-sulfonamide EC value is less than two species of single toxicity, that is, the "EC" values are
both emissions. Their toxicity to aquatic organisms
is increased relative to the single toxicity, and their
combined role is synergistic. The results of this
intuitive analysis are the same as those obtained by
exponential addition method.

their joint effect is a synergistic effect. The result of
this visual analysis is the same as that obtained by
exponential addition.
Protein Nuclear Chlorella toxicity Unit 1:1
Joint Toxicity Experiment data and processing.
From table 4 the knowable sulfonamide and sulfadiazine of the combined toxicity test obtained S is
0.5751, add prime number 96h to 0.7388, so AI
value is ggreater than 0 for Synergy.
y gy

 


S



 

RESULTS ANALYSIS AND DISCUSSION
Experimental Results. Based on a single toxicity experiment, let under the same conditions
Sulfadiazine: sulfonamide combined toxicity test
with 1:1 toxicity ratio to the inclined grate algae, its
results with 96h half Lethal concentration (mmol),
S, The AI and the federated effect represent the
results as Table 4-1.
On the basis of a single toxicity experiment,
we can it under the same conditions Sulfadiazine:
Sulfonamide is a joint toxicity test to Chlorella




FIGURE 9
The logarithmic and probability unit graphs of
the concentration of sulfonamide and O-methyl
Drawn from the toxic units of sulfonamide and
Sulfadiazine 3-18, the role of Sulfonamide and
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water quality standards are mostly based on the
toxicity of a single compound, but the role of the
compounds is very complicated. In addition to the
simple additive effect, there are synergistic and
antagonistic effects. When setting environmental
quality standards, they are unreasonable based on
single toxicity. The combined effects of the compounds should also consider. Therefore, for every
pollution phenomenon in various fields, especially
when many pollutants or toxicants coexist, the
concerted action, antagonism and joint action
should consider in order to reveal the nature of the
pollutants.

vulgaris with 1:1 toxicity ratio. The result is 96h
half-Lethal concentration (mmol), S, The AI and
the federated effect represent the results as table 8.
According to the results of the experiment, the
combined toxicity of sulfadiazine and sulfamethoxazole with 1: 1 toxic unit is shown by the synergistic effect of the test compound Sulfolobus and
Chlorella pyrenoidosa. Phylogenetic algae belong
to the Phytoplankton family, which belongs to the
genus Chlorophyta in the classification. The stereotypes are flat and consist of 2, 4, 8 cell populations.
The cells have arranged in a straight line or slightly
in a tile pattern. Cells were spindle-shaped, sharp at
both ends; free surface cells on both sides of the
concave, sometimes uplift. Cells are smoother.
Chlorella algae were spherical, which are larger
than the protein Chlorella, cell diameter is 5-ȝP
intracellular protoplasts have a transparent nucleus.
Pigment green was deep cup-shaped, located in the
cell wall at the bottom of the cell, often doing not
see the core of the powder. The formation of immobile spores is breeding for each algae, immobilized spores¶ diameter 0.8-ȝP When two or more
drugs are used together, their synergistic effect is
achieved if they act in the same direction. The
combination of sulfonamides and their derivatives
is a synergistic effect, possibly due to increased
solubility and increased toxicity because of mixing
[27]. Chlorella has been different sites of action,
and when combined, the effects are superimposed
together to increase toxicity; it is likely that one of
the substances in the mix changes the bioconversion of the other and has enhanced by activation.
The substance is toxic.
Joint toxic mechanism of action is quite complex, mainly in the following categories: changes in
enzyme activity, competitive binding sites, and
chemical reactions of compounds. In addition, there
may be several mechanisms; interference with normal physiological processes changes in cell structure and function, interfere with the structure and
function of biological macromolecules. Studying
the action mechanism and the damage situation of
the pollutants alone is far from being able to correctly infer and predict the actual situation of the
pollution, and the impact of multiple pollutants
coexisting is more and more neglected. At present,

Toxic mechanism of action discussion. Toxicology point of view, there are two toxic mechanisms - reactive and non-reactive toxicity. Reactive
toxicity refers to the chemical structure of the
chemical compounds exist reactive, these groups
according to a specific spatial structure or space
arrangement, with the biological receptor molecules
can be a chemical bond and physical reaction of a
class of toxicity. Non-reactive toxicity refers to the
toxicity of a similar class of bioactive reactions, and
the compound's physical nature is independent of
the particular structure. Reactive toxicity belongs to
specific parts of the body, a specific reaction process, so the reactive toxicity is non-reactive toxicity.
Sulfa drug toxicity mechanism. The single
toxicity of sulfonamides to algae depends primarily
on the hydrophobicity parameter (logP). In vivo Nhydroxylation and acetylation may also result in
increased toxicity. The results of the joint toxicity
study showed that the binary mixtures of sulfonamides and substituted sulfonamides should all have
very significant synergistic effects. This may be
sulfonamides mixed with substituted sulfonamides,
which may change the original metabolic process of
each substance; sulfonamides and substituted sulfonamides have different effects on target sites in
the organism, and thus they have different toxic
effects on the organism. In the evaluation results of
S and AI, the synergistic effect of the mixture with
the equal toxicity ratio is the strongest.

TABLE 5
Combined toxicity (inclined grate algae) Summary table of experimental results
Number
1

Name of Poison single EC (mmol)
Sulfadiazine
11.7829
Sulfadiazine
5.9333

Blending EC (mmol) S
2.1246
0.5115
2.1246

AI

Results

Toxic Units TUs

0.9552

Synergies (0.2556,0.2558)

TABLE 6
Combined toxicity (protein nuclear Chlorella) Summary table of experimental results
Number Name of Poison single EC (mmol)
1
Sulfadiazine
13.3195
Sulfadiazine
6.2898

Blending EC (mmol)
2.7120
2.7120

4409

S

AI

Results

Toxic Units TUs

0.5751

0.7388

Synergies

(0.2874,0.2876)
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important defensive substances in plants. The phenolic hydroxyl groups of phenols are easily oxidized, so the content of oxygen free radicals in the
environment can be reduced through the reduction
reaction, the free radical chain reaction can be terminated, the oxidation process can be stopped, and
the free radical scavenging ability is strong.
The metabolism of phenols is closely related
to the level of sugar metabolism in plants. According to the photosynthetic system, higher than 0.18
mg L-1 sulfadiazine exposure, the comprehensive
performance index of photosynthetic system decreased and the ability to synthesize carbon decreased. According to the carbon-nutrition balance
hypothesis, CNBH decreased levels of carbon assimilation in plants, which leads to a reduction in
the C/N ratio of the body, and leads to a decrease in
carbon-based secondary metabolites such as phenols. The best defense hypothesis (Optical defense
theory, OD) also believes that plant secondary metabolism is the cost of reducing plant growth, and
only when secondary metabolites can gain more
defense benefits than plant growth, when the gains
are obtained, plants will choose to produce secondary metabolites. In this study, we will further investigate the effects of sulfadiazine exposure on secondary metabolites such as depsol and flavonoids,
which is revealing that sulfadiazine reduces the
synthesis of algal sugars and does not provide the
extra carbon skeleton for secondary metabolites
synthesis.
Phenolic compounds such as phenolic acids
and flavonoids have significantly increased when
plants have subjected to oxidative stress. Phenylalanine ammonia-lyase is a rate-limiting enzyme and
a key enzyme in plant secondary metabolism, especially in the phenylpropane pathway, which has
closely related to plant stress resistance. As the next
step, sulfadiazine treatment decreased the content
of chlorophyll, which is resulting in the inhibition
of photosynthate synthesis and in the overall decline in secondary metabolic activity. The content
of soluble protein increased, some enzyme activity
increased, which may lead to an increase in the
content of various secondary metabolites. Some
organic pollutants induce some detoxificationrelated cytochrome P450s in plants. Through the
study of sulfadiazine, we found that sulfadiazine
inhibited the growth of S. obliquus to varying degrees in the experimental concentration range. The
results showed that the concentration of low concentrations of antibiotics could promote the growth
of green algae.

Analysis and discussion. Sulfonamides and
their substitutes belong to the same series of compounds. It is generally believed that the mechanism
of action of homologues is similar. When they exist
simultaneously, they occur additively. However, the
experimental results show that the toxic effect of
the binary mixture of sulfanilamide and its substitutes is a synergistic effect. Hence, the synergistic
effect is obvious and can be analyzed from the
following aspects. First, sulfonamides and sulfonamide derivatives may alter the original metabolic
processes of each substance. When two substances
act on the body at the same time, one substance
may change the metabolic pathway of the other
substance to promote the conversion into a more
toxic substance and increase the formation of toxic
metabolites. Second, sulfonamides and their substitutes may have different effects on target sites.
Substances with similar chemical properties have
the same receptor binding sites, and show antagonism due to competing active sites when they
mixed with each other. However, it is generally
believed that the combination of substances with
similar chemical properties shows additive effects.
Sulfonamides have shown a synergistic effect. This
may be the fact that sulfonamides and their substituted derivatives have different binding sites, the
introduction of -CH, and ±NO. There are other
binding points, the mechanism of action of the two
are not exactly the same. For example, nitrosamines
can be regarded as sulfonamides, which can be
regarded as amino substituents of nitrobenzene.
Therefore, its toxicity mechanism may be different
from that of sulfonamides and have other targets of
action. Anthracene and profenofos combined toxicity of marine microalgae synergy, have speculated
that the two toxicants can produce a large number
of free radical intermediates, the microalgae cell
structure and antioxidant defense system function.
However, there may be some differences in the
mechanisms of toxicity between microalgae and the
two micro-algae, and they can promote the synergistic effect when they act together. Thirdly, according to Funnel's hypothesis, the type of action of
the mixture has related to the number of components contained in the mixture, the concentration of
the compound, and the assay used in the experiment. That is, the more components contained in
the mixture, the closer its combined effect to the
additive effect.
Discussion on the toxicity of sulfa antibiotics to algae. Photosynthesis is the microalgae to
maintain the energy source of individual life, and
photosynthetic key material is photosynthetic pigments, photosynthetic pigments can absorb light,
synthesis of sugars. Antibiotic contamination may
cause some oxidative stress on S. obliquus (under
study). Phenolic compounds such as phenolic acids
are important secondary metabolites in plants and

CONCLUSIONS
The worsening pollution of the environment is
the most serious problem confronting humankind
today. Environmental pollution is a growing poison
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[6] Singh, K.P., Gupta, S., Basant, N. (2015)
QSTR modeling for predicting aquatic toxicity
of pharmacological active compounds in multiple test species for regulatory purpose.
Chemosphere. 120, 680-689.
[7] Samorì, C., Campisi, T., Fagnoni, M., Galletti,
P., Pasteris, A., Pezzolesi, L., Tagliavini, E.
(2015) Pyrrolidinium-based ionic liquids:
aquatic ecotoxicity, biodegradability, and algal
subinhibitory stimulation. ACS Sustainable
Chemistry & Engineering. 3(8), 1860-1865.
[8] Singh, K.P., Gupta, S., Kumar, A., Mohan, D.
(2014) Multispecies QSAR modeling for predicting the aquatic toxicity of diverse organic
chemicals for regulatory toxicology. Chemical
Research in Toxicology. 27(5), 741-753.
[9] Sun, H., Ge, H., Zheng, M., Lin, Z., Liu, Y.
(2016)
Mechanism
Underlying
Timedependent Cross-phenomenon between Concentration-response Curves and Concentration
Addition Curves: A Case Study of Sulfonamides-Erythromycin mixtures on Escherichia
coli. Scientific reports. 6, 33718.
[10] Yu, Y., Zhou, Y., Wang, Z., Torres, O. L., Guo,
R., Chen, J. (2017) Investigation of the removal mechanism of antibiotic ceftazidime by
green algae and subsequent microbic impact
assessment. Scientific reports. 7(1), 4168.
[11] Qin, M., Lin, Z., Wang, D., Long, X., Zheng,
M., Qiu, Y. (2016) What are the differences between aerobic and anaerobic toxic effects of
sulfonamides on Escherichia coli? Environmental Toxicology and Pharmacology. 41, 251258.
[12] Xiong, J.Q., Kurade, M.B., Patil, D.V., Jang,
M., Paeng, K.J., Jeon, B.H. (2017) Biodegradation and metabolic fate of levofloxacin via a
freshwater green alga, Scenedesmus obliquus
in synthetic saline wastewater. Algal Research.
25, 54-61.
[13] %LDáN-%LHOLĔVND $ 0DW]NH 0 &DEDQ M.,
Stolte, S., Kumirska, J., Stepnowski, P. (2017)
Effects of five sulphonamides on duckweed
(Lemna minor) after prolonged exposure time
and their dependency on photoradiation. Science of the Total Environment. 618, 952-960.
[14] Gong, H., Chu, W. (2018) Permanganate with a
double-edge role in photodegradation of sulfamethoxazole: Kinetic, reaction mechanism and
toxicity. Chemosphere. 191, 494-502.
[15] Ge, H., Lin, Z., Yao, Z., Gao, Y., Cong, Y., Yu,
H. (2014) Balance between herbicidal activity
and toxicity effect: a case study of the joint effects of triazine and phenylurea herbicides on
Selenastrum capricornutum and Photobacterium phosphoreum. Aquatic Toxicology. 150,
165-174.

for all kinds of organisms. With the development of
modern industry and agriculture, more and more
organic drugs are used worldwide, and the dosage
is continuously increasing. Organic matter causes
environmental pollution to non-target organisms
and pesticides, causing damage to ecosystem structure and function. In recent years, sulfonamides and
their derivatives have drawn much attention on the
toxicity of algae, the primary producer of ecosystems, and its ecotoxicology. This study shows the
potential adverse effects of SMM on aquatic organisms. SMM has acute toxic effects on two species
of algae, Chlorella and Phylloxera. Therefore, the
application of SMM to aquatic organisms should be
re-examined, careful assessment of the reduction of
ecological impact of wastewater treatment and SA
after SMM. Due to the limitation of time and conditions, this paper only made a preliminary study on
the combined acute toxicity of sulfonamides and
their derivatives. We hope this article can provide
useful reference for further study on toxicity of
compounds in the future. Individuals, biological
populations, ecosystems and the entire biological
community damage prevention and control
measures need to provide the basis.
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ABSTRACT
The actual production data of Z Well-Block in
H Oilfield shows that both Type A and Type B water
flooding characteristic curves have upward phenomenon at high water cut stage. Therefore, the errors of
data would be obtained if Type A and Type B water
flooding characteristic curves were applied to predict
recoverable reserves. In order to establish the water
flooding characteristic curve suitable for high water
cut stage of H Oilfield, the relative permeability
curves of core samples from four different wellblocks in H Oilfield were average standardized
firstly. Then the reason why Type A and Type B water flooding characteristic curves have upward phenomenon at high water cut stage was analyzed theoretically by used the average standardized relative
permeability data of W Well-Block: the ratio of oil
relative permeability to water relative permeability
and water saturation are no longer satisfied with the
liner relationship in semi-logarithmic coordinates,
and then a new fitting relation between .UR Τ.UZ versus 6Z was built by regression analysis. Finally,
based on the new relationship between .UR Τ.UZ
and 6Z , a new type water flooding characteristic
curve was deduced to predict the recoverable reserves in the high water cut period of H Oilfield. The
different water flooding characteristic curves were
used to fit the actual production data of Z WellBlock, and then the fitting formulas were used to predict the recoverable reserves, the result show the prediction of new type curve is more accurate than Type
A and Type B curves that can be used to predict the
development indicators in the high water cut stage of
H Oilfield.

INTRODUCTION
Water flooding characteristic curves is a frequently used approach to predict recoverable reserves in water injection oilfield. Type A and B water flooding characteristic curves (Table 1) are the
most common methods in China at present [1-2]. H
Oilfields lies in the southwest of the northern
Shaanxi slope of the Ordos Basin, and some of the
areas have entered in the stage of high water-cut.
However, the actual production data in Z Well-Block
of H Oilfield shows that type A and B water flooding
characteristic curves are no longer applicable in the
stage of high water cut (Fig. 1), both type A and type
B water flooding curves are upward in the late period
of Z Well-Block in H Oilfield development. If the
straight-line extrapolation were applied to predict recoverable reserves, a significantly lager production
data would be got. With regard to the situation of
water flooding characteristic curves, there was a lack
of targeted research on a particular area in previous
studies, nor was it clear about the process of standardizing experimental data [3-6]. Therefore, on the
basis of the measured relative permeability data of a
large number of core samples in H Oilfield, this
study was carried out to build the new water flooding
characteristic curve in the high water cut stage in this
area.

TABLE 1
Equations of Type A and B water flooding characteristic curves
Type of water flooding
characteristic curves

Equation of water flooding
characteristic curves

Type A

ܹ ൌ ܣଵ  ܤଵ ܰ

Type B

ܹܱܴ ൌ ܣଶ  ܤଶ ܰ
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Formula to predict
recoverable reserves
݂
݈݃ ൬ ௪ ൰ െ ሾܣଵ  ݈݃ሺʹǤ͵Ͳ͵ܤଵ ሻሿ
ͳ െ ݂௪
ܰோ ൌ
ܤଵ
ͳ
൰ െ ሾܣଶ  ݈݃ሺʹǤ͵Ͳ͵ܤଶ ሻሿ
݈݃ ൬
ͳ െ ݂௪
ܰோ ൌ
ܤଶ
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ೝ

In view of the above research aim, based on the
principle of oil and water flow in porous, this study
theoretically deduced the reasons for the upward
phenomenon of type A and B water flooding characteristic curves: in the high water cut period, the ratio
of oil relative permeability to water relative permeability and water saturation are no longer satisfied
with the liner relationship in semi-logarithmic coordinates. Then by the relative permeability date of
cores in H Oilfield, a new correlation of oil-water
relative permeability versus water saturation was obtained by none-liner regression. Based on above, we
derived a new water flooding characteristic curve
that is more suitable for high water-cut period in H
Oilfield.

ೝೢ

ൌ

 Τ
ೢ Τ

ൌ


ೢ

ൌ ݊݁ ିௌೢ

(1)

By logarithmic transformation of formula (1), it
can be transformed into:


ೝ
ೝೢ

ൌ Ƚ െ Ⱦܵ௪ 

(2)

where,Į ൌ OJQ,Ⱦ ൌ ݉ΤʹǤ͵Ͳ͵.
We can see that the ratio of oil relative permeability to water relative permeability and water saturation are satisfied with the liner relationship in
semi-logarithmic coordinates from formula (2).
However, the actual relative permeability data may
not follow the above rules, leading the upward phenomenon of water flooding characteristic curves in
the high water-cut period. In order to confirm this
inference, the actual relative permeability data derived from H Oilfield need to be applied for validation.
Experimental study on oil-water two-phase
relative permeability. This study decided to choose
core samples from the other well-blocks in H Oilfield due to the lack of these in Z Well Block. In order to obtain the actual relative permeability data in
H Oilfield, ten cores in B Well-Block of H Oilfield,
five cores in S Well-Block of H Oilfield, six cores in
W Well-Block of H Oilfield and six cores in Y WellBlock of H Oilfield were selected to carry out the
experiments. The viscosity of simulated oil (ߤ ) used
in this experiment is 35.146 mPa·s, and the experimental water viscosity (ߤ௪ ) is 1.265 mPa·s.
According to Chinese industry standard
SY/T5345-2007 [8], this study determined the relative permeability data of core samples from unsteady-state experiments.

Average standardization of relative permeability data.Because the relative permeability data of
a single core sample cannot represent the entire wellblock, the average relative permeability data which
can represent the well-block could be got by standardize the data. The oil-water relative permeability
and water saturation data of each core samples from
the above experiments were standardized firstly. The
related formulas [9] are as follows:

a) 7\SH$ZDWHUIORRGLQJFKDUDFWHULVWLF
FXUYHLQ=:HOO%ORFN

E 7\SH%ZDWHUIORRGLQJFKDUDFWHULVWLFFXUYHLQ
=:HOO%ORFN
),*85(
:DWHUIORRGLQJFKDUDFWHULVWLFFXUYHVLQ
=:HOO%ORFN

כ
ൌ ܭ Τܭ ሺܵ௪ ሻ
ܭ
כ
ܭ௪
ൌ ܭ௪ Τܭ௪ ሺܵ ሻ
ܵ௪ כൌ ሺܵ௪ െ ܵ௪ ሻΤሺͳ െ ܵ െ ܵ௪ ሻ

THE PROCESSING OF
RELATIVE PERMEABILITY DATA

(3)
(4)
(5)

Secondly, the standardized oil-water relative
permeability curves data of each core samples were
fitted by shape-preserving interpolation in the
Matlab curve fitting tool [10], and the statistical data
analysis functions of Matlab curve fitting tool were
used to divided ܵ௪ כinto 21 equal parts from 0 to 1,
כ
כ
then the ܭ
and ܭ௪
values were obtained from the

The hypothetic exponential relationship of
ܭ Τܭ௪ and ܵ௪ presented by Craft et al. [7] is the
theoretical basis for the derivation of water flooding
characteristic curves. The relationship can be expressed as follows:
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(a) Normalized relative permeability curve in B Well-Block (b) Normalized relative permeability curve in S Well-Block

(c) Normalized relative permeability curve in W Well-Block (d) Normalized relative permeability curve in Y Well-Block

),*85(
1RUPDOL]HGUHODWLYHSHUPHDELOLW\FXUYHVLQ+2LOILHOG
כ

each same ܵ௪ כvalues of standardized oil-water relative permeability curves data of each core samples
from same well-block. Finally, the geometric averכ
כ
and ܭ௪
values were calculated for difage of ܭ
ferent core samples in the same well-block at the
each same ܵ௪ כvalues. The related formulas are as
follows:
כ

 כሻ 
ܭ ൌ ඥςୀଵሺܭ

כ
 כሻ
ܭ௪ ൌ ඥςୀଵሺܭ௪


ܭ ൌ ܭ  ܭ ሺܵ௪ ሻ
כ
ܭ௪ ൌ ܭ௪  ܭ௪ ሺܵ ሻ
ܵ௪ ൌ ܵ௪ כ൫ͳ െ ܵ െ ܵ௪ ൯  ܵ௪ 

Based on the results of the calculations in formulas (12), (13) and (14), the four average oil-water
relative permeability curves were obtained. As
shown in Fig. 2, they can represent the four WellBlocks in H Oilfield respectively. The normalized
relative permeability data of the four Well-Blocks
are shown in Table 2.

(6)
(7)

Then the geometric average of ܭ ሺܵ௪ ሻ ,
ܭ௪ ሺܵ ሻ, ܵ௪ and ܵ values were calculated for
different core samples in the same well-block. The
formulas are:
ܭ ሺܵ௪ ሻ ൌ ඥςୀଵሺܭ ሺܵ௪ ሻሻ
ܭ௪ ሺܵ ሻ ൌ ඥςୀଵሺܭ௪ ሺܵ ሻሻ 
ܵ௪ ൌ ඥςୀଵሺܵ௪ ሻ 
ܵ ൌ ඥςୀଵሺܵ ሻ 

(12)
(13)
(14)

THE THEORETICAL ANALYSIS
OF THE CAUSES OF WARPED WATER
FLOODING CHARACTERISTIC CURVES

(8)
(9)
(10)
(11)

In order to study the relationship between the
ratio of oil relative permeability to water relative permeability and water saturation, the data in Table 2
were used to plot the semi-logarithmic plots of
ܭ Τܭ௪ versusܵ௪ (Fig. 3). As Fig.3 shows, the actual value of ܭ Τܭ௪ is significantly lower than the
theoretical value represented by formula (2), which
may be the main cause of the upward phenomenon
of water flooding characteristic curves in the high

where, n is the number of core samples for each
well-block.
Formulas (3), (4) and (5) can be transformed
into:
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water-cut period. To confirm whether this judgment
is reasonable, the data in Table 2 were used to made
the further inferences. This study decided to adopt W
Well-Block data due to the close geographical location of W Well-block and Z Well-block and their
similar geological characteristics.
According to Buckley-Leverett theory [11] of
oil-water two-phase displacement, the relationship
between the exit-end water saturation and the average formation water saturation can be expressed by
the following Welge formula [12]:
ܵ௪ ൌ ܵ௪ 

ଵିೢ

ሗ
ೢ



Substituting Formula (15) into Formula (17)
gives:
ଵି
ܴ ൌ ቀܵ௪  ሗ ೢ െ ܵ௪ ቁൗሺͳ െ ܵ௪ ሻ (18)
ೢ

ܹܱܴ can be expressed as:
ܹܱܴ ൌ ݂௪ Τሺͳ െ ݂௪ ሻ

(19)

The water cut rate values corresponding to water saturation values of W Well Block in Table 2
were calculated by Formula (16), and then the relevant data were plotted of Fig. 4. A tangent were
made starting with the irreducible water saturation
for the curve in Fig. 4, and the water saturation value
corresponding to the point of tangency is the exit-end
water saturation value [13]. 

(15)

In the Formula (15):
ଵ
݂௪ ൌ ഋೢ ಼ೝ 
ଵା

reservoir engineering, the formula for the degree of
reserve recovery is:
ܴ ൌ ܰ Τܰ ൌ ሺܵ௪ െ ܵ௪ ሻൗሺͳ െ ܵ௪ ሻ (17)

(16)

ഋ ಼ೝೢ

According to the volume calculation formula in

),*85(
6HPLORJDULWKPLFSORWVRIࡷ࢘ Τࡷ࢘࢝ YHUVXVࡿ࢝ LQ+2LOILHOG

),*85(
3ORWRIࢌ࢝ YHUVXVࡿ࢝ LQ::HOO%ORFN
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TABLE 2
Normalized relative permeability data in H Oilfield
Sw
0.37242
0.38420
0.39597
0.40775
0.41952
0.43129
0.44307
0.45484
0.46661
0.47839
0.49016
0.50194
0.51371
0.52548
0.53726
0.54903
0.56080
0.57258
0.58435
0.59613
0.60790

B Well-Block
Krw
0.00000
0.00005
0.00021
0.00048
0.00086
0.00132
0.00189
0.00260
0.00351
0.00490
0.00667
0.00880
0.01158
0.01719
0.02321
0.03339
0.04220
0.06300
0.10379
0.13086
0.15728

Kro
1.00000
0.87368
0.75379
0.63998
0.53405
0.45875
0.39337
0.33439
0.28501
0.24347
0.20550
0.17126
0.14097
0.11460
0.09111
0.06959
0.04987
0.03029
0.01709
0.00763
0.00000

Sw
0.39630
0.40879
0.42127
0.43376
0.44625
0.45873
0.47122
0.48371
0.49619
0.50868
0.52117
0.53365
0.54614
0.55863
0.57112
0.58360
0.59609
0.60858
0.62106
0.63355
0.64604

S Well-Block
Krw
0.00000
0.00024
0.00076
0.00151
0.00245
0.00358
0.00515
0.00691
0.00887
0.01110
0.01370
0.01674
0.02015
0.02391
0.02891
0.03894
0.05310
0.07239
0.11256
0.15810
0.20832

Kro
1.00000
0.83210
0.66882
0.51830
0.39415
0.31812
0.27987
0.24692
0.21648
0.18801
0.16106
0.13643
0.11405
0.09408
0.07669
0.06178
0.04878
0.03609
0.02411
0.01277
0.00000

Sw
0.37006
0.38273
0.39539
0.40806
0.42073
0.43339
0.44606
0.45873
0.47139
0.48406
0.49673
0.50939
0.52206
0.53473
0.54739
0.56006
0.57273
0.58540
0.59806
0.61073
0.62340

W Well-Block
Krw
Kro
0.00000
1.00000
0.00121
0.87476
0.00358
0.75756
0.00673
0.65161
0.01054
0.55664
0.01512
0.47305
0.01996
0.40297
0.02506
0.33960
0.03173
0.27941
0.03913
0.22924
0.04682
0.18456
0.05375
0.14661
0.06101
0.11616
0.07205
0.08620
0.08194
0.06144
0.09331
0.04379
0.10793
0.03270
0.12953
0.02284
0.16337
0.01406
0.20765
0.00491
0.26143
0.00000

Sw
0.36682
0.38043
0.39403
0.40763
0.42123
0.43484
0.44844
0.46204
0.47564
0.48924
0.50285
0.51645
0.53005
0.54365
0.55726
0.57086
0.58446
0.59806
0.61167
0.62527
0.63887

Y Well-Block
Krw
0.00000
0.00012
0.00041
0.00085
0.00146
0.00222
0.00314
0.00421
0.00543
0.00680
0.00833
0.01007
0.01279
0.01603
0.01937
0.02316
0.03876
0.05586
0.09475
0.14626
0.19208

Kro
1.00000
0.91951
0.84177
0.76702
0.69549
0.62743
0.56306
0.50253
0.44546
0.39086
0.33765
0.28419
0.23414
0.19019
0.14904
0.11438
0.08387
0.05832
0.03630
0.01449
0.00000

This indicates that because ܭ Τܭ௪ and ܵ௪ do
not follow the linear relationship in Formula (2) in
the semi-logarithmic scale during the high water cut
period, but as shown in Fig. 3, leading the upward
phenomenon of Type B water flooding characteristic
curve.
When ܭ Τܭ௪ versus ܵ௪ in a semi-logarithmic coordinates of a linear relationship, Type B water flooding characteristic curve can be used to predict production data, otherwise errors will result. Because Type A and Type B water flooding characteristic curves have the same slope [15], Type A water
flooding characteristic curve also have upward phenomenon during the high water cut period. Therefore, a new relation formula between ܭ Τܭ௪ versus ܵ௪ should be build first to establish a new water
flooding characteristic curve equation.

Used the data after the exit-end water saturation
value in W Well-Block in Table 2, the values of water cut rate (݂௪ ), reserve recovery degree (ܴ) and water-oil ratio (ܹܱܴ) were calculated according to the
formulas (17), (18) and (19). The Lagrange interpolating polynomial could be constructed by using the
corresponding discrete values of an unknown target
formulaˈthen the approximate first order numerical
differentiation formulas could be derived in terms of
those multiple sampling nodes [14]. Based on the
polynomial interpolation theory, the three-point formulas for one order derivative were obtained by the
interpolation polynomial:
݂ሗሺݔଵ ሻ ൎ ሾെ͵݂ሺݔଵ ሻ  Ͷ݂ሺݔଶ ሻ െ ݂ሺݔଷ ሻሿΤʹ݄ (20)
(21)
݂ሗሺݔଶ ሻ ൎ ሾെ݂ሺݔଵ ሻ  ݂ሺݔଷ ሻሿΤʹ݄
ሗ
ሾ݂ሺݔ
ሺݔ
ሻ
ሻ
ሻ
ሻሿ
Τ
݂ ଷ ൎ
ʹ݄ (22)
ଵ െ Ͷ݂ሺݔଶ  ͵݂ሺݔଷ
where, h is the interval constant between water
saturation values in W Well-Block, equal to 0.01267.
The derivative of the values of water cut rate
ሗ ) after the exit-end water saturation value in W(݂௪
Well Block were calculated in turn by the formulas
(20) to (22), and the above calculated data are shown
in Table 3.
Generally, the economic limit water cut rate
value of oilfield is 98%, so the semi-logarithmic plot
ofܹܱܴ versus ܴ used the data before the 98% water cut rate value in Table 3 were drawn in Fig. 5. It
can be seen, when the value of water cut rate is between 75.92% and 91.07%, ܴ and ܹܱܴ have a linear relationship, followed by a straight line upturned
phenomenon. According to Formula (17), Type B
water flooding characteristic curve can be transformed into:
(23)
ܹܱܴ ൌ ܥଵ  ܦଵ ܴ

DERIVATION OF
A NEW WATER LOODING
CHARACTERISTIC CURE IN H OILFIELD
The establishment of a new fitting relation
between ۹  ܗܚΤ۹  ܟܚversus  ܟ܁. The values of water
cut rate in each well-block in Table 2 were calculated
by formula (16), and the values after 90% of water
cut rate were selected out as shown in Table 4.
In order to establish a new relation formula between ܭ Τܭ௪ versus ܵ௪ in the high water cut period, the Fitting functions of Matlab curve fitting tool
were used to carry out the regression analysis of the
data in Table 4, the regression formulas of the four
Well-Blocks in H Oilfield is shown in Table 5.
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TABLE 3
The values of water production rate and its derivative, reserve recovery degree and
water-oil ratio in W Well-Block
Sw
0.44606
0.45873
0.47139
0.48406
0.49673
0.50939
0.52206
0.53473
0.54739
0.56006
0.57273
0.58540
0.59806
0.61073
0.62340

Kro/ Krw
20.18888
13.55148
8.80586
5.85842
3.94191
2.72763
1.90395
1.19639
0.74982
0.46930
0.30297
0.17633
0.08606
0.02365
0.00000

IሗZ
7.56975
7.11037
6.65099
4.53102
3.34423
2.15744
2.11305
1.49386
0.87468
0.51265
0.40664
0.30062
0.23133
0.12186
0.01239

fw
0.57916
0.67215
0.75933
0.82586
0.87575
0.91060
0.93587
0.95872
0.97372
0.98339
0.98921
0.99369
0.99691
0.99915
1.00000

WOR
1.37617
2.05021
3.15510
4.74247
7.04821
10.18591
14.59250
23.22269
37.05343
59.20179
91.70347
157.56479
322.83755
1174.77375


R
0.20890
0.21396
0.21830
0.24198
0.26006
0.28696
0.28947
0.30528
0.32920
0.35305
0.36384
0.37515
0.38313
0.39313
0.40217

),*85(
6HPLORJDULWKPLFSORWRIࢃࡻࡾYHUVXV܀LQ::HOO%ORFN
TABLE 4
The values of ࡷ࢘ Τࡷ࢘࢝ and ࡿ࢝ in high water cut period in H Oilfield
Well-Block

B

S

W

Y

Sw
0.54903
0.56080
0.57258
0.58435
0.59613
0.57112
0.58360
0.59609
0.60858
0.62106
0.63355
0.50939
0.52206
0.53473
0.54739
0.56006
0.57273
0.58540
0.59806
0.61073
0.58446
0.59806
0.61167
0.62527

Kro/ Krw
2.08431
1.18158
0.48083
0.16469
0.05834
2.65245
1.58650
0.91875
0.49857
0.21423
0.08075
2.72763
1.90395
1.19639
0.74982
0.46930
0.30297
0.17633
0.08606
0.02365
2.16405
1.04417
0.38315
0.09909

4418

fw
0.93022
0.95921
0.98299
0.99411
0.99790
0.91285
0.94598
0.96799
0.98237
0.99235
0.99710
0.91061
0.93587
0.95871
0.97372
0.98339
0.98921
0.99369
0.99691
0.99915
0.92774
0.96378
0.98640
0.99645
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TABLE 5
The regression formulas of ࡷ࢘ Τࡷ࢘࢝ versus ࡿ࢝ in H Oilfield
Well-Block
B
S
W
Y

Regression formula
ܭ Τܭ௪ ൌ ͳͲͳͻܵ௪ ଶ െ ͳʹͳͲܵ௪  ͵ͷͻǤʹ
ܭ Τܭ௪ ൌ ͲͻǤܵ௪ ଶ െ ͺͻͶǤܵ௪  ʹͺʹǤͳ
ܭ Τܭ௪ ൌ ͵ͷͷǤͶܵ௪ ଶ െ ͶʹʹǤͺܵ௪  ͳʹͷǤͺ
ܭ Τܭ௪ ൌ ͳͳʹͻܵ௪ ଶ െ ͳͶͳܵ௪  ͶͶͶǤ͵

Correlation coefficient
0.9994
0.9969
0.9906
0.9999

TABLE 6
The regression formulas of ࡷ࢘ Τࡷ࢘࢝ versus ࡿ࢝ in H Oilfield
Year

Cumulative oil
production/104t
1.35
2.55
4.05
5.34
6.54
7.50
8.55
9.30
9.93
10.44
10.71
10.95
11.19
11.25
11.30
11.33

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Cumulative water
production/104t
1.62
3.33
5.13
7.68
10.38
13.74
17.64
21.20
26.36
31.79
38.30
45.11
52.40
61.86
70.46
80.26

Substituting Formula (24), (27) and (28) into
Formula (26) gives:
ఓ  
ܹܱܴ ൌ   ೢ 

According to Table 5, the relationship between
ܭ Τܭ௪ versus ܵ௪ in H Oilfield can be expressed
as:
(24)
ܭ Τܭ௪ ൌ ܽܵ௪ ଶ  ܾܵ௪  ܿ

ଵ

ܭ Τܭ௪ ൌ ܭ Ȁܭ௪ ൌ

ொೢ ఓೢ ೢ 

ொೢ
ொ

ൌ

ఓ  ೢ
ఓೢ ೢ 



ೝೢ
ೝ



ܹܱܴ ൌ ሺߤ ܤ ݎ௪ ሻ െ ሺߤ௪ ܤ௪ ݎ ሻ െ

ሾ

(25)

ଽௌ మ
ସேమ

ଶ

ାௌೝ ିଵሻ
ଶ

ଷௌ ሺଶ௧ାሻ
ଶே

ܰ  ܽ ݐଶ  ܾ ݐ ܿሿ(30)

ܹܱܴ ൌ  ܣെ ሺܰܤ ଶ  ܰܥ  ܦሻ

(26)

(31)

where,  ܣൌ ሺߤ ܤ ݎ௪ ሻ െ ሺߤ௪ ܤ௪ ݎ ሻ ,  ܤൌ

ଽௌ మ
ସேమ

ሺଷௌ

ܰ ଶ 

Formula (30) could also be expressed as:

sult:
ଷே ௌ

(29)

By logarithmic transformation of formula (29),
it can be transformed into:

According to the literature [17] calculation re-

ܵ௪ ൌ    ೢ
ଶே
Let:
ሺଷௌ ାௌ ିଵሻ
 ݐൌ ೢ ೝ 

 ൌ

యಿ ೄ
యಿ ೄ
ା୲ሻమ ାሺ
ା୲ሻା
మಿ
మಿ
ఓ  ೢ
వೌೄ మ
యೄ ሺమೌశ್ሻ
ఓೢ ೢ  ሾ
ே మ ା 
ே ା௧ మ ା௧ାሿ
మಿೌ
రಿమ

Formula (25) can be transformed into:
ܹܱܴ ൌ

ఓೢ ೢ 

ሺ

The establishment of a new water flooding
characteristic cure in H Oilfield. Regardless of the
influence of gravity and capillary force, under the
seepage condition of stable water flooding, the relationship between the ratios of oil relative permeability to water relative permeability versus the oil, water production is expressed as [16]:
ொ ఓ  ೢ

Water cut
rate/%
56.33
59.54
62.62
74.52
78.93
83.08
77.54
85.53
90.25
89.92
94.35
95.56
96.27
97.48
97.86
98.35

 ܥൌ

ଷௌ ሺଶ௧ାሻ
ଶே

 ܦൌ ܽ ݐଶ  ܾ ݐ ܿ

Formula (31) is the expression of new water
flooding characteristic curve of H Oilfield.

(27)
(28)
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curve are closer to the actual production data. These
also indicate the application of the new curve for the
high water period of H Oilfield can better predict the
recoverable reserves.

THE APPLICATION IN Z WELL-BLOCK
The actual production data in Z Well-Block of
H Oilfield over the years are shown in Table 6.
The values of water cut rate between 94.35%
and 97.86% were fitted by Type A, Type B and the
new water flooding characteristic curves respectively (Fig. 6).

TABLE 7
Fitting results of different water flooding
characteristic curves
Type of
water
flooding
characteristic
curves
Type A
Type B
New type

(a) 7\SH$FXUYHLQKLJKZDWHUFXWVWDJH

Fitting formula

ܹ ൌ ͲǤͶͲͺܰ െ ʹǤͺͳͻͳ
ܹܱܴ
ൌ ͲǤͶܰ െ ǤͲͻͺ
ܹܱܴ
ൌ ͲǤͻʹ െ ሺെͲǤͻܰ ଶ
 ͳͶǤͶ͵ͻܰ െ ǤʹͶͺሻ

Predict
cumulative
oil
production/
104t
11.56
11.60
11.36

CONCLUSIONS
In the H Oilfield high water cut period, the ratio
of oil relative permeability to water relative permeability and water saturation are no longer satisfied
with the liner relationship in semi-logarithmic coordinates leading the upward phenomenon of Type A
and Type B water flooding characteristic curves.
The values of ܭ Τܭ௪ versus ܵ௪ in the high
water cut period were fitted accurately by used
Matlab software, and then the fitting formula was
used to derive a new water flooding characteristic
curve. The actual production data in Z Well-Block
indicate that the prediction of the new type curve is
closer to the actual data than Type A and Type B.
After the others well-blocks in H Oilfield enter the
stage of high water cut development, the new type
water flooding characteristic curve could be used to
predict the development trend when the conventional
curves have upward phenomenon.

E 7\SH$FXUYHLQKLJKZDWHUFXWVWDJH
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F 1HZW\SHFXUYHLQKLJKZDWHUFXWVWDJH
),*85(
'LIIHUHQWZDWHUIORRGLQJFKDUDFWHULVWLFFXUYHVLQ
KLJKZDWHUFXWVWDJH
The coefficients of the fitting formulas were respectively calculated by the BFGS algorithm in
1stopt software, then the fitting formulas were used
to predict the cumulative oil production when the
value of water cut rate is 98.35%. The results are
shown in Table 7.
As can be seen from Table 7, the calculated results of the new type water flooding characteristic

ABBREVIATIONS
ܹ Ȅcumulative water production, 104t;
ܹܱܴȄwater-oil ratio, f;
ܰோ Ȅwater flooding recoverable reserves, 104t;

4420

© by PSP

Volume 27 ± No. 6/2018 pages 4413-4422

Fresenius Environmental Bulletin


[4] +RX - :DQJ 5 ;LD == %LQJ 6; 6X
<+ :DQJ +   ,PSURYHPHQW RI ZDWHU
GLVSODFHPHQWFXUYHIRUZDWHUIORRGHGRLOUHVHU
YRLUV DW XOWUDKLJK ZDWHU FXW VWDJH -RXUQDO RI
&KLQD8QLYHUVLW\RI3HWUROHXP (GLWLRQRI1DW
XUDO6FLHQFH    LQ&KLQHVH 
[5] &XL &;X-:DQJ'<DQJ</LX =+
+XDQJ<6  $QHZZDWHUIORRGLQJFKDU
DFWHULVWLF FXUYH DW XOWUDKLJK ZDWHU FXW VWDJH
$FWD 3HWUROHL 6LQLFD     LQ
&KLQHVH 
[6] )DQ+=KX;  'HULYDWLRQDQGDSSOLFD
WLRQRIQHZZDWHUIORRGLQJFKDUDFWHULVWLFFXUYH
LQ KLJK ZDWHUFXW RLOILHOG )DXOW%ORFN 2LO 
*DV)LHOG   LQ&KLQHVH 
[7] &UDIW %&+DZNLQV0)7HUU\5(  
$SSOLHG SHWUROHXP UHVHUYRLU HQJLQHHULQJ 6HF
RQG HGLWLRQ 3UHQWLFH+DOO 375 (QJOHZRRG
&OLIIV1-
[8] 6<7  3HWUROHXPDQGQDWXUDO
JDV LQGXVWU\ VWDQGDUG 7HVW PHWKRG IRU WZR
SKDVHUHODWLYHSHUPHDELOLW\LQURFN LQ&KLQHVH 
[9] &KHQ<   6WDQGDUGL]HG PHWKRG RI DYHU
DJH UHODWLYH SHUPHDELOLW\ FXUYH 2LO ,QGXVWU\
6WDQGDUG DQG 0HDVXUHPHQW     LQ &KL
QHVH
[10] Li, N., Sun, L., Pan, Y., Feng, Q., Kou, H.
(2015) A new method for normalizing oil-water
relative permeability curves. Complex Hydrocarbon Reservoirs. 8(1), 39-40 (in Chinese).
[11] Buckley, S.E., Leverett, M.C. (1942) Mechanism of Fluid Displacement in Sands. Transactions of the Aime. 146(1),107-116.
[12] Welge, H.J. (1952) A Simplified Method for
Computing Oil Recovery by Gas or Water
Drive. Journal of Petroleum Technology. 4(4),
91-98.
[13] Craig, F.F. (1971) The Reservoir Engineering
Aspects of Waterflooding. H.L. Doherty Memorial Fund of Aime. 112-114.
[14] Zhang, Y., Guo, D., Xu, S., Li, H.L. (2009) Verification and Practice on First-Order Numerical
Differentiation Formulas for Unknown Target
Functions. Journal of Gansu Sciences. 21(1),
14-18 (in Chinese).
[15] Chen, Y., Tao, Z. (1997) Derivation of water
drive curve at high water-cut stage and its analysis of upwarding problem. Fault-Block Oil &
Gas Field. 4(3), 19-24 (in Chinese).
[16] Jiang, H., Yao, J., Jiang, R. (2006) Reservoir engineering principles and methods. Dongying:
China University of Petroleum Press. 239-241,
(in Chinese).
[17] Chen, Y. (1985) Derivation of relationship of
water drive curves. Acta Petrolei Sinica. 6(2),
69-78 (in Chinese).

݂௪ Ȅeconomic limit of water cut rate, f;
ܭ Ȅrelative permeability of oil, f;
ܭ௪ Ȅrelative permeability of water, f;
ܭ Ȅeffective permeability of oil, 10-3ȝP2;
 ୵ܭȄeffective permeability of water, 10-3ȝP2;
ܭȄabsolute permeability, 10-3ȝP2;
ܵ௪ Ȅwater saturation, f;
כ
ܭ
Ȅstandardized relative permeability of oil, f;
כ
Ȅstandardized relative permeability of water, f;
ܭ௪
ܵ௪ כȄstandardized water saturation, f;
ܵ௪ Ȅinitial water saturation, f;
ܵ Ȅresidual oil saturation, f;
ܭ ሺܵ௪ ሻȄrelative permeability of oil under initial
water saturation, f;
ܭ௪ ሺܵ ሻȄrelative permeability of water under residual oil saturation, f;
כ
ܭ Ȅaverage standardized relative permeability of
oil, f;
כ
ܭ௪ Ȅaverage standardized relative permeability of
water, f;
ܭ ሺܵ௪ ሻȄaverage relative permeability of oil under initial water saturation, f;
ܭ௪ ሺܵ ሻȄaverage relative permeability of water
under residual oil saturation, f;
ܵ௪ Ȅaverage water saturation, f;
ܵ௪ Ȅexit-end water saturation, f;
݂௪ Ȅwater cut rate, f;
ሗ Ȅderivative of water cut rate, f;
݂௪
ߤ௪ Ȅviscosity of water in reservoir, mPa·s;
ߤ Ȅviscosity of oil in reservoir, mPa·s;
ܴȄrecovery degree, f;
ܰȄoriginal oil in place, 104t;
ܵ Ȅinitial oil saturation, f;
ܳ Ȅtransition production rate of oil at the exit-end,
m3/d;
ܳ௪ Ȅtransition production rate of water at the exitend, m3/d;
ܤ Ȅvolume factor of oil in reservoir, m3/ m3;
ܤ௪ Ȅvolume factor of water in reservoir, m3/ m3;
ݎ௪ Ȅgravity of water in reservoir, f;
ݎ Ȅgravity of oil in reservoir, f;
ܣǡ ܣଵ ǡ ܣଶ ǡ ܤǡ ܤଵ ǡ ܤଶ ǡ ܥǡ ܥଵ ǡ ܦǡ ܦଵ ǡ ܽǡ ܾǡ ܿȄcoefficient.
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In this study, coronary artery patients involved
in a coronary artery bypass graft (CABG) and a control group displaying no coronary artery disease
(CAD) are being compared in terms of alpha adducin
Gly460Trp and plasminogen activator inhibitor 1
(PAI-1) gene polymorphisms. Ninety patients (64
men, 26 women; average age: 59.8 ± 9.2) who were
recommended for a coronary artery bypass graft because of their coronary artery disease and 80 healthy
people (57 men, 23 women; average age: 58.3 ± 7.4)
who were not coronary artery patients were included
in this study. Within these samples, adducin
Gly460Trp and plasminogen activator inhibitors 1
(PAI-1) gene polymorphisms were determined by
the real time polymerase chain reaction method. According to the obtained results,in the comparison between the coronary artery bypass graft group and the
controlgroup, there were no statistically significant
differences in terms of adducin Gly460Trp and plasminogen activator inhibitor 1 (PAI-1) gene polymorphisms (p>0.05). In this study, it was concluded that
the interpretation of adducin Gly460Trp and plasminogen activator inhibitor 1 (PAI-1) gene polymorphisms as being risk factors for development and up
development of coronary artery diseases can’t be
substatiated. Especially in patients with coronary artery adducin and plasminogen activator inhibitor-1
gene polymorphism else think it would be more useful to be evaluated.



17.3 million people were estimated to die from preventable cardiac disease worldwide in 2012. They
stressed the crucial importance of detecting avoidable risk factors and eliminating them to prevent these
diseases, as well as to decrease morbidity, mortality,
and health expenditures.
The alpha-adducin gene, which is mostly been
worked on Adducin, has 16 exons on the 4 chromosome 4p16.3 area. The most frequently seen mutation of an exon is clarified as the Gly460Trp with the
change 10 on 614. position Glycine-Tryptophan
Gly-Trp). It is believed that the role of adducin is the
regulation of the actin and the spectrin coupling
It achieves this with the compression of the actin filaments and their direct coupling. This situation
provides cell contact in most webbings and through
this starts the contractility into the cell [3]. Eventually, adducin activates the formation of transmembrane proteins and the modulation of the cytoskeleton. It plays a role in the control of phosphorylation
and intracellular Ca which provides contact from cell
to cell and cytoplasm to cell. In additon to adducin’s
role in coupling the actin and spectrin, it also effects
the ionic transportation between the actin, cytoskeleton and Na-K pump [4]. When the adducin gene’s
(ADD1) allele which transports 460Trp (variant allele) is compared to its homozygote Gly460 allele
(wild tip allele), it shows much more Na-K pump activity. This explains the high rate of renal tubular Na
reabsorption [5].
Gly460Trp polymorphism has been observed
to be related to hypertention risk and to high rates of
elevated blood pressure in most populations [6]. In
patients with high systolic blood pressure, when the
T allele transporters are compared to the G allele
transporters in terms of α-adducin polymorphism, it
is showed that in T allele transporters the mortality
risk is increased [7]. Also, this polymorphism is associated with the sodium sensitivity (this is a risk
factor for cardiovascular events) [8, 9]. Thus, 460Trp
allele transporters pose a high risk of coronary artery
illness. But these findings are controversial [6, 10].
In fibrinolysis the plasminogen, which takes a role in
disengagement of fibrin clots, turns into plasmin.
During fibrinolysis, plasminogen, which plays a role

&% !
Adducin, Plasminogen activator inhibitor 1, Gene polymorphism, Coronary artery disease.
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Current standards for pre-operative cardiac
evaluation support the use of noninvasive cardiac
tests to improve perioperative risk stratification, but
these tests’ predictive value remains > 25% [1]. According to the article by Laslett and colleagues [2],
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over or the patients who use antihypertensive drugs
were accepted as hypertensive. Following the 12hour-hunger, for the routine hematological and biochemical tests the blood drew from the patients. The
CABG patients and control patients are being decided to have an operation and the coronary angiography in terms of quantitative and qualitative,
about the coronary artery illness, was accepted as the
diagnostic gold-standard.
A venous blood sample of 2-3 mL was drawn
from all participants and put into tubes with ethylenediamine tetraacetic acid (EDTA). Deoxyribonucleic acid (DNA) isolations were done in Medical
Genetics Laboratory using the DNA isolation kit
(PureLink™ genomic DNA kits, Invitrogen, Carlsbad, CA 92008 USA). Isolated DNAs were stored at
-20 °C until the analyses were performed. Genotyping was performed with Applied Biosystems™ RealTime PCR Instruments StepOne Plus Real Time Polymerase Chain Reaction (PCR) equipment (Applied
Biosystems, Foster City, CA, USA) [13].

in the degradation of fibrin clots, is converted to
plasminogen by urokinase plasminogen activator
(PAI-1) and tissue plasminogen activator, and this
process is controlled by serine protease [11].
The main tissue plasminogen activator regulator here is PAI-1, which is found in plasma and the
alpha granules of thrombocytes. Excessive expression of PAI-1 may affect normal fibrin clearing,
since it plays an important role in the fibrinolytic
process and may cause thrombotic events [11]. PAI1 is synthesized in various tissues, such as spleen,
liver, and adipose tissue, and endothelial cells, and
its synthesis is regulated by lipids, insulin, endotoxins, glucose, and inflammatory cytokines [11]. The
discovery of increased levels of PAI-1 in atheriosclerotic lesions raised the debate about whether this
phenomenon is a cause or an effect [12].
In this study, the coronary artery patients who
are being considered for a coronary artery bypass
graft (CABG) and the control group, which does not
include any coronary artery patients, are being compared in terms of adducin Gly460Trp and plasminogen activator inhibitor 1 (PAI-1) gene polymorphisms.

!8'8/78/)'0 +8.3*7 The statistical analyses
were performed using SPSS 11.5 package program
(SPSS Inc., Chicago, IL, USA). Differences in genotype distribution and consistency with Hardy–
Weinberg equilibrium were tested by χ2 test. Chisquare test was used for the categorical variables. Intergroup comparisons were done with one way variance analysis (One-Way ANOVA) test. Intragroup
comparisons of the parameters were done using t-test
and Mann-Whitney U test. The results were analyzed
with a confidence interval of 95%, and p<0.05 was
regarded as statistically significant. 


!#"!

" !"!

Study population 90 patients (64 men, 26
women; average age: 59.8 ± 9.2) who were decided
to take coronary artery bypass graft because of their
coronary artery disease and 80 healthy (57 men, 23
women; average age: 58.3 ± 7.4) people who don’t
have coronary artery illness are taken to this study;
from the Cardiovascular Surgery and Cardiology
Clinic, between December 2012 and March 2014.
While forming the groups, patients who have
been applied with percutaneous coronary Angiplasty
patients who use drugs which effects their coagulation system like aspirin, clopidogrel or warfarin, patients who have hematological illnesses which
causes hypercoagulability or bleeding diathesis and
have malignance, also the patients who have thrombocyte number in full blood count less than
150.000/ml. or more than 400.000/ml, patients who
have their INR value over 1.5 and have cardiomyopathy, patients who have kidney or liver malfunction
or patients who have systemic illness known were
excluded from the study. The patients were informed
about the study, their informed consents were obtained, and the study protocol was approved by the
local ethics committee.
All the patients’ physical examinations were
done and their demographic characteristics and cardiovascular risk factors recorded. Patients who have
126 mg/dl or more blood sugar level and the ones
who use oral antidiabetical drugs and insulin were
accepted as diabetic patients. Patients who have systolic blood pressure 140 mmHg or over and the ones
who have diastolical blood pressure 90 mmHg and

The demographic and the clinical characteristics of the groups are shown in Table 1. There was
not a significant difference between the experimental and control groups in terms of gender, age,
total cholesterol, LDL, HDL-cholesterol, triglyceride, BMI, smoking and family story (p>0.05). Despite this, in terms of the fasting blood sugar, diabetes and hypertension, in the CABG group, these parameters were more than the control group and there
was statistical difference (p<0.05).On the other side,
as a result of the comparison of all genotypes with
the categorical differencesthere was not a statistical
relationship between CABG and control group
(p>0.05).
The distribution of Adducin and PAI-1 gene
polymorphisms’ genotypes in CABG and control
group are shown in Table 2. In this study, it was acquired that; 70% of the CABG patients and the
77.5% of the control group are Addusin Gly460Trp
Homozygotes (GG trailers). In the same time, it was
obtained that the 26.7% of the CABG patients and
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Control
CABG
Age (years)
58.3 ± 7.4
59.8 ± 9.2
Gender (Male/Female)
23 / 57
26 / 64
Hypertension (%)
10
37.7
Fasting plazma glucose (mg/dl)
91.6 ± 9.4
108.9 ± 20.4
T-Cholesterol (mg/dl)
186 ± 48
176 ± 48
Triglyscerides (mg/dl)
140 ± 84
143 ± 91
HDL-Cholesterol (mg/dl)
39 ± 14
42 ± 11
LDL-Cholesterol (mg/dl)
114 ± 46
125 ± 40
Diabetes mellitus (%)
12.5
28.8
Body mass index (kg/m2)
26.5 ± 4.3
28.7 ± 3.4
Cigarette Smoking (%)
31.2
34.4
Family history (%)
20
25.5

p-value
0.39
0.26
0.001
0.001
0.38
0.41
0.22
0.43
0.001
0.52
0.32
0.54


" 
".+-+238;4+*/786/(98/3273,8.+**9)/2'2* -+2+430;1364./717/28.+'2*)328630
-63947

Polymorphisms
Genotypes,n (%)
CABG (n=90)
Control (n=80)
p-value
G/G, n(%)
63(70)
62(77.5)
Adducin
G/T, n(%)
24(26.7)
12(15)
p = 0.704
Gly460Trp
T/T, n(%)
3(3.3)
6(7.5)
5G/5G, n(%)
47(52.2)
38(47.5)
PAI-1
5G/4G, n(%)
34(37.8)
32(40)
p = 0.429
4G/4G, n(%)
9(10)
10(12.5)

Allel, n (%)
Adducin
Gly460Trp
PAI-1

G, n(%)
T, n(%)
5G, n(%)
4G, n(%)

"
00+0,6+59+2)/+7

CABG
2
150(83.3)
30(16.7)
128(71.1)
52(28.9)



the 15% of the control group are Heterozygotes (GT
trailers). And the mutant area (TT trailers) occurred
with the 3.3% of the CABG and the 7.5% of the control group. When these parameters were compared in
all the groups for Adducin Gly460Trp, it was seen
that there is not a statistically significant difference.
(p>0.05).
For PAI-1, it was found out that 52.2% of the
CABG patients and the 47.5% of the control group
are homozygotes (5G / 5G trailers). In the same time,
37.8% of the CABG patients and 40% of the control
group were heterozygotes (5G / 4G trailers). The
mutants were (4G / 4G trailers) forms 10% of the
CABG patients and 12.5% of the control group. The
comparison of the results of PAI-1 polymorphism in
the CABG and control patients was found statistically nonsense (p>0.05). For all polymorphisms, the
allel periodicity was given in the Table 3 and found
statistically nonsense (p>0.05).

Control
2 
136(85)
24(15)
108(67.5)
52(32.5)

p-value
0.674
OR(1.13)
0.470
OR(0.84)

!#!!
The etiology of coronary artery disease (CAD)
is multifactorial, including physiological, environmental, and genetic factors [14]. Investigation of the
genetic factors is important for preventing increasing
treatment costs and surgical complications as well as
for taking precautions in patients with CAD [14].
The adducin gene Na-K pump function and its transporters were found to be at increased risk in terms of
coronary artery disease (CAD). Yet these findings
are debatable [10, 15]. Our comparative study of the
CAD group and the control group did not show statistically significant results between adducin
Gly460Trp gene polymorphisms and allele frequencies (p>0.05).
It was found that the adducin gene is related to
blood pressure levels and hypertension risk in many
populations, even though this is not shown in all
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Gly460Trp polymorphisms [6]. This study could not
find a relation between patients with hypertension
and with those anticipating CABG and this polymorphysm (p>0.05). Since it has a significant role in
the fibrinolytic process, it is unclear whether increased levels of PAI-1 in atherosclerotic lesions are
the reason or cause [12].
In the study they examined adducin polymorphism and found coronary artery illness and the accompanying risk factors [15]. In our study, there
likewise was not a relationship compatible with this
literature. Examined the relationship between α-adducin (ADD1) Gly460Trp polymorphism and cardiovascular outcomes in different races (black, Hispanic, Caucasian, and other individuals in small
numbers). In hypertensive patients with coronary artery disease, black ADD1 variant carriers showed a
2.6-fold excess risk for a primary outcome event and
an 8-fold increase risk of death. White and Hispanic
ADD1 variant carriers showed an increased but nonsignificant excess risk. [16]. In our study, there was
not a relationship between the patients with adducin
gene polymorphism and coronary artery illness risk.
On the other hand, in a comprehensive incident-control study including 1052 individuals, the 58 polymorphism and myocardial infarction (MI) were examined for their relationship with each other in 35
candidate genes, and as a result, it was found out that
the ADD1 460Trp allel is a protector against MI
[17]. But in our study, the coronary artery diseases
(CAD) group which was different from this literature, is not related to this gene.
A meta-analysis study mentioned that there is
an increased risk even though it is decreased according to former studies [18]. In our study, there is no
statistically significant difference between the PAI1 in the CABG group and the control group. In the
study conducted there is not a relationship between
this PAI-1 expression and the gene polymorphism
[19]. This literature’s result is confirmed in our
study.
A meta-analysis performed showed that the
PAI-1 4G allele was a risk factor for MI. In our
study, we did not find any difference for genotype
distributions and allele frequencies of PAI-1 between CABG patients and the control groups. 2008
found a PAI-1 4G/4G genotype frequency of 26% in
healthy individuals and 32.7% in the patients who
presented with acute MI, and they reported that
4G/4G polymorphism was a risk factor for MI in patients with atherosclerotic lesions. In our study, genotype distribution and allele frequency of PAI-1 did
not CABG patients [20, 21].
One of the problems we encountered was that
our study involved an insufficient number of patients. If a larger group of subjects were studied, statically valid results might be obtained. We suggest
that it is useful to evaluate adducin various polymorphism in a larger group of CABG patients who also
have hypertension. Further, we believe that it would

be beneficial to investigate PAI-1 polymorphism in
a larger group of CABG patients with preoperative
myocardial infarction.
 !
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FIRST RECORD OF LECANE BIFURCA (BRYCE, 1892)
(ROTIFERA, MONOGONONTA, LECANIDAE) FOR
TURKISH INLAND WATERS
Hilal Bulut*
Firat University, Faculty of Fisheries, Elazig, Turkey

genus that is presently thought to contain about 200
species worldwide [9,10]. The genus is generally
considered easy to identify and attractive, by the
presence of a stiff, occasionally ornamented and
complex lorica [11]. Consequently, there are numerous illustrated records, which facilitates reviewing
the distribution of the different species.
The purpose of present study were to examine
zooplankton groups composition and to contribute
ZLWKWKHQHZUHFRUGDWWKH7XUNH\¶VURWLIHUIDXQD

ABSTRACT
The zooplankton fauna of Mamikan Stream
was studied between May 2012- April 2013. During
the study, total of 23 zooplankton species, 17 species
from Rotifera, 4 species from Cladocera and 2 species from Copepoda were identified. Maximum
number of zooplankton has been recorded in May
(35648 individuals/m3). The least the number of individuals were recorded in February (2036 individuals/m3). Among all zooplankton were represented
with Rotifera 74%, Cladocera 17% and Copepoda
9%. Lecane bifurca (Bryce, 1892 ), between the species identified was important as to new record in this
region for Turkey rotifer fauna.

MATERIALS AND METHODS
Mamikan stream is east of Malatya city center.
The stream was 30 km far away from Malatya city
center [12]. The coordinate of the station at Mamikan
Stream is 38϶21'06.85''N, 38϶36'16.02''E.
In this study, zooplankton distribution was determined between May 2012- April 2013. Zooplankton samples were taken from single station of stream.
The zooplankton samples were collected with a
standart plankton net (Hydrobios Kiel, 25 cm diameter 55 μm mesh size) horizontal hauls and the specimens were preserved in 4% formaldehyde solution
in 250 ml plastic bottles. The species were identified
according to Edmondson [13], Kolisko [14], Koste
[15,16], Segers [11], Negrea [17] Einsle [18] Stella
[19].

KEYWORDS:
Lecanidae, new record, stream, Turkey, zooplankton

INTRODUCTION
Zooplankton are known to be efficient phytoplankton grazers as well as primary food sources for
larger invertebrates and young-of-the-year-fish.
Many adult fish species also rely on zooplankton for
prey. Because of their intermediate trophic position
and interactions with nutrient cycling, zooplankton
play key roles in the functioning of aquatic ecosystems [1].
Rotifera includes three groups: freshwater
Monogononta, Bdelloidea and marine epizoic and
Seisonacea. The best known and diverse is Monogononta, which contains 1450 species distributed
across 29 families and 106 genera in the world [2].
The genus Lecane of the family Lecanidae [3]
is common to shallow environment, littoral areas and
frequent in eutrophic environments such as harbors,
bayous and river mouths. This genus in the Amazonian region comprises approximately 50 species,
based on surveys carried out by Robertson and Hardy
[4], Sendacz and Melo-Costa [5], Keppeler [6] and
Keppeler and Hardy [7]. Monogonont Rotifera, being of prime ecological importance in freshwater
ecosystems [8].
One of the most puzzling, and probably the
most diverse taxon of tropical rotifers is Lecane, a

RESULTS
Total of 23 species were recorded in Mamikan
stream including 17 Rotifera, 4 Cladocera and 2 Copepoda species. The monthly distribution of zooplankton are given Table 1.
Rotifera
Ascomorpha ecaudis Petry, 1850
Asplanchna priodonta Gosse, 1850
Brachionus urceolaris Müller, 1773
Cephalodella forficula (Ehrenberg, 1830)
Cephalodella gibba (Ehrenberg, 1838)
Euchlanis dilatata Ehrenberg, 1832
Filinia longiseta (Ehrenberg, 1834)
Gastropus stylifer ÕPKRI
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Copepoda
Acanthodiaptomus denticornis (Wierzejski,
1887)
Cyclops vicinus Uljanin, 1875
At this study that dominant organisms were rotifers. Their species richness was 74% followed by
Cladocera (17%) and Copepoda (9%). From Rotifera
K.cochlearis and P.dolychoptera from Copepoda
C.vicinus were observed at all the months. L.bifurca
that new record was only observed in May (Table 1).
Maximum number of zooplankton has been recorded
in May (35648 individuals/m3). The least the number
of individuals were recorded in February (2036 individuals/m3) (Figure 1).

Keratella cochlearis (Gosse, 1851)
Keratella quadrata (Müller, 1786)
Lecane bifurca (Bryce, 1892)
Lecane bulla (Gosse, 1886)
Lecane luna (Müller, 1776)
Notholca acuminata (Ehrenberg, 1832)
Polyarthra dolichoptera Idelson, 1925
Synchaeta pectinata Ehrenberg, 1832
Trichocerca capucina (Wierzejski & Zacharias, 1893)
Cladocera
Bosmina longirostris (Müller, 1785)
Daphnia cucullata Sars, 1862
Daphnia galeata Sars, 1864
Daphnia magna (Straus, 1820)

TABLE 1
Monthly distribution of zooplankton at the Mamikan Stream (+ = present, - = absent)
M

J

J

A. ecaudis
A. priodonta
B. urceolaris
C. forficula
C. gibba
E. dilatata
F. longiseta
G. stylifer
K. cochlearis
K. quadrata
L. bifurca*
L. bulla
L.luna
N. acuminata
P. dolychoptera
S. pectinata
T. capucina

+
+
+
+
+
+
-

+
+
+
+
+
-

+
+
+
+
+
+

B. longirostris
D. cucullata
D. galeata
D. magna

+
+
-

+
-

+
+
-

C. vicinus
A. denticornis

+
+

+
-

+
+

A
S
Rotifera
+
+
+
+
+
+
+
+
+
+
+
+
Cladocera
+
+
Copepoda
+
+
+
-

O

N

D

J

F

M

A

+
+
+
-

+
+
+
-

+
+
+
+
-

+
+
+
+
-

+
+
+
-

+
+
+
+
+
+
-

+
+
+
+
-

+

+
-

+
-

+
-

-

-

-

+
-

+
-

+
-

+
-

+
-

+
-

+
-

FIGURE 1
Monthly distribution of total number of individual (ind./ m3)
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Comments. Segers [11] describes this form as:
L. bifurca entome is judging from its description and
figure, based on an irregularly contracted individual.
The taxon is here treated as a synonym. L. fusilis,
which was diagnosed mainly by its obtusely pointed
coxal plates, is therefore considered a synonym. Lorica nearly hexagonal in outline with 2 small lateral
projections at posterior end. Toe single; toe-tip
widely bifurcated. In this study two completely divided diverging claw of L. bifurca were also observed very clearly even with light microscope. The
studied specimens present a flexible integument and
2 posterolateral spines at sides of foot. Lorica not
rigid, anterior end wider. Coxal spines present. Foot
pseudosegments scarcely projecting. Toe single with
widely separated claws (Figure 2).

Family Lecanidae Remane, 1933
Lecane bifurca (Bryce, 1892)
Syn: L. fusilis Myers, 1936
Syn: L.crypta (Hauer, 1938)
Syn: L.bifurca entome (Berzins, 1982)
The features of L. bifurca were given below.
Differential diagnosis. Lorica small, oval
compressed. Ventral plate slightly narrower than
dorsal plate. Toe small and short, The species is unmistakable presence of coxal spines and by its single
toe bearing completely separated is terminated by a
double claw.
Description. Illoricate Lecane, body easily deformed, shape irregularly. Living animal elongate,
only slightliy longer than wide when contracted.
Coxal plates elongate, acutely pointed terminally,
not or distinctly projecting. Prepedal fold narrow,
elongate, posteriorly with median projection. Foot
pseudosegment large, broadest basally, not or
scarcely projecting. Relatively short, parallel -sided
toe, occasionally with terminal fissure. Two completely separated, diverging claws present.
Measurements. Total length: 63-78 μm, Lorica length: 40-51 μm, Toe length: 19 μm, claw: 3-6
μm.
Distribution. L.bifurca is cosmopolit species.

FIGURE 3
General view of Lecane bifurca, bar 50 μm

DISCUSSION
At the eutrophic water systems, Rotifera species an important piece of biomass [20]. The reasons
for the abundance of Rotifera species found in freshwater ecosystems when compared to other zooplankton species are the high amount of nutrients in these
waters, reproductive success of Rotifera species and
especially the repression of Cladocera and Copepoda
population increase by the fish [21]. This data was
supported with Rotifera species dominance every
seasons in this research.
In freshwaters, Rotifera individual numbers are
higher than the other zooplanktonic groups. The high
levels of nutrients, high reproduction rate of Rotifera
species, transportation of rotifers to aquatic environment easily by factors such as birds, wind and currents, and most significantly, repression of Cladocera population by predator fish caused this result
[22]. This present, rotifera species were in the most
number of individual in all the months more than
other groups, It was also determined that this group
was followed by Clacodera and Copepoda species.

a

b
FIGURE 2
ab. Lecane bifurca (a- dorsal view, b- ventral
view), Photographs original

4430

© by PSP

Volume 27 ± No. 6/2018 pages 4428-4432

Fresenius Environmental Bulletin


ACKNOWLEDGEMENTS

In lakes and streams, zooplankton species are
significant indicators for aquatic habitats because
most of them are used to defined the water quality,
the trophic level and level of population. For example, species from Rotifera as Keratella cochlearis
and Polyarthra dolichoptera are indicators of fertile
habitats, while Notholca acuminata are indicators of
cold waters [14]. All of these species were detected
in Mamikan Stream. K. cochlearis and P. dolichoptera were observed in every season. N. acuminata
was determined in cold seasons (in winter).
The smaller body cladoceran like Bosmina
were highly abundant in the rivers generally [23]. 4
species of Cladocera were recorded in this stream.
From these species B.longisrostris was found every
season. This result confirms the above information.
Copepoda, which is intensely found in freshwater
ecosystems, forms the main constituent of planktonic
community. Copepoda group of organisms have
been shown as the indicator species for determining
the quality of water [24]. Cyclops vicinus was the
representative of Copepods. This species was recorded throught all the year.
The studies conducted in the field of this study
and in Seli Stream [25], Pülümür Stream [26] Peri
Stream [27] Gorgusan and Geban stream [28] Ohi
Stream [29] demonstrated that Rotifera group was
predominant over other zooplankton groups with respect to both species diversity and individual numbers. The number of zooplankton species were increased in spring and summer months and decreased
in winter months. This result similar of zooplankton
were observed in Tohma stream [30].
All the identified zooplankton species in this
study are widely distributed around the world. Most
of the species identified except L. bifurca are species
common in Turkey [26-30].
The richness of species was higher in summer
than in winter [31-32]. In the present study showed
paralleled with these results.
A lot of studies have made out fresh water zooplankton of Turkey. The study first Turkish inland
water zooplankton list was made by Emir [33] and
she repoUWHGVSHFLHV8VWDR÷OX>@ reported 229
rotifer species from Turkish inland waters. In Tigris
River Bekleyen et al. [35] have identified 34 new RotifeUVSHFLHV8VWDR÷OXHWDO>@, have recorded 341
rotifer WD[DIURP7XUNH\8VWDR÷OX>@, updated rotifer fauna of Turkey has 417 taxa. Also inland rotifer
species biodiversity has been updated by Bozkurt
[38]. He reported additional 3 new records from Turkey. Among these rotifer species L.bifurca has not
been mentioned. This study is the first record for this
species (taxon) in inland water systems of Turkey.
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grown in Europe, Central Asia, America and Africa,
particularly in countries near the Mediterranean [2,
3].
Turkey ranks first in the world in apricot production [2]. Turkey's apricot production was
730,000 tons in 2016 according to FAO statistics [2].
This amount accounted for 18.81% of world’s total
apricot production. The center of apricot production
in Turkey is the city of Malatya [4], which provides
50% of total apricot production in Turkey [5].
Isparta, which is located in the Western Mediterranean part of Turkey, has lately gained importance in
organic apricot production, where it ranks second after Malatya. Isparta's organic apricot production accounted for 1,645.84 tons in 2014, while in the same
year, Turkey's total organic apricot production was
4,102.34 tons, much lower than 94,798 tons in
2013[6]. This dramatic fall in the production of organic apricots in Turkey mainly resulted from the
crop damage from late spring frosts, as well as difficulty of maintaining organic farming activities due
to its more complicated nature than conventional
farming. Indeed, in organic apricot cultivation, it is
very difficult to fight fungal and bacterial diseases.
There exists limited number of pesticides certified
for organic cultivation. Another problem faced by
organic apricot producers is that organic products are
relatively low in quality compared to conventional
products which are not purchased by merchants or,
if purchased, organic apricots are usually paid the
same price as traditionally grown apricots. For these
reasons, Turkish farmers engaged in organic apricot
production had to go back to conventional cultivation. However, the production of organic apricots
was 2,533 tons in Isparta in 2017. Organic apricot
production is gaining better ground in Isparta region,
which predominantly has highland climate, and
highland climate ecology provides optimal conditions for organic apricot cultivation (in terms of
fighting diseases) as compared to hotter regions
(Malatya). In addition, the organic apricots grown in
the Isparta ecology are particularly rich in taste and
aroma due to the higher temperature differences between day and night.

This research aimed to examine the effects of
organic farming on apricot cultivation and to determine the yield and certain pomological characteristics of apricots produced in Isparta, Turkey. The city
of Isparta, which is located in the Western Mediterranean part of Turkey, has also gained importance in
terms of organic apricot production. Two apricot varieties (Hasanbey, Alyanak) were grown by means
of organic farming practices in this study. These two
varieties are table types of apricot varieties commonly grown in Turkey, one of the world's major
producers. In this research, pomological characteristics such as fruit size (fruit height, fruit width, fruit
weight, fruit length), fruit firmness, pH, total soluble
solid (TSS) content, titrable acidity (TA) and yield
values were determined. Total phenolic and antioxidant activities were also identified. The apricot cultivar Hasanbey had higher yield value (66.21
kg/tree) than the cultivar Alyanak (45.71 kg/tree).
Besides, the total phenolic content of Hasanbey
(307.12 mg GAE/100g) variety was determined to
be higher than that of Alyanak (175.91 mg
GAE/100g). Antioxidant activities of the Alyanak
and Hasanbey varieties were determined as 32.86
mg/ml IC50 and 17.37 mg/ml IC50, respectively.
Based on the characteristics examined, the Hasanbey
variety is considered more efficient for the Isparta
region and is therefore recommended for other
places with similar ecological conditions (highland
climate).
%$ !
Apricot, total phenolic, antioxidant activity, organic growing, Hasanbey, Alyanak
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The apricot has been cultivated since ancient
times and its native area extends from Turkestan to
Western China [1]. Apricot is geographically distributed in almost all parts of the world, but it is mostly
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The fruit weights (g) were determined by using a
0.01g-sensitive weighing. Fruit width (mm), length
(mm), and height (mm) were measured by a 0.01 mm
sensitive digital compass. Fruit width was measured
across the fruit cheek. Fruit length was measured as
distance from the fruit stalk to the fruit apex and fruit
height was measured as length from fruit suture to
the fruit back. Fruit firmness (lb) was determined by
using penetrometer [25].
Total Soluble Solids Content (TSSC) was determined by a hand refractometer (%). pH measurements were performed by using a Hanna HI 98103
pH meter at 20 °C. Titrable acidity (TA) was determined potentiometrically by using 0.1M NaOH to
the end-point of pH 8.1 and expressed as grams of
malic acid per liter [26].
Total phenolic and antioxidant activities were
determined by spectrophotometric assay. Total phenols were determined according to the Folin-Ciocalteu method [27, 28, 29], using the Folin–Ciocalteau
reagent. Absorbance was measured on spectrophotometer at 765 nm. Results were expressed as mg of
Gallic acid equivalents (GAE 100g-1 FW) of extract.
Antioxidant activities were determined by DPPH assay [30]. Absorbance was measured on spectrophotometer at 517 nm [31]. The percentages of DPPH
radical-scavenging activity were expressed as mg/ml
IC50.
Yield is determined by weighing the fruits harvested from each tree and expressed in kg/tree. 

!7&7.67.(&0 &2&0<6.6 The study used the Randomized Factorial Design. The differences between
means were determined by using "Tukey" multiple
comparison tests. All analyses were performed on
the software Minitab 18 [32].

Whether organic or conventional, the apricot is
an important food, as it is rich in sugar, vitamins,
minerals, fibers, and bioactive phytochemicals like
phenols, carotenoids and antioxidants. The positive
effects of these phytochemicals on human health are
well established in the literature. Many studies in this
area have reported that antioxidants can protect human body from oxidative damage and chronic diseases [7, 8, 9]. The risk of cancer and other health
problems caused by residues of chemical fertilizers
and herbicides have motivated researches to improve
production methods that can minimize possible risks
[10].
Although conventionally-grown apricots have
been thoroughly investigated for their quality characteristics and contents of phytochemicals [5, 7, 1123], the number of studies on organic apricots is rather limited in the relevant literature [15, 17, 24].
This study therefore aimed to examine certain pomological characteristics, total phenolic contents, and
antioxidant activities of organic apricots grown in
the Isparta region (highland climatic conditions),
where organic apricot cultivation is increasingly becoming important.
" !"!

*6*&5(- 5*& This study was conducted in
Isparta/Turkey (37°45′ N latitude, 30°33′ E longitude). Isparta is located in the Western Mediterranean part of Turkey and it has highland climate conditions. It has a very favorable climate in terms of
temperate fruit species. Apples and cherries are the
most commercially grown species in the region,
though apricot cultivation has been gaining importance in recent years.

*6*&5(- *6.,2 &2) &7*5.&0 The study
was carried out in 2015-2016, with randomized plots
design and three replications. Two apricot varieties
(Hasanbey and Alyanak) grown through organic
farming practices in the study were used as plant material. Both varieties examined in this study are
grown for fresh consumption. The fruits of the Hasanbey variety are heart-shaped, large, and delicious,
with better durability suitable for long-distance shipping. Alyanak variety produces large fruits and the
color of pulp is white. Fruits are tabular shaped and
highly alluring in appearance. It is also a juicy and
delicious variety. In this study, the growing methods
were in accordance with the Turkish "Organic Farming Regulations" in place and certified production
was carried out.

31303,.(&0 (-&5&(7*5.67.(6 737&0 4-*230.(
&27.3;.)&27 &(7.9.7.*6 &2) <.*0) The fruit characteristics of the apricots were determined and cluster
samples were randomly selected in 30 units of fruits.

!#"!!#!!

31303,.(&04534*57.*6 Certain pomological
characteristics of the apricot varieties investigated in
the study are presented in Tables 1, 2, 3 and 4. The
differences between the cultivars, years and interaction (cultivars x years) for fruit weight were statistically significant (P≤0.01). As for other traits, the differences between the cultivars are statistically significant (P≤0.01). The differences in the years and interaction (cultivars x years) were insignificant. The
Hasanbey variety had heavier fruits. While fruit
weights were determined as 66.21 g in the Hasanbey
variety, fruit weight in the Alyanak variety was determined as 45.71 g. In both varieties, fruit weight
was higher in 2016 than in 2015 (for the Hasanbey
variety; 69.83 g and 62.60 g, for the Alyanak variety;
45.84 g and 45.58 g, respectively). In terms of fruit
weight, the average fruit weight was recorded as
54.09 g in 2015 and 57.84 g in 2016 (Table 1). 
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58.7:*.,-7,3+&45.(376
2015
2016
Mean
SE
Mean
SE
Mean
SE
Hasanbey
62.60 b
69.83 a
66.21 A
1.22
1.22
0.86
Alyanak
45.58 d
45.84 c
45.71 B
Mean
54.09 B
0.86
57.84 A
0.86
Mean differences between interaction terms (cultivars x years) are shown in small superscripts (P≤0,01)
Mean differences in years and cultivars are shown in capital superscripts (P≤0,01)
Cultivars

" 
*57&.2431303,.(&04534*57.*63+&45.(376
Fruit Height
Fruit Width
Fruit Length
(mm)
(mm)
(mm)
Mean
SE
Mean
SE
Mean
SE
Hasanbey
49.38a
45.39a
53.95a
0.71
0.62
0.58
42.75b
38.97b
46.06b
Alyanak
Mean differences between cultivars are shown in small superscripts (P≤0,01)
Cultivars

Fruit Firmness
(lb)
Mean
SE
9.89 a
0.19
8.35 b

variety, much longer than the Alyanak variety (46.06
mm) (Table 2). Besides, the Hasanbey variety had
harder fruits: the fruit firmness was determined as
9.89 lb for the Hasanbey variety and 8.35 lb for the
Alyanak variety (Table 2). The differences between
the varieties in terms of these properties were statistically significant (P≤0.01). The differences in the
years and interactions (cultivars x years) were not
statistically significant. The previous work in the literature reported high variability in apricot fruit size
and fruit firmness [11, 15, 25, 35-38]. The fruit size
of apricots is one of the important quality criteria to
be eligible for exporting just as in other fruit species
such as citrus fruits [39]. The findings in our study
are consistent with the values reported in the literature. Although grown organically, the fruits had no
decrease in size. In particular, the Hasanbey variety
produced larger fruits than traditionally grown apricots reported by many other researchers. This must
be due to the genetic characteristics of the cultivar
and can be associated with the positive effects of the
highland climate.
The pH value of the Hasanbey variety was determined as 4.86. The fruits of the Alyanak variety
were more acidic (3.79) (Table 3). Total Soluble Solids Content (TSSC) of the Hasanbey and Alyanak
varieties were determined as 16.38% and 11.44%,
respectively (Table 3). For both features, the differences between cultivars were statistically significant
(P≤0.01). However, the differences in years and cultivars x years interactions were not statistically significant.
Titratable acidity values of apricot cultivars are
presented in Table 4. The differences between the
varieties for titratable acidity were statistically significant (P≤0.01). At the same time, differences be-

One of the previous studies into fruit weight,
Leccese et al. [15] reported apricot weights between
52.35 and 69.67g in integrated farming and 38.6482.83g in organic farming in their study comparing
apricot cultivation in integrated systems and organic
farming. Milosevic and Milosevic [24] noted in their
study comparing organic fertilizer application and
standard "N, P, K" application that organic fertilizer
application yielded the highest fruit weight (72.3102.1g) in all varieties. It was also reported that it
varied between 70.43-100.9 g in "N, P, K" treatment.
In a study conducted by Akın et al. [5], the fruit
weights varied between 21.16 and 38.24g in 11 conventionally-cultivated apricot varieties. The same
study reported that the heaviest fruits were obtained
from the Hasanbey variety. Another study using the
Hasanbey variety as a control variety, Asma et al.
[33] reported that the fruit weights ranged from 28.5
to 71.1g and the mean fruit weight for the Hasanbey
variety was 47.2g. Durgac et al. [34] reported that
the fruit weights are ranged from 22.9 to 26.4g for
the ninfa apricot cultivar. The findings in our study
are consistent with the values reported in the literature for organic agriculture in terms of fruit weight.
The mean fruit weights measured in our study were
higher than those known in the literature for conventional agriculture. It is understood from the yield values that fruit weight has a positive effect on the yield
(Table 6).
In this research, fruit heights were determined
as 49.38 mm and 42.75 mm for the Hasanbey and
Alyanak varieties, respectively (Table 2). In terms of
fruit width, the Hasanbey variety had higher values
than the Alyanak variety. The Hasanbey variety had
a fruit width of 45.39 mm, whereas the Alyanak variety had a width of 38.97 mm (Table 2). The fruit
length was determined as 53.95 mm in the Hasanbey
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tistically significant. The total phenolic and antioxidant activity values we obtained were generally in
accordance with the literature, but our findings were
higher than the values reported by some researchers
[25], and lower than some of them [15, 41-43]. Considering that phytochemical properties such as total
phenolic and antioxidant activity can change even
during the day, it is thought that these effects can occur due to certain factors such as climate effects, genetic characteristics and harvesting time.

tween years were statistically significant for titratable acidity. However, interaction between cultivars x
years was not significant. In terms of titratable acidity (TA), the Alyanak variety (0.85g/L) had a higher
degree than Hasanbey variety (0.22 g/L). The titratable acidity was observed as 0.52 g/L in 2015 and
0.55 g/L in 2016 (Table 4). The data obtained in pH,
TA and TSS in our study were consistent with the
values reported by previous studies for both organic
cultivation and conventional apricots [3, 5, 24, 25,
33, 40].

%.*0)/,75** The yields of the apricots produced in the highland climate conditions are shown
in Table 6. The Hasanbey variety yielded about
69.84 kg per tree while the Alyanak variety yielded
61.80 kg per tree. The differences in years and interactions (cultivar x years) were not statistically significant, but the differences between the varieties
were significant (P≤0.01). The yield values obtained
in our study were higher than those reported in the
literature [3, 24, 36, 44]. This suggests that the highland climate causes no reduction in the apricot yield
in organic farming – it may even have positive effects.

"37&04-*230.(&2)&27.3;.)&27&(7.9.7< Total phenolic contents and antioxidant activities of the
Hasanbey and Alyanak apricot cultivars grown organically are presented in Table 5. As shown in Table 5, the total phenolic content of the Hasanbey variety (307.12 mg GAE / 100g) was higher than that
of Alyanak (175.91 mg GAE / 100g). In terms of antioxidant activity, the Alyanak variety (32.86 mg/ml
IC50) had a higher value. For both traits, the differences between cultivars were statistically significant
(P≤0.01). Nevertheless, the differences between
years and cultivars x years interactions were not sta-

" 
"37&0!308'0*!30.)6327*27 &2)43+&45.(376
Cultivars

pH

Mean
SE
Hasanbey
4.86 a
0.88
Alyanak
3.79 b
Mean differences between cultivars are shown in small superscripts (P≤0,01)

TSSC (%)
Mean
16.38 a
11.44 b

SE
0.36

" 
".75&7&'0*&(.).7<, 3+&45.(376
2015
2016
Mean
SE
Mean
SE
Hasanbey
0.20
0.24
0.01
0.01
Alyanak
0.83
0.87
Mean
0.52 A
0.01
0.55 B
0.01
Mean differences between cultivars are shown in small superscripts (P≤0,01)
Mean differences between years are shown in capital superscripts (P≤0,05)
Cultivars

Cultivars

Mean
0.22 a
0.85 b

SE
0.01

" 
"37&04-*230.(&2)&27.3;.)&27&(7.9.7.*63+&45.(379&5.*7.*6

Total Phenolic
Antioxidant Activity
(mg GAE/100g)
(mg/ml IC50)
Mean
SE
Mean
SE

Hasanbey
307.12 a
17.37 b
4.74
Alyanak
175.91 b
32.86 a
Mean differences between cultivars are shown in small superscripts (P≤0,01)
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%.*0)63+&45.(379&5.*7.*6

Yield (kg/tree)

Cultivars

Mean
69.84 a
61.80 b

Hasanbey
Alyanak

SE
1.49

Mean differences between cultivars are shown in small superscripts (P≤0,01)
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diversity, dynamics and ecological needs of the communities in the area. It is seen that anywhere in the
world human factor has a direct or an indirect role in
almost all the factors decreasing or negatively affecting biodiversity. No matter what the main factor is
behind the causes of decreasing biodiversity, the responsibility of humans to protect, maintain and use
it in a sustainable manner [1]. In order for the protection and sustainability of forest ecosystems, development of management plans focusing on the dynamics and biodiversity of these ecosystems can
only be possible if the processes of the ecosystems
are learned, and the information collected is institutionalised. Together with understand of ecological
relations, the concept of dynamic ecosystem has become an important part of ecosystem management
[2]. In beech forests is decreasing with the use of
covered areas, land use changes, and forest management [3].
According to theroy of species richness, key
factors for structuring plant communities which reflects disturbance and resource availability in the
mechanisms controlling biodiversity in various ecosystems are summarised [4, 5]. And also, species diversity apply to the variety of species within a region, area or on earth. But it is not enough to determine species diversity solely as number of different
species. Relative abundance of the available species
needs to be estimated besides the number of extant
species in an area [6]. The dominance of the trees in
the forests brings the ecological impact of a variety
of factors into a gradient. The type and composition
of tree species affects plant biodiversity, that is, the
diversity of the subfloor. And also tree species composition diversity is noted as a biodiversity indicator
[29]. The conditions caused by the edge effects resulting from fragmentation of forest areas change the
physical conditions. Previous studies suggest that
tree mortality increases in small forest areas and forest edges. Fragmentation of forests in tropical and
temperate forests is among the most significant
causes of loss of biodiversity and has a negative impact on all the biota in the environment [7]. The relative ecological significance of each woody species
in every forest piece is expressed with the importance value index (IVI) [8].

ABSTRACT
For the calculation of each kind of important
value index is used to the number of individuals of
the species, the number of species and the total number of individuals. This study is carried out for 24
localities in Kavakli and Citdere Nature Reserves
Area's mixtured and pure beech and oak forests in
Yenice Forests between 2014 -2016. Changes in floristic composition were analyzed using the Importance Value index (IVI), calculated for each of
the tree species. According to the results of the important vDOXH RI .DYDNOÕ 1DWXUH Reserves Area
(NCA) in forested areas Abies nordmanniana (Stev.)
Spach subsp. bornmulleriana (Mattf.) Coode et Cullen (157.08 %) is a dominant species. According to
the results of the important value index of Citdere
Nature Reserves Area in forest area Fagus orientalis
L. (%145.1) is dominant species. The tree species diversity and the richness parameters are important in
terms of Evenness at P <0, 05 in the field of Kavakli.
The maximum effect of the species settlement within
the area is provided with precipitation, slope aspect
and soil moisture. The increase of the species richness of trees causes the increase of species diversity
in the field of the Kavakli and Citdere areas.

KEYWORDS:
Yenice Forests, dominance, frequency, abundance,
hotspots, richness

INTRODUCTION
The study area is one of the 100 forest lands
that are under immediate protection and nine of loFDWHGLQ7XUNH\GHILQHGDVdLWGHUHDQG.DYDNOÕ1D
ture Reserve Areas in Yenice Forests of Karabük
Province by WWF (World Wildlife Fund) in 1999.
The Yenice Forest, located along the northwestern
section of Anatolia, Turkey, contains nine different
biodiversity hotspots. These areas stated as
³+RWVSRWVRI(XURSHDQ)RUHVWV´DUHDPRQJWKHPRVW
valuable areas in terms of biodiversity. Sustainable
planning of these areas to be able to develop conservation strategies depends on understand of the plant
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two lines are drawn to pass through a random sample
focal point intersecting each other with 90 0 and the
distance between the focal point and the closest individuals is measured in each quadrant [10].

This study aims to characterise the forest communities dominant species and to identify, compare
the tree species diversity and which determinate
some ecological parameters in the study area.

Identification of Biodiversity. Shannon-Wiener index. The Shannon-Wiener index standardizes
the percentage abundance of species in a proportionate way [10] and it expresses the proportion of the
coverage of a given species in the total sample. The
negative multiplication value of the summation of
WKH ³OQ´ YDOXHV RI DOO VSHFLHV PXOWLSOLHG ZLWK WKHLU
own numbers yields the Shannon- Wiener value and
it is calculated with the formula stated in equation
[13, 14].

MATERIALS AND METHODS
Identification of The Study Area. Yenice
Forest Administration/Çitdere is located in the
Nortwest Anatolia as a geographical area, between
41°00¶14¶¶-41°05¶06¶¶ northern latitudes and
¶´-¶´ HDVWHUQ ORQJLWXGHV Climate
related data from the area were acquired from the climate station (TFA 35.1075) situated in the forest,
collecting average forest temperatures and average
precipitation of the forestland between 2014 -2016.
The slope aspect (in radians) was transformed into
WZR RUWKRJRQDO YDULDEOHV LQGLFDWLQJ ³QRUWKQHVV´
(No) and ³HDVWQHVV´ (D XVLQJ&26 (aspect). We
transformed degrees aspect using a modified Beers
transformation with Cos (45-Aspect)] + 1 [9].

 ܪൌ σ௦ୀଵ  ݈݊

(1)

Margalef index. It represents the number of
species in the total number of individuals of the species and it is calculated with the formula stated in
equation [15].
Da= (S-1)/ loge N

Importance Value Index. According to this
method, a random focal point is chosen, then two
lines to intersect each other with 900 are drawn, and
the distance between the focal point and the individuals closest to the focal point is measured in each
quadrant. The parameters gathered through this
method are as follows; list of species, density of species, diameter (diameter and dominance), average
distance, absolute density in 100 m2, number of trees
in every 100 m2, order of dominance, real frequency,
relative density, relative dominance, relative frequency and importance value [10]. Average distance
is the ratio of the total of all the distances to the total
number of quadrants. Absolute density in 100 m2 is
calculated by proportioning 100 m2 to the square of
average distance. Real frequency is the ratio of the
number of points belonging to species to the total
number of points. Relative density is the ratio of the
number of the individuals of the species to the total
number of individuals. Relative dominance is the ratio of the dominance of a species to the dominance
of all species. Relative frequency is the ratio of the
frequency of a species to the total frequency of all
species. The order of dominance is calculated by
multiplying the floor area with the number of trees
in 100 m2. Basal area is calculated by the following
IRUPXODȆU2 (r= radius at breast height of every tree)
[11].
In order to calculate the importance value of
each species, the number of individuals belonging to
that species, the number of species and the total number of individuals should be taken. The importance
value for each species is calculated by the following
formula;
IV= (RA+ RF+ RC) x 100 (RA= Relative
Abundance, RF= Relative Frequency and RC= Relative Dominance) [12]. According to the method,

(2)

Evenness index. Evenness value is calculated
with Shannon and Simpson (Dominance index)
method. Shannon equitability (EH) is calculated by
Pielou with +¶+¶max ratio (Here +¶max =ln S). Equitability is between 0 and 1. This formula is stated in
equation [16].
EH = σ௦ୀଵ  ݈݊ / ln S

(3)

Simpson index. In general, dominance concentration is used to measure the biodiversity of a habitat [15]. Simpson index is defined with the formula
stated in equation.
 ܦൌ  ͳΤሺσ௦ୀଵ  ଶ ሻ

(4)

Statistical Analyses. Statistical tests were done
using the SPSS 13 for windows. One Way ANOVA
used to analyze means. To understand the most important environmental factors for the determinated
variance in different forest stands, calculated to using canonical correspondence analysis (CCA) with
CANOCO 4.5 program.

RESULTS
A total of 24 quadrant points are taken for two
times for all the forest lands in the area and their importance values are calculated. According to the importance value results of .DYDNOÕ1DWXUH&RQVHUYD
tion Area, Abies nordmanniana subsp. bornmulleriana is the dominant species (157.08%). Following
that, the second dominant species is Fagus orientalis
(110.42%), which is followed by Carpinus betulus,
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GRPLQDQW VSHFLHV LQ .DYDNOÕ 1DWXUH 5HVHUYH Area.
For Çitdere Nature Reserve Area, on the other hand,
the dominant species is Fagus orientalis.

Fraxinus excelsior, Taxus baccata, Staphyllea pinnata, Malus sylvestris, Salix caprea, Acer platanoides respectively (Table 1). The dominant species of Çitdere Nature Reserve Area, according to
the importance value results, is Fagus orientalis
(145.1%). The second dominant species is Carpinus
betulus (106.2%), which is followed by Abies nordmanniana subsp. bornmulleriana (63.65%), Quercus hartwissiana (49.85%) and Acer campestre
subsp. campestre (27.13%) respectively (Table 2).
As a result of the studies performed in the field,
Abies nordmanniana subsp. bornmulleriana is the

Tree Diversity. Elevation gradient relations
with the species composition have been studied a lot
and in this regard a limited geographical area produces such riches hump pattern of random placement
of one species inside and so "the central area of impact" effect called [17]. Vegetation diversity index
parameters of trees in different forest stands in KaYDNOÕDQG&LWGHUH15$ 7DEOHDQG 

TABLE 1
Relative density, relative dominance, relative frequency, important value index values of
species in Kavakli Nature Reserve Area.
6SHFLHV .DYDNOÕ
Abies nordmanniana subsp. bornmulleriana
Fagus orientalis
Carpinus betulus
Fraxinus excelsior
Taxus baccata
Staphyllea pinnata
Malus sylvestris subsp. orientalis
Salix caprea
Acer platanoides

Relative
Density
58.3
75
58.3
33.3
16.6
16.6
8.3
8.3
8.3

Relative
Dominance
77.62
8.22
2.5
2.6
8
0.09
0.5
0.23
0.07

Relative Frequency
21.16
27.2
21.16
12.09
6.02
6.02
3.01
3.01
3.01

IVI
157.08
110.42
81.96
47.99
30.62
22.71
11.81
11.54
11.38

Degree of
IVI
1
2
3
4
5
6
7
8
9

TABLE 2
Relative density, relative dominance, relative frequency, important value index of species
in Citdere Nature Area
Relative
Density
66.6
66.6
25
25
8.33

6SHFLHV .DYDNOÕ
Fagus orientalis
Carpinus betulus
Abies nordmanniana subsp. bornmulleriana
Quercus hartwissiana
Acer campestre subsp. campestre

Relative
Dominance
43.5
4.6
25.6
11.8
14.5

Relative
Frequency
35
35
13.05
13.05
4.3

IVI
145.1
106.2
63.65
49.85
27.13

Degree
of IVI
1
2
3
4
5

TABLE 3
Vegetation diversity index parameters of trees in different forest stands in Kavakli NRA (S±0.67; d± 0.47;
E± 0.07; H±0.56; 1-Lambda± 0.10). FA: Fagus-Abies Forest; FC: Fagus- Carpinus Forest; F: Fagus Forest; FT: Fagus- Taxus )RUHVW6VSHFLHVULFKQHVVG0DUJDOHIGLYHUVLW\LQGH[-¶(YHQQHVVLQGH[+¶
Shannon diversity index; 1-lambda: Simpson diversity index.
Stand
FA
FA
FA
FC
FC
FC
F
F
F
FT
FT
FT

S
8
12
10
7
9
2
8
6
7
9
6
4

d
1.33
1.92
1.68
1.11
1.50
0.21
1.55
1.13
1.16
1.45
1.01
0.58

J'
0.74
0.80
0.84
0.82
0.91
0.95
0.76
0.67
0.78
0.84
0.84
0.86
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H'
2.21
2.87
2.78
2.29
2.86
0.94
2.27
1.73
2.19
2.66
2.17
1.72

1-lambda
0.76
0.85
0.83
0.77
0.86
0.47
0.74
0.64
0.72
0.82
0.76
0.68
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TABLE 4
Vegetation diversity index parameters of trees in different forest stands in Citdere NRA (S±1.87; d± 0.32;
E± 0.07; H±0.42; 1-Lambda± 0.08). QF: Quercus-Fagus Forest; QC: Quercus- Carpinus Forest; Q: Quercus Forest; FA: Fagus- Abies )RUHVW6VSHFLHVULFKQHVVG0DUJDOHIGLYHUVLW\LQGH[-¶(YHQQHVVLQGH[
+¶6KDQQRQGLYHUVLW\LQGH[-lambda: Simpson diversity index.
Stand
QF
QF
QF
QC
QC
QC
Q
Q
Q
FA
FA
FA

S
9
4
6
4
5
9
5
5
4
3
5
5

d
1.40
0.57
0.97
0.57
0.75
1.43
0.77
0.79
0.57
0.41
0.77
0.73

J'
0.89
0.75
0.67
0.92
0.81
0.82
0.84
0.83
0.84
0.84
0.84
0.96

H'
2.81
1.49
1.72
1.85
1.89
2.59
1.94
1.92
1.68
1.33
1.95
2.23

1-lambda
0.84
0.60
0.63
0.70
0.68
0.80
0.70
0.68
0.67
0.55
0.69
0.78

FIGURE 1
Relationship between Shannon diversity index and species number and elevation; P<0.001)
a: Kavakli NRA; b: Citdere NRA.
The tree species diversity and the richness parameters are important in terms of Evenness values
at 3LQWKHILHOGRI.DYDNOÕ. According to the
results of the Tukey test, Fagus-Carpinus forests are
the reason for the difference (Table 5). The increase
of the species richness causes the increase of species
diversity in the field of the areas (Figure 1).

Fagus orientalis and Quercus petreae species in particular. The second axis constitutes 6.17% of the major variation and shows a positive correlation with
soil moisture and negative correlation with slope aspect moisture, which is positive effects for Abies
nordmanniana and Carpinus betulus species. According to canonical corresponding analysis, four caconical axis of eigenvalues, cumulative percentage
variance and species-environment correlations are
given in Table 7. According to study results, the Kavakli NRA in the Yenice Forests, maximum effect of
the species settlement within the area is provided
with precipitation, slope aspect and soil moisture.
According to study results, the Citdere NRA in the
Yenice Forests, maximum effect of the species settlement within the area is provided with precipitation, slope aspect and soil moisture. The first CCA
axis represents 20.6% of the variation and shows a
positive correlation with precipitation and slope aspect. It positively affected the settlement of Acer
platinoides, Ostrya carpinifolia and Taxus baccata
species in particular. The second axis constitutes
8.4% of the major variation and shows a positive correlation with soil moisture, which is positive effects
for Fagus orientalis and Quercus macrenthera species (Figure 2).

TABLE 5
According to different forest communities analysis results of One way ANOVA on
diversity indexes in areas.
df
Evenness diversity (Kavakli
NRA)

3
8
11

F
value
5.21

P value
0.028*
0.89a

*Correlation is significant at the P<0.05 level.
Relationships Between Different Vegetation
Types and Environmental Factors. According to
canonical corresponding analysis, four caconical
axis of eigenvalues, cumulative percentage variance
and species-environment correlations are given in
Table 6. The first CCA axis represents 13.9% of the
variation and shows a positive correlation with precipitation. It positively affected the settlement of
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TABLE 6
Eigenvalues and intraset correlation coeffients for CCA and statistics of CCA based on trees and precipitation (mm), slope aspect and soil moisture (%) in Kavakli NRA.
First axis
0.147
13.9
0.769
61.9
0.618**
-0.069
0.099

Eigenvalues
Percent of restricted cumulative
Species-environment correlation
Inter-set correlation
Precipitation (mm)
Slope Aspect
Soil Moisture (%)

Second axis
0.072
20,07
0.736
92.2
-0.410
-0.617**
0.623**

TABLE 7
Eigenvalues and intraset correlation coeffients for CCA and statistics of CCA based on trees and precipitation (mm), slope aspect and soil moisture (%) in Citdere NRA.
First axis
0.271
20.6
0.882
61.9
0.729**
0.516*
-0.213

Eigenvalues
Percent of restricted cumulative
Species-environment correlation
Inter-set correlation
Precipitation (mm)
Slope Aspect
Soil Moisture (%)

Second axis
0.109
29.0
0.850
86.7
0.093
0.082
0.769**

FIGURE 2
CCA ordination of the different forest communities in Kavakli (left) and Citdere (right) NRA.
LQ .DYDNOÕ 1DWXUH Area trees can tolerate long dry
periods however they cannot survive spring frosts.
They grow well in high water reservoirs and deep
acidic soils. Their regeneration is easy. Nevertheless,
water transpiration losses and frost damage limit
their spread. They exist in pure communities. Sometimes they mingle with other tree species (Fagus sp.,
Quercus sp., Pinus sp., Cedrus sp. and Juniperus sp.)
[20]. In our study area, as well, the characteristics of
the soil is reported to be mildly acidic with near neutral pH values. In terms of bedrock types, soils composed of sandstone flishs are more easily washed and
pale brown forest soil or, as mentioned above, brown
forest soil with pseudogley and podsol facilitate profile development. The flish structure composed of

DISCUSSION
The key factor of vegetation dynamics is succession [18]. And also the succession process is the
main indicator of the change in species richness and
diversity [19]. To calculate the importance value of
each species, the number of individuals belonging to
the species, the number of species and the total number of individuals are used. Because of the studies
performed within the project, the dominant tree species in KavDNOÕDUHDLVUHSRUWHGDVAbies nordmanniana. IVI values not only provide identity dominant
tree species in the forests, but they also reflect the
ecological characteristics of forest ecosystems. Considering the calculations made, Abies species found
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across these sites may be due to interaction of different species on these different forest sites.
According to tree species-environmental factor
correlations, the most important ecological factors
that affect species settlement and distribution in both
study areas are soil moisture, precipitation and slope
aspect are important cofactors that influence species
settlement in the area. Soil moisture supports nitrogen mineralization and organic matter decomposition by affecting microbial activity.
Deterioration of the quality of the area is related
to the decrease of the basal area, and the composition
of species depends on the productivity of these areas
[30]. The greatest effect on litter mass loss rates are
variable to soil and forest floor water contents. Developing understanding of the factors that affect forest litter decomposition, we need more studies in details which consider microclimate, soil properties or
soil organisms factors together [31]. Forest trees
grow in areas where different ecological conditions
consist [32]. The edaphic and climate factors in some
forest areas in others directly or indirectly affect the
growth of trees. Among the possible reasons similar
topography, soil and climatic conditions and common areas, which are not distorted from their original version, can be stated [33]. Dominant species are
effective in determining the relationship of trophic
level in the area. They can do this by altering the extent of mineralization. Also, different plant communities caused different litter structure that supports
mineralization degree [34]. As a result of different
kinds of trees in our study also caused a change in
tree diversity.

thin layers of sandstone-claystone is mildly slopped.
Depending on this fact and climatic conditions, the
flish bedrock dissolves easily and enables the roots
in many places to penetrate deeply [21].
According to the IVI values calculated in
Çitdere Nature Reserve Area, the most dominant tree
species in the area is defined as Fagus orientalis L.
The beech tree species that is present as the dominant
species is quite enduring. It has the highest tolerance
for shade among broad-leaved tree species. This
characteristic has a positive impact on the natural development of the beech species in silviculture system. Furthermore, thanks to the survival capability
of the seeds when the amount of sunshine is very low
in the in understory vegetation composed in deciduous forests, the beech has dominance in these areas.
The beech is not soil sensitive and it has a very wide
range for pH (3,5- 8,5). Nevertheless, it does not survive in highly acidic environment; it prefers productive, calcified, mildly acidic soils with average values. It is sensitive to late frosts [20].
Beech trees are found in hill edges and loamy
basin layers. Their optimum growing conditions are
humid, calcareous or volcanic soils. In addition, they
cannot grow in inundated areas with slack water,
they need good drainage; they do not prefer water
logged tight soils [22]. It has been reported that dominate one stratum might affect the diversity of another stratum [23].
In some studies, the value of Simpson index
value in the range of 0.10 to 0.99 has been stated for
temperate forests [25]. The value in the present study
was in the range of 0,47 to 0,86 in Kavakli NRA and
in the range of 0,55 to 0,84 in Citdere NRA in Yenice
Forests. Higher diversity (5.40) was calculated for
tropical rain forests [26]. In certain forests of the
Kumaun Himalaya the value ranged from 0.8 to 2.3
[24]. Similar results were found in this study, too.
The increase of the species richness causes the increase of species diversity in the field of the Kavakli
DQG&LWGHUHDUHDV(VSHFLDOO\IRUWKH.DYDNOÕWKHVHW
tlement of the Abies nordmaniana subsp. bornmulleriana, which is dominant, is influencing the soil
moisture. And also the settlement of the Fagus orientalis, which is dominant, is influencing the soil
moisture in Citdere. Temperate forests are highly
variable ecosystems and carry a high diversity [27].
Decaying trees in an area provide a suitable habitat
for a wide dissemination range of animals, plants and
fungi in terrestrial and aquatic environments [28].
When these trees are cleaned, the richness of species
in the system decreases. Almost all the natural old
forest species need decaying woody material. Broadleaved forests generally provide more diversified
vascular understories than Coniferous forests [29].
Similar results were obtained in our study. In our
study, Quercus-Fagus has more diversity than the
Fagus-Abies communities where the diversity of forests with mixed leaf forests has mixed stands with
FRQLIHUV LQ WKH .DYDNOÕ DUHD The higher diversity
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radiation emitted from radionuclides and the exposure can be not only externally, but also internally.
The internal radiation exposure is mainly
caused by alpha particles emitted by the decay progress of radon and its daughters, 218Po and 214Po, inhaled by people. When Radon is inhaled, the tissue
of the lung has been deformed by high density ionize
radiation emitted by the short half life 218Po and 214Po
[1].
The source of external radiation is gamma rays
emitted directly from Uranium (238U), Thorium
(232Th) series and Potassium (40K) radioisotope contained in building materials mentioned above. The
exposure of gamma rays emitted from radionuclides
in the decay chain through the 238U to 226Ra could be
ignored relative to the rest of the decay progress, so
decay progress starting from 226Ra in 238U series has
more importance in radiological wiev As a result,
226
Ra has been accepted as a starting point [2]. In this
decay chain, the major contribution to the external
radiation has come from 214Pb and 214Bi isotopes.
Moreover, the gamma rays emitted by 228Ac, 212Pb
and 208Tl in 232Th series have contributed mainly to
external radiation [3].
The activity levels of these radionuclides emitting gamma radiation depend on underlying soil
where the building is constructed, structural materials, environmental and geographic conditions such
as geographical faults, sources of geothermal, volcanoes etc. [3].
The knowledge in relation between radioactivity with public health plays an important and vital
role in manufacturing building materials. Radiation
exposure of public members may be increased appreciably by the use building materials containing above
acceptable limit value of natural radioactivity. In this
context, many national and international studies have
been carried out in order to improve the reference
data of natural radioactive elements for the building
materials of the region and evaluate the radiological
results when these materials are used as building material [1, 2, 4-28].
Van province located east part of Turkey has
been rapidly developing after intense earthquakes in
2011. Developmental progress of Van has attracted

The activity concentrations of building materials commonly used in Van province of Turkey were
analyzed by using NaI (Tl) detector. The observed
highest values for 226Ra, 232Th and 40K activity concentrations of these samples were determined as
77.62 ± 8.12 (Ahlat stone 3), 54.72 ± 6.02 (Ahlat
stone 3) and 1344.85 ± 120.97 (Ahlat stone 2) Bq/kg,
respectively, and compared with data related to samples collected from different part of the world. Moreover, the radium equivalent activities (Raeq), the indoor absorbed dose rate in air (Din), indoor annual
effective dose equivalent (AEDEin), the external hazard index (Hex), the internal hazard index (Hin) and
he gamma index (Iγ) associated with the natural radionuclide were calculated to assess the radiation hazard of the natural radioactivity in the building materials. According to our results, the building material
used in Van is safe to use in construction due to an
acceptable limit values for human health considerations.
(' "#
Building material, Natural radioactivity, Dose, NaI (Tl)
detector.
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The building is a place providing safe and relaxing areas such as workplace, activity areas, cool
environment to humankind. Building demands has
been rapidly increased parallel to population growth.
There are some critical and vital issues about buildings. When building is planned to construct, people
should take into account of earthquake robustness,
physical structure and insulation. Besides them, the
contractor should also consider structural properties
of building materials due to human healthcare. One
of the structural properties is naturally occurring radionuclides contained in building materials obtained
from soil and rock. People spending most of their
time indoors have been exposed to different kinds of
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measured γ -ray spectra of each sample and the spectra were analyzed for the photo peaks of 226Ra, 232Th
and 40K. And then, the 226Ra activity concentration
was determined from gamma line of 1765 keV, originating from 214Bi. The activity concentration of
232
Th was determined from gamma line of 2615 keV
from 208Tl. Finally, the 40K activity concentration
was calculated from its 1460.8 keV gamma line from
its own energy. The detection limits of NaI(Tl) detector for 226Ra, 232Th and 40K were 9, 6 and 36
Bq/kg, respectively, for a counting time of 80,000 s.
To obtain efficiency of the detector used in these
measurements, the standard gamma sources, U3O8
pitchblende (IAEA S-7), thorium (IAEA S-16) and
potassium (KCl2 52.45%) having the same geometry
and density as the samples were used.


"#%$##%## 

.<.:526*<276 7/ "*-276=,42-.; 26 $1.
=24-260*<.:2*4;The activity concentrations of
226
Ra, 232Th and 40K were calculated for all the samples and the results are given in Table 1. As seen
from Table 1, the activity concentration of 226Ra
ranges from BDL (below detection limit) to 78
Bq/kg and the activity concentration of 232Th varies
from BDL to 55 Bq/kg. In addition, the activity concentration of 40K is from BDL to 1345 Bq/kg.
Carefully analyzing the Table 1, it is easily seen
that Ahlat stone, regardless of sample number, has
the highest activity concentrations for all samples. In
detail, the highest activity concentration is 77.62 and
54.72 Bq/kg for 226Ra and 232Th in Ahlat stone 3, respectively, and 1345 Bq/kg for 40K in Ahlat stone 2.
The results are compared with the worldwide
average concentrations, which are 35 Bq/kg for
226
Ra, 30 Bq/kg for 232Th and 420 Bq/kg for 40K [29].
The except pumice, Ahlat stone samples and ceramic
tile, the activity concentration of 226Ra, 40K and 232Th
is either lower or same level compared with the
world average value.

;;.;;5.6<7/"*-2*<276*B*:-;The radiological parameters, namely radium equivalent activity (Raeq), indoor external absorbed dose rate (Din),
indoor annual effective dose equivalent (AEDEin),
external hazard index (Hex), internal hazard index
(Hin) and gamma index (Iγ), are calculated from
226
Ra, 232Th and 40K’s activity concentrations and inserted in Table 3. Now let’s discuss it one by one.

people to migrate. The all above reasons makes contractors build more dwellings for people. It is very
important and vital for human health care to analyze
radiological risk in building materials commonly
used in Van Province.
In this study, the activity concentrations of
226
Ra, 232Th and 40K in twenty (20) types of building
materials in Van province were determined. The radiological parameters such as radium equivalent activity (Raeq), indoor external absorbed dose rate
(Din), the annual effective dose equivalent (AEDEin),
external hazard index (Hex), internal hazard index
(Hin) and gamma index (Iγ) were obtained. The results were compared with studies carried out in different countries in literature, the different provinces
in Turkey and the UNSCEAR 2000 report.
$"#$ #

#*584.!:.8*:*<276In this study, the building materials such as cement, pumice, marble, sand,
roof tile, clay, clinker, gas concrete, iron dust, slag
and Ahlat stones commonly used in Van province of
Turkey (Figure 1) were supplied by local companies
and tested for their natural radioactivity levels and
radiation hazards. A total of twenty samples of building materials was crushed and ground into grains less
than 200 µm in diameter, oven dried at 105 0C for
24h to remove moisture. The samples were then
sieved and sealed tightly as far as possible to limit
the escape of radon in a cylindrical plastic beaker.
Their respective net weights were measured by sensitive weighing and recorded. Finally, the samples
have been stored for one month to attain radioactive
equilibrium for 226Ra with their daughters before
counting.

*55*#8.,<:75.<:2,6*4A;.;7/#*584.;
The radioactivity concentrations of 226Ra, 232Th and
40
K in samples of building material were measured
by using a gamma-ray spectrometry consisting of a
3"x3" NaI (Tl) detector connected to a 4.096 channel
multi-channel analyzer (MCA). The energy resolution of the spectrometer is 8% for 662 keV and the
relative counting efficiency is about 20%. The detector is shielded by 10 cm thick lead on all sides to reduce the background levels. Before measurements,
the system was calibrated with 137Cs (662 keV) and
60
Co (1173 keV, 1332 keV) radioactive sources. For
the purpose of determining the environmental background level of laboratory, we used an empty cylindrical beaker within the detector system to collect
data. Under the same environmental conditions, the
gamma rays emitted from the samples were counted
for 80,000 s. time period as the same time for background counting. The count spectra were analyzed
by using the Genie 2000 program obtained from
Canberra. Then, background was subtracted from the

"*-2=5 .9=2>*4.6< *,<2>2<A "*.9 Due to
non-uniform distribution of radionuclei, specifically
226
Ra, 232Th and 40K, in building materials, the uniformity with respect to exposure to radiation has
been defined in terms of radium equivalent activity
(Raeq) in Bq/kg.
The distribution of 226Ra, 232Th and 40K in
building materials is not uniform, the uniformity
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In Table 1, we can see the values of Raeq for
samples. The values of Raeq are ranged from 8 to 235
Bq/kg. It is seen from Table 1, the lowest value of
Raeq is 8.55 Bq/kg for plaster, while the highest value
is 234.48 Bq/kg for Ahlat stone 3. In addition, all
Raeq values obtained in this work are lower than the
recommended maximum levels of radium equivalents for building materials to be used for dwellings,
which is < 370 Bq/kg [29].
The results are compared with obtained data
from other studies of building materials for different
provinces in Turkey (Figure 1). The carefully analyzing Figure 1, the values of activity concentration

with respect to exposure to radiation has been
defined in terms of radium equivalent activity (Raeq)
in Bq/kg. To compare the specific activity of materials containing different amounts of 226Ra, 232Th and
40
K, it is calculated through the following relation
[30]:
(1)
Raeq = CRa + 1.43 × CTh + 0.077 × CK
where CRa ,CTh and CK are the activity concentrations of 226Ra, 232Th and 40K, respectively, in
Bq/kg. It is assumed that 370 Bq/kg of 226Ra, 259
Bq/kg of 232Th and 4810 in Bq/kg of 40K produce the
same gamma ray dose rate. The radium equivalent of
370 Bq/kg in building materials produces approximately 1.5 mSv/y exposure [31].

$ 
$1.*,<2>2<A,76,.6<:*<2767/ "* $1*6- *6-,*4,=4*<.-"*.926+=24-2605*<.:2*4;,755764A
=;.-26&*68:7>26,.
*<.:2*4
Pumice
Mermerit
Cement 1
Cement 2
Cement 3
Cement 4
Sand 1
Sand 2
Sand 3
Brick
Clay
Clinker
Gas concrete
Slag
Ahlat stone 1
Ahlat stone 2
Ahlat stone 3
Ceramic tile
Ceramic glue
Plaster
UNSCEAR, 2000



"*
48.98 ± 6.32
9.92 ± 5.24
15.62 ± 4.74
28.84 ± 5.36
23.63 ± 5.91
BDL
19.68 ± 5.32
BDL
BDL
23.58 ± 4.28
13.06 ± 4.02
17.96 ± 5.46
16.61 ± 5.16
BDL
43.12 ± 5.94
52.68 ± 6.49
77.62 ± 8.12
59.51 ± 7.33
16.02 ± 4.86
BDL
35

,<2>2<A,76,.6<:*<276930
$1
39.55 ± 4.35
BDL
BDL
8.69 ± 3.94
BDL
BDL
BDL
7.95 ± 3.91
8.12 ± 3.86
16.12 ± 4.84
9.81 ± 4.44
BDL
BDL
BDL
34.93 ± 3.84
40.75 ± 4.48
54.72 ± 6.02
50.75 ± 5.58
BDL
BDL
30


1272.72 ± 114.48
BDL
183.24 ± 54.98
388.44 ± 59.12
BDL
151.97 ± 54.59
BDL
322.45 ± 53.87
339.91 ± 55.31
432.01 ± 62.35
321.95 ± 64.39
110.25 ± 39.61
233.25 ± 69.98
179.29 ± 64.41
1127.39 ± 101.41
1344.85 ± 120.97
1020.88 ± 91.83
496.81 ± 44.69
179.71 ± 53.92
111.07 ± 39.89
420

"*.9
930
203,54
9,90
29,71
71,18
23,63
11,70
19,68
36,20
37,78
79,90
51,86
26,45
34,57
13,81
179,88
214,51
234,48
170,34
29,86
8,55
≤ 370

BDL: Below Detection Limit


%" 
758*:2;767/5.*;=:.- "* $1 *6-<1.,*4,=4*<.-"*.9>*4=.;26+=24-2605*<.:2*4;?2<1
7<1.:8=+42;1.--*<*/7:8:7>26,.;26$=:3.A
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66=*4 .//.,<2>. -7;. .9=2>*4.6< 26
The conversion coefficient from absorbed dose in air
to effective dose and the indoor occupancy factor
must be used when the calculation is performed to
obtain annual effective doses. For indoor calculation
to find annual effective doses, the conversion coefficient is taken as 0.7 Sv/Gy and the indoor occupancy factor has the value of 0.8 as suggested in UNSCEAR 2000. Therefore, AEDEin could be obtained
from the following formula [29]:
AEDEin (mSv/y) = Din (nGy/h) × 8760 (h/y)×
0.8 x 0.7 (Sv/Gy) × 10−6
(3)

and Raeq of Van and Batman has similar results for
cement, sand and brick. Moreover, The average
value of Raeq belongs to cement and sand in Van
province is lower than the other provinces. In addition, The average value of Raeq of Ahlat stones is
matching with Kayakökü et al. (2016) study. And
one important result of the studies is 40K activity concentration. While the activity concentrations of 226Ra
and 232Th have similar results for chosen provinces,
40
K activity concentration values have big differences in chosen provinces.
The radium equivalent values (Bq/kg) in building materials in different countries of the world are
tabulated in Table 2. The lowest value of Raeq is obtained in current study comparing with selected
countries.The Raeq values in the study have higher
value for sand and brick relative to Eygpt and Algeria. Moreover, The highest value of Raeq for ceramic
tile is obtained in the current study.

6-77:.@<.:6*4*+;7:+.--7;.:*<.26Indoor air absorbed dose rates (Din) due to the activity
concentrations of 226Ra, 232Th and 40K in building
materials are given by the following formula [32]:
Din (nGy/ h) = 0.92 CRa + 1.1 CTh + 0.08 CK (2)

The obtained AEDEin values range from 0.04 to
1.05 mSv/y (Table 4). When we compare our results
with the EC 1999 reports, we see that our obtained
values are lower than the limit value except for Ahlat
stone 3.

@<.:6*4*6-6<.:6*41*B*:-26-.@.@*6-
26Beretka and Mathew (1985) define two indices
which represent external and internal radiation hazards. The external hazard index (Hex) is obtained via
activity concentrations of 226Ra, 232Th and 40K and it
is given by the equation below:
Hex = CRa/370 + CTh/259 + CK/4810 ≤1
(4)

The results of indoor absorbed dose rate are tabulated in Table 4. Rates of Din ranges from 8 to 214
nGy/h. According to the UNSCEAR 2000 Report,
the value of Din should be between 20 - 200 nGy/h
for external exposure rates from terrestrial gamma
radiation. Examining Table 4 tells us that the value
of Ahlat stone 2 and 3 is slightly above the upper
limit.

The value of Hex must be less than unity, which
corresponds to the upper limit of Raeq (370 Bq/kg).
The obtained Hex values ranged from 0.02 to 0.63
which are desirable results for building materials
(Table 4).
The internal hazard index (Hin) is calculated by
the following equation:
Hin = CRa/185 + CTh/259 + CK/4810 ≤ 1
(5)


$ 
758*:2;767/<1.,*4,=4*<.-"*.9930>*4=.;26+=24-2605*<.:2*4;26-2//.:.6<,7=6<:2.;
7=6<:A
India
Romania
China
Nigeria
Egypt
Iraq
İran
Pakistan
Algeria
Brazil
Turkey

.5.6<
99.16
71.63
204.5
99.0
103.0
172.4
103.32
69
112
188.8
34.055

#*6-
561.55
173.69
119.9
110.9
57.65
53.5
91
28
102.2
31.22

:2,3
102.55

.:*52,<24.

196.1
84.7
61.69
96.4
120
106
190
202.7
79.9

156.9

4*A
91.3

68
89.4
145
170.34

68.2
51.86

"./.:.6,.;
[1]
[16]
[14]
[2]
[18]
[20]
[21]
[22]
[24]
[27]
$12;;<=-A

$ 
*55*26-.@>*4=.;;=00.;<.-+A<1.*2;.: ,76;2-.:260<A82,*4?*A;*6-
*57=6<;7/<1.+=24-2605*<.:2*4;

Dose criterion
0.3 mSv/y
1 mSv/y
Materials used in bulk amounts, e.g. concrete
Iγ ≤ 0.5
Iγ ≤ 1
Superficial and other materials with restricted use: tiles, boards, etc.
Iγ ≤ 2
Iγ ≤ 6
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$ 
*4,=4*<.-2625.@26*6-D/7:+=24-2605*<.:2*4;=;.-26&*6
*<.:2*4
Pumice
Mermerit
Cement 1
Cement 2
Cement 3
Cement 4
Sand 1
Sand 2
Sand 3
Brick
Clay
Clinker
Gas concrete
Slag
Ahlat stone 1
Ahlat stone 2
Ahlat stone 3
Ceramic tile
Ceramic glue
Plaster
UNSCEAR(2000), EC(1999)

26
6A1
190.38
9.11
29.01
67.17
21.74
12.16
18.11
34.54
36.12
73.99
48.55
25.34
33.94
14.34
168.28
200.88
213.27
150.32
29.12
8.89
20-200

26
5#>A
0.93
0.04
0.14
0.33
0.10
0.06
0.09
0.17
0.18
0.36
0.24
0.12
0.17
0.07
0.82
0.98
1.05
0.74
0.14
0.04
≤1

.@

26

D

0.55
0.03
0.08
0.19
0.06
0.03
0.05
0.10
0.10
0.22
0.14
0.07
0.09
0.04
0.49
0.58
0.63
0.46
0.08
0.02
≤1

0.68
0.05
0.12
0.27
0.13
0.03
0.11
0.10
0.10
0.28
0.18
0.12
0.14
0.04
0.60
0.72
0.84
0.62
0.12
0.02
≤1

0.79
0.03
0.11
0.27
0.08
0.05
0.07
0.15
0.15
0.30
0.20
0.10
0.13
0.06
0.69
0.83
0.87
0.62
0.11
0.04
≤2

Again, the value of Hin must be less than unity.
According to our result, Hin values ranged from 0.02
to 0.84 for samples. These Hin results are lower than
the upper limit as seen in Table 4.

*55*6-.@DThe other radiation index
is gamma activity concentration index and it is described as follows [32]:
Iγ = CRa/300 + CTh/200 + CK/3000 ≤ 1(6)
According to the EC 1999 report, The annual
effective dose rate depends on Iγ values given in Table 3. The Iγ values of used building materials should
lay between these values.
The Iγ values in Table 4 have lower values for
not only bulk amount materials such as cement and
sand, but also other materials like Ahlat stones and
ceramic tiles comparing with Kaiser (1999) reports.

Except Ahlat stone 3 sample, all building materials used in Van province have lower index values
comparing with UNSCEAR 2000 and EC 1999 reports for evaluating hazard parameters. The Ahlat
stone 3 has slightly higher value for Din and AEDE
parameters than suggested limit values.
Ahlat stone is natural stone, which has been
mined for decades in Bitlis province located near the
Van province. This stone has been used for not only
constructing dwellings, but also decoration of buildings around the regions. Therefore, the limit value of
Iγ index has been accepted as 2. This Iγ value contributes 0.3 mSv/y to annual effective dose which lay in
acceptable limit values (EC 1999). According to our
results, these materials can be considered as a building material.


 %# #
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In this study, we measured Ra, Th and K
activity concentration of building materials commonly used in Van province. Depending on these activity concentrations, we extracted Raeq, Din, AEDE,
Hex, Hin and Iγ indexes and compared with suggested
values. In addition, we also analyzed radiation hazard parameters of these building materials.
According to the measurements, we determined
that the activity concentration values of pumice,
Ahlat stones and ceramic tile are higher values than
the limit values given in UNSCEAR 2000 reports. In
addition, we also saw that other building materials
have lower activity concentration values than the
limit values given in UNSCEAR 2000 reports.
Moreover, Raeq calculation was performed for all
samples and it is seen that the value of Raeq is below
the limit values.
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We demonstrate a highly efficient Fe/N/C electrocatalyst for oxygen reduction reaction (ORR)
which was prepared through MgO template directed
approach followed by pyrolysis of iron salt and nitrogen-rich carbon precursors. The Fe/N/C electrocatalyst displays a porous carbon structure with iron
atoms, Fe3C nanoparticles and Fe-Nx as active sites
which endow the electrocatalyst with plenty of accessible and active sites that are favorable for the enhanced electrocatalytic activity towards ORR. The
as-obtained Fe/N/C electrocatalyst exhibits excellent
electrocatalytic performance. A process integration
of catalysis and oxidation is proposed to achieve the
removal of TOC from high strength phenolic
wastewater, which original TOC is 7600 mg/l. In this
study, the influence of alkali precipitation on oxidation of strength phenolic wastewater with Fe/N/C as
catalyst was investigated. Adding the Fe/N/C electrocatalyst increased TOC removal. TOC removal
was 98.3% in the catalytic supercritical water oxidation (CSCWO) over Fe/N/C electrocatalyst.

have gained increasing attention because of their
high catalytic activity, low cost, and good durability
[5]. Especially, those highly active metal/nitrogen/carbon (M/N/C, M]Fe or Co) nanomaterial obtained by pyrolysis of precursors containing transition metal, nitrogen, and carbon source have been
considered to be one of the most promising electrocatalyst competitive with the state-of-the-art Ptbased electrocatalyst [6].
Phenols are generally considered to be highly
toxic and refractory organics. Many industrial processes, such as oil refineries, plastic plants, pharmaceuticals firm and coal conversion, have been attributed to the phenolic compounds [7]. Due to the
serious effects on health and ecology [8], phenols
should be removed completely before the
wastewater can be discharged into environment.
Supercritical water oxidation (SCWO) has
been considered as a greatly promising process for
treating toxic and bio-refractory wastes, such as
wastewater, sewage sludge, biocides and waste
leachate [9-11]. Among these wastes, N-containing
organic compounds with high toxicity and chemical
stability are widely identified from wastewater, pesticides, dyestuff and chemical industries, which lead
to both environmental and human health problems
[12]. The treatment known as supercritical water oxidation consists of the homogeneous oxidation of organic chemicals in an intermediate through the oxidant, such as air, oxygen or hydrogen peroxide, at
supercritical conditions (T ≥ 374 °C, P ≥ 22.1 MPa).
During SCWO process, C-H-N compounds are rapidly oxidized to carbon dioxide, water, nitrogen and
inorganic salts. Due to there is no generation of NOx,
this green technology is being developed as an alternative to incineration [13-16].
In the present investigation, we performed experiments on the decomposition of high strength
phenolic wastewater under SCWO conditions, with
respect to various temperatures with or without
FeNC900. The results of this study should be useful
and beneficial for the application of SCWO technology in high strength phenolic wastewater treatment.
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The oxygen reduction reaction (ORR) is a pivotal process in controlling the performance of various clean renewable energy conversion systems such
as in fuel cells and metal-air batteries [1]. The widespread utilization and commercialization of this issue prominently depends on the development of lowcost and efficient electrocatalyst to boost the overall
performance of fuel cells [2]. Traditionally, platinum
(Pt) has been considered as the most efficient and
widely used electrocatalyst for ORR, taking account
into its high activity via four electrons transfer leading to water as the final product [3]. However, Pt suffers from the major drawbacks of high cost, insufficient stability, which inevitably hampered the largescale application during long-term operation [4]. Towards this end, extensive research efforts have been
directed towards the discovery of effective and inexpensive electrocatalyst, among them, non-precious
metal electrocatalysts and metal-free electrocatalysts

5+4'5'7/32 3, + +0+)753)'7'0;676
Fe/N/C electrocatalysts were synthesized according
to our reported methods with slight modification.
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TOC removal significantly increased from 71.15 to
98.3% after 9 min reaction.

,,+)7 3, 5+6/*+2)+ 7/1+ The phenolic
wastewater conversion experiments were conducted
at 430-550°C for 9 min. Figure 1 shows TOC removal for SCWO of phenolic wastewater at residence time. The result appeared that the residence
time had a significant effect on TOC conversion.

,,+)73,5+')7/3245+6685+In the SCWO of
organic compounds, the reaction pressure is an important parameter affecting the removal of pollutants. Generally, the higher reaction pressure is, the
higher pollutant removal and the reaction rate are obtained. Figure 2 shows TOC removal within a series
of reaction pressures (30, 33, 36 and 39 MPa). When
the temperature increased from 30 to 39 MPa, TOC
removal significantly increased from 71.05 to 98.3%
after 9 min reaction.

Firstly, MgO powder (30 g) was refluxed for 2 h and
then calcined at 550°C for 48 h obtain the final MgO
template. Subsequently, MgO template was added to
the mixture containing of 0.5 mM FeCl36H2O and
1.5 mM 1,10-phenanthroline in 100 mL ethanol and
stirred overnight to impregnate thoroughly. After removing the ethanol, the brown solid was pyrolyzed
at 700 °C, 800°C and 900°C under argon for 2 h and
treated with 1 M HCl to remove MgO template to
yield FeNC700, FeNC800, FeNC900, respectively.
For comparison, the reference electrocatalyst was
further treated with 1 M H2SO4 at 80°C to give
FeNC900 wash.
The SCWO and catalytic supercritical water
oxidation (CSCWO) of the high strength phenolic
wastewater were carried out in a 0.6-L batch autoclave. The reactor was equipped with a magnetically
driven stirrer ensuring good mass transfer from the
gas to the liquid phase and to a catalyst. Firstly, water
and high strength phenolic wastewater was put into
the reactor, and then nitrogen flowed through the
system and removed the air within the system; the
valves around the reactor were closed when the air
was removed entirely. Secondly, FeNC900 catalyst
was introduced into the reactor. Finally, the reaction
started as ‘zero time’ until the predefined pressure
was reached. Liquid samples (ca. 20 ml) were periodically withdrawn from the reactor and analysed.

,,+)73,4It was found that if the pH of the
reaction solution was not adjusted during the SCWO
process, the initial pH of the reaction rapidly decreased and reached a minimum value of about 7
min, then slowly increased. The reason is that at the
beginning of reaction, organic matter is oxidized into
some low-molecular-weight organic acids, resulting
in a decrease in pH. Afterwards, these organic acids
are slowly oxidized and the pH slightly rises. In order to investigate the effect of the pH of the reaction
solution on the removal of TOC, the pH of the reaction solution was adjusted every 1 min during the test
to control the set value. The result is shown in Fig.
3.
As can be seen from Figure 3, when the pH of
the reaction solution is controlled at 1.5-3.5, the removal of TOC is not significantly affected; however,
when the pH is increased to 4.0 and above, the TOC
removal rate is significantly decreased due to the
high pH Part of Fe3+ precipitation, loss of catalytic
function. Therefore, a suitable pH is 3.0 to 3.5.

!#"!!#!!
,,+)7 3, 7+14+5'785+ In the SCWO of organic compounds, the temperature is an important
parameter affecting the removal of pollutants. Generally, the higher operating temperature, the higher
pollutant removal and the reaction rate are obtained.
Figure 1 shows TOC removal within a series of reaction temperatures (430, 460, 490, 520 and 550°C).
When the temperature increased from 430 to 550°C,

# 
,,+)73,7+14+5'785+32"5+139'0

#  
,,+)73,5+')7/3245+6685+32"5+139'0
4456

%$

" &   









 " #!"!

#  
,,+)73,432"5+139'0

#  
,,+)73,/2/7/'0"32"5+139'0

#  
,,+)73,.;*53-+24+53:/*+*36+32"5+139'0
,,+)7 3, /2/7/'0 " 32 " 5+139'0 As
can be seen from Figure 4, when TOC concentration
is lower, the TOC removal rate increases rapidly
with increasing temperature, but when the initial
TOC exceeds 15000 mg / L, the TOC removal rate
increases slowly. This is because the initial TOC
rises, the reaction rate is accelerated, and the decomposition of organic pollution is promoted.

amount of H2O2, the effect of the amount of H2O2 on
the removal of TOC was investigated. The results are
shown in Fig. 5.
As can be seen from Figure 6, when the amount
of H2O2 is the theoretical amount (50 mL / L), the
TOC removal rate is 91%. When the amount of H2O2
is increased to three times the theoretical amount
(150 mL / L), the TOC removal rate is 93.52%.
When the amount of H2O2 reached 5 times the theoretical level (100 mL / L), the removal rate of TOC
was 98.3%. Obviously, the removal rate of TOC increased with the increase of H2O2, but the increasing
range decreased gradually. That is to say, the removal of TOC became more difficult in the later
stage of reaction due to some intermediates such as
low molecular weight organic acids are difficult to
mineralize.

,,+)7 3, .;*53-+2 4+53:/*+ *36+ 32 "
5+139'0 Although the theoretical amount of oxidant (H2O2) can be calculated based on wastewater
COD, the actual amount of H2O2 is also affected by
many factors such as the composition, properties and
reaction conditions of wastewater pollutants, that is,
the effective utilization rate of H2O2 can not reach
100%. So its actual dosage still needs to be determined through experiments. Based on the theoretical
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139'0It can be seen from Fig. 6 that when the catalyst ferrous sulphate is 50-100 mg / L, the removal
rate of TOC increases rapidly with the increase of
dosage, and then increases the amount of catalyst,
the TOC removal rate increases slowly. This is because increasing the amount of catalyst helps to increase the rate of hydroxyl radical generation and
thus the removal rate of TOC. When the amount of
catalyst is large, the amount of Cl-formation complexes with high concentrations of Fe2+ and Fe3+ in
wastewater increases, Precipitated iron precipitation
also increased (the reaction solution becomes
cloudy), then increase the amount of catalyst on the
removal of TOC little effect. Therefore, considering
the removal of TOC and disposal of ferrous sludge,
it is better to control the amount of catalyst to be
about 50 mg / L.


#!!

electrocatalytic performance. This work studied the
feasibility of treating phenolic wastewater by means
of SCWO with as-obtained Fe/N/C electrocatalyst,
knowledge of the impact of the operating conditions
such as temperature, residence time and catalyst type
is required. Experimental results indicated that in the
SCWO process, 98.3% TOC was removed after 9
min reaction at temperature of 550°C. Adding a catalyst significantly improved the TOC removal. It
was found that there was significant advantage of increasing concentration of Fe/N/C electrocatalyst
from 25 to 125 mg/l.
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erations have the potential to generate wastes,
among which drilling fluids and cuttings stand out,
due to the generated volume, consequent difficulties
of management and the presence of contaminants
[2]. These characteristics, associated with more
restrictive environmental regulation and the need to
reduce drilling costs, have required optimization of
solid-liquid separation [3] and reinforce the importance of prospering waste management.

ABSTRACT
Production from unconventional hydrocarbon
resources, such as shale gas, shale oil, deepwater
and arctic reservoirs requires advanced drilling and
extraction technologies. Furthermore, drilling fluid
is known as the blood of the oil industry, with carrying debris, cooling, lubricating the drill bit, control and balance formation pressure and so on. As
the difficulty of petroleum exploration increases, a
variety of high-performance drilling fluids are used
in drilling operations, which means more and more
types of chemicals are added to the drilling fluid,
most of which are potentially environmentally
friendly harm. Therefore, the proper disposal and
reuse of waste drilling fluid has become an urgent
problem to be solved. The mechanism and progress
of adsorption treatment, electrochemical treatment,
solid-liquid separation treatment, solidification
treatment, AOPs, and microbial treatment are comprehensively reviewed through the investigation on
the drilling waste treatment technology at home and
abroad. The development trend of drilling waste
treatment technology is forecasted and prospected.

Progress on waste Drilling Fluid Treatment
Technology. Adsorption. In recent years, the results of biological treatment of wastewater showed
that the removal efficiency was good and the removal process did not produce secondary pollution,
but the biological methods removed only the dissolved dyes and demanding environment conditions
[4]. Comparing to other technology, adsorption
method come an economical and feasible method
for dye wastewater decontamination due to the
cheap adsorbents and efficient treatment effect.
Various adsorbents can be used for the removal of
dyes from chemical industry wastewater. Some
low-cost or easy-accessibility materials have been
investigated in many research studies, such as clay
materials [5], layered double hydroxides [6], fly ash
[7], resin [8], fruit peels [9], the biological
strawhave [10]. In addition, photocatalytic method
had also been used in the degradation of dye
[11±19]. Good performance of adsorption materials
play a vital role in wastewater purification.
Qiang [20] et al. prepared the tannin extract-aluminium complex flocculant with tannin
extract and aluminium sulfate as raw materials, and
use the flocculant to the adsorption of the waste
drilling fluid. The results showed that mass proportion 1:1 (aluminum sulfate:tannin), reaction temperature 380°C, pH value 3.5 and reaction time 220
min was the optimum condition for the preparation
of tannin-aluminum sulfate complex flocculant.
And the removal rate of the turbidity and flocculant
ratio were 98.21% and 92.12%, respectively, for
kaolin simulation solution as the main ingredient of
waste drilling fluid.
Jiang Xuebin et al. [21] used Fenton reagent
strong oxidation combined with activated carbon

KEYWORDS:
Drilling waste, adsorption, electrochemistry, solid-liquid
separation, solidification, AOPs, microbe

INTRODUCTION
The oil industry has an important role in the
global energy matrix, with oil and gas accounting
respectively for 39.9% and 15.1% of the total world
energy consumption. In fact, the total final consumption of energy more than doubled worldwide
since the 70's, primarily supplied by fossil fuels,
which represent more than 50% of energy sources,
and no significant reduction in this energy share is
expected in the short term. Nevertheless, notwithstanding its relevance in world energy matrix,
non-renewable energy sources are associated with
activities that can result in environmental impacts
throughout their supply chain [1].
As part of any Oil & Gas project, drilling op-
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get is only for heavy metal ions, waste oil-based
drilling fluid can only be used as filler in the preparation of nanocomposites. Adsorption technology
for the disposal of other pollutants in the drilling
fluid to be further studied.

adsorption of polysulfonic drilling fluid drilling
wastewater treatment experiments. The results
show that the removal rate of COD in wastewater
reaches 90.7%, the water quality reaches the first
grade of comprehensive wastewater discharge
(GB8978-1996), and the biodegradability is also
improved. The method can be used in the drilling
wastewater treatment of high concentration polysulfone drilling fluid system.
Naimeh Alimohammadi et al. [22] investigated a new method combining nanoparticle adsorption and magnetic separation for the removal of
cadmium ions from the drilling fluid and its efficiency was studied. Magnetic iron oxide nanoparticles were successfully synthesized, characterized
and evaluated by X-Ray Diffraction (XRD), Transmission Electron Microscopy (TEM) and Infrared
spectroscopy (IR). The effects of various factors,
e.g. pH, shaking rate, retention time and magnetic
adsorbent doses on the adsorption process were also
studied. The concentrations of cadmium ions were
measured with both Atomic Absorption Spectroscopy (AAS) and Electrochemical Method. Adsorption reached equilibrium within 10 min. The maximum adsorption occurred at pH of 6 and shaking
rate of 50 rad/s (480 RPM) with 3.2 mg of adsorbent for an initial Cd concentration of 5 mg/L. The
adsorption data were analyzed and fitted well by
Freundlich isotherm.
Leonard et al. [23] used a high carbon fly ash
(HCFA), an industrial byproduct, as a sorbent for
hydrocarbons, in the treatment of petroleum-related
liquid wastes, or as a pretreatment or addition in
cement-based stabilization/solidification of petroleum-related solid wastes was assessed. An HCFA
sample, whose physicochemical and leaching properties were studied in detail, was used as a test case.
Batch sorption experiments were then conducted to
determine the sorption capacity of HCFA using
deionized water spiked with two groups of hydrocarbons typical of petroleum wastes: aliphatic hydrocarbons and polycyclic aromatic hydrocarbons
(PAHs). Fourier transform infrared (FTIR) microspectroscopy was conducted to study the spatial
distribution and association of hydrocarbons on the
sorbent. Results indicate that HCFA has a high
sorption capacity for the two groups of hydrocarbons. Data obtained fit the linear and Freundlich
sorption isotherm models. FTIR microspectroscopy
results showed that the hydrocarbons were preferentially sorbed onto the carbon component of
HCFA rather than the siliceous components. This
work shows that HCFA is potentially an inexpensive sorbent for treatment of petroleum contaminated liquid or solid wastes and contaminated soils.
Although adsorption technology has many
advantages, it is only limited to the treatment of
waste water-based drilling fluid, the treatment tar-

Electrochemical Technology. In the last years,
many efforts have been devoted to the development
of electrochemical processes for the effective
treatment of wastewater contaminated by organic
pollutants resistant to conventional biological processes and/or toxic for microorganisms [24-26]. It
was shown that some electrochemical approaches,
including the direct anodic oxidation at suitable
anodes such as boron doped diamond (BDD) and/or
electro-Fenton (EF) at suitable operating conditions
and cells [27] can allow to treat effectively a very
large number of organic pollutants. Electrochemical
processes present several advantages with respect to
other advanced oxidation processes such as: very
mild operative conditions, no transport or storage of
oxidants, limited operative and capital costs, wide
versatility and very high removal of various kinds
of pollutants [28].

FIGURE 1
a) Conventional macro cell with magnetic stirrer.
b) System with pump, micro reactor and tubing.
[30]
K. Ighilahriz et al. [29] propose in this work
the application of electrocoagulation (EC) and electro-oxidation (EO) treatment for the leachate of
these drilling muds. The effect of pH, current density, the electrolysis time, and the amount electrolytic added were studied, and the effectiveness of
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colorization - sedimentation - filtration, the effluent
to meet national emission standards. The process is
simple, flexible, high removal of suspended solids,
colloidal substances. The technology is mainly
adapted to the use of sulfonated drilling fluid or
polysulfide drilling fluid generated waste drilling
fluid, while the high concentrations of COD, chromogenic excessive drilling fluid treatment has a
significant effect, the treated water standard efflux
or reuse [32].
As a pre-storage treatment, solid±liquid separation of dairy wastewater yields separated solids
containing organic matter that can be used for
compost production or energy generation. The remaining separated liquid can be used in land application or reused on the farm as flushing water. Solid±liquid separation methods include physical processes such as sedimentation, centrifuging, screening, or filtering. Usually, solid±liquid separation
efficiencies of manure separators are in the range of
about 20±68% removal [33]. However, separation
efficiencies can be augmented by chemical addition
of coagulants and flocculants to bind together the
small particles of solids into larger clumps [34].
Along with the solids, solid±liquid separation combined with flocculation using polyacrylamide (PAM)
polymer has been found to separate 85±88% of organic N from the liquid phase [35].
Polymer flocculants are macromolecules of
varying molecular weights that can have positive,
negative or neutral charges. These macromolecules
destabilize suspended charged particles by building
bridges among suspended particles, resulting in
newer, larger particles (or flocs) that settle out of
the liquid [36]. Flocculants can be divided into
three groups: (a) inorganic flocculants such as aluminum sulfate (alum) or polyaluminum chloride
(PAC); (b) organic synthetic high-polymer flocculants such as polyacrylamide and polyethylene
imine; and (c) naturally occurring flocculants such
as chitosan, guar gum, sodium alginate and microbial flocculants [37].
Jing Zou et al. [38] prepared a new inorganic±organic composite flocculant CSSAD by the
reaction of corn starch (st), acrylamide (AM), and
(2-methacryloyloxyethyl) trimethyl ammonium
chloride (DMC) with a previously prepared SiO2
sol by using the aqueous solution polymerization
process. The different factors affecting the preparation were investigated and the optimal synthesis
conditions were established: polymerization temperature was 70 °C, reaction time was 4 h,
w(DMC):w(st) was 1.5, w(AM):w(st) was 3, and
the ratio of initiator to acrylamide was 0.5 wt.%.
CSSAD was characterized by FTIR spectroscopy,
scanning electron microscopy, and gel permeation
chromatography. The different factors affecting the
flocculating ability of CSSAD for waste drilling

the processes is evaluated by measuring the chemical oxygen demand (COD). The dissolution is the
best way to mobilize pollutants from drilling mud
so we conducted leaching before starting the electrochemical treatment. The processes were carried
out in batch mode using a stainless steel anode and
ruthenium cathode for the EO and aluminum electrodes materials for the EC. The preliminary results
clearly demonstrate the compatibility of the two
techniques used with the type of pollution studied.
In fact, the EC allowed the COD removal of about
95% and a rebate rates above 78% for EO.
K Bensadok et al. [31] investigated the treatment of very concentrated oil-water emulsions by
electrocoagulation (EC) as a pre-treatment step prior to a membrane process. The oil-water emulsion
was prepared from a cutting mineral oil B22 currently used for drilling and machining operations.
The electrocoagulation progress was followed by
the measurement of COD, turbidity and pH in a
batch process with recirculation of the liquid. This
study is mainly focused on the effects of operating
parameters such as initial pH, current density, oil
concentration and recirculation rate, on the
de-emulsification efficiency. Kinetic curves showed
that the EC process exhibits two phases: a "reactive
phase" during which the COD and the turbidity
removals increase with electrolysis, and a stationary
phase for which further aluminium dissolution is
useless in the pollution abatement. The results
showed that the treatment efficiency increases with
increasing current density, but decreases with oil
concentration. It appears that treatment of the considered cutting oil is completed through dissolution
of around 10 mg Al/g oil, with a slight positive effect of the liquid flow rate. Best results are also
obtained with initial pH near 7.
Electrochemical treatment technology has the
advantages of high efficiency and simple operation,
but it can only be used to deal with waste water-based drilling fluids or oil-containing emulsions.
For the electrochemical technology to be directly
used to deal with waste oil-based drilling fluids,
In-depth study.
Solid-liquid separation. Solid-liquid separation technology after more than 10 years of experimental research, technology has gradually matured,
has been widely used. The technology is to separate
solid and liquid waste drilling fluid, so that the separation of liquid discharge standards, the solid
phase buried or reprocessing. It is based on chemical coagulation catalytic oxidation method developed on the basis of advanced techniques and
methods of mechanical processing. The workflow is
breaking milk, flocculation, separation. Separated
solid material moisture content of less than 70%,
and then the effluent secondary flocculation - de-
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relatively traditional technology to dispose the
waste drilling fluid, and it has a wide range of applications [39].
Curing and stabilization treatment technology
is one of the international main methods at present.
And also cement is the most widely used hazardous
waste stabilizer in the developed countries such as
Europe and the United States in recent years. Hence,
USEPA has regarded cement solidification technology as the best technology of hazardous waste
treatment. Researches have showed that the hydration reaction activity of MSWI fly ash is rather low.
Mixing fly ash would delay the cement hydration
process in some degrees and when fly ash was
added to a large dosage, it can significantly reduce
the cement mortar strength. Mangialardi's research
found that despite doing pretreatment process of
washing and crushing et al., it was difficult for
building blocks to meet higher strength [40].
Macakova did fly ash stabilization experiments
with the cement which was produced by residue of
Mg smelting process [41]. The results proved that
although the strength of blocks did not higher after
above process, the leaching toxicity of heavy metals
in fly ash fitted the index of USEPA [42]. However
it indeed has a good effect that cement stabilizes
and solidifies MSWI fly ash.

fluid were studied. These factors included the dose,
stirring rate, and time. When the dosage of CSSAD
was 0.3 g (per 100 g waste drilling fluid) with a
stirring rate of 60 r/min and a stirring time of 2 min,
the water content of the flocculated precipitate was
the lowest at 21.34%. And CSSAD showed better
flocculating ability than other flocculants in the
same dose (0.3 wt.%).
Due to the different characteristics of drilling
fluid and formation, it is impossible for a flocculant
to separate the solid and liquid of various drilling
fluids. Different flocculants should be used for different waste drilling fluids. Nowadays, many inorganic and organic flocculants have been developed,
which are used to flocculate different wastes and
get better results. Drilling waste water using the
method of dehydration, the effect is good, but we
must understand the characteristics of waste drilling
fluid, the choice of different flocculants.
Solidification treatment. Curing technology
is the process of adding a curing agent to a waste
drilling fluid to convert it into a solid that has high
soil or cementing strength. This technology can
separate the metal ions and organic matter from the
waste drilling fluid in a specific solid and avoid the
influence and harm of the waste drilling fluid on the
water body, soil and ecological environment. It is a

FIGURE 2
SEM micrographs of (a) corn starch and (b) CSSAD [38]

FIGURE 3
Flow chart of solidification treatment [43]
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Ai [44] developed the solidification technology for treatment of waste drilling fluid. The harmful
impurities in drilling fluid and solidification mechanism of waste drilling fluid are investigated. The
design indexes for solidified matters were determined, and the sample analysis and examination
was carried out in laboratory. The different solidification formulations for various drilling fluid systems were obtained. The endurance test of complex
solidified materials was made. The result shows
that the compression strength of the solidified materials ranges from 0.5 to 1.5 MPa after solidification for twenty eight days. This type material can be
used to build simple road and well field. Adding
some solidification and bone matters into the solidified materials can make it applied to architecture
and have silicate gel and cement stone structures.
He et al. [45] studied the new formula and
technology of complex solidification treatment for
the waste polymer sulphated drilling fluids with the
high sulfur contents from the Puguang Gasfield's
deep wells by using technology of gel-breaking and
flocculation, solidification and stabilization, pH
adjustment. The results show that the effect of the
gel-breaking agent PJ-01 is better than that of using
aluminium or ferric salt singly. Under the conditions that the content of PJ-01 is 12 g/L, the content
of lime and cement is 100 g/L, the COD of solidification leachate is 873 mg/L and 4 515 mg/L, respectively. The COD decreases to less than 518
mg/L when lime and cement are used simultaneously, so PJ-01, lime and cement have the cooperative effect. When the dosage of adjustment agent is
more than 30 g/L, pH 9, the COD of the solidification leachate is less than 200 mg/L. The L9(34)

orthogonal experiment provides the best complex
solidification formula of gel-breaking/ solidification/adjustment technology, which is gel-breaking
PJ-01 of 20 g/L, lime of 125 g/L, cement of 100 g/L
and adjustment agent of 20 g/L. When the complex
solidification technology is used to treat the polymer sulphated waste drilling fluids from the
Puguang Gasfield's deep wells, the leachate can
meet the demand of the first grade of the Intergrated
Wastewater Discharge Standard(GB8978-1996).
AOPs. Advanced oxidation processes (AOPs)
have attracted more and more attention in
wastewater treatment because they can degrade
recalcitrant organic pollutants into less toxic products through the generation of highly powerful hydroxyl radical (OH) or sulfate radicals [46-50].
Ma Chao [51] examined supercritical water
oxidation (SCWO) of wastewater-based drilling
fluid in a high-pressure reactor under the following
conditions: reaction temperature, 520°C to 580°C;
pressure, 26 MPa to 30 MPa; H2O2 dosage, 1000
mg/L to 4000 mg/L; and residence time, 1 min to
10 min. The effects of the given experimental conditions and glycol concentration on the removal
efficiency of wastewater-based drilling fluid were
investigated with laboratory bench-scale experiments. The results indicated that glycol addition
improved chemical oxygen demand (COD) removal.
The addition of 50 mg/L of glycol was beneficial in
the formation of strong oxidation species and accelerated the oxidation of the organic pollutant in
the wastewater based drilling fluid. The optimum
COD removal reached 99.85% under the experimental conditions.

FIGURE 4
Schematic diagram of the experimental setup
1. Oxidant container 2. Heater 3. High-pressure Autoclave 4. High pressure pump 5. Gas-liquid separator
6. Nitrogen Cylinder 7. Reactor [51]
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Wang Chao et al. [52] examined supercritical
water oxidation (SCWO) of waste drilling fluid in a
high-pressure reactor under the following conditions: reaction temperature, 510 to 570°C; H2O2
dosage, 1000 to 7000 mg/l; and residence time, 1 to
7 min. The effects of the given experimental conditions and KOH concentration on total organic carbon (TOC) removal of waste drilling fluid were
investigated with laboratory bench -scale experiments. The results indicated that KOH addition
improved TOC removal. The addition of 300 mg/l
of KOH accelerated the oxidation of the organic
pollutant in the waste drilling fluid. The optimum
TOC removal reached 97.6% under the experimental conditions.

been proven through hydrocarbons analysis and
metabolic profi ling at community level (Biologsystem).
Microbial treatment has the advantages of no
secondary pollution and thorough treatment. However, due to its long time, large area, complicated
breeding process and limited plant species, microbial treatment technology is currently in the field of
waste drilling fluid treatment. The application has
been greatly limited. The future research of microbial treatment technology focuses on simplifying
the cultivation of bacteria, enhancing the ability of
bacteria to dispose of waste drilling fluid and reducing the processing time [58-60].

Microbial treatment. Microbial treatment
utilizes microbial bacteria to repair and improve the
performance of waste drilling fluids, and uses microorganisms to decompose petroleum hydrocarbons and other organic matter in abandoned drilling
fluids. Microbial treatment requires a larger site
area and longer time, subject to temperature, pH,
nutrients, humidity, oxygen and light conditions.
Some overseas oilfields have already begun to use
microbial treatment technology to dispose of waste
drilling fluid, and have also conducted applied tests
in some oilfield environmental protection works in
China [53-55].
Linjun Yao et al. [56] studied soils from three
representative locations for PSDF application in
Alberta, Canada, with clay loam, loam and sand
textures with applications of unused, used once and
used twice PSDF. For all three soils, applying 40m
3 /ha of used PSDF significantly affected the existing soil microbial flora. No microbiota was detected
in unused PSDF without soil. Adding used PSDF to
soil significantly increased total fungal and aerobic
bacterial colony forming units in dilution plate
counts, and anaerobic denitrifying bacteria numbers
in serial growth experiments. Used PSDF altered
bacterial and fungal colony forming unit ratios of
all three soils.
YouYu Fan [57] remediated waste drilling fluid by both biostimulation with the inorganic nutrient addition and bioaugmentation with the inoculation of a selected and well-adapted microbial consortium. The results showed that, compared to the
non-bioaugmented system, the bioaugmented system exhibited considerably stronger pollution disposal abilities, with 95.2% total organic carbon
degradation (TOC) and 91.2% total petroleum hydrocarbon (TPH) removal within 120 h. In contrast,
in the non-bioaugmented system, the corresponding
TOC and TPH removal efficiencies were 82.9% and
58.3%, respectively, within 120 h. The active role
of the microbial inoculum in pushing the entire
community towards an effective bioremediation has

CONCLUSIONS
In this era of rising cost of oil industry operations occasioned by low prices of crude oil and its
products, the use of agro wastes as possible alternative for filter loss control materials would no doubt
reduce drilling fluid costs. Adsorption technology
and electrochemical treatment technology will be
the focus of research on disposal technology of
abandoned drilling fluid in the future. Although it is
not applied on a large scale at present, the efficient
environmental protection in the treatment process is
in line with the future development trend and is also
an inevitable requirement for the development of
the environmental protection situation. The development of new adsorbent materials and the
co-processing of electro-flocculation and electro-oxidation technologies will be hot topics in this
field. Solid-liquid separation technology, solidification technology and microbial treatment of joint
collaboration will be the future development of
abandoned drilling fluid processing technology
industrialization. The development of the relevant
treatment agents such as degreasing agents, flocculants and curing agents as well as the cultivation of
new strains of bacteria are the core of this research
work.
With the continuous improvement of environmental protection requirements, abandoned
drilling fluid treatment technology will be green
and industrialized.
This trend is based on continuous exploration
of new raw materials and treatments that are
³ZLGHO\ DYDLODEOH LQH[SHQVLYH QRQ-toxic and
KDUPOHVV´ 1R VHFRQGDU\ SROOXWLRQ GXULQJ WKH GLV
posal of waste drilling fluid, improving the disposal
efficiency of waste drilling fluid and the secondary
utilization of waste drilling fluid are the higher
goals of the future research on disposal technology
of waste drilling fluid.
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reported as an active compound against velvetleaf
germination [29]. Investigations on the cinnamon
oil compounds indicated that p-methoxycinnamaldehyde (2) have nematicidal activity [30].

ABSTRACT
In this study, eight different Schiff base derivatives, derived from cinnamaldehyde and pmethoxycinnamaldehyde were synthesized from the
corresponding cinnamaldehydes and anilines via
microwave irradiation and their inhibition of activity on the hCA-I and hCA-II isoenzymes were investigated. IC50 values of seven compounds showed to
have more stronger inhibitor effects than the reference inhibitor acetazolamide.

SCHEME 1
Structures of cinnamaldehyde (1) and
p-methoxycinnamaldehyde (2).

KEYWORDS:
Schiff bases, microwave synthesis, hCA-I and hCA-II

Human carbonic anhydrase isoenzymes I and
II (hCA-I and hCA-II) are metalloenzymes in plant
and animal cells and these metalloenzymes catalyze
the conversion of metabolically produced CO2 into
bicarbonate ions (HCO3-), which is one of the most
important reactions for life [31, 32].
In this study, we aimed to synthesize Schiff
bases derived cinnamaldehyde (1) and pmethoxycinnamaldehyde (2) to investigate their
inhibitory activities on hCA izoenzymes.

INTRODUCTION
Since their first synthesis by Hugo Schiff in
1864, Schiff bases containing imine or azomethine
functional groups have been proven to be a special
class of organic compounds due to their wide applications in unique fields such as biology, medicine,
and pharmaceutics [1-3]. Schiff bases exhibit many
different biological activities, including antibacterial [4], antifungal [5], anticancer [6, 7], antituberculosis [8], herbicidal [9, 10] anti-HIV [11], antimalarial [12], antiproliferative [13, 14], antiviral [15]
and antipyretic [16] properties. These ligands and
their metal compounds also have been reported to
have very different applications in biological, clinical, analytical, and industrial fields [17].
Cinnamaldehyde (1) (Scheme 1) is one of the
most basic components in cinnamon oil and shows
a wide variety of bioactive properties.18 Studies on
cinnamaldehyde (1) have shown that it displays
many pharmacological and biological activities,
such as anticancer [19], antibacterial [20], antioxidant [21], anti-inflammatory [22], antitumor [23],
antifungal [24], mutagenic [25], analgesic [26] and
antidiabetic
[27]
properties.
pmethoxycinnamaldehyde (2) (Scheme 1) is one of
the major components of the essential oil of
6SKDHUDQWKXVÕQGLFXV [28]. Compound (2) from the
leaves of star anise (Illicium verum Hook.f.) was

MATERIALS AND METHODS
Chemicals and Instruments. Cinnamaldehyde, p-methoxycinnamaldehyde, aniline, 4fluoroaniline, 3-chloroaniline, 4-chloroaniline, 2bromoaniline, and 4-bromoaniline are commercially
available (Merck, Sigma-Aldrich) and were used
without further purification. Sepharose-4B, sulfanilamide, L-tyrosine, Tris, Na2SO4, protein assay
reagents, and chemicals for electrophoresis were
purchased from Sigma-Aldrich. All other chemicals
were of analytical grade and obtained from Merck.
Reactions were monitored via thin-layer chromatography (TLC). 1H NMR and 13C NMR spectra
were recorded on a 400 (100) MHz Varian spectrometer using CDCl3. Column chromatography
was performed on silica gel 60 (70±230 mesh
ASTM), and TLC was carried out on silica gel
(254±366 mesh ASTM). Melting points were determined on a capillary melting apparatus (BUCHI
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286.0231 found 286.0237 C15H12BrN Anal. calc.
for: C, 62.96; H, 4.23; Br, 27.92; N, 4.89 %. Found:
C, 59.38; H, 4.555; N, 4.512 %.

530) and are uncorrected. Infrared spectra were
obtained from solutions in 0.1-mm cells with a
Perkin Elmer spectrophotometer (Waltham, MA,
USA). Elemental analyses were performed on a
LECO CHNS-932 apparatus. MD 20 DB-DG,
230V-50 Hz, 1050 W, Vestel Microwave Oven.

N-(4-Methoxycinnamylidene) (4c). Yield:
92%, M.p. 105 °C, yellow solid. 1H NMR (400
MHz, CDCl3) į 8.24 H1 (d, N=CH, J = 8.7 Hz),
7.49 (dm, 2×ArH, J = 8.8 Hz), 7.39±7.35(m, 2×ArH
), 7.23±7.15 (m, 3×ArH), 7.10 (d, H-3, J = 16.1 Hz
), 7.00 (dd, H-2, J = 16.1; 8.7 Hz), 6.92 (dm,
2×ArH, J = 8.8 Hz), 3.84 (s,OMe).13C NMR (101
MHz, CDCl3  į   2.1, 144.1, 129.4,
129.3, 128.6, 126.7,126.1, 121.1, 114.6, 55.6
(OMe). 1H and 13 C NMR data is agreement with
data given in the literature.[35]. FTIR (CHCl3, cm±
1
): 3059 (H-C-O), 2963, 2924, 2838, 1628, 1596,
1583, 1307, 1297 (O-C), 1111 (O-C), 1034, 988,
812, 767, 696. HRMS(MH+) calcd for C16H15NO :
238.1231 found 238.1242. C16H15NO Anal. calc.
for: C, 80.98; H, 6.37; N, 5.90; O, 6.74 %.Found:
C, 81.17; H, 7.159; N, 5.178 %.

General synthesis of 4a±h. Aniline, 2bromoaniline, 4-bromoaniline, 3-chloroaniline, 4chloroaniline, and 4-fluoroaniline (1 mmol) were
added to the cinnamaldehyde (1 mmol) and pmethoxycinnamaldehyde (1 mmol) mixture, and
then the reaction mixture was exposed to microwave radiation at 900 W. The progress of the reaction was monitored by TLC (runner phase, nhexane-ethyl acetate (4:1) was used). It was determined that the reactions were completed in 10
minutes for all aniline derivatives. The resulting
solids were dissolved in 4 mL of dichloromethane
and the mixtures were filtered and then the solvent
was evaporated. The crude products were purified
by crystallization from dichloromethane-hexane to
give pure compounds (Scheme 2). The physical
properties and the analytical and spectral data of the
imine compounds are summarized below.

N-(4-Methoxycinnamylidene)-4-fluoroaniline
(4d). Yield: 93%, M.p. 125±127°C, yellow solid. 1H
NMR (400 MHz, CDCl3) 8.21 (d, N=CH, J = 8.8
Hz,), 7.48 ( dm, 2×ArH, J = 8.8 Hz), 7.15 (ddm,
2×ArH J = 9.0 ; 5.0 Hz), 7.10 (d, H-3, J = 15.9 Hz).
7.07 (dm, 2×ArH, J = 8.4 Hz), 6.97 H2 (dd, H-2, J =
15.9 ; 8.8 Hz), 6.92 (dm, 2×ArH, J = 8.8 Hz), 3.84
(s, OMe).13C NMR (101 MHz, CDCl3) į 
161.1, 144.1, 129.2, 28.5, 126.5, 122.5, 122.4,
116.1, 115.9, 114.6, 55.6 (OMe).FTIR (CHCl3, cm±
1
): 1624, 1585, 1599, 1498, 1292 (O-C), 1252,
1229, 1093 (C-F), 1030, 986 (C-F), 843, 813.
HRMS(MH+) calcd for C16H14FNO : 256.1137
found 256.1143. C16H14FNO Anal. calc. for: C,
75.28; H, 5.53; F, 7.44; N, 5.49; O, 6.27 %. Found:
C, 68.47; H, 5.289; N, 4.990 %.

SCHEME 2
The synthesis of compounds 4a±h.
N-(Cinnamylidene)aniline (4a). Yield: 95%,
M.p. 104 °C, yellow solid. Lit[33]:108-109°C 1H
NMR (400 MHz, CDCl3) į GG1 &+J = 6.6
; 1.5 Hz), 7.55 (d, 2×ArH, J = 7.0 Hz), 7.43±7.34
(m, 5×ArH), 7.26±7.13 (m, 3×ArH, H-2 and H-3).
13
C NMR (101 MHz, CDCl3 į
135.8, 129.9, 129.4, 129.9, 129.0, 128.8, 127.8,
126.4, 121.2. 1H and 13 C NMR data is agreement
with data given in the literature [33]. FTIR (CHCl3,
cm±1): 1627, 1602, 1583, 1485, 1448, 750, 691.
HRMS(MH+) calcd for C15H13N (4a):208.1126
found 208.1126, C15H13 N Anal. calc. for: C, 86.92;
H, 6.32; N, 6.76 %. Found: C, 85.84; H, 6.461; N,
6.433 %.

N-(4-Methoxycinnamylidene)-3-chloroaniline (4e). Yield: 92%, M.p. 70 °C, yellow solid.1H
NMR (400 MHz, CDCl3) į 8.18, (d, N=CH, J = 8.8
Hz), 7.48 (dm, 2×ArH, J = 8.8 Hz), 7.27 (t, 1×ArH,
J = 7.0 Hz), 7.18±7.13 (m, 2×ArH), 7.11 (d, H-3, J
= 15.9 Hz), 7.04 (ddd, 1×ArH, J = 8.0, 2.1, 1.0 Hz),
6.97 (dd, H-2, J = 15.9 ; 9.1 Hz), 6.92 (dm, 2×ArH,
J = 8.8 Hz), 3.84 (s, OMe). 13C NMR (101 MHz,
CDCl3): 163.0, 161.2, 153.4, 145.0, 134.9, 130.3,
129.4, 128.4, 126.2, 125.9, 121.0, 119.8, 114.6,
55.6 (OMe). 1H and 13 C NMR data is agreement
with data given in the literature [35]. FTIR (CHCl3,
cm±1): 3033, 3005, 2959, 2932, 2837, 1628, 1599,
1575, 1510, 1470, 1257, 1155, 1102, 1030 (C-CI),
989 (C-CI), 822, 784. HRMS(MH+) calcd for
C16H14ClNO : 272.0842 found 272.0848
C16H14ClNO Anal. calc. for: C, 70.72; H, 5.19; Cl,
13.05; N, 5.15; O, 5.89 %. Found: C, 69.99; H,
5.115; N, 5.161 %.

N-(Cinnamylidene)-4-bromoaniline
(4b).
Yield: 90%, M.p.111-115°C, yellow solid. Lit[34]:
118-119°C 1H NMR (400 MHz, CDCl3 į G
N=CH, J = 8.4 Hz), 7.54 (dm, 2×ArH, J=8.05) 7.49
(dm, 2×ArH, J=8.4) 7.28±7.37 (m, 3×ArH), 7.12 7.04 (m, 2× ArH, H-2, H-3)13C NMR (101 MHz,
CDCl3) 162.3 150.9, 144.9, 135.6, 132.5, 130.0,
129.2, 128.5, 127.8, 122.8, 119.7. FTIR (CHCl3,
cm±1): 3059, 2962, 2924, 1626, 1604, 1592, 1489,
1449, 1396 (C-Br), 1100, 1007 (C-Br), 813, 750,
690. HRMS(MH+) calcd for C15H12BrN(4b) :
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tion was performed (3000 × g, 15 min) and erythrocytes were washed using physiological serum (0.9%
NaCl) to separate the red blood cells from the blood
samples. The cells were then hemolyzed with cold
distilled water and centrifuged (15,000 × g, 30 min)
to remove cell membranes. In order to purify the
hCA-I and hCA-II isoenzymes, the previously prepared hemolysate was applied to a Sepharose-4B-Ltyrosine-sulfanilamide affinity column equilibrated
with 25 mM Tris-HCl / 0.1 M Na2SO4 (pH 8.7)
buffer. The affinity column was washed with 25
mM Tris-HCl / 22 mM Na2SO4 (pH 8.7) buffer
solution and the hCA-I and hCA-II isoenzymes
were washed with 1 M NaCl / 25 mM Na2HPO4
(pH 6.3) and 0.1 M CH3COONa / 0.5 M NaClO4
(pH 5.6) was eluted from the column using buffer
solutions [36, 37].

N-(4-Methoxycinnamylidene)-4-chloroaniline (4f). Yield: 90%, M.p. 111±112 °C, yellow solid. 1H NMR (400 MHz, CDCl3 į (d, N=CH, J
+] į GPî$U+ J +] į
(dm, 2×ArH, J = 8.4 Hz, 2H), 7.12 (d, H-3, J = 16.0
Hz). 7.10 (dm, 2×ArH, J = 8.8 Hz, 2H), 6.98 (dd,
H-2, J = 16.0 ; 8.0, Hz), 6.93 (dm, 2×ArH, J = 8.8
Hz), 3.85 (s, OMe). 13C NMR (101 MHz, CDCl3 į
162.5, 161.2, 150.6, 144.7, 131.6, 129.5, 129.4,
128.5, 126.4, 122.4, 114.7, 55.6 (OMe). 1H and 13 C
NMR data is agreement with data given in the literature [35]. FTIR (CHCl3, cm±1): 2963, 2834, 1624,
1595, 1575, 1510, 1307 (O-C), 1250 (O-C), 1102,
1030 (C-CI), 986 (C-CI), 814. HRMS(MH+) calcd
for C16H14ClNO : 272.0842 found 272.0847
C16H14ClNO Anal.calc. for: C, 70.72; H, 5.19; Cl,
13.05; N, 5.15; O, 5.89 %. Found: C, 70.49; H,
5.296; N, 5.111 %.

Hydratase activity. Carbonic anhydrase activity was determined using the Wilbur±Anderson
method as modified by Rickli et al. [38, 39] This
method is based on the determination of the pH
change from the H+ ions resulting from the hydration of CO2 to the bromine thymol blue indicator
and the measurement of the passing rate. Enzyme
units (EUs) were calculated using the (to ± tc / tc)
formula.

N-(4-Methoxycinnamylidene)-2-bromoaniline (4g). Yield: 92 %, M.p. 104±106 °C, yellow
solid.1H NMR (400 MHz, CDCl3 į G1 &+
J +] į Gî$U+J = 8 Hz), 7.50 (dm,
2×ArH, J = 8.4 Hz), 7.29 (t, 1×ArH, J =8.0 ), 7.13
(d, H-3, J = 16.1 Hz), 7.07 (d, H-2, J = 16.1), 7.03
(t, 1×ArH, J = 7.7 Hz), 6.96 (d, 1×ArH, J = 8.0 Hz),
6.92 (dm, 2×ArH, J = 8.4 Hz), 3.84 (s, OMe). 13C
NMR (101 MHz, CDCl3) į  161.3, 151.2,
145.1, 133.2, 129.5, 128.5, 128.5, 126.7, 126.38,
120.1, 118.4, 114.7, 55.6 (OMe). FTIR (CHCl3, cm±
1
): 3059, 1675, 1626, 1605, 1593, 1577, 1122 (CBr), 1027, 748, 690. HRMS(MH+) calcd for
C16H14BrNO : 316.0337 found 316.0344
C16H14BrNO Anal. calc. for: C, 60.78; H, 4.46; Br,
25.27; N, 4.43; O, 5.06 %. Found: C, 61.63; H,
4.618; N, 4.319 %.

Measuring the impact of the inhibition. To
calculate the IC50 values of the hCA-I and hCA-II
enzymes, the effects of the eight Schiff bases synthesized at different concentrations were studied on
the hydratase activity by keeping the substrate concentration constant. The activities of the enzymes in
the uninhibited environment were used as 100%
activity. The % activity values were calculated by
measuring hydratase activities in the presence of
inhibitors of different concentrations of the enzymes. The IC50 value for each inhibitor was calculated using the plot of % activity [I] plotted [40,
41].

N-(4-Methoxycinnamylidene)-4-bromoaniline (4h). Yield: 91%, M.p. 140 °C, yellow solid. 1H
NMR (400 MHz, CDCl3) į+1 (d, N=CH, J =
8.8 Hz), 7.47 (d, 2×ArH, J = 8.8 Hz), 7.48 (d,
2×ArH, J = 8.8 Hz) 7.11 (d, H-3, J = 15.9 Hz), 7.03
(dm, 2×ArH, J +] į GG+-2, J = 16.9 ;
9.1 Hz), 6.92 (dm, 2×ArH, J   +]  į  V
OMe). 13C NMR (101 MHz, CDCl3) į
151.1, 144.7, 132.4, 129.4, 128.5, 126.4, 122.8,
119.4, 114.7, 55.6 (OMe).1H and 13C NMR data is
agreement with data given in the literature [35].
FTIR (CHCl3, cm±1): 2963, 2933, 2834, 1626, 1594,
1298 (O-C), 1264, 1100 (C-Br), 985 (C-Br), 860,
837, 812. HRMS(MH+) calcd for C16H14BrNO :
316.0337 found 316.0343 C16H14BrNO Anal. calc.
for: C, 60.78; H, 4.46; Br, 25.27; N, 4.43; O, 5.06
%.Found: C, 60.54; H, 5.010; N, 4.161 %.

RESULTS AND DISCUSSION
Imine products 4a±h were prepared from the
reaction of cinnamaldehyde, p-methoxy-cinnamaldehyde, aniline, 4-fluoroaniline, 3-chloroaniline, 4chloroaniline, 2-bromoaniline, and 4-bromoaniline
by microwave method (Scheme 3).
Purification results of carbonic anhydrase
isoenzymes (hCA-I and hCA-II). The hCA-I and
hCA-II isoenzymes were purified in one step using
human blood with Sepharose 4B-L tyrosinesulfanilamide affinity chromatography. hCA-I was
purified with specific activity of 797.33, 2953.1fold purification, and 60.2 % yield, while hCA-II
was purified with specific activity of 2024.24,
7497.2-fold purification, and 52.3% yield (Table 1).

Purification of carbonic anhydrase isoenzymes (hCA-I and hCA-II). Carbonic anhydrase
isoenzymes (hCA-I and hCA-II) were purified
using fresh blood obtained from the Ataturk University Blood Center. For this purpose, centrifuga-
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SCHEME 3
The synthesis route of compounds 4a±h.
TABLE 1
Purification of hCA-I and hCA-II from human erythrocytes.
Purification steps
Hemolysate
hCA-I
hCA-II

Volume
(mL)
100
45
35

Activity
(EU/mL)
44.67
59.8
66.8

Total activity
(EU)
(%)
4467
100
2691
60.2
2338
52.3

Protein
(mg/mL)
1.64 × 103
0.075
0.033

Specific activity
(EU/mg)
0.27
797.33
2024.24

Purification
layer number
2953.1
7497.2

TABLE 2
hCA-I and hCA-II isoenzyme I50 values for in vitro inhibition of microwave-synthesized Schiff bases.
Compound
hCA-I (μM)
hCA-II (μM)
Structure
I50
I50
4a
No activity
No activity
4b
4c
4d
4e
4f

1.24

1.844

1.55

1.04

1.42

2.6

0.99

0.843

1.89

1.85

1.22

2.74

1.94

1.91

5.2

6.1

4g

4h

Acetazolamide (AAZ)

CONCLUSIONS

Inhibitory effects on the activity of hCA-I and
hCA-II isoenzymes of microwave-synthesized
Schiff bases were tested in vitro. The I50 values
were calculated from the % activity-[inhibitor]
curves for all Schiff bases and are given in Table 2.
The carbonic anhydrase enzyme has been purified many times from numerous different organisms
and the effects of various pesticides, chemicals, and
drugs on enzyme activities have been investigated.
In this study, the hCA-I and hCA-II isoenzymes
were purified by Sepharose 4B-L-tyrosinesulfanilamide affinity chromatography and kinetic
studies were performed for the eight Schiff bases
using the hydratase activity method with CO 2 as a
substrate. The results are given in Table 2.

In this study we first studied the the activities
of cinnamaldehyde derivative Schiff bases on hCAI and hCA-II enzymes. From the findings, it was
determined that seven Schiff bases showed more
inhibitory activity compared to acetazolamide, the
reference compound. It was found that the compound 4e was the most effective on the hCA-I and
hCA-II isoenzymes with assigned IC50 values of
0.99 μM and 0.843 μM, respectively.
The results showed that the cinnamaldehyde
and p-methoxycinnamaldehyde based Schiff bases
have a strong inhibitory effect on the hCA-I and
hCA-II isoenzymes. We suppose that they will
become a basis for the establishment of new enzyme inhibitors in future studies.
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SUPPLEMENTARY MATERIAL
(1H- , 13C-NMR and HRMS spectra of product)
C15H13N (4a)

HRMS(MH+) calcd for C15H13N (4a) : 208.1126 found 208.1126

1

H-NMR spectrum (400 MHz) of Compound (4a) (CDCl 3, įSSP

C-NMR Spectrum (400 MHz)of Compound (4a) (CDCl3įSSP

13
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C15H12BrN (4b)

HRMS(MH+) calcd for C15H12BrN(4b) : 286.0231 found 286.0237

H-NMR spectrum (400 MHz) of Compound (4b) (CDCl 3įSSP

1

C-NMR Spectrum (400 MHz)of Compound (4b) (CDCl3įSSP

13
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C16H15NO (4c)

HRMS(MH+) calcd for C16H15NO (4c): 238.1231 found 238.1242.

H-NMR spectrum (400 MHz) of Compound (4c)(CDCl3įSSP

1

C-NMR Spectrum (400 MHz)of Compound (4c) (CDCl3įSSP

13
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C16H14FNO (4d)

HRMS(MH+) calcd for C16H14FNO (4d) : 256.1137 found 256.1143.

1

H -NMR spectrum (400 MHz) of Compound (4d) (CDCl3įSSP

C-NMR Spectrum (400 MHz)of Compound (4d) (CDCl3įSSP

13
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C16H14ClNO (4e)

HRMS(MH+) calcd for C16H14ClNO (4e) : 272.0842 found 272.0848

1H -NMR spectrum (400 MHz) of Compound (4e) (CDCl3įSSP

C-NMR Spectrum (400 MHz) of Compound (4e) (CDCl3įSSP

13
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C16H14ClNO (4f)

HRMS(MH+) calcd for C16H14ClNO (4f): 272.0842 found 272.0847

H -NMR spectrum (400 MHz) of Compound (4f) (CDCl3įSSP

1

C-NMR Spectrum (400 MHz)of Compound (4f) (CDCl3įSSP

13
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C16H14BrNO (4g)

HRMS(MH+) calcd for C16H14BrNO (4g) : 316.0337 found 316.0344

1

H -NMR spectrum (400 MHz) of Compound (4g) (CDCl3įSSP

C-NMR Spectrum (400 MHz) of Compound (4g) (CDCl3įSSP

13
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C16H14BrNO (4h)

HRMS(MH+) calcd for C16H14BrNO (4h): 316.0337 found 316.0343

H -NMR spectrum (400 MHz) of Compound (4h  &'&OįSSP

1

C-NMR Spectrum (400 MHz)of Compound (4h) (CDCl3įSSP

13
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the application of CFRP composites in aerospace engineering.
Surface treatment of fibre is a widely used
method to enhance the interfacial adhesion for CFRP
composites [5]. Through surface treatments, the increased surface roughness and reactive functional
groups on the fibre surface can effectively improve
the mechanical interlocking and chemical interaction
between carbon fibre and resin, respectively [6-9].
The common surface treatments include: electrochemical oxidation, plasmas etching, gas phase treatment, sizing treatment, carbon nanotubes grafting
and graphene oxide modification and so on [10-17].
Among these methods, the combined technology of
electrochemical oxidation and sizing treatment is the
most preferable industrial option because it allows
continuous process and is easy to control during the
manufacturing of carbon fibre [18].
Therefore, the authors will use cone calorimeter and other test equipment to test two kinds of typical carbon fiber epoxy composites, through the analysis of the material combustion rate, limiting oxygen
concentration, heat release rate (HRR), etc. Performance parameters to study the thermal stability and
combustion characteristics, to provide a basis for the
establishment of aircraft fire and airworthiness test
standards.

This paper presents an investigation on the effects of hydrothermal aging on carbon fibre reinforced polymer (CFRP) composites with different
interfacial bonding strength. To study safety performance of the composites, experiments were carried
out on the typical carbon fiber composites. A series
of performance parameters were determined, such as
flame spread rates, limiting oxygen concentration,
HRR and weightless rates. The results indicate that
the ignition positions have a great influence on
flame-propagating velocity, when the material is ignited on bottom, the velocity is faster, that foam core
material is easy to form carbon layer in the process
of heating, and the formation of the carbon layer has
an important influence on fire characteristics, which
will reduce flame spread rates, increase limit oxygen
volume fraction, that foam core material decomposes at lower temperatures, time to be ignited.


&$ 
Composites, weaving method, heat release rate (HRR),
thermal stability

!"!
Recently, carbon fibre reinforced polymer
(CFRP) composites are increasingly being used in
aerospace engineering due to their high tensile
strength and modulus, light weight, chemical corrosion resistance and easy construction [1]. Considering the application of CFRP in complex and variable
service environments including humidity, temperature variations, water, and other aqueous solutions
[2], and the most important environmental factors
are moisture and temperature [3], the long-term
properties of CFRP in hydrothermal condition are of
primary importance. However, the durability of
CFRP mainly depends on the durability of carbon fibre/resin interface since the interface is generally the
weakest area in composites, which is more easily attacked and degraded by the absorbed water than carbon fibre and resin matrix with the diffusion of moisture [4]. Therefore, to improve the hydrothermal durability of carbon fibre/resin is the key to promote

%!
In this study, two kinds of PAN-based carbon
fibres (800 tex) with average diameter of 7 μm were
provided by Sinopec Nanjing Petrochemical Co. Ltd
(Nanjing, China). One was chosen after the carbonisation, without any surface treatments during the
manufacturing process, and named as untreated carbon fibre. The other one was chosen after the electrochemical oxidation and further sizing treatments,
and was named as oxidized + sized carbon fibre,
which possesses the similar mechanical properties to
the commercial Toray T300 carbon fibre. The detailed oxidation and sizing process and parameters
were reported in previous research. For simplicity,
the oxidized + sized carbon fibre was redefined as
the treated carbon fibre in contrast to the untreated
carbon fibre in this study. Accordingly, the follow-
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the impregnation rollers was high enough. The winding speed was set as 0.15 m/s, and the winding interval was 2.7 mm for both carbon fibres. The winding
angle of plates was 89.2° and the nominal thickness
of both CFRPs was controlled as 2 mm. A total of six
carbon fibre layers were wound for both CFRP
plates, and the nominal thickness of a carbon fibre
layer was 0.165 mm. The nominal thickness of the
fibre layer was calculated. With the winding interval
(2.7 mm), the weight per unit area could be obtained
based on the linear density (800 g/km), and then the
nominal thickness was calculated from the volume
density (1.8 g/cm3). In theory, both prepared CFRP
plates contain 13,000 filaments per mm2 along the
cross section of specimen. The wound CFRP plates
were cured in oven at 120 °C for 3 h followed by
150 °C for another 3 h with the mold. In addition, the
epoxy resin plate with 100 mm × 100 mm × 2 mm
size was also prepared under the same curing condition (3 h at 120 °C followed by 3 h at 150 °C) with
the aluminium mold.
Firstly, the vertical horizontal burning rate, limiting oxygen index number and cone calorimetry
were used to test the vertical burning rate, limiting
oxygen concentration at room temperature, average
HRR and average smoking rate, and the combustion
performance of carbon fiber epoxy composites. The
thermal stability of carbon fiber epoxy composites
was investigated by thermogravimetric analysis
(TG). Finally, the fire characteristics of typical carbon fiber epoxy composites were analyzed.

ing two kinds of CFRP plates produced with the corresponding fibres (i.e. untreated carbon fibre; oxidized + sized carbon fibre) were defined as untreated
CFRP and treated CFRP, respectively. The diglycidyl ether of bisphenol-A (DGEBA) utilized in this
study is a commercial epoxy with a brand name of
E51 purchased from Xing-Chen Chemicals Co. Ltd.
(Wuxi, China). The hardener is methyl tetrahydrophthalic anhydride (MeTHPA) purchased from
Qingwang Chemistry Co. Ltd (Wuxi, China). The
accelerator is a tertiary amine tris (dimethylaminomethyl) phenol (DMP-30) purchased from
Shan-Feng Chemical Industry Co. Ltd (Hangzhou,
China). The mixture ratio of epoxy, hardener and accelerator is 100:80:2 by weight. The detailed chemical formulas of epoxy, hardener, accelerator and
cured epoxy resin are shown in Fig. 1.
Accordingly, two kinds of unidirectional CFRP
(i.e. untreated CFRP and treated CFRP) plates were
prepared with the corresponding carbon fibres respectively by a filament winding machine
(4FW500 × 2000, Harbin FRP Institute, Harbin,
China) using the same production parameters. The
dimension
of
each
CFRP
plate
was
100 mm × 100 mm × 2 mm, with approximately 50%
volume of carbon fibres. During winding, a fibre
bundle was saturated with the epoxy resin when going through the resin tank, and then wound on the
metal plate mold coated with the release agent. No
pretension was added on the fibre bundle because the
friction force formed between the fibre bundle and
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"40+08,*:054(2*(8)54-0),868,68,.(-:,8
/580@54:(2*53);9:054

>?.,44+,>Oxygen index is a characteristic measure used to evaluate and classify the flammability of liquid or solid materials. It is suitable for
evaluating the flammability or flame retardancy of
plastic, rubber, resin, fabric, wood, insulating liquid
and other materials. The test specimens were prepared into cuboids of 150 mm × 10 mm × 3 mm and
15 specimens were prepared for each sample according to ISO 4589-2: Plastics - Determination of Combustion Behavior by Oxygen Index Method - Part 2:
Testing at room temperature, The calculated limiting
oxygen volume fraction, see Table 2.

!
#,8:0*(2(4+/580@54:(2*53);9:054
<,25*0:?33304

Bidirectional
carbon fiber cloth
Unidirectional
carbon fiber
prepreg



 

#,8:0*(2 /580@54:(2 );8404. Vertical horizontal burning test is based on a certain flame height
and a certain angle of flame on the sample was horizontal or vertical state of the flame several times at a
time to sample ignition, burning burning duration
and the sample under the bedding of ignition material Whether to ignite to assess the flammability of a
test method.
Test specimens were prepared as cuboids of
130 mm × 13 mm × 3 mm according to IEC 6069511-11: 2003 Fire hazard testing Part 11-10: Test
flame 50 W Horizontal and vertical flame test
method, Vertical combustion test, each sample tested
5 times, the level of combustion test, each sample
tested 3 times, the average burning rate, Table 1.

Material



Vertical
burning
speed
69.3

Horizontal
burning speed

64.7

16.85

16.47

!
030:5>?.,4<52;3,-8(*:05495-+0--,8,4:
3(:,80(29

As can be seen from Table 1, the vertical and
horizontal burning rates of the bidirectional carbon
fiber cloth and the unidirectional carbon fiber prepreg are very close.


"

Material
Bidirectional carbon
fiber cloth
Unidirectional carbon
fiber prepreg

Limit oxygen volume fractions
20.3
19.7

It can be seen from Table 2 that the limiting oxygen concentrations of the bidirectional carbon fiber
cloth and the unidirectional carbon fiber prepreg are
almost the same.

54, (25803,:8? Cone calorimeter is designed based on the principle of oxygen consumption, through the pyramidal heater to simulate the
heat flow in the fire, test the ignition time of the material under fire conditions, HRR and combustion
products of the smoke rate and other combustion performance parameters. There is a good correlation between the results and the results of a large scale combustion test to characterize the combustion performance of the material.
Test specimens were prepared into cubes of
100 mm × 100 mm and tested according to ISO
5660-1: Fire reaction tests - Heat release, Smoke
production and mass loss rate, Part 1: HRR (Cone
calorimeter) Test, each sample test 3 times, the test
results averaged, see Table 3. Figure 4 shows the
HRR curves for different materials at a radiation intensity of 35 k W / m2.



0+08,*:054(2*(8)54-0),8*25:/(-:,8
/580@54:(2*53);9:054


As can be seen from Fig. 2 and Fig. 3, the biaxial carbon fiber cloth and the unidirectional carbon
fiber prepreg appear obvious delamination after vertical and horizontal burning. Since the vertical burning method is adopted, the ignition position is at the
lower part of the material, and the unburned material
Preheated by the flame, so the vertical burning faster
than the horizontal burning speed.


4485

$#

! %  









!"  ! 

" 
*;8<,;4+,88(+0(:05404:,490:?5- 1$3
! 
53);9:0546,8-583(4*,6(8(3,:,895-
+0--,8,4:3(:,80(29;4+,88(+0(:05404:,490:?
5- 1$3
Material
Bidirectional
carbon
fiber cloth
Unidirectional
carbon fiber
prepreg

Average
lighting
time

HRR (k W / m2)

!(4(2?909 During heating or cooling, a substance usually changes in its thermodynamic or other
properties as its physical state or chemical state
changes. Therefore, the physical or chemical
changes of a substance can be analyzed through the
determination of certain properties. The test sample
was prepared into a powder with a mass of about 5
mg, an average particle diameter of less than 45 μm,
a heating rate of 10 °C / min, a gaseous medium of
air, and a temperature range of 25 to 80 °C.
In the entire temperature range, the bi-directional carbon fiber cloth and unidirectional carbon fiber prepreg TG curve coincide, in the
When the temperature is 25 ~ 120 , the material is in a relatively stable state. Due to the solvent
treatment in the process of preparation, the material
itself contains adsorbed water or solvent, which
leads to weight loss and a slight downward trend of
the curve. As the temperature rises, The adsorbed
water is completely volatile

HRR
peak time
reached /
s

Peakd

Mean

62

356.88

57.33

79

61

357.16

57.41

75



As can be seen from Figure 3, the HRR curves
of bi-directional carbon fiber cloth and unidirectional carbon fiber prepreg coincide with each other
and have a distinct peak. This is because the epoxy
resin decomposes into flammable gas when it is
heated and burns and releases when the concentration of combustible gas reaches a certain value. The
heat output reached HRR peak; HRR reached the
second peak, and the second peak was significantly
lower than the first peak.
From Table 3, it can be seen that the ignition
time, HRR peak and HRR peak time of bi-directional
carbon fiber cloth and unidirectional carbon fiber
prepreg are very close to each other within 300 s, indicating that the weaving mode has little effect on
the above combustion performance parameters; The
ignition time of the sandwich plate was much shorter
than that of the other two materials, reaching the
peak HRR earlier, but the HRR peak was smaller
than the other two materials within 300 s.

"  
The combustion characteristics and thermal
stability of two kinds of typical carbon fiber composites were studied by vertical horizontal combustion
method, limiting oxygen index method, pyrometric
calorimetry and thermogravimetric analysis, and the
following conclusions were drawn:
1) The ignition position has a great influence on
the flame propagation speed of the material, and the
bottom ignites faster than the horizontal burning
speed.
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2) The different weaving modes have little effect on the parameters such as the vertical horizontal
burning rate, the limiting oxygen concentration, the
ignition time, the combustion performance parameters such as HRR, the characteristic decomposition
temperature and the weight loss rate of the carbon
fiber composites.
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standard rate reached 12.1%. The data in high level
Chinese food safety forum of 2009 year revealed
that 1/6 of the cultivated land was contaminated by
heavy metals and the area was more than 20 million
hectare. The pollution of water and contamination
of soil by heavy metals have become a threat to
ecological environment, food safety and agriculture
sustainable development. It was estimated by the
ministry of environment protection, the grain contaminated by heavy metals reached 12 million tons
and the immediate economic loss was over 20 billion yuan. The soil contaminated by heavy metals
manifests as concealment, accumulation, irreversibility, and protraction. The prevention of heavy
metals contaminated soil is not only needed to control the sources, but also enhance the remediation of
contaminated soil [3]. The European countries have
invested a lot to remediate the contaminated soils
[4]. In the 1980s, the U.S. Congress has passed the
Comprehensive Environmental Response, Compensation & Liability Act (CERCLA), namely superfund program, in order to protect the human
health and remediate the environmental pollution.
There are many other laws and regulations, such as
The Resource Conservation and Recovery Act
(RCRA), Superfund Amendments and Reauthorization Act (SARA), emphasize the standard and behavior of soil remediation. From 1982 to 2002 year,
the area of remediated land has reached 18.35 million m3. The Britain also passed Environmental
Protection Act in the 1990s and in which the second
part clearly stated that the principle of polluter responsibility [5-7]. As compared to the developed
countries, the investment and research in the remediation of contaminated soil was not far enough.
Tourmaline is a kind of borosilicate mineral
which is physicochemical stable and no secondary
pollution. Our previous research has found that
tourmaline could remediate the alkaline soil with
heavy metal contamination [8]. Additionally, tourmaline has a stronger capacity to adsorb heavy
metals from the acidic aqueous solutions through
water automatically polarized by tourmaline, the

Bioremediation is a biotechnological approach
to clean up contaminated soils. In this work, the
response-surface methodology (RSM) was applied
to optimize a biostimulation process for heavy metal contaminated soils. The results show with the
increasing amount of modifier, the soil pH value
increased correspondingly. Modifiers can significantly reduce the soil available heavy metals Cu, Zn
and Cd content. Therefore, tourmaline and biochar
both amend the acidic soil contaminated with heavy
metals. However, biochar amendment is better than
tourmaline for the acidic soil.


'% !
Bioremediation, RSM, pH, metals 
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Soil is the basic environmental elements constituting ecosystem, and the important material basis of human being surviving and developing. The
environmental safety of soil becomes severe in
China with the boost of industrialization and urbanization. It was calculated that, the contaminated
soil reached about 150 million mu. The soil contaminated resulting from sewage irrigation was 32.5
million mu, and the soil stockpiled and ruined by
solid waste was 2 million mu. These covered 10%
of the total cultivated area. As different kinds of
industrial wastewater, exhaust gas, livestock manures, sewage irrigation and sludge farm application have all become the sources of heavy metals
[1], the soil contaminated by heavy metals has become one of the environmental problems that polluted widely and harm severely. It can be see from
the bulletin on Chinese domestic environmental
conditions of 2000 year that [2], the heavy metals in
36 thousands hectare of the soil was out of limit in
the surveyed 0.3 million hectare soil and the over
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ion exchange process, and electropolar adsorption
[9]. Besides, tourmaline can stimulate the growth
and metabolism of microorganisms [10], release
rare microelements such as Ca2+ and Mg2+. However, until now, there are few reports on applying
tourmaline to remediate acid soil polluted with
heavy metals, while this mineral is low cost and has
been widely distributed in China.
Biochar has a microporous structure, active
functional groups, high pH and cation exchange
capacity (CEC) [11], it has a strong adsorption affinity for heavy metals [12]. Recently, the effects of
biochar on the mobility and bioavailability of heavy
metals have been widely reported. For example,
investigations of diethylenetriamine pentaacetic
acid-extractability (DTPA-extractability), leach
ability and the extraction of pore water were conducted to clarify the impact of heavy metals on biochar amended soils (artificially polluted soil, pH
4.5, United States; artificially polluted soil, pH 6.38,
Australia [13]; mine tailing soil, pH 8.13, Italy [14];
mildly acidic polluted soil, pH 5.45, UK [15]).
However, there are few studies of the enzyme activities in acidic soil that have been amended with
biochar. Enzymes in soil rhizosphere can help
maintain the recycle of carbon, nitrogen, phosphorous and other elements in soil. Therefore, the
change of soil enzyme activities could help us in
evaluating the impact of amendments on soils.
The main component of bone meal is tricalcium phosphate, heavy metal passivation effect on
the soil is better, as the recycling of waste resources
people have been the focus of attention [16].
In this study, different particle sizes of tourmaline and biochar were chosen for heavy metal
immobilization aims to elucidate the feasibility and
possible mechanisms involved in tourmaline for the
remediation of acid soil polluted with heavy metal.
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ed using the hydrometer method. The total concentrations of Cd and Cu in soil were determined as
follows, 0.2 g soil was digested with 4 mL HNO3
and 2 mL HF using a Microwave Digestion System
(MDS-8G Digestion System, Nanjing Sineo Microwave Chemistry Technology Co. Ltd., China).
The digested solution was evaporated followed by
diluted with distilled water and filtered through a
0.22 μm membrane. Heavy metals in the filtered
supernatant were analyzed using an atomic adsorption spectrophotometer (WFS-220, Rayleigh Analytical Instrument Corp., China). Additionally, external standard method was used to quantify Cd and
Cu contents by preparing mixed solution of Cd and
Cu at different concentration gradient. The Cd and
Cu concentration significantly exceeded the national environmental standard for agriculture soil (0.3
and 50 mg/kg, respectively, in Environmental
Quality
Standard
for
Soils
of
China,
GB15618-1995).
The tourmaline used here including tourmaline
of 325- and 16000-mesh powder, which are both
black tourmaline produced in Xinjiang province,
China, and were purchased from the Lingshou
Minerals Processing factory in Hebei province and
Hongyan Mineral Products Co., Ltd., Tianjin city,
China, respectively. The chemical composition of
325- mesh power (30 μm particle size) of the tourmaline was as follows: SiO2, 37.44%; Al2O3,
29.79%; Fe2O3, 20.2%; CaO, 0.71%; Na2O, 2.18%;
MgO, 0.55%; K2O, 0.14%; TiO2, 0.49%; B2O3,
0.78%; and others, 7.72%. The chemical composition of 16000- mesh powder (700 nm particle size)
of tourmaline was as follows: SiO2, 36.75%; Al2O3,
33.63%; Fe2O3, 12.18%; TiO2, 0.56%; B2O3, 9.79%;
FeO, 1.8%; CaO, 0.3%; MgO, 4.76%; K2O, 0.14%;
Na2O, 0.74%; P2O5, 0.19%; H2O, 1.0%; MnO,
0.21%.
The biochar used here were fired by wheat
straw at 560 °C lasting for 4 h, and passed through
a 100-mesh sieve. The moisture content was 65%.
The biochar fertilizer composition was as follows:
total carbon (C), 35.11%; total nitrogen (N), 0.68%;
total phosphorous (P), 0.44%; total potassium (K),
0.94%.

" !"!
!512 )4, )3-4,3-498 The acid soil used
here was collected from of Hanzhong city in
Shaanxi province, West China. The tested soil was
taken from the depths between 0 and 20 cm. All the
soil studied was air-dried, thoroughly mixed and
passed through a 2-mm mesh sieve to remove gravel. Several physiochemical properties of the soil
and heavy metal content were determined according
to Chinese standard methods. The pH was measured with a pH Meter (310P-02, Thermo-Orion,
Thermo Fisher Scientific Inc., NY, USA) in a 1:2.5
(w/w) soil–CaCl2 water suspension.
The organic matter content was determined
using the potassium dichromate-outside heating
method. CEC was measured using the barium chloride method. Particle size distribution was estimat-

!#"!!#!!
Two-dimensional (2D) contour plots and 3D
plots of the response surface and the quadraticmodel were provided by the Design Expert software to
estimate the interaction between independent variables and their interactive effects. In this experiment,
one variable was fixed as constant and another two
variables changed within the experimental ranges.
The independent variables and their interactive effects on the metals stabilization of Zn, Cd, Cu, and
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As can be seen from Figure 2, with the increasing amount of vermiculite, the soil pH value
increased correspondingly.
As can be seen from Figure 3, with the increasing amount of bone meal, the soil pH value
increased correspondingly.

pH are shown in a 3D plot represented in Figs. 1 to
12.
..-+9 5. 13675;-7 54 8512 6 As can be
seen from Figure 1, the effect of soil pH on soil
heavy metal forms and plants' absorption of soil
heavy metals is significant, which is an important
factor affecting the remediation effect of soils contaminated by heavy metals.

..-+95.13675;-754(4+549-49 As can be
seen from Figure 4, with the increasing amount of
bone meal, Zn content increased correspondingly.
With the decreasing amount of peat, Zn content
increased correspondingly.
As can be seen from Figure 5, with the decreasing amount of peat, Zn content increased correspondingly.

# 
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As can be seen from Figure 6, with the increasing amount of bone meal, Zn content increased
correspondingly.
As can be seen from Figure 7, with the increasing amount of peat, Cu content increased correspondingly.
As can be seen from Figure 8, with the increasing amount of bone meal, Cu content increased correspondingly.
As can be seen from Figure 9, with the increasing amount of bone meal, Cu content increased correspondingly.
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As can be seen from Figure 10, with the increasing amount of bone meal, Cd content increased correspondingly.
As can be seen from Figure 11, with the increasing amount of peat, Cd content increased correspondingly.
As can be seen from Figure 12, with the increasing amount of bone meal, Cd content increased correspondingly.
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With the increasing amount of modifier, the
soil pH value increased correspondingly. Modifiers
can significantly reduce the soil available heavy
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fish species that live in the habitats [2]. The pollutants may even lead to the formation of an asymmetrical structure in stress-induced otolith pairs [3, 4].
Fish otoliths keep a record of specific environmental
conditions such as salinity, water temperature or pollution levels in own habitat [5]. Otolith growth and
shape in marine and freshwater fish species are affected by numerous ecological factors, including
habitat type [6], temperature [7], feeding history [8]
and depth [9]. Morphological variability in sagittal
otoliths is considerable and influenced by a wide
range of both biotic and abiotic factors [10]. Introduced fish species with greater adaptability to different habitats are useful for assessing the relative influence of environmental factors on the otolith morphology [11].
Discrimination of the populations is an important component in the management of both native
and invasive fish species [12-14]. Unidentified fish
populations may lead to decreases in genetic diversity and stock abundances. Image analysis programs
and Scanning Electron Microscope (SEM) have allowed scientists to differentiate and analyze populations [15]. In fisheries, there are many direct and indirect methods or techniques for studying discrimination fish species and populations [16]. For instance, molecular tools such as DNA barcoding and
mtDNA genetic markers [17, 18], parasite loading
[19], otolith microchemistry [20], otolith shape analyses [21] and otolith morphometrics [22-25] have
been used to discrimination and determination of the
populations.
The use of otolith in stock discrimination has
become a powerful tool with increasing popularity
[26] and several results have been reported about discrimination marine and freshwater fish stocks from
all over the world [23, 27]. Moreover, using the otolith is a cheaper and more time-efficient method than
other techniques [28]. Otolith morphometrics with
multivariate canonical discriminant analyses (CDA)
is a useful tool for discrimination fish stocks and
populations [29, 30]. The otoliths can be also used to
estimate total length in several fish species [31-36].
Big-scale sand smelt, %# )#, is one of
the most commercially–important fish species in the
Turkish waters [37, 38].  )# was consumed by

Ecological factors affect many animals, especially the aquatic animals that are highly dependent
on the living environment. %# )# are accidentally introduced to rivers, lakes, and reservoirs in
Turkey and the invasive fish species pose to threats
lentic, lotic ecosystems, habitats or species. Their
unique features make it easy to adapt to different
habitats and ecological conditions. Invasive species
may lead to changes in biological attributes and biodiversity; therefore, identification of the non-indigenous fish populations is quite important in the fisheries management. In the current study, morphometric otolith characters such as length, weight, perimeter, width, area, aspect ratio, roundness, circularity,
rectangularity, ellipticity and form factor were investigated in order to discriminate invasive   )#
populations from Hirfanlı Dam Lake, Lake İznik,
and Lake Eğirdir (Turkey). The overall classification
score was determined as 92.0% by of the Canonical
Discriminant Analysis for )# populations. The
lowest and highest classification scores were detected for İznik (87.7%) and Eğirdir (94.6%) populations, respectively. The otolith morphometrics can
provide easy and reliable discrimination tool for the
invasive fish populations.


".-&()
Invasive species, Otolith, %# )#, Population discrimination, Lentic ecosystems
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Freshwater ecosystems encompass different
types habitats with several chemical and physical
characteristics, including ponds, rivers, streams, natural and artificial lakes in Turkey. Non-indigenous
fish species influence aquatic ecosystems by changing food webs, competing with native fish species for
food and habitats. Many pollutants such as heavy
metals cause problems in aquatic ecosystems [1] and
these contaminants can cause genotoxic effects in
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people as food and fried chips in several European
countries [39]. Big-scale sand smelt was an opportunistic predator in Turkish freshwaters and it also
strongly preferred  $ # $%#$% #
# and  "&#&#$ in Lake Eğirdir
[40].  )# competes aggressively for resources
like food, water, and nesting sites to native fish in
their habitats and this competition causes adverse effects on biodiversity and ecosystems [41]. The morphologic and biometric otolith characters can distinguish between fish populations in different habitats.
These measurements may also be used for identification of unknown fish species in other freshwater or
marine habitats [42]. Interpretation of the otoliths in
the population or species discrimination studies can
be difficult because of their fragile structure and high
morphological diversity; therefore, they must be interpreted by experts in this field. However, they play
a crucial role to better understand invasive species in
the different marine and freshwater habitats. Bigscale sand smelts have established abundant populations in the various freshwaters from Turkey, and
their taxonomy is quite complex [43, 44].  )#
population structure is still not as well-known as
many invasive fish populations living in marine or
freshwater habitats. The main objective was to test
the hypothesis; can otolith morphometry be used to
discriminate and determinate %# )# populations from different lentic habitats?

All specimens were obtained between 20102014 from commercial fishermen from three different lentic habitats (Lake Eğirdir; 35°37′-38°16′ N 30°44′-30°57′ E, Lake İznik; 40°23′-40°30′ N 29°20′-29°42′ E, and Hirfanlı Dam Lake; 39°27′39°08′ N - 33°50′-34°10′ E) in Turkey (Fig. 1). For
each %#  )#, total length was measured
(nearest 0.1 mm) and their weight was recorded
(nearest 0.1 g). Left and right sagittal otoliths were
carefully removed, cleaned and then they were
weighted (nearest 0.0001 g) using analytical laboratory balance (Radwag AS 220/X, Radom, Poland).
Sagittal otolith pairs were photographed and
their width (OW), length (OL), area (OA), and perimeter (OP) were measured using Digimizer image
analysis program (Ver. 4.5.1) for each  )# sample (Fig. 2). Otolith shape indices such as aspect ratio, roundness, circularity, rectangularity, ellipticity,
and form factor were calculated using the following
formulas; Roundness = (4*OA)/(π*OL2); Circularity
= OP2/OA; Form factor = (4*π*OA)/OP2; Ellipticity
=
(OL-OW)/(OL+OW);
Rectangularity
=
OA/(OL*OW) and Aspect ratio = OL/OW [45, 46].
The left and right otolith were compared and
the differences between variables of pairs were investigated using the paired t-test for all   )#
samples. Mean otolith variables of width, perimeter,
length, weight, area and shape indices were initially
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and invasive aquatic animals. General information
and several physicochemical parameters of the lakes
were compiled according to previous studies (Table
1) [49-51].  )# sagittal otoliths were small, elliptic and moderately thin. Left and right sagittal otolith measurements of  )# were not significantly
different for in Eğirdir, Lake İznik, and Hirfanlı populations (paired t-test: P=0.155; 0.225; 0.299, respectively). For these reasons, left otoliths were preferred and only left otoliths were used for next analysis.
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compared between  )# populations using oneway analysis of variance (ANOVA). SPSS 22.0 statistical analysis software program was used for all
statistical analysis in the current study. The canonical discriminant analyses (CDA) were performed using eleven otolith morphometric characters to determine the differences in the populations. In the current study, standardized model [47, 48] was used to
remove the effect of the fish size on the morphometric data and the otolith morphometric measurements
were performed by the following equation:
MS=MO(Tl/TL)b; where MS=standardized morphometric measurements (mm), MO=original measurement of the character (mm), Tl=average total
length of all fish from all populations, TL=total
length of the fish sample, and b was estimated for
each morphometric character as the slope of the regression between log MO and log TL. In addition,
the Wilks's lambda (λ) evaluates the performance of
discriminant analyses for the populations in different
lakes. Total variance, interspecific variance, and
their percentage of agreement between predicted and
real groups membership were calculated for the 
 )# populations in the three different lentic habitats.

#/83
L7?27?

#/83
MG;78

7?4/;9H
/:
#/83

590

298

272

Tectonic
16.4±0.2
8.90±0.1
0.13±0.03

Tectonic
17.08±2.0
8.4±0.1
0.3±0.01

Artificial
14.5±0.3
8.45±0.2
0.8±0.02

9.40±0.02

8.09 ±0.9

8.84±0.5

1.70±0.1

1.03±0.1

1.54±0.1

0.20±0.1

0.05±0.01

0.25±0.1

39.5±5.4

164±18.2

160.8±0.6

0.13±0.05

1.33±0.3

0.10±0.02

41.3±1.6

92.7±1.9

28.5±1.5

40.5±2.0

34.7±3.6

119.0±21.0

16.9±1.0

56.6±4.7

26.6±7.8

254.2±2.0

473.6±4.6

219.2±3.7

The standardized model which removes the allometric effects of size variation on the otolith measurements was perfectly used for each  )# samples from three different populations. Descriptive
statistics of all otolith variables with statistical values
for each  )# population were presented (Table
2). While otolith length, weight, width, area, perimeter, form factor, aspect ratio, roundness, circularity,
and ellipticity were significantly different (P<0.001)
between the populations, rectangularity was not significantly different (P>0.05) (Table 2).
The discriminant functions included five basic
otolith measurements such as width, length, weight,
perimeter, area and six otolith shape indices were examined to explain the variability in each population
(Table 2). The differences between the populations
were tested by the one-way ANOVA and also supported by CDA. Otolith morphometric distances
with high loadings on the first two canonical axes
were found useful in distinguishing  )# populations. The two discriminant functions were highly
significant (Table 3) (Wilks λ= 0.118 for function 1
and 0.432for function 2; P<0.001).

()+#*)% )+)) &%
A total of 674 sagittal otoliths were removed
from 337 individuals in the three different habitats.
Total length and body weight of the samples ranged
from 41.0 to 103.0 mm and 1.0-6.0 g, respectively.
Lake Eğirdir, Lake İznik, and Hirfanlı Dam Lake are
the most important lentic habitats in Turkey and they
contain different suitable characteristics for native
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#/83L7?27?
; 
0.0009 - 0.0043
0.0021 ± 0.00004
2.3510 - 3.1840
2.7605 ± 0.0121
1.5915 - 2.1415
1.6882 ± 0.0102
2.5297 - 4.8123
3.0613 ± 0.0245
6.2360 - 8.5630
6.8724 ± 0.0547
0.7490 - 0.8845
0.8270 ± 0.0025
0.5415 - 0.6917
0.6021 ± 0.0027
1.4321 - 1.7225
1.5297 ± 0.0066
14.200 - 16.975
15.347 ± 0.0575
0.6827 - 0.7780
0.7212 ± 0.0053
0.1700 - 0.2614
0.2086 ± 0.0022

#/83MG;78
;
0.0008 - 0.0038
0.0018 ± 0.00005
1.9962 - 2.6529
2.3176 ± 0.0188
1.4072 - 1.8255
1.5723 ± 0.0113
2.1869 - 3.4355
2.6239 ± 0.0366
5.9365 - 7.4394
6.6116 ± 0.0423
0.6266 - 0.8518
0.7535 ± 0.0071
0.5594 - 0.6992
0.6219 ± 0.0038
1.3463 - 1.6468
1.4747 ± 0.0081
14.744 - 18.684
16.754 ± 0.0630
0.6689 - 0.7700
0.7188 ± 0.0022
0.1470 - 0.2444
0.1913 ± 0.0026

7?4/;9H/:#/83
;

0.0006 - 0.0040
0.0020 ± 0.00005
1.7891 - 3.2285
2.5092 ± 0.0267
1.1854 - 2.2155
1.6458 ± 0.0171
1.5497 - 5.1317
3.0172 ± 0.0632
4.8189 - 9.0221
6.6984 ± 0.0717
0.7558 - 0.9320
0.8354 ± 0.0026
0.5258 - 0.6891
0.6041 ± 0.0027
1.3872 - 1.7379
1.5254 ± 0.0057
13.475 - 16.617
15.051 ± 0.0480
0.6852 - 0.7702
0.7223 ± 0.0018
0.1622 - 0.2695
0.2076 ± 0.0018


,/9B3@
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.519
0.001

*#
!/188;743219/@@7471/A7<;:/A?7E<4A6327@1?7:7;/;A/;/9F@7@D7A6-798@#/:02//;267@>B/?3
4<?A63 =<=B9/A7<;@7;A63A6?3327443?3;A93;A716/07A/A@ 


'<=B9/A7<;@


<B;A

#/83L7?27?
#/83MG;78

'?3271A32?<B=$3:03?@67=
*3@A<4
-798@
*<A/9;
67@>B/?3
B;1A7<;@ #/:02/
#/83L7?27? #/83MG;78 7?4/;9H/:#/83
  

2.4 (4)

3.0 (5)

168

12.3 (7)

  

0.0 (0)

57

7?4/;9H /:
8.9 (10)
0.9 (1)
 
#/83
&C3?/99 92.0 % of original grouped cases correctly classified.



112

)75 

1 through 2

0.118

708.906

0.000

2

0.432

278.463

0.000

n: Sample size, Correct classification in bold and number of otoliths in brackets, Sig: Significant, () <0.001

 +(
/;<;71/927@1?7:7;/;A4B;1A7<;@1<?3@D7A6
-798@O7; 4?<:L7?27?MG;78
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While the first discriminant function of the
CAD explains 66.9% of the variability between the
populations, the second function of the CAD explains 33.1% of the variability. These results allow
us to discriminate  )# populations from different inland waters (Fig. 3). The highest classification
score was found as 94.6 % for Eğirdir population
while the lowest classification score was found as
87.7 % for the İznik population (Table 3). Moreover,
the discriminant function analysis has demonstrated
90.2 % of accuracy for Hirfanlı population (Table 3).
We can then conclude that the three populations are
correctly differentiated by CDA analysis and also the
results were graphically presented (Fig. 3).  )#
populations were correctly classified with high classification and low misclassification rates and also the
overall classification score of the discriminant analysis was 92.0 % (Table 3).
Invasive species have high growth and reproduction rates, and well adaptations to the local climate, habitat, and land-use patterns [52, 53]. Consequently, invasive fish stocks may lead to changes in
biological attributes and their stock identification is
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 )#populations from different freshwater habitats. Significant differences were found using the
CDA when the three locations were considered simultaneously for   )# populations, and in this
case, the overall classification scores were higher
than misclassification scores. The sand smelt populations were varied from different habitat based on
otolith morphometric and meristic characters [60,
61]. Similar observations were reported in the western and eastern coast of Italy and  )# populations were strongly different in these areas [62]. The
present study was also confirmed that CDA and otolith morphometry are also useful methods for discrimination of the invasive fish populations in different ecological habitats. Furthermore, previous studies indicated that genetic and molecular techniques
were also important to identify and separate fish populations [63]. Molecular studies were considered taxonomy of  )# was complex [43, 44], therefore,
some authors divided two forms of  )#as marine non-punctuated and lagoon types [64, 65] while
others recognized three forms of the species as again
one lagoon type and two marine types [61, 66, 67].
Because of this complexity, several genetic studies
were conducted like genetic relationships between
the  )# populations in different ecological regions and habitats. On the other hand, these methods
are much costlier and need more time to do also the
researcher need special laboratory facilities for these
techniques [68].

important for marine and freshwater conservation
[54]. The current study demonstrates detailed differences and similarities of otolith measurements in invasive fish   )# from three different freshwaters. Additionally, intraspecific variabilities have
been shown between the  )# populations in the
present study. The otoliths formation depends on an
innate rhythm synchronized with the environment
through a periodic outside stimulus [55].
Several studies have documented that environmental factors are the most influential determinants
of otolith variables, which changes in response to
differences in growth rate [21, 56]. In our study, observed differences in  )# otolith characters can
be a consequence of the change in environmental
factors of these three lakes (e.g. temperature, phosphate, nitrate, pH, salinity etc.,) (Table 1). The similarities or differences in otolith variables might be
linked to the temperature differences found along the
latitudinal gradients (Table 1), or it might be linked
to actual different life history strategies in each lake.
Habitat differences affect the fish growth and
the differences directly or indirectly affect fish otoliths. Obviously, these kinds of effects are more pronounced in invasive fish species and are much easier
to observe their impacts on fish species living in
quite different habitats such as marine and freshwater. For instance,  )# populations were discriminated with overall area-classification score 84.3% in
marine and freshwater habitats from eastern Algeria
using the otolith shape [57]. In the current study,
overall area-classification score was found 92.0% for
 )# in three lentic habitats from Turkey. Most
of the studies have concluded that the otolith morphology and morphometry are associated with more
than one factor such as ontogenetic, genetic of the
species, environmental factors, habitat, temperature,
seasonal variations and diet, the biological and ecological behavior of fish [45]. Freshwater ecosystems
as in most ecosystems have many types of ecological
interactions between native and invasive species
such as competition, parasitism, predation, mutualism, herbivory or habitat alteration, cascading
trophic interactions apparent predation, they may be
directly or indirectly effects on the population biology of the species in the ecosystems [58]. In freshwater and marine ecosystems, environmental conditions play an important role in the development of
unique morphometric characters of fish species [59].
The environmental factors and genetic differences also directly or indirectly affect the otoliths
characters; therefore, characteristics such as shape
indices are the unique specialties of the fish. In this
study, significant differences were found between
the populations when  )# otolith measurements
were analyzed. The current study demonstrates that
weight, length, width, area, perimeter, form factor,
ellipticity, circularity, roundness, and aspect ratio are
effective otolith characters while rectangularity is
not an effective character to distinguish between the

&%#+) &%)
Identification and discrimination of invasive
fish populations are tasks of paramount importance
for fisheries management [69] because introducing
invasive fish species can reduce biodiversity and the
species cause a harmful impact on freshwater species
from all over the world [70-72]. Stock identification
must be considered a prerequisite for fishery analysis
[73]. In fisheries management, discrimination of fish
populations is crucial information especially invasive species; therefore, it could lead to the different
management plan and management strategies [69].
The study also reveals new detailed information
about otolith morphometric characters of an invasive
fish  )# in the different lakes. The otolith morphometry is determined as a useful method for discrimination and determination of invasive  )#
populations in different ecological habitats. Further
studies are needed to apply these methods and techniques in fisheries with genetics and molecular methods for more powerful identification and discrimination of invasive freshwater, marine, and lagoon species in different ecological systems.
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THE ASSOCIATION OF SOME PHYSICOCHEMICAL
CHARACTERISTICS AND REMOTE SENSING BASED
SPECTRAL CHARACTERISTICS OF THE HABITAT OF
CARASSIUS GIBELIO (BLOCH, 1782) IN LAKE EGIRDIR
Nur Melike Gozacan, Zehra Arzu Becer*
Akdeniz University, Fisheries Faculty, 07059 Antalya, Turkey

1988s and is in the class of ecologically dangerous
species, has rapidly reproduced and become a dominant species. C. gibelio was introduced to Egirdir
Lake in the early 1990s due to its ability to form nutrients in pikeperch [1-2]. This rapid increase has become the most dominant species in the lake and has
caused significant changes in the natural balance of
the lake, as well as in its fishing activities [3]. Thus,
it is necessary to control it by fishing and remove it
from the environment. In this study, it was aimed to
determine the fishing areas with the high fishing
yield by associating the spectral characteristics and
water parameters of the habitats of C. gibelio living
in Lake Egirdir with remote sensing. In our country
and in the wetlands in other countries, there are various studies using remote sensing techniques [4-12].
In this way, it is thought that a contribution can be
provided to the planning of the most efficient and
economical stock management in the inland waters.

ABSTRACT
In this research, the water quality parameters
and spectral characteristics of C. gibelio (Bloch,
1782) living as a dominant species in Lake Egirdir
were seasonally examined. 975 C. gibelio individuals were caught from 4 different stations between
November 2009 and October 2010. C. gibelio was
fished with trammel nets with 30, 40, 45, 50, 60 mm
sized meshes. The catch compositions and productivities of trammel nets and stations were determined
individually and in terms of proportion and weight.
During the study, the highest number of individuals
was fished by nets with 40, 45, 50 mm sized meshes
in Egirdir (38.14%) region. The water samples taken
from the stations seasonally were analyzed. As a result of these analyses, water temperature at the stations was measured to vary between 12- 16°C, pH
between 8- 8.95, turbidity between 1- 2.31 NTU,
chlorophyll-a concentration between 0.267- 1.622
mg/l, dissolved oxygen between 6.86 -11.37 mg/l,
and suspended matter between 25- 32.1 mg/l. It was
determined according to the chlorophyll-a values
WKDW/DNH(÷LUGLUKDVDQROLJRWURSKLFVWUXFWXUH6SHF
tral measurements were carried out with a spectroradiometer (ASD Fieldspec (UV/ VNIR)). It was identified that the chlorophyll-a and reflection values
were at the highest values at all stations (except for
Hoyran) during summer and fishing yield was parallel with this.

MATERIALS AND METHODS
Study area. Egirdir Lake, which is located
within the borders of Isparta province, is a tectonic
rift lake and is the second largest natural freshwater
lake in our country after Lake Beysehir. The total
length of the lake, which lies in the Lakes Region
and extends in the north-VRXWKGLUHFWLRQ ¶1¶( LV8 km, and its widest point is 16 km.
This lake, which has a surface area of approximately
46800 hectares, is 918 m above the sea level [13].
Lake Egirdir is divided into two basins in the
north and south direction. The north basin is called
Hoyran region, and the south basin is called Egirdir
region. Hoyran region is shallower, and reed fields
cover larger areas. It is known that Egirdir district of
Lake Egirdir, which is deeper in its general structure,
is at the oligotrophic level and Hoyran region, which
is shallower and in which the agricultural land is intense, is at the oligotrophic-mesotrophic level. The
structure of the lake bottom is very rich in water
plants [14]. Measurements in Lake Egirdir were carried out at four stations, being Hoyran, Barla, Gelendost, and Egirdir (Figure 1), (Table 1).

KEYWORDS:
Lake Egirdir, Carassius gibelio (Bloch, 1782), fishing
yield, water quality, remote sensing

INTRODUCTION
The unconscious fishery is a dangerous practice
that adversely affects the ecology, natural gene
sources, and biodiversity of aquatic ecosystems. It is
known that there has been extreme plant growth in
Lake Egirdir in recent years and that the lake ecosystem has deteriorated due to the unconscious fishery.
Carassius gibelio, which our country faced in the
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the stations determined were held overnight and collected in the next morning. Each individual caught
was counted, and its weight (W, g) was weighed with
a sensitive precision scale of 0.1 g. The fishing
amounts (number of individuals) and weights of the
fish caught from four different sampling sites were
compared.

Obtainment of the fish samples. The C.
gibelio individuals studied were obtained from four
different stations representing the lake using trammel nets with a rope thickness of 210/2 at 30, 40, 45,
50, and 60 mm mesh with a length of 100 m. The
nets cast in the evenings 4 times a year seasonally at

FIGURE 1
The sampling station in Lake Egirdir
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TABLE 1
Coordinates of the stations in Lake Egirdir

Winter
Spring
Summer
Autumn

Hoyran
N 38° 14' 111
E 30°48' 339
N 38° 14' 568
E 30°49' 155
N 38° 14' 051
E 30°48' 573
N 38° 14' 259
E 30°49' 154

Barla
N 37° 59' 474
E 30°49' 013
N 37° 59' 989
E 30°49' 160
N 37° 59' 115
E 30°48' 761
N 37° 59' 474
E 30°49' 013

Gelendost
N 38° 01' 892
E 30°55' 883
N 38° 01' 182
E 30°56' 391
N 38° 01' 269
E 30°56' 323
N 38° 01' 916
E 30°56' 852

Egirdir
N 37° 50' 901
E 30°52' 193
N 37° 51' 055
E 30°51' 645
N 37° 51' 575
E 30°51' 859
N 37° 51' 266
E 30°51' 542

FIGURE 2
The proportional distribution of C. gibelio by the stations (%)

and to determine the similarities and differences between them. Reflectance values were measured from
each station with 3 repetitions during the study. The
measured numerical values (wavelength range and
the equivalent spectral reflectance value) were converted into graphics and table data in Microsoft Excel. The multiple regression analysis was carried out
using the statistical analysis of the research results
using SPSS packaged program in the computer environment.

Measurements and analyses performed with
the obtainment of water samples. Suspended matter, chlorophyll-a, turbidity, water temperature, pH,
dissolved oxygen, and light transmittance analyses
were carried out in seasonal samplings performed at
4 different stations in the lake. The water temperature was measured with a thermometer, chlorophylla with the ethanol method, the turbidity (LaMotte
2020 e/i brand turbidimeter) with the turbidimetric
method, the light transmittance with the Secchi disk
method, the pH was measured with a pH meter, dissolved oxygen with an oxygenmeter, and the suspended matter was measured by the suspended matter determination [15].

RESULTS AND DISCUSSION
As a result of the interaction of alien species
that have subsequently entered the aquatic ecosystem due to numerous unconscious fisheries that have
been carried out in our country so far, the balance of
the biodiversity and natural ecosystem has begun to
deteriorate. As a solution to this, new studies have
started to be carried out with the help of satellites

The performance of the spectral measurements. The spectral measurement (reflectance values) was made with ASD FieldSpec UV/VNIR portable spectroradiometer simultaneously with the sampling in order to clearly identify different spectral
characteristics of each station determined in the lake
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(R=0.848) in the mid-infrared (900-1100)
wavelength, the temperature values showed a positive correlation (R=0.799) in the green wavelength
(480-580), and the oxygen amount showed a positive
correlation (R=0.720) in the blue wavelength (380480).). An increase in the amount of reflection in the
green wavelength (480-580 nm) was also observed
in parallel to the amount of chlorophyll-a. A reflection characteristic was found in the green wavelength with factors such as the pigment in chlorophyll and the temperature and nutrient elements.
When the reflectance values were associated with
the suspended matter, a correlation was detected in
the red wavelength (580- 700 nm). It was determined
that this might be due to the content of organic and
inorganic substances contained in the suspended material.
When the reflectance values between the stations were examined, it was observed that there was
a general reflection characteristic in the green wavelength throughout the seasons at Hoyran station.
However, during the winter season, a very high reflection was detected in the mid-infrared (900-1100
nm) wavelength (Figure 3). It is believed that the extremely low-temperature values during the winter
season also affect the amount of chlorophyll-a and
show a specific reflection characteristic in both the
green and mid-infrared wavelengths.
The relationship between the reflectance values
and other water parameters at Hoyran station is presented in Table 2. According to these data, while
chlorophyll-a (1.622 mg/l) and temperature values
(22.39°C) were measured to be high in summer, the
highest reflection in the green wavelength (480-580)
was measured in the winter season (3.043). A low
reflectance value was detected in the blue wavelength (380-480) in the spring season when the
amount of oxygen was the lowest (8.5 mg/l).

providing direct or indirect estimates of fish stocks.
In this study, it was aimed to obtain the data for planning the most effective and economical stock management by associating the water quality and fishing
values of the habitat of the invasive species C.
gibelio and remote sensing-based spectral characteristics.
The catch composition. The distribution of
seasonally fished C. gibelio by the stations in Lake
Egirdir is presented in Figure 2. As a result of the
fishing, 957 C. gibelio individuals with a total weight
of 253,883 kg were caught. The majority of these individuals were fished from Egirdir station (38.14%)
and from Barla station at the lowest rate (15.46%).
The association of the spectral characteristics, water quality parameters and catch composition of the stations. It is possible to obtain information about objects by using the difference of reflection or spread of the light in certain regions of the
electromagnetic spectrum of objects with different
characteristics [14]. The multiple regression analysis
was carried out to investigate the relationship between the water quality parameters and reflectance
values of the stations in the examinations made in
Lake Egirdir. The average spectral reflectance values of the measurements seasonally made at Lake
Egirdir with 3 repetitions at every station were obtained. As a result of these analyses, a significant
correlation was found between the mean reflectance
values of 4 stations and the chlorophyll-a, suspended
matter, temperature, and oxygen amounts (p<0.05).
Furthermore, it was determined that the amount of
suspended matter showed a negative correlation
(R=0.547) in the red (580-700) wavelength, chlorophyll-a amount showed a positive correlation in the
green wavelength and a negative correlation

FIGURE 3
Change in the reflectance values of Hoyran station by seasons
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TABLE 2
Water parameters and reflection values measured at the Hoyran station

Temperature (°C)
Dissolved oxygen (mg/l)
Chlorophyll-a (mg/l)
Suspended matter (mg/l)
Fishing yield (piece)
Fishing yield (kg)
Blue (380-480)
Green (480-580)
Red (580-700)
Near-infrared (700-900)
Mid-infrared (900-1100)

Winter
12
10.36
0.895
28.3
6
2.034
0.784
3.043
0.659
0.200
9.904

Spring
19.4
8.5
0.631
27
173
50.675
0.020
0.080
0.007
0.002
0.013

Summer
22.3
9.35
1.622
26.9
41
8.561
0.325
1.354
0.352
0.093
0.226

Autumn
16.7
9.78
0.444
29
12
2.608
0.122
0.231
0.095
0.064
0.493

FIGURE 4
Change of reflectance values at Barla station by seasons

was again obtained in the blue wavelength. When the
reflectance values were compared with the yield values at Barla station, it was determined that the fishing yield was at the most intensive period in the
green wavelength with the highest reflection value
(Table 3). Furthermore, the temperature and chlorophyll amounts were also found to be at the highest
value.
At Gelendost station, high reflectance values
were obtained in summer and autumn seasons in the
green wavelength and mid-infrared wavelength
ranges (Figure 5). In the measurements made, similar reflectance values were found at Gelendost station in winter and spring seasons in all wavelengths.
In the summer (1.4404) and autumn (1.124) seasons,
high reflectance values were found in the green
wavelength range. In the mid-infrared region, an increase was observed in the amount of reflection
throughout all seasons.

The reflectance values measured at Barla station throughout all seasons in Lake Egirdir vary between 0.0025 and 1.353 (Figure 4). High reflection
was detected in the green (480-580 nm) wavelength
at Barla station. Especially in the summer season,
high reflectance values were measured at 1.353 in
the green wavelength and in the autumn season, at
0.621 in the mid-infrared wavelength range.
The relationship between the reflectance values
and other water parameters at Barla station is presented in Table 3. According to these data, the highest reflection (1.354) in the green wavelength was
observed in summer when chlorophyll-a (0.920
mg/l) and the temperature (23.2°C) were the highest.
The lowest (0.007) reflection in the red wavelength
was detected in spring when the lowest amount of
suspension (21.4 mg/l) was observed. In the autumn
season, when the highest amount of oxygen (11.26
mg/l) was observed, the highest reflectance value
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TABLE 3
Water parameters and reflection values measured at the Barla station

Temperature (°C)
Dissolved oxygen (mg/l)
Chlorophyll-a (mg/l)
Suspended matter (mg/l)
Fishing yield (piece)
Fishing yield (kg)
Blue (380-480)
Green (480-580)
Red (580-700)
Near-infrared (700-900)
Mid-infrared (900-1100)

Winter
15
10.8
0.887
32.1
--0.094
0.482
0.076
0.015
0.253

Spring
18.8
7.53
0.580
21.4
7
3.570
0.022
0.086
0.007
0.003
0.037

Summer
23.2
7.93
0.920
27.8
118
28.181
0.329
1.354
0.355
0.060
0.270

Autumn
16.5
11.26
0.410
27.7
23
5.761
0.153
0.372
0.133
0.072
0.622

FIGURE 5
Change of reflectance values at Gelendost station by seasons
TABLE 4
Water parameters and reflection values measured at the Gelendost station

Temperature (°C)
Dissolved oxygen (mg/l)
Chlorophyll-a (mg/l)
Suspended matter (mg/l)
Fishing yield (piece)
Fishing yield (kg)
Blue (380-480)
Green (480-580)
Red (580-700)
Near infrared (700-900)
Mid-infrared (900-1100)

Winter
12.4
10.9
0.489
29.4
1
0.186
0.080
0.218
0.056
0.027
0.163

Spring
18.6
8.3
0.472
25
76
16.771
0.080
0.202
0.059
0.030
0.154

Summer
22.6
6.86
0.630
27.5
84
18.582
0.362
1.440
0.482
0.167
0.647

Autumn
15.7
11.37
0.267
28.6
51
13.943
0.377
1.125
0.407
0.104
0.790

when the reflection in chlorophyll-a and the green
wavelength was the highest.
When Egirdir station was examined, while the
highest reflection in the green wavelength was observed in the summer season, a high reflection characteristic was observed in the mid-infrared wavelength in the autumn season (Figure 6).

The relationship between the reflectance values
and other water parameters at Gelendost station is
presented in Table 4. When the reflectance values in
this region were compared with chlorophyll-a and
fishing yield intensity, it was determined that the periods with the highest fishing yields were the periods
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FIGURE 6
Change of reflectance values at Egirdir station by seasons
TABLE 5
Water parameters and reflection values measured at Egirdir station

Temperature (°C)
Dissolved oxygen (mg/l)
Chlorophyll-a (mg/l)
Suspended matter (mg/l)
Fishing yield (piece)
Fishing yield (kg)
Blue (380-480)
Green (480-580)
Red (580-700)
Near infrared (700-900)
Mid-infrared (900-1100)

Winter
12.6
10.71
0.501
30.5
75
24.245
0.056
0.187
0.037
0.008
0.039

Spring
18.3
7.7
0.493
26.5
86
27.504
0.056
0.187
0.039
0.016
0.039

Summer
22.9
6.86
0.659
26
63
17.673
0.041
0.467
0.025
0.012
0.067

Autumn
16.01
10.96
0.321
26.2
141
33.583
0.072
0.157
0.053
0.028
0.342

was related to the amount of chlorophyll-a and the
suspended matter. In the study, they found out that
there was a strong correlation between satellite
measurements and the amount of suspended matter,
in particular, it had the highest concentration between 600 and 900 nanometers [17]. Baruah et al.
(2001) investigated the chlorophyll and suspended
matter measurements at the lake surface using
LANDSAT TM satellite image, found a strong correlation between the chlorophyll and suspended matter in the TM3-4 bands and that near infrared wavelength is especially beneficial for chlorophyll-a [5].
It is also known that the reflectance values increase
due to the increase of the sediment intensity in the
water and the increased sediment density leads to an
increase in the whole wavelength [6]. In the study
conducted by Karabulut and Ceylan (2006), the effect of ground properties on the reflectance values in
water quality studies conducted by the remote sensing technique was investigated, and it was determined that the near infrared region had significant
wavelength range in the determination of the algae
intensity [8]. The spectral characteristics of the
aquatic plants were determined to be the significant

The relationship between the reflectance values
and other water parameters at Egirdir station is presented in Table 5. According to these data, in the
summer season, when the temperature (22.9°C) and
the chlorophyll amount (0.659 mg/l) were the highest, the reflectance value (480-580) in the green
wavelength was determined to be also high. While
oxygen values were measured to be the lowest in
summer (6.869 mg/l), a low reflection (0.041) was
observed in the blue wavelength (380-480).
While the highest chlorophyll-a amount was
observed in summer, the strongest reflection in the
green wavelength was measured in winter. This result is thought to be caused by water movements in
winter, by waves, by the bottom structure of the station, and by bad weather conditions. At Barla,
Gelendost, and Egirdir stations, all chlorophyll-a and
reflectance values were parallel to each other, and
the fishing yield was found to be high accordingly.
It is thought that the reflectance values are high in
regions rich in chlorophyll-a and nutrients, C. gibelio
prefers these regions as habitat areas, thus, the fishing yield is high. In the study they conducted, Harrington et al. (1989) found that the Secchi disk depth
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[2] %DOÕN , &XEXN H., Ozkok, R. and Uysal, R.
(2007) (JLUGLU*|OEDOÕNIDXQDVÕYHEDOÕNçÕOÕ÷Õ
6XGDN EDOÕ÷ÕQÕQ 6DQGHU OXFLRSHUFD /LQQDHXV
  DúÕODQGÕ÷Õ ¶OL \ÕOODUGDQ JQP]H
GH÷LúLPOHU,%DOÕNODQGÕUPD YH 5H]HUYXar Yönetimi Sempozyumu. Antalya. 105-118.
[3] Kesici, E., Becer, Z.A. and Günlü, A. (1999)
Effect on macroflora of some Cyprinidae
species introduced in Egirdir Lake. X. National
Fisheries Symposium. Adana. 2, 837-84.
[4] 6DUÕ 0 DQG ,SHN ,6   A preliminary
study on the detection of new fishing areas in
Van Lake using satellite photographs, IX.
National Fisheries Symposium 17-19 September, Egirdir, 673-682.
[5] Baruah, P.J., Tamura, M., Oki, K. and Nishimura, H. (2001) Neural network modeling of
lake surface chlrophyll and sediment content
from Landsat TM imager. 22nd Asian Conference on Remote Sensing. Singapore.
[6] Karabulut, M. (2004) Investigation of surface
waters using near distance remote sensing
techniques. 3. Geographic Information Systems
Information Days Presentation Book. (6-9
October). Istanbul, 307-314.
[7] Susam, T. (2006) Surface waters geographic
information system: Tokat province example.
Electronic Journal of Social Sciences.ISSN:
1304-0278. 5(16), 57-67.
[8] Karabulut, M. and Ceylan, N. (2006) Effect of
soil properties on reflection values in water
quality studies conducted by remote sensing. 4.
Geographical Information Systems Information
Days Presentation Book. (13-16 September).
Istanbul, 35-39.
[9] Karabulut, M. (2007) Investigation of spectral
properties of plants living in water. ITU
Engineering Magazine. 6(3), 3-10.
[10] Ekercin, S. (2007) Water quality retrievals from
high resolution Ikonos multispectral imagery: A
Case Study in Istanbul, Turkey. Water Air Soil
Pollut. 183, 239±251.
[11] Sari, M. (2000) Identification of new fishing
grounds by using RS and GIS techniques in
Lake Van, Eastern Turkey. 2nd International
Symposium on New Technologies for Environmental Monitoring and Agro-Applications.
7HNLUGD÷-56.
[12] Kuleli, T. (2010) Determination of coastal
FKDQJHV LQ .Õ]ÕOÕUPDN DQG <HVLOLUPDN GHOWDV
with Landsat TM and DSAS. Turkey's Coastal
and Marine Areas VIII. National Congress.
April 27- May 1, 2010. Trabzon.
[13] Tüfekci, H., Karakas, D., Morkoc, E., Tüfekci
V. and Albay, M. (2002) Egirdir Lake is the
food hand-water and water quality. XVI.
National Biology Congress. September 4-7.
Malatya. Abstracts book. 68p.

wavelength range in determining the characteristics
of aquatic plants, especially in the 700-730 nanometer part of the near-infrared region of the electromagnetic spectrum [9]. When the results of the study, in
which the water quality parameters and reflectance
values given above were related, were compared to
the results of this study conducted in Lake Egirdir, it
was determined that there was a relationship between chlorophyll-a and suspended matter values
and reflectance values.

CONCLUSION
C. gibelio, which subsequently entered Lake
Egirdir, adapted to the environment well, and rapidly
reproduced and became the predominant species. C.
gibelio individuals have many invasive traits, such
as a long breeding period, laying eggs several times,
hybridization with carps, and a high nutritional diversity of choice. Egirdir region is determined as the
station where the fishing yield is the highest in all
seasons. As a result, it is necessary to intensifythe
fishing of this species as soon as possible using all
the fishing force in both the economic terms and to
protect biodiversity. As a result of the water analyses, it was determined that the trophic structure of
Lake Egirdir is at the oligotrophic level.
With this study, the important results obtained
as a result of the determination of the energy associations, water quality and fishing yield relationships
in Lake Egirdir can be the basis for further and
higher level studies to be conducted. It is thought that
the results obtained from this study will provide insight into the determination and monitoring of fishery areas on large water surfaces and that these new
techniques and technologies will be used to contribute to reaching important information about fishery
management and bringing the fishery under control.
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$%#%

challenging. They are one of the most harmful
nematode species limiting yield in crops grown in
tropical and subtropical countries [1]. It is stated that
root-knot nematodes cause significant yield losses in
vegetables worldwide and these losses are 42-54% in
tomatoes [2].
To date, more than 80 species belonging to the
genus
  ' have been identified [3].
  '  $ (Kofoid & White, 1919)
(Nemata: Meloidogynidae) is one of the most
important species that have been spread over large
areas and found on different hosts. Many researchers
in Turkey have stated that this species is widespread
in different products and fields in their studies [410].
Tomato ( % ' !"#% Mill.), a
species of the Solanaceae family, is a perennial plant
in tropical regions and an annual plant in other
regions. The homeland is the narrow western shores
of America, and has spread to the world from
Mexico. On average 40 million tons of wet fruits and
vegetables are produced in Turkey and tomato
production alone accounts for about 25% of the fresh
fruit and vegetable production [11], and about 40%
of the total vegetable production. This tomato
production is limited by the nematode infestation as
well as many other factors.
The management of root-knot nematodes is
mainly based on cultural practices, the use of
resistant plant varieties and chemical nematicides.
As known, plant parasitic nematodes are lived in the
soil and the environmental and social costs of
chemical pesticide usage in belowground is much
more than the aboveground applications.
The activity of essential oils from a wide
variety of plant species and active components of
those essential oils have been evaluated on different
  ' species, extensively on   '
&. [12-16].
It is known that up to 9,000 plant species are
grown in Turkey and some of them are peculiar to
the country and have been used for many years as
medical raw materials [17]. The production of plantderived pesticides in Turkey with such a great flora
should be considered as an important potential. The
importance of this subject is increasing both
nationally and internationally.

In recent years, researchers have been looking
for more sustainable and environmentally friendly
ways to control of plant pests. The use of essential
oils has the potential to become an alternative control
strategy against plant parasitic nematodes.
The root-knot nematodes are the most
destructive group of plant parasitic nematodes all
over the world and their control is enormously
challenging. Essential oils have great potential for
nematode management, because they have the
chance to be developed as nematicides.
This study conducted to evaluate the effects of
ten plant essential oils ("$##$%$"%#
"
%'!$%# $"  "
'!"%
!" "$% &% # $"&##
%#%!""%'%##"!'%
" ) in greenhouse conditions against
root-knot nematode
  '  $ on
tomato plants.
Therefore, the nematicidal activity of ten
different plant essential oils at three application
doses (1%, 3% and 5%) on   $ infected
tomato plants grown in pots were investigated in
terms of root gall formation, number of egg masses
formed on root area and plant length.
As a result of the study, the most effective
essential oils on galling rate were found as; 
#$%,  #, "&##, #"!'%
"%" $"  "#%
  and  !" "$% respectively
(p<0.05). The efficacy of essential oils on the
number of egg masses and root gall formation on
roots were found well enough at application doses of
3% and 5%.


)(!#$
Essential oils, Nematicidal
 $tomato.

activity,

  '



 %#!&%! 

The root-knot nematodes are the most
destructive group of plant parasitic nematodes all
over the world and their control is enormously
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% 
::.6;2*4724:84*6;8*9;:*6-.?;9*,;276
5.;17-:

%#$ %!$

"9.8*9*;276 7/   8<9.
,<4;<9. .::.6;2*4 724: *6- 267,<4*;276 7/ ;1.
6.5*;7-.: *6- .::.6;2*4 724: ;7 ;1. 84*6;: The
pure culture of  $ was obtained from the
Troy tomato variety known to be susceptible to this
species. For this purpose,   $ population
collected from the roots of tomato plants in
Çanakkale province, and then inoculated to the
plants which were grown in a pot in the climate
rooms adjusted to 26 ± 2oC and 16:8 photoperiod
conditions, and watered regularly. 
Hence, soil-sand mixture consisting of 80%
sand and 20% loam was prepared and sterilized in an
autoclave for 90 minutes at 121 ºC. The sterilized
soil was filled in 1.15 liters pots and then planted
with the three-week old Troy tomato variety in a
controlled and sterile environment.
Potted tomato plants were inoculated with the
J2s of   $. Nematode 1,000 counted J2s
were given homogeneously in 20 ml of irrigation
water to each pot at 3-4 cm distance from the stem
root, 4-5 cm depth and 1 cm diameter and the
grooves were carefully closed. In the ninth week (63
± 2 days) from the date of the transmission,
nematode inoculum was removed from the pots. The
plant roots were thoroughly washed with pure water,
cleaned from soil and other similar materials, in a
way that will not harm the egg packs and root-knots.
The egg packages were then extracted from the plant
roots under a stereo-microscope with a fine needle.
They were separated from the roots and stored in
distilled water in petri dishes to obtain J2s from the
eggs. The distilled water in the petri dishes was
renewed at periodic intervals of 24 hours and the
nematode suspension, which was taken from the
petri dishes, was kept for 4 hours in a 100 ml beaker.
The water at the top of the graduated cylinder was
thrown away, the remaining 15 ml of the suspension
was transferred into another tube, and kept one more
hour till the nematodes in this tube sank to the
bottom. The amount of water in the 15 ml volume
was reduced to 1 ml and 50 μl of the suspension was
drawn from this tube with an automatic pipette. The
counting of nematodes in these 50 μl suspension
samples were made on a computer-assisted Leica
light microscope and the numbers of J2s were
recorded. The obtained J2s were stored at +4°C in 10
ml tubes during the study.
The essential oils tested in this study were
"$##$%$"%#" %'!$%#
$"  "
'!"% !" "$% &%
# $ "&## % #%
!" "% '%# #"!'% "
. The source of plants, plant parts and the
obtaining methods are shown in Table 1.

75576
6*5.
Basil
Bergamot
Black
pepper
Field mint
Ginger
Lavander
Lemonscented
gum
St. John's
wort
Wild thyme
Wormwood

$,2.6;2/2,
6*5.
%
#%
$"%#
"
!"
"%
$
"&##
"

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

"4*6;
8*9;:
Leaves
Bark
Seeds
Leaves
Rhizomes
Leaves
Leaves

?;9*,;276
5.;17-
Steam
distillation
Cold press
Steam
distillation
Steam
distillation
Steam
distillation
Steam
distillation
Steam
distillation

Flowers

Cold press

Leaves

Steam
distillation
Steam
distillation

Leaves

After the nematode inoculation to the tomato
plants, 10 different plant essential oils and 2 controls
(control + and control -) were applied to the pots on
the same day. 10 liters pots were used separately for
each application.
The plants were kept in climate chambers for 9
weeks at a constant temperature of 28 ºC, 70%
humidity and 16 hours of light per day. The water
requirements of the plants were met daily with tap
water.

.;.9526*;276 7/ ;1. .//.,; 7/ .::.6;2*4 724:
*0*26:; The test plants were
removed from the pots 65 days after the pot
inoculation of J2s. Afterwards the roots of the
removed plants were thoroughly washed with water
to make them free from soil, then controlled in
computer-assisted light microscope. Afterwards, the
number of egg packages at each plant root, the root
development of each plant and the plant height were
determined [18] (Table 2), and [19], [20] (Table 3).

% 
%1..008*,3*0.26-.?26977;:
%1.26-.?
=*4<.
0
1
2
3
4
5
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%1.6<5+.97/;1..00
8*,3*0.: ;1.977;
0
1-2
3-10
11-30
31-100
>100

$#
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% 
%1.26/.,;276:,*4.7/ 26;1.977;:@:;.5
#77;.=.4785.6;
*;.0792.:

#77;$2-.$.,;276
"97/24.

#77;.=.4785.6;
6-.?


#77;367;9*;27

0

No galling

0

1

Slightly infected

0-25

2

Reasonably infected

25-50

3

Intensely infected

50-75

4

Extremely infected

75-100

%
'*92*6,.*6*4@:2:7/84*6;1.201;977;367;9*;27*6-6<5+.97/.00:7+;*26.-/975 -2//.9.6;.::.6;2*4
724*8842,*;276:*8842.-;7;75*;784*6;:>12,1>.9.26/.,;.->2;1 
$'

-/

Essential oil
Dose
Essential oil*Dose

10
3
30

"4*6;1.201;
$

1625.04
16.15**
267.64
11.97**
239.81
1.19

#77;367;9*;27
$

19031.21
29.48**
649.80
4.53*
2039.76
1.58

<5+.97/;1..008*,3*0.:
$

20066.67
31.40**
637.16
4.49*
2135.07
1.67

(*) and (**) significant different at p<0.01 and p<0.05 respectively. S.V.: Sources of Variation, df: degree of freedom; MS:
mean square


%
"4*6;1.201;977;367;9*;27*6-6<5+.97/.00:7+;*26.-/975 -2//.9.6;.::.6;2*4724*8842,*;276:
*8842.-;7;75*;784*6;:>12,1>.9.26/.,;.->2;1 
::.6;2*4724:
"$##$%
$"%#"
%'!$%#$"  "
'!"%!" "$%
&% # 
$"&##
%#%
!""%
'%##"!'%
" 

"4*6;1.201;,5
22.87±1.81bc
26.28±1.60ab
19.52±0.53de
15.14±0.63f
25.12±1.54bc
22.37±1.29cd
18.44±0.58ef
29.40±1.69a
22.96±1.48c
16.48±0.64ef

6/.,;276:,*4.
3.11±0.77d
15.56±3.26bc
17.44±3.48b
43.56±4.85a
8.00±1.15cd
9.00±2.22bcd
37.89±4.79a
13.22±3.13bc
10.33±2.20bcd
42.89±2.53a

008*,3*0.26-.?
4.44±1.09e
17.67±2.49cd
20.67±3.07c
47.78±5.44a
11.11±1.53de
12.56±2.01cde
40.22±4.77b
16.11±3.26cd
13.89±2.08cd
46.67±2.67ab

Means followed by the different small letters within a column are significantly different according to Duncan multiple range
test p<0.05 level.


%
"4*6;1.201;977;367;9*;27*6-6<5+.97/.00:7+;*26.-/975 -2//.9.6;.::.6;2*4724*8842,*;276:*;
-2//.9.6;*8842,*;276-7:.:*8842.-;7;75*;784*6;:>12,1>.9.26/.,;.->2;1 
8842,*;276-7:.

"4*6;1.201;,5

#77;367;9*;27

%1
%3
%5

19.85±0.76c
21.66±0.97b
24.06±1.18a

23.80±2.81a
19.00±2.86b
17.50±3.62b

<5+.97/;1..00
8*,3*0.:
26.67±2.89a
22.40±2.81ab
20.27±3.77b

Means followed by the different letters within a column are significantly different according to Duncan multiple range test
p<0.05 level.


6*4@:2:7/-*;*In order to analyze the data
IBM-SPSS 20 was used. The efficacy of 10 different
essential oils at 3 different concentrations on 
 $ was compared. The Duncan Multiple
Comparison Test was used to compare the averages
of the obtained values and Dunnett's Test was used
to compare the results with the control groups.

#$&%$ $&$$! 
//.,;2=.6.:: 7/ .::.6;2*4 724: 76 0*44260 26
977;: The analysis of variance (ANOVA) for the
effects of essential oil applications and application
doses on root galling is shown in Tables 4, 5, 6 and
7. As a result of this analysis, it has been found that
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the interaction of essential oil applications and
respectively. It is also seen that there is a linear
application doses together do not have a significant
relationship between these results and the egg
effect on plant height. However, both essential oil
packages in the roots (Table 5).
applications and application doses were found
When the essential oil applications were
statistically significant on galling rates at p<0.01 and
compared with the control groups, the highest rootp<0.05 respectively (Table 4). As a result of the
knot rate was obtained in the positive control group,
Duncan Multiple Comparison Test, which aims to
while no gal formation was found in the roots in the
compare the activities of the essential oils with each
negative control group. When the interaction
other by excluding the control groups, the essential
between the control groups and the essential oils
oils causing the lowest level of galls in the roots are
were examined, the Dunnett’s Test results showed
 #$%  #  "&## 
that  #$% caused the lowest root-knot rate
#"!'%"%"and $"  "
in all three doses and  #, "&## and
and the essential oils with highest root knots rate are
#"!'% oils had the same low rate of galling at
 !" "$%   and  #%
5% application dose (Table 7).
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84.67

9.25*

41.07
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9.96*

18.33

84.67
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29.43

41.07

4.31*

12.00

89.67

11.05*

8.33

84.67

10.92*

-1.20
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-0.83

14.23
14.23
16.97

41.07
41.07
41.07

9.94*
9.94*
8.93*

30.00
20.00
12.00

89.67
89.67
89.67

8.49*
9.91*
11.05*

28.33
16.00
8.00

84.67
84.67
84.67

8.06*
9.82*
10.97*

18.13
22.93
26.03

41.07
41.07
41.07

8.50*
6.72*
5.57*

51.67
47.33
44.33

89.67
89.67
89.67

5.41*
6.02*
6.45*

46.67
43.33
40.67

84.67
84.67
84.67

5.44*
5.91*
6.29*

15.30

41.07

9.55*

15.33

89.67

10.58*

11.00

84.67

10.54*

16.40

41.07

9.14*

12.00

89.67

11.05*

8.33

84.67

10.92*

17.77

1.22
1.22
0.22
0.89*
3.07*
4.35*

17.77

41.07

8.63*

6.00

89.67

11.91*

4.67

84.67

11.44*
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17.57
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-0.21
-1.97
-3.11
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27.37
29.87

41.07
41.07
41.07

7.21*
5.08*
4.15*

17.33
13.00
7.33
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89.67
89.67

10.29*
10.91*
11.72*

13.67
8.67
4.67

84.67
84.67
84.67

10.16*
10.87*
11.44*

17.53
18.20
19.60

17.57
17.57
17.57

17.53
18.20
19.60

41.07
41.07
41.07

8.72*
8.47*
7.95*

32.67
33.67
54.33

89.67
89.67
89.67

8.11*
7.97*
5.03*

31.00
31.33
51.33

84.67
84.67
84.67

7.68*
7.63*
4.77*

26.43

17.57

26.43

41.07

5.42*

26.00

89.67

9.06*

23.00

84.67

8.82*

28.13

17.57

28.13

41.07

4.79*

15.00

89.67

10.63*

10.33

84.67

10.63*

33.63

17.57

0.01
-0.23
-0.75
3.25*
3.88*
5.89*

33.63

41.07

2.75*

7.33

89.67

11.72*

6.33

84.67

11.20*

22.97
23.97
21.93

17.57
17.57
17.57

-1.98
-2.35
-1.60

22.97
23.97
21.93

41.07
41.07
41.07

6.71*
6.34*
7.09*

20.00
14.00
7.67

89.67
89.67
89.67

9.91*
10.77*
11.67*

17.33
9.00
4.67

84.67
84.67
84.67

9.63*
10.82*
11.44*

15.30
16.40
17.77

17.57
17.57
17.57

0.83
0.43
-0.07

20.83
17.90
19.83

41.07
41.07
41.07

7.50*
8.58*
7.87*

45.00
44.67
50.33

89.67
89.67
89.67

6.36*
6.40*
5.60*

41.67
41.33
45.67

84.67
84.67
84.67

6.15*
6.20*
5.58*

WGA: Weighted General Average, MNC: Mean of Negative Control, MPC: Mean of Positive Control, MS: Mean
square. (*) are significantly different according to Dunnett’s test.
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//.,;2=.6.:: 7/ .::.6;2*4 724: 76 ;1.
/795*;2767/.008*,3:26977;:As a result of this
analysis it has been found that the interaction of
essential oil applications and application doses do
not have a significant effect on the number of egg
packs occurring in the plant roots. However, both
essential oil applications and application doses were
found statistically significant on the number of the
egg packages. The Duncan Multiple Comparison
Test has showed that the essential oils, which cause
the lowest level of egg package formation in the
roots,  #$%  #  "&## 
#"!'%"%" and $"  ",
respectively. The highest egg package rates were in
the pots of  !" "$%,   and 
#% essential oil applications. It is also seen
that there is a linear relationship between these
results and the root-knot ratios.
When the essential oil application was
compared with the control groups, the highest
number of egg packs were obtained in the positive
control group while no egg package formation was
observed in the roots in the negative control group.
When comparing the number of egg packs in the
plant roots with the positive control group, all
essential oil applications and differences in each
application dose of these essential oils were found
statistically significant. In the negative control
group, to make a statistical analysis was not possible
since the number of egg packs was zero in each
application. In comparison with the positive control
group, the lowest number of egg packages were
observed in  #$%,  #, 
"&##,"%#"!'%," and
$"  " essential oil applications (Table 7).

obtained data in this study.

! &$! $
In this study we evaluated the efficacy of ten
plant essential oils against root-knot nematode
  ' $ontomato plants. The results
of the study showed that the essential oils 
#$%"%  # "&##
"  #"!'% and  $"  " have the
most toxic effect in all application doses on 
 $.
By studying positive results obtained from this
work, which is limited by the activity of ten essential
oils, new studies can be made with the activity of the
essential oils with high activity at different doses and
time intervals. However, the secondary metabolites
in the essential oils that have been applied in the
study can be separated by various methods, and the
most effective components in them can be detected
and the study enriched. At the same time, similar
studies can be carried out with different essential
oils.
Since the activity of the essential oil
applications evaluated in this study is the first data
obtained for Turkey, as a next step, the effective
essential should be tested in field conditions.
Moreover, essential oils projected as
nematicides should be properly formulated in
consideration of their chemical and physical
features, including their volatility.
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//.,;7/.::.6;2*4724:7684*6;1.201;As a
result of this analysis, it has also been found that the
interaction of essential oil applications and
application doses do not have a significant effect on
plant height. However, both essential oil applications
and application doses were found statistically
significant on the number of the plant height.
When the differences between essential oils
were evaluated without considering the control
groups, the highest plant height were obtained in 
"%"  # essential oils
(Table 6 and Table 7). When compared to the plant
height with negative control group, the differences in
application of #$%""%
and  # essential oils were statistically
significant. When the effects of different application
doses were evaluated, the highest plant height has
been obtained in 5% and 3% essential oil doses, but
no significant difference was found between these
two applications (Table 7).

The activities of some plant-based extracts
and essential oils against   $ have
been investigated by various researchers [2127]. The results of those studies were close to
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RAPID ANALYSIS OF SALICYLIC ACID AND VANILLIN IN
CHUJU CONTINUOUS CROPPING SOIL USING NEAR
INFRARED SPECTROSCOPY
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prevalent in the cultivation of Chinese medicinal
herbs [3].
Chuzhou Chrysanthemum (Chrysanthemum
morifolium Ramat) has been ranked the best of the
four medicinal chrysanthemums, and this flower is
ORQJFKHULVKHGIRULWV³JROGHQVWDPHQVMDGHGSHWDOV
green receptaclHDQGH[RWLFDURPD´7KLVIORZHULV
also a national geographical indication product produced in Anhui Province. However, the continuous
cropping of Chuju induces deterioration of soil and
phenolic compounds accumulated to form replant
problems [4-6]. Recently, after analyzing the soil
from a field that had been continuously cropped
with Chuzhou Chrysanthemum, we observed that a
significant amount of phenolic compounds were
SUHVHQW VSHFLILFDOO\  ȝJJ VDOLF\OLF DFLG DQG
ȝJJYDQLOOLQ [7]. Conventionally, phenols are
determined using a variety of analytical methods,
e.g., UV absorbance (UV), thin layer chromatography (TLC), paper chromatography (PC), highperformance liquid chromatography (HPLC), gas
chromatography (GC), micellar electrokinetic
chromatography (MEKC) and capillary electrophoresis (CE) [8]. Previously, we developed an HPLC
analytical method that used the same mobile phase
to simultaneously analyze nine species of phenolic
acids, providing a powerful tool for the detection of
phenolic acids in Chuzhou Chrysanthemum samples [7]. However, the HPLC analysis is time consuming (approximately 30 min) because of a long
sample pretreatment cycle and cumbersome procedures, hindering the application of the technique to
the fast diagnosis of soil phenols for chrysanthemum production. Therefore, with growing acreage
devoted to Chuzhou Chrysanthemum, new techniques for the detection of various phenolic species
are urgently needed. However, methods for rapidly
detecting phenolic compounds, such as salicylic
acid and vanillin, have been rarely reported.
Recently, near-infrared (NIR) spectroscopy
has been increasingly applied to the analysis of
herbal extracts, the identification of natural drugs
and the fast detection of toxic components [9]. Salicylic acid and vanillin are laden with O-H and C-H
groups, which exhibit double-frequency vibration
and combined frequency vibration observable with

ABSTRACT
A rapid phenolic acids determination method
was developed for Chuju continuous cropping soil
extracts by near infrared spectroscopy (NIR) coupled with partial least squares (PLS) algorithm. The
analysis result of high performance liquid chromatographic (HPLC) was used as the reference, and a
multivariate calibration model was built to predict
the salicylic and vanillin content in the samples.
Many modeling parameters were used to evaluate
the performance of the models. The result showed
that correlation coefficient of calibration set (R)
were 0.9957 and 0.9816, the root mean square of
cross-validation (RMSEC) were 0.109 and 0.126,
root mean square of prediction (RMSEP) were
0.158 and 0.142, relative standard error of calibration (RSEC) were 4.25% and 3.09%, and relative
standard error of prediction (RSEP) were 5.07%
and 3.86% for salicylic and vanillin, respectively.
This method can be used as a nondestructive and
fast diagnosis for continuous cropping obstacles
caused by phenols autotoxicity, and open a new
way for analysis of phenols in the soil for Chinese
herbal medicine represented by Chuju.

KEYWORDS:
Near infrared transmittance spectroscopy, Continuous
cropping soil, Chuju, Phenolic acids, Salicylic acid, Vanillin

INTRODUCTION
Depending on the chemical structure, the secondary metabolites of plants can be divided into
three categories: phenols, terpenes and nitrogencontaining organics [1]. Of these compounds, phenols are widely present in the soil of a continuously
cropped field. A high concentration of phenols
leads to autotoxicity in plants and thus lower crop
quality and yields and increase pest and disease
infestations, which are agronomic obstacles to continuous cropping [2]. Obstacles to continuous cropping that result from the autotoxicity of phenols are
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vial was wiped clean, the vial was directly placed in
the window of the integrating sphere, and the NIR
diffuse reflectance spectrum was acquired.

absorption in the NIR region, providing a major
source of information from the NIR region. Compared with conventional methods such as HPLC
analysis, NIR methods have simpler sample preparations and are faster and more effective. In this
study, NIR spectroscopy calibration models of salicylic acid and vanillin, two phenolic compounds
present in the soil, were constructed to predict the
content of each of these components and to provide
a new non-destructive and rapid diagnostic method
that overcomes obstacles caused by phenols to continuous cropping of Chinese herbal plants, including Chuzhou Chrysanthemum.

Determination of polyphenols in samples.
The HPLC analysis of phenolic compounds in the
samples was performed with a previously reported
detection method for phenolic acids in the soil of a
continuously cropped field of Chuzhou Chrysanthemum [7].
Model construction and validation. A calibration set was made from 120 randomly selected
samples, and a validation set contained 20 samples.
Based on the appropriate spectral band and spectral
preprocessing, partial least square discriminant
analysis (PLS-DA) was adopted to construct the
multivariate calibration models of the NIR spectra
of the phenol compounds. Outlier samples were
excluded using the leverage diagnostic function of
TQ ANALYST, and the model was optimized using
the cross-validation method, allowing the number
of main factors for an optimum PLS approach to be
determined. The performance of the quantitative
model was assessed with indicators such as the root
mean square error of calibration (RMSEC) of cross
validation, correlation coefficient (R), and the root
mean square errors of calibration/root mean square
errors of prediction (RMSEC/RMSEP), and the
relative biases of the model calibration and prediction were examined using RMSEC and RMSEP.
All data were processed using the TQ ANALYST
software.

MATERIALS AND METHODS
Instruments and reagents. An ANTARIS
NIR spectrometer, (Thermo Corporation, USA)
equipped with a liquid transmission detector, a TQ
sampling system and TQ ANALYST software, was
used in this study. Other instruments included a
Waters 600-2487 HPLC system (Waters, USA), a
pH meter (Model FE30, Mettler-Toledo), an electronic balance (Model MS204, Mettler-Toledo) and
a digital temperature water bath (Model HH-2,
Changzhou Guohua Electric Appliance Co., Ltd.).
D101 macroporous resin was purchased from
Shandong Donghong Chemical Co., salicylic acid
and vanillin (both of analytical grade) were purchased from Sigma and methanol (analytical grade)
was purchased from Nanjing Chemical Reagent
Co., Ltd. Ultrapure water with a resistivity of 18.2
M W cm -2 was used in this investigation.

RESULTS AND DISCUSSION

Methods. Sample preparation. A soil sample
from a continuously cropped field of Chuzhou
Chrysanthemum was air dried, sieved and then
soaked in 95% ethanol (1:10, W / V) for 72 h in a
tightly sealed container subjected to intermittent
shaking. After filtering the sample through a 0.45ȝPPHPEUDQHWKHOLTXLGVRLOH[WUDFWZDVVWRUHGLQ
a refrigerator at 4°C. This liquid is the soil extract
from the continuously cropped Chuzhou Chrysanthemum field. Pretreatment of the liquid extract
with a macroporous resin, followed by elution to
obtain an enriched sample of phenolic compounds,
was performed according to a previously reported
method [10]. Five resin columns were used in parallel, and each column collected 30 samples for a
total of 150 samples.

The original NIR spectra of phenolic compounds in the samples and the exclusion of outliers. The original NIR spectra of phenolic compounds of 150 samples are shown in Fig. 1.
0.8

log(1/R)

0.7
0.6
0.5
0.4

Acquisition of NIR spectra. Before acquiring
the spectra, the instrument was allowed to equilibrate for 2 h. Spectral scanning was performed in
the range of 4000-10000 cm -1 for 64 scans (with a
total scan time of 30 s) at a resolution of 8 cm -1 and
a multiplier of 2. Air was used as the reference
spectrum, and the analysis was conducted at 25°C
and 40% relative humidity. After the bottom of the
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FIGURE 1
Original near infrared transmitted spectra of
samples
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rather high; therefore, these samples were excluded
prior to modeling.

Fig. 1 shows that after enrichment and purification with the macroporous resin, the soil extracted from the continuously cropped chrysanthemum
field had a large amount of NIR absorption in the
band ranging from 4000 to 10000 cm -1, mainly due
to absorption by the double frequency and combined frequency of vibrations at the fundamental
frequencies of the OH- and C = O- groups of phenols in the NIR region [11]. Because of errors in the
NIR spectrometer, errors from operation, wavelength drift, and changing environmental factors,
abnormal NIR spectra may be obtained from samples, leading to a reduction in the accuracy of the
model [10]. In this study, standard leverage, studentized residual, and Mahalanobis distance were used
to determine abnormal spectra.
The Mahalanobis distance distribution for the
NIR spectra of 150 samples is shown in Fig. 2. The
mean of the Mahalanobis distance values of the
samples was 1.26, and the threshold value was 1.99.
The Mahalanobis distance values of the NIR spectra of six samples, i.e., a3-1, a4-2, a5-2, b2-1, b3 1
and b5-8, were beyond the threshold value and thus
regarded as outliers.
The relationship diagram between standard
leverage and studentized residual is shown in Fig.
3, and this figure shows that in addition to a3-1, a42, a5-2, b2-1, b3-1 and b5-8, b-4-6 was also an outlier. Furthermore, the values of standard leverage
and studentized residual of the seven samples were

Spectral preprocessing. During the acquisition of near-infrared transmittance (NIT) spectra
from samples, changes in environmental factors,
such as temperature and humidity, as well as random noise and background interference can cause a
shift in the spectral baseline and even affect the
calibration results [11]. Moreover, a spectral range
that optimizes spectral information and improves
the computational efficiency must be selected;
therefore, preprocessing of the original spectra
needs to be performed before analyzing the NIR
spectra [12]. Two types of spectral preprocessing
methods are commonly used. Smoothing processing
can effectively eliminate random noise, and derivative processing can provide clean spectral information. The TQ ANALYST software provides two
smoothing filtering methods: Savitzky-Golay and
Karl Norris [13]. In this study, we used a crossvalidation method to compare the effects of different preprocessing methods on the modeling parameters (R and RMSEC), and the results are
shown in Table 1. Based on the screening principle
that the RMSEC should be small and the model
correlation coefficient R should be high, smoothing
using the Savitzky-Golay second derivative provided an effective model.

Abnormal points

Studentized residual

2
a3-1

1

a5-2

b5-8

a4-2

0
b2-1

-1

b3-1

b4-6

-2
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Standard leverage
FIGURE 2
Distribution of Mahalanobis distances of 150
samples

FIGURE 3
Relationship between standard leverage and
student residual

TABLE 1
Effect of different pretreatments on RMSEC and R for calibration model
Pretreatment methods
A
B
B+SG
B+N
C
C+SG
C+N

R
0.9568
0.9614
0.9887
0.9759
0.9874
0.9962
0.9915

Salicylic acid
RMSEC
0.356
0.287
0.164
0.189
0.236
0.109
0.187

FACTORS
10
9
10
10
10
10
9

R
0.9608
0.9721
0.9988
0.9742
0.9943
0.9991
0.9987

Vanillin
RMSEC
0.297
0.268
0.196
0.205
0.169
0.126
0.135

FACTORS
9
9
10
10
10
10
10

A: Untread, B: First derivative, C: Second derivative, SG: Savitzky-Golay filter, using seven points and three
order polynomial something; N: Karl Norris filter.
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TABLE 2
Influence of NIR spectra wavelength ranges on R and RMSEC
Spectra wavelength ranges
1
2
1+2

R
0.9661
0.8674
0.9638

Salicylic acid
RMSEC
0.147
0.193
0.139

Factors
10
10
10

Vanillin
RMSEC
0.141
0.298
0.134

R
0.9903
0.9135
0.9912

Factors
10
10
10

1: 8800-6500 cm-1, 2: 6000-4000 cm-1

efficient R was 0.9957, the RMSEC of the calibration set was 0.109, and the RMSEC of the model
calibration was 4.25%. For vanillin, the correlation
coefficient R was 0.9816, the RMSEC of the calibration set was 0.126, and the RMSEC of the model
calibration was 3.86%.

Selection of the best band for NIR modeling.
Although the PLS method can process all the spectral information, sometimes a band is too broad,
which inevitably leads to a large amount of redundant information. Therefore, the band that best
eliminates interfering information and thus improves the predictive accuracy of the model needs
to be determined [10]. After the Savitzky-Golay
second derivative preprocessing step, the original
NIR spectra showed strong absorptions in bands
from 8800-6500 cm -1 and 6000-4000 cm -1. We
employed a cross-validation method to examine the
influence of these two bands on modeling the
amounts of salicylic acid and vanillin, and the results are shown in Table 2. Using the band from
8800-6500 cm -1 (Band 1) and a composite band
from 8800-6500 cm -1 and 6000-4000 cm -1 (Band
2), the NIR models of salicylic acid and vanillin
produced similar results. However, compared to
models produced from Band 2, models using Band
1 greatly reduced the data volume and thus improved the computational efficiency. Additionally,
the band from 6000-4000 cm -1 was mainly composed of the combined frequency peak of the hydroxyl group of water molecules, whereas the band
from 8800-6500 cm -1 mostly contained the primary
and secondary double frequency peaks from the
stretching vibration of the hydroxyl groups of phenols. Salicylic acid and vanillin contain a large
number of phenolic hydroxyl groups; thus, models
derived from Band 1 can better reflect the absorption characteristics of the two phenolic compounds
and also avoid interference from water molecules
[14].
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FIGURE 4
Correlation NIR between predicted and measured value of salicylic acid (a) and vanillin (b)

The establishment and external verification
of the quantitative model. One hundred twenty
samples that contained phenolic compounds were
randomly sampled to make the calibration set, and
their spectra were processed using the SavitzkyGolay second derivative smoothing method to construct calibration models for salicylic acid and vanillin using the PLS method within the band from
8800-6500 cm -1. The predictions of the model and
the values from the HPLC analysis of the two phenolic compounds are shown in Fig. 4 and Table 3.
The results show that the predicted NIR values and
the HPLC measurement values were correlated with
each other. Both calibration models contained 10
main factors. For salicylic acid, the correlation co-

Table 3 also shows that for salicylic acid and
vanillin, the external validation parameters of were
0.9866 and 0.9917, respectively; the RMSEP values
were 0.158 and 0.142; and the predicted recovery
rates were 108.5% and 103.1%, These values indicate that the accuracy of the NIR model was close
to that of the HPLC analytical result and will meet
the analytical testing requirements of salicylic acid
and vanillin, two phenolic compounds that exhibit
plant autotoxicity. Additionally, NIR spectroscopy,
which completed 64 scans during a measurement,
only required 30 s for each measurement, representing a significant time savings compared to the time
required for an HPLC run (approximately 30 min).
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TABLE 3
The salicylic acid and vanillin results of the NIR models external verification
Phenolic acids
R
RMSEP
RSEC/%
RSEP/%
Recovery/%
Salicylic acid
0.9866
0.158
4.25
5.07
108.5±0.054
Vanillin
0.9917
0.142
3.09
3.86
103.1±0.022

[3] Wu, L.K., Wu, H.M., Zhu, Q., Chen, J., Wang,
J.Y., Wu, Y.H., Lin, S., Lin, W.X. (2016) Effects of different amendments on contents of
phenolic acids and specific microbes in rhizosphere of Pseudostellaria heterophylla. Chinese journal of applied ecology. 11(1), 36233630.
[4] Chen, S.Y., Li, Y.F., Shi, Y.D., Xiao, X.,
Wang, J.F. (2011) Analysis and countermeasures on low yield of Chuzhou Chrysanthemums. Journal of Anhui Agricultural Sciences.
39(10), 5784-5785.
[5] Xie, Y., Zhou, C., Li, F.Y., Hu, S.J., Zhang,
Z.L., Zhang, Z., Wang, J.F., Kong, W.F.
(2017) Characterization of ferulic acid removal
from aqueous solution by H2O2-modified hydrothermal biochar produced from chrysanthemum morifolium ramat. cv. Chuju. Fresen.
Environ. Bull. 26, 7478-7491.
[6] Xie, Y., Ma, Z.Y., Li, F.Y., Wang, Y., Tu, C.,
Zhou, C., Wang, J.F. (2017) Adsorption of salicylic acid by wheat straw biochar: kinetics,
isotherm and thermodynamic studies. Fresen.
Environ. Bull. 26, 5403-5412.
[7] Xie, Y., Yu, H., Wang, J.F., Zhang, Z.L., Chen,
S.Y., Xiao, X., Li, X.L. (2013) Simultaneous
determination of nine phenolic acids in Dendranthema Morifolium (Ramat) Tzvel. cv.
Chuju samples by high performance liquid
chromatography. Chinese journal of analytical
chemistry. 41(3), 383-388.
[8] Arceusz, A., Wesolowski, M., Konieczynski,
P. (2013) NPC Natural Product Communications. NPC Natural Product Communications,
1821.
[9] Chen, X.Y., Li, Y.R., Chen, Y., Wang, W.H.,
Ding, L., Sun, C.H., Yan, W.J., Liu, X.S. (2009)
Rapid determination of hydroxysafflor yellow
a content in countercurrent extracting process
of Carthamus Tinctorius L. by near infrared
spectroscopy. Chinese journal of analytical
chemistry. 37(10), 1451-1456.
[10] Luan, L.J., Chen, N., Liu, X.S., Wu, Y.J. (2012)
Rapid analysis of purification process of grape
seed extracts using near infrared spectroscopy.
Chinese journal of analytical chemistry. 40(4),
626-629.
[11] Liu, M.X., Wang, B.W., Han, J.G. (2009) Determination of polyphenols in sorghum grains
by near infrared reflectance spectroscopy. Chinese journal of analytical chemistry. 37(9),
1275-1280.

CONCLUSIONS
Soil extracts from a continuously cropped
Chuzhou Chrysanthemum field were purified and
enriched using a macroporous resin, and then, these
enriched extracts were analyzed using Fourier
transform NIR spectroscopy. Data from this spectroscopic analysis were used to construct quantitative calibration models with the PLS method for
salicylic acid and vanillin, two autotoxic phenolic
compounds affecting plants. This method was simple and fast to use, and the analytical results obtained from this method were close to those of an
HPLC analysis. This technique is suitable for the
non-destructive and fast diagnosis of obstacles
caused by phenolic compounds during continuous
cropping of Chinese herbal plants, including Chuzhou Chrysanthemum. In the future, we will collect
more representative samples of phenolic compounds to ensure the stability and reliability of the
mathematical models.
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teristic sensitivity to pollution, relatively long life
cycle, limited ability to move and the ease of collection and description when compared to other
biological communities [7].
Benthic macroinvertebrates are significant indicators of water quality especially due to their
sensitivity to organic pollution [7, 8]. Various species with different levels of tolerance to water pollution are used as indicators for biomonitoring [9,
10]. The prevailing water conditions determine the
variety of benthic macroinvertebrates, which are
ideal indicators to study water quality [11]. They
provide a fast and affordable method to detect degradations in water quality or to reveal changes in
water quality [12, 13].
Aquatic macroinvertebrates are one of the
most important organism groups selected by the
European Water Framework Directive (WFD
2000/60 / EEC, EC, 2000) [14]. The implementation of the WFD requires the use of organisms
living in water or biological quality elements
(BQE) in order to assess the ecological status of
water. The WFD states that the assessment of water
quality through chemical and physico-chemical
analyses will not be sufficient. Furthermore, the
main determinant criterion for water quality is the
approach of biological monitoring carried out by
monitoring the aquatic fauna and flora in water.
Biological methods are used to complement the
knowledge provided through physical and chemical
analysis and to monitor long-term changes in environmental water quality [1, 4, 15].
Recently there have been significant advances
in Turkey in terms of water management. Works
are underway to comply with the Water Framework
Directive (WFD). Within this scope, River Basin
Management Plans have started to be developed.
The spatial and temporal variability of river ecosystems affects the physico-chemical characterization
of water and basin management plans are based on
water quality monitoring using field data in study
area. Therefore, it is necessary to investigate the
spatial and seasonal variations in water quality in
order to better assess water qualities in basins. This
study has investigated the spatial and seasonal variation of pollution levels in different areas of the
Mudurnu River Basin. Furthermore, the most suita-

This study investigated the relationships between the macroinvertebrate communities in the
Mudurnu River Basin and water quality parameters.
Pollution levels in different parts of the river were
identified by comparing the quality criteria for the
Inland Surface Water Resources (RMSWQ) and the
quality criteria of biotic indices (TBI, BBI, BMWP,
and ASPT). Moreover, the study aimed at determining the most suitable season for biomonitoring of
the Mudurnu River Basin with macroinvertebrate
communities. Water and macroinvertebrate samples
were gathered from six stations simultaneously
twice each month between November and April in
winter and between May and October in summer.
The measurements were performed on the samples
for water quality parameters. The benthic macroinvertebrate samples obtained were identified according to species and family. As a result, the relationship between the identified benthic macroinvertebrates and the physico-chemical parameters were
investigated using T-Test.
%$ 
Mudurnu River, Water Quality, Biotic Indices, T-Test

!"!

Streams and lakes are the first ecosystems affected by environmental pollution. External factors
such as domestic and industrial waste materials
discharged into water sources without purification,
inappropriate agricultural practices, destruction of
vegetation and the disruption of streambeds affect
natural waters directly or indirectly in a negative
way [1-6].
Benthic macroinvertebrates, a significant
group in aquatic ecosystems, are sensitive to changes in environmental conditions. Therefore, they are
widely used to detect disturbances in an ecosystem.
Any disturbance in aquatic environment might
cause benthic macroinvertebrates to disappear and
lead to the loss of diversity. They have several
advantages for bioassessment such as their charac-
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aluminum, PVC, automotive, beverages, and water
refilling facilities.
The first station (S1) is the sampling station
located in advance of the manufacturing plants. The
manufacturing plants are located starting from the
second station (S2) and they discharge their effluents of wastewater treatment facilities into the river.
The third station (S3) is the one on the Kucucek
Stream, which flows into the river as a tributary,
and the fourth one (S4) is the sampling station located after the point where the tributary flows into
the river. There are textile and aluminum plants in
the area before the spot where the tributary flows
into the river. They treat their effluents and discharge them into the river. The fifth and sixth stations (S5, S6) are two stations located in an area in
which there is a lower density of manufacturing
plants. Settlement is dense in this area, and agriculture and stockbreeding activities are carried out
(Figure 1).

ble biotic indices have been assessed in order to
carry out biological monitoring of water quality of
the river in addition to physico-chemical monitoring.
! ! 
89)= &6*& The Mudurnu River rises from
the southern slopes of the Abant Mountains, and is
formed by small springs and streams that gather
together. The section of the Mudurnu River, which
has a total length of 130 km, within the borders of
the Sakarya province in Turkey is 65 km long and
its total drainage area is 1,720 km2.
The sampling stations were selected by identifying six stations that could represent the system
the best. There are 25 production plants located in
this area, which covers agricultural fields and residential areas, including plants for textile, food,

"
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Stations

TBI

BBI

BMWP

ASPT

S1
S2
S3
S4
S5
S6

1B
2
1B
2
2
2

2
2
2
2
2
3

1B
2
1B
2
1B
2

1
1
1
1
1
2

S1
S2
S3
S4
S5
S6

1B
2
2
2
2
1B

1
1
1
1
2
1

1A
1A
1A
1A
1A
1A

1
1
1
1
1
1

Summer
RMSWQ General
Conditions Quality
class
I
I
I
I
I
I
Winter
I
I
I
I
I
I

.*0)7&140.2,&2))&8&&2&0=7.7Water and
macroinvertebrate samples were collected from six
stations simultaneously twice each month in winter
between November and April and in summer between May and October. Particular attention was
paid to performing samplings on weekdays. 
The analyses of Temperature (0C) (2550), pH
(4500-H), Ammonium Nitrogen (NH4-N, mg/L)
(4500-G), Nitrite Nitrogen (NO2-N, mg/L) (4500B), Nitrate Nitrogen (NO3-N, mg/L) (4500-B),
Total Kjeldahl Nitrogen (TKN, mg/L) (4500-Norg
B), Total Nitrogen (TN, mg/L) (4500 N-B), Total
Phosphorus (TP, mg/L) (4500 P-I), Total Suspended Solids (TSS, mg/L) (2540D), Biochemical Oxygen Demand (BOD, mg/L) (5210-B), and Chemical
Oxygen Demand (COD, mg/L) (5220-B) were
carried out on water samples that were collected in
accordance with standard methods [16].
Benthic macroinvertebrate samples were collected for 15 min in longitudinal and transverse
directions (20 m) in the river. The sampling was
performed using a hand-net (1 mm mesh size) and a
white tray (30x50 cm). The samples collected with
the kick-net method were placed onto the tray and
cleaned off mud and pebbles. Then they were added
with formaldehyde (10%) and kept in numbered
containers. The samples brought to the laboratory
were identified by means of a binocular microscope. An identification key was used for the identification of families and species [17].
The families and species identified were assessed according to the Trent Biotic Index (TBI),
Belgium Biotic Index (BBI), Biological Monitoring
Working Party Index (BMWP) and the Average
Score Per Taxon Index (ASPT) and their scores and
quality classes were determined [18, 19, 20, 21].
Moreover, the quality classes of the physicochemical parameters were determined according to

II
II
II
II
II
II

RMSWQ Nutritional
element parameters
quality class
IV
IV
IV
IV
IV
IV

I
I
I
II
II
II

II
II
II
II
II
II

RMSWQ Oxygenation
Parameters quality class

the Inland Surface Water Resource Classes of the
Regulation on the Management of Surface Water
Quality (RMSWQ).
All the mathematical and statistical computations were performed using SPSS version 21.0
(Statistical Package for the Social Sciences) [22].
T-test was implemented by means of the SPSS
software for the study. The significance level of 5%
was the limit value and it was concluded that all the
values below this level were significant, whereas
those values above it were insignificant. With this
method, a relationship was detected between the
measured physico-chemical parameters and the
macroinvertebrate families. The Levene test was
used in order to test the homogeneity of group variances.

 "!  " 

314&6.732 3+ 9&0.8= 6.8*6.& Table 1
presents the quality criteria according to the Inland
Surface Water Resource Classes of the Regulation
on the Management of Surface Water Quality and
the assessment of the quality criteria of the Biotic
Index for the mean values of all the sampling stations. 
The water quality in the Melen River was
Class I according to the mean temperature and pH
values of each station during the summer season.
The highest mean temperature was 22.5°C in August and the lowest temperature was 15.4°C in May
and October. The highest mean pH value was detected as 7.3 in June and the lowest as 6.8 in October.
According to the parameters of general conditions (Temperature and pH), the water was identified as Class I (high quality water). Temperatures in

4526

%$

" &   

 







 " #!"!


concentrations were recorded. In contrast, TSS was
measured at its lowest concentration (4–140 mg/L)
at each station in August, but it was at its highest
(586–1280 mg/L) in May. The concentrations of
NH4-N and NO2-N were highest at S2, while COD
and BOD were measured at their highest values at
S4, S5 and S6, and TP at S6. In the winter season,
on the other hand, the highest concentrations were
recorded for COD and NH4-N at the stations S4, S5
and S6. In addition, BOD was measured at its highest concentration at S5, and NO3-N, TKN and TP at
S4.
It is considered that there are variations in water quality in the Mudurnu River during summer
and winter due to decreasing precipitation levels in
summer [21]. Nevertheless, it is observed that pollution increases particularly in the downstream
areas in the winter season and water quality is negatively affected. This increase emerges from domestic and industrial effluents discharged into the river
and agricultural fertilizers. Moreover, the leakage
of septic tanks used in neighboring villages into the
stream through rainfall also contributes to this increase.
Twenty-two families were detected during
summer and 44 families during winter [4, 6, 24].
Sixteen of them, Tipulidae, Polycentropodidae,
Nemouridae, Gammaridae, Perlidae, Gomphidae,
Psychomyiidae, Leptophlebiidae, Agriidae, Rhyacophilidae, Perlodidae, Leuctridae, Philopotamidae,
Gyrinidae, Cordulegasteridae, and Erpobdellidae,
were observed during both summer and winter.
Seasonal variation in water quality led to decreases
in family variety in the river and the 16 families
mentioned above showed tolerance towards this
variation. Increasing pollution in the downstream
areas of the river negatively affected the variety and
abundance of families.
Since the families of Baetidae, Chironomidae,
Dytiscidae, Glossiphonidae, Haliplidae, Odontoceridae and Valvatidae were encountered only in
a few samples in summer, T-tests were not performed about these. Table 2 shows whether there is
a relationship between benthic macroinvertebrate
families and physico-chemical parameters. The
related ones are denoted with (+).
It was seen that the families of Gomphidae (at
the significance level of 1%) and Tipulidae (at the
significance level of 5%) were affected by the pH
parameter. They were negatively affected by increases in pH. The Gomphidae family was only
detected in the summer season, whereas Tipulidae
was detected in both summer and winter. Therefore,
these two families cannot show tolerance towards
increases in pH and they become extinct from the
environment.
The existence of the Gammaridae family (at
the significance level of 5%) in the environment
decreased with the increasing concentration of the
TKN parameter. Therefore, this parameter had a

winter were lower than summer temperatures and
pH did not vary significantly. Moreover, the water
quality was Class I in this season. When the quality
criteria according to the Inland Surface Water Resource Classes and the quality criteria of the Biotic
Index were compared, it was observed that the
quality class of the ASPT Index and that of the
General Qualifications (Temperature and pH) were
compatible [23].
The quality of the river water was Class I at all
the stations during summer according to the mean
COD value, whereas it was Class II according to
the mean BOD value. The river water quality was
Class II (slightly polluted water) when a general
comparison was made according to the oxygenation
parameters (COD, BOD). According to the Belgium Biotic Index, the water had Class II characteristics at six sampling stations and it was seen that
the oxygenation parameters (COD, BOD) were in
line with the quality classes. During winter, however, the water quality was Class I at the S1, S2 and
S3 stations and Class II at the S4, S5 and S6 stations according to the COD value. The quality was
Class II at all the stations according to BOD. In this
case, the S1, S2 and S3 stations of the river were
Class I, while the others were Class II. Moreover,
they were compatible with all three of the indices of
BMWP, BBI and TBI [20]. BMWP and BBI were
more consistent as pollution decreased (S1, S2, S3;
Class I) while TBI was more consistent as it increased (S4, S5, S6; Class II). It was determined
that the COD concentration of the Mudurnu River
varied spatially in the winter season and it increased
in the downstream areas of the river.
In summer, the river water quality for the
mean value of NH4-N was Class I at S1 and S3 and
Class II at the other stations. However, it was detected as Class IV at all the stations (S1, S2, S3, S4,
S5 and S6) for NO2-N. The water quality for NO3N and TKN was Class I at all the stations. For TP,
on the other hand, it was Class II at S1 but Class III
at the other stations. When it was generally assessed according to nutritional parameters (NH4-N,
NO2-N, NO3-N, TKN, TP), the water quality of the
river was detected as Class IV (heavily polluted
water) and was not compatible with any of the
biotic indices. No consistency was found between
the quality class of nutritional parameters and the
indices during this season. During winter, the water
quality was found to be Class I when the mean
values of each of the NH4-N, NO2-N, NO3-N and
TKN parameters were assessed, and Class II according to the mean value of TP. Therefore, the
river has Class II characteristics in terms of nutritional parameters and is compatible with the TBI
index.
There was an increase in the concentrations of
parameters measured during summer in August,
September and October, when precipitation was
low. During May, June and July, however, lower
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crease in the content of the families of Ephemerellidae (at the significance level of 1%), Perlodidae
(at the significance level of 5%), Psychomyiidae (at
the significance level of 1%) and Sericostomatidae
(at the significance level of 1%). However, the
content of the Polycentropodidae family (at the
significance level of 5%) increased. No relationships were observed between NO2-N and the families in the winter season.
The increase in the NO3-N parameter negatively affected the families of Ephemeridae (at the
significance level of 1%) and Erpobdellidae (at the
significance level of 1%), decreasing the tolerance
of these families in summer. It was observed that
with the increase in the NO3-N parameter in winter,
the tolerance of the Nemouiridae, Psychomyiidae,
Lymnaeidae, Perlodidae and Chironomidae families
decreased and these families disappeared.

negative effect on the Gammaridae family. The
relationship of the Leuctridae family with TKN was
only detected during summer. However, the existence of the Leuctridae family (at the significance
level of 5%) increased in the environment, which
means TKN has a positive effect on this family.
The Leuctridae family was tolerant towards the
increasing values of TKN. The families associated
with TKN in winter were Ecdyonuridae, Gammaridae, Gyrinidae, Glossosomatidae, Leptophlebiidae,
Rhyacophilidae, Polycentropodidae and Philopotamidae. These families had a low tolerance
towards high TKN values.
It was observed that the Ephemerellidae, Perlodidae and Psychomyiidae families detected in
summer were intolerant towards the increase in
NO2-N value, while Polycentropodidae and
Sericostomatidae were tolerant. Increasing concentrations of the NO2-N parameter resulted in a de-

!
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and Gyrinidae (winter). Among them, the tolerance
levels of Leuctridae and Polycentropodidae families
are remarkable in summer, when pollution is on the
rise.

No association was detected between the families and NH4-N in the summer season and TN in the
winter season. It was observed that the Helmidae
and Erpobdellidae families were intolerant towards
a high NH4-N concentration in winter. In the summer season, despite the increase in the TN value,
the Leuctridae family was observed to be tolerant,
while the Rhyacophilidae family was not. Increasing TN concentrations had a positive effect on the
Leuctridae family (at the significance level of 1%)
and a negative effect on the Rhyacophilidae family
(at the significance level of 5%).
The Ephemerellidae, Ephemeridae, Psychomyiidae and Sericostomatidae families could
not tolerate the increase of TP in summer. When the
changes in macroinvertebrates were studied based
on the parameter of TP, the existence of
Ephemerellidae (at the significance level of 5%),
Ephemeridae (at the significance level of 1%),
Psychomyiidae (at the significance level of 5%) and
Sericostomatidae (at the significance level of 5%)
in the environment was affected negatively by increasing concentrations of the TP parameter. The
Polycentropodidae, Ecdyonuridae, Gammaridae,
Psychomyiidae, Leptophlebiidae, Lymnaeidae,
Rhyacophilidae, Philopotamidae, Gyrinidae and
Cordulegasteridae families were affected negatively
by the increase in the TP value [25].
The Oligochaeta and Polycentropodidae families showed tolerance towards increasing BOD
values in the summer season. The increase in the
concentration of BOD had a positive effect on the
existence of the Oligochaeta (at the significance
level of 1%) and Polycentropodidae (at the significance level of 5%) families in the environment.
During winter, however, the Tipulidae, Polycentropodidae, Nemouiridae, Leptophlebiidae, Agriidae, Lumbricidae, Philopotamidae and Gyrinidae
families were tolerant towards the increase in the
BOD value.
The Leuctridae family was tolerant towards
the increase in the COD values in the summer season. Increasing COD concentrations had a positive
effect on the Leuctridae family (at the significance
level of 5%). No relationship was found between
the COD value and the families.
It was observed that the Polycentropodidae
family was associated with BOD, the Gammaridae
family with TKN and the Psychomyiidae family
with TP during both summer and winter. In both
seasons, Leuctridae tolerated the increase in the
concentrations of COD, TK and TN (summer) and
Polycentropodidae and Sericostomatidae tolerated
the increase in NO2-N concentration (summer) in
the Mudurnu River.
Nine families in total showed tolerance towards the increased BOD concentration, including
Oligochaeta and Polycentropodidae (summer), and
Tipulidae, Polycentropodidae, Nemouiridae, Leptophlebiidae, Agriidae, Lumbricidae, Philopotamidae

"  

Macroinvertebrate assemblages are heavily affected by environmental changes as a part of river
ecosystems. Numerous significant effects have been
reported in rivers such as the decline of sensitive
species of benthic macroinvertebrates and the increase of tolerant species depending on physicochemical and nutrient pollution [2, 26, 27]. This is
why indices based on benthic macroinvertebrates
are widely used in order to identify pollution in
rivers [20].
The rapid increase in the number of industrial
plants around the Mudurnu River threatens the
water quality of the river. People living in settlement areas in close vicinity of the river make a
living mostly by agriculture and raising livestock.
Therefore, domestic, industrial and agricultural
pollution creates an influence on the water quality
of the Mudurnu River and benthic macroinvertebrates [1, 3].
There are potential physico-chemical parameters that might affect biological communities of
rivers. Numerous studies have revealed the usefulness of macroinvertebrates in assessing the effects
of heavy metals, eutrophication and organic pollution [24, 26]. According to studies carried out to
investigate the effects of environmental parameters
on benthic macroinvertebrates, parameters like
nutrient concentration, BOD and COD are significantly associated with the changes in macroinvertebrate assemblages [24, 29].
In this study, it was determined to what extent
the Mudurnu River was affected by all these polluting factors, how this situation reflected on the water
quality and how it affected the existing benthic
macroinvertebrate fauna.
Pollution varies in the Mudurnu River seasonally and spatially. The NO2-N concentration increased at all the stations particularly in the summer
season (Class IV) and the TP concentration was
high at all the stations in winter (Class II). In the
same season, it was observed that the COD concentration increased in the downstream area (Class II),
but it remained the same (Class I) in both the upstream and downstream areas of the river in the
summer season.
Physico-chemical data were used in the T-test
in order to assess the relationship between seasonal
variations and benthic macroinvertebrates. It was
observed that no relationship existed between benthic macroinvertebrates and water temperature.
However, while an increase was observed in the
values of physico-chemical parameters during

4529

%$

" &   

 







 " #!"!


[3] Chiu, M.C., Hunt, L. and Resh, V.H. (2016)
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89–98.
[4] Camargo, J.A. (2017) Multimetric assessment
of macroinvertebrate responses to mitigation
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Central Spain. Ecological Indicators 83, 356–
367.
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Landuyt, D., Dominguez-Granda, L. and Goethals, P.L.M. (2016) Ecological water quality
analysis of the Guayas River Basin (Ecuador)
based on macroinvertebrates indices. Limnologica – Ecology and Management of Inland
Waters. 57, 27–59.
[12]Berger, E., Haase, P., Kuemmerlen, M., Leps,
M., Schäfer, R.B. and Sundermann, A. (2017)
Water quality variables and pollution sources
shaping stream macroinvertebrate communities. Science of the Total Environment. 587–
588, 1–10.

summer, when the temperatures were high and
precipitation did not occur, it was discovered that
the benthic macroinvertebrate fauna was negatively
affected by this situation and certain families went
extinct. Benthic macroinvertebrates are affected by
pollutional changes occurring in water quality depending on the spatial and seasonal variations.
Moreover, certain increases or changes occur in the
number of families in case of decreases in pollution.
When the harmony among quality criteria is
assessed, it is seen that it is possible to monitor
water only by using biotic indices. However, water
quality variations across seasons showed significant differences particularly for nutritional parameters. For this reason, using only biotic indices will
be inadequate when assessing water quality in
summer. When the quality classes were studied
using the indices, it was concluded that the most
suitable indices for the Mudurnu Basin were BBI
and TBI for COD and BOD, and ASPT for Temperature and pH [30]. BMWP, TBI and BBI presented significant seasonal differences, but not
ASPT. It has also been reported in another study
that ASPT do not display seasonal variations [13].
This shows that the macroinvertebrate communities in the Mudurnu River Basin mostly vary
according to water quality. Biological monitoring
of surface waters using benthic macroinvertebrates
is a common practice in developed countries. However, the use of biological monitoring as part of
regular monitoring programs is limited in our country and it needs to become widespread.
In conclusion, it was observed that the biggest
amount of pollution was discharged into the
Mudurnu River from the manufacturing zones and
settlement areas. It was found that the sectors of
textile, food, aluminum and automotive created
pollution. Agricultural and stockbreeding activities
carried out in settlement areas increased pollution
as well. Therefore, the water quality in the
Mudurnu River Basin should be continually monitored and the necessary precautions should be taken
in order to reduce pollutants that disturb the activities of organisms living in the river.
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thought to be safe for the plant development and environmental health considering possible risks caused
by repetition of sewage sludge applications in time.

The application of sewage sludge which is a biological waste and produced in wastewater facilities
on the soil is one of the alternative disposal methods.
The aim of this study was to use sewage sludge in
establishing grass area in the soils which have different lime levels and detection of heavy metal accumulation was aimed. A pot experiment with   
 L. grass plants was conducted with the purpose of mixing the dried and stabilized sewage
sludge homogenously into two soils consisting of
CaCO3 at 0 (SS0), 0.5 (SS0.5), 1 (SS1), 2 (SS2), 4
(SS4), 8 (SS8) tone da-1 doses; %8 (S1) and %19.4
(S2) levels.The results of the experiment showed that
sewage sludge applications led to an increase in pH,
EC, organic matter in both soils. Moreover, total N,
P, K, Ca, Mg, Fe, Zn and Mn concentrations of the
soils increased whereas Cu concentration decreased.
As a general evaluation was made in terms of lime
levels of the soils, it was stated that total Fe, Zn, Mn
and Cu concentrations of the soilswere higher in S1
soil than S2 soil. Total Ni concentration of the growing media (sewage sludge mixed calcareous soils)
increased with the sewage sludge applications while
total Cr and Cd concentrations showed a little decrease. On the other hand, Pb concentration was detected as below the detection limits. Total Ni, Cr and
Cd concentrations of the growing media were detected as higher in S1 soil than S2 soil. Based on increasing sewage sludge applications, a specific increase in dry matter weight of the plants was determined. Moreover, as plant N, P, K, Ca, Mg, Zn and
Cu concentrations increased Fe, Mn, Cr and Cd concentrations decreased. Ni concentrations of the
plants decreased until SS1application; however there
was the tendency for the values to increase following
this application. With the sewage sludge applications, heavy metal toxicity limit levels were not surpassed in both experiment soils and grown grass
plants. It was seen that the applications affected
growth and development of grass plants positively.
When the analyzed criteria were evaluated, maximum plant dry weight was obtained in 8 tone da-1
(SS8) application and no heavy metal toxicity was
found. However, 4 tone da-1 applications were

*)!$%
Ryegrass, sewage sludge, heavy metals, plant nutrition,
calcareous soil, phytoremediation
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Application of the sewage sludge to the land is
a common application around the world, and sewage
sludge is preferred more than other techniques because of economical advantage it creates among disposal techniques [1]. With the sewage sludge application to the soil, organic matter being in the first
place, many micronutrient elements (N, P, S etc.) are
brought in the soil through recycling [2, 3, 4]. Many
experiments proved that sewage sludge, as a slowrelease fertilizer, positively influenced the devolopment of plants [5] and in proper concentrations did
not pollute the soil [6] but was found to be harmful
at higher doses [7]. However, chemical compounds
of the sewage sludge change according to the source
the wastes [8, 9]. There are many studies indicating
that sewage sludge of the wastewater treatment facilities in which waste water of especially the industrial enterprises using intense chemical input is included can contain heavy metal at high concentration
[10, 11]. Heavy metal content of the sewage sludge
is one of the fundamental factors that limit the application of the material to the agricultural fields [12].
The reason of this limitation is the risk of the heavy
metals that sewage sludge applied to the soil in middle and long term contains to pass to the livings
through food chain and accumulate [13]. Moreover,
depending on the composition of sewage sludge,
physical, chemical and biological characteristics of
the soil it was applied to are also indicative on the
accumulation of heavy metals in the soil and their
passing to the plants (bioavailability) [8]. Soil pH is
one of the important chemical characterisics of the
soil that is used as criteria in legal limitations which
regulate sewage sludge application to the soil (European directive 86/278/C). Because, soil pH has an
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important effect on passing of heavy metals to soil
and their ability to be taken by the plant [14]. Apart
from the direct effect of soil pH, calcium carbonate
contents of the soils are other factors taken into account [15, 16]. Another crucial factor that affects
heavy metals’ passing to the plant is plant species
and variety [17]. Plants’ abilities of taking heavy
metals, accumulating them in their tissues and tolerance differ greatly according to the species [18, 19].
Furthermore, heavy metal concentrations in different
tissues of the same plants can differ [9]. In the light
of the literature reviews, it is possible to determine
three basic criteria for the safe use of sewage sludge
to the soil. These include pathogen, heavy metal and
other toxic substances that sewage sludge planned to
be applied to the soil includes must be within limitations allowed by law. Direct and indirect effects of
the soil features (pH in the first place) of the land to
which sewage sludge is planned to be applied on the
heavy metals must be taken into consideration while
sewage sludge application doses are determined. The
plants grown in the sewage sludge applied soils must
be chosen among plants out of food chain (grass,
landscape plant, forest tree etc.). If the plants included in food chain are to be used, it must be sure
that the plants are not hyper-accumulator plants or
low tissues of heavy metal accumulation are consumed.
The ongoing study was realized in loyalty to the
criteria that we mentioned above. Lolium grass plant
as one of the grass types often used in green area fa-

cility was grown in growing medias prepared by applying sewage sludge in increasing doses to two soils
having different lime content. Together with the
analyses practiced in the samples taken at the end of
the experiment, the effect of the applications on nutritional status and heavy metal accumulation was
analyzed. The aim of the study is to establish more
qualified grass areas with lower input while looking
for possibility of environmentalist and economical
evaluation to the sewage sludge that every segment
of society can accept in the light of comparable and
measurable data.


&$% &!%

%946< ,8/ <0@,20 <6>/20 The sewage sludge was
collected froma municipal wastewater plant in Antalya (Turkey). The wastewater plant produces sewage sludges anaerobically digested, dried and stabilized. The soils used in experiment were provided
from two different lands having planned lime contents and on which agriculture was not done before.
The values measured in soils and sewage sludge
samples are listed in Table 1. Results showed that the
content of plant nutrient matter of sewage sludge was
high. The heavy metal content of the soils and sewage sludge were below the limits established by the
European directive 86/278/EEC on the protection of
the environment and Turkish Regulation (2010) of
the use of domestic and urban sewage sludge to soil.
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Certificated
Value
168±30.7
2390±76.2
2860±118
1690±74.8
319±17.2
14700±632
94.3±2.95

Observed
Value
96.45
3546
2603
1936
318.2
13110
91.07

6.33
7.06
7.31
5.0
0.29
0.26
6.5
8
19.4
Clay loam
Clay loam
70
3.4
3.5
5.7
0.23
0.20
18260
160.2
159.8
5215
8110
9280
50490
52630
10350
6950
5832
7230
1687
470.2
490.2
4545
58650
49990
582.1
185.3
180.2
(2500)a (2500-4000)b
(200)a (150-300)b
(200)a (150-300)b

513.2
1140
816.2
217±11.8
198.9
87252 
172.7
93.71
99.73
56.5±1.60
50.45
>7252 
(1000)a (1000-1750)b
(100)a (50-140)b
(100)a (50-140)b
159.7
64.25
62.38
508±1.42
56.24
47252 
(300)a (300-400)b
(70)a (30-75)b
(70)a (30-75)b
69.67
67.70
57.8±1.98
54.89
62.5
;7252 
(100)a
(100)a
(1000)a
"-7252 
20.41
*D.L.
*D.L
82.9±2.52
73.97
(750)a (750-1200)b
(100)a (50-300)b
(100)a (50-300)b
5.25
3.04
43±1.16
36.26
1.48
/7252 
(1.5)a (1-3)b
(1.5)a (1-3)b
(10)a (20-40)b
a
The limit values are based on Turkish Regulation (2010) of the use of domestic and urban sewage sludge to soil (for soil pH≥ 7)
b
The limit values are based on the Council Directive 86/278/EEC on the protection of the environment (for soil pH 6-7)
*Out of the detectionlimit (For Pb D.L.<0.03 mg kg-1).**CRM number:(RTC) CRM052-50G
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A:0;4708=,6/0<428. Conducting the experiment according to completely randomized factorial
design with four replicates. Dried and stabilized sewage sludge was applied in 0 (SS0), 0.5 (SS0.5), 1
(SS1), 2 (SS2), 4 (SS4), 8 (SS8) ton da-1 doses to
twosoils containing different levels of CaCO3,8%
(S1) and 19.4% (S2) respectively. Each pot was
planted to 60g/m2perennial ryegrass (  
 L.) and the plants were grown during four
months in greenhouse conditions. The pots were
equally watered during the growing period. In the
experiment, the plants were harvested once a month
for 4 months and the experiment ended after 4th harvest. At the end of the experiment, plant samples provided from all harvests were mixed homogeneously
as every pot in itself and brought as one sample.
Plant samples were washed with deionized water.
Then, plant samples were oven-dried at approximately 60 0C until the weight became constant for
two consecutive readings. Plant materials were
thangrounded and analyzed to determine macro-micronutrient and heavy metal concentrations in plant
samples. Also soil samples were taken from all the
pots and analyzed for electrical conductivity (EC),
pH, organic matter levels and macro-micronutrient
and heavy metal concentrations.

%946<<0@,20<6>/20,8/:6,8=,8,6B<0<Soil
and sewage sludge samples collected from 0 (SS0),
0.5 (SS.5), 1 (SS1), 2 (SS2), 4 (SS4), 8 (SS8) ton da-1
sewage sludge amendment were air dried, and
passed through 2 mm mesh prior to analyses. The
texture was obtained by the hydrometer method [20].
The soil CaCO3 content was determined by scheibler
calcimeter method [21]. Soil pH and EC were analyzed in a suspension of soil and deionized water, at
a ratio 1:2.5 [22]. Organic matter was measured with
modified Walkley-Black procedure [23]. Total N
content was obtained using the modified Kjeldahl
procedure [24]. Total contents of elemets (P, K, Ca,
Mg, Na, Fe, Zn, Mn, Cu, Cd, Ni, Cr, Pb, Cd) in experiment soils, sewage sludge and sewage sludge
amended in soil samples were determined, 0.5 g airdried sample was digested in a microwave oven
(Berghoff MWS-4+) by using acidic mixture of 65
% HNO3 (9 ml) and 37 % HCl (3 ml) according to
method of EPA 3051a, and then, the concentrations
were determined by using ICP-OES (Perkin Elmer,
Optima 7000 DV). In the plant samples, total N was
obtained using the modified kjeldahl procedure [25].
For the analysis of P, K, Ca, Mg, Fe, Zn, Mn, Cu, Ni,
Cr, Pb and Cd in plant samples, 0.25 g oven-dried
sample was digested in a microwave oven (Berghoff
MWS-4+) by using acidic mixture of 65 % HNO3 (9
ml) and 37% HCl (3 ml) according to method of EPA
3051a, and then, the concentrations were determined
by using ICP-OES (Perkin Elmer, Optima 7000
DV). All results were analysed statistically using
analysis of variance (ANOVA). Means among samples were compared by using Duncan’s multiple

range tests. The statistical package used was SPSS
version 10 software and their significances were always based on the p<0.05.

#>,64=B.98=;96. Precision and accuracy of elements analysis were assessed through repeated
analysis of the samples against SIGMA-ALDRICH,
Standard Reference Material (CRM052-50G) and lot
number is 015055 for all elements.
$%'&% %'%%! 

: ,8/  ?,6>0< ,8/ 9;2,84. 7,==0; 48
<946< Sewage sludge application to the soil in increasing doses caused statistically important increase in pH, EC and organic matter levels of the soil
(Fig. 1). The results revealed that lime addition in
sludge stabilization stage in waste water treatment
facility caused pH to increase. Higher pH values
were detected in S2 soil having higher initial pH and
lime content compared to S1 soil. This pH difference
observed in the same sewage sludge doses shows the
effect of initial pH and lime levels of the soils on final pH. There are many studies indicating increase
in soil pH with the application of sewage sludge stabilized with lime in the soil [26, 27, 28]. In the experiment, it was observed that the soils used in experiment and sewage sludge were being close and
neutral pH together and caused pH increase to stay
limited. Many of the factors are effective on soil pH.
The effect of sewage sludge application on soil pH
staying limited was caused by acidic elements
emerged during mineralization process and high
buffering capacity of the soil supported this situation
as well [29]. Furthermore, exchangeable ions of sewage sludge are the other factors contributing to pH
buffering.EC increase observed in soils together
with the increasing sewage sludge application was
caused by metallic salts which composed a complex
with the organic material contained by the sewage
sludge [30]. Similarly, many researchers reported
that they recorded an increase in soil EC in the studies they carried out by applying sewage sludge to the
land [9, 31, 32, 33]. EC values of the soils used in
the experiment are lower than 2,5 ds m-1 value and
in salt- free class according to the limit values reported by [34]. At the end of the application, EC increase was found statistically significant but did not
cause any change in salinity classification. During
the experiment, no salt harm was observed in any
pot. One of the reasons of this situation may as well
be high salt tolerance of lolium plant. Tolerance of
lolium to soil salinity is classified at 3rd category
meaning partly tolerated and could show tolerance
by 5.6 dS m-1 EC [35]. It was observed that sewage
sludge application in an increasing dose increased
organic matter content of soils regularly. Similar effects of sewage sludge application to the soil were
reported by many researchers as well [36, 37, 38, 39,
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the highest dry matter weight was observed in SS8applications (Fig. 2, 3, 4). The results of the present
study, which are consistent with those of [42] and
[43] confirm that the application of sewage sludge
improves the plant growth and dry matter yields of
lolium. The rise in the productivity due to the sludge
amendment is attributed to the increase in nutrient
availability to the plants [44]. Researchers reported
that biomass production of grasses of arid and
semarid rangelands to increase as a result of surface
application of sewage sudge [45]. According to [26],
production of plant dry matter weight increased with
sewage sludge application to the soil in     
   L. plant and the highest value was coincided
the most in 160 m3 / ha dose which was sewage
sludge application. According to [46], 50-70% sewage sludge application to soil provides optimum improvement for    L. [39] found that addition of composted sewage sludge at 10-20% levels
can greatly improve the soil nutrient supply for
turfgrass growth without significant affecting heavy
metal and soluble salt contents of the soil. It is reported that the sewage sludge application increased
dry matter weight in the studies carried out with
many other plants out of grass plants as well [47, 48,
49].


9]. The increase that sewage sludge application to
land provided on the soil organic substance is one of
the most significant advantages of this waste to the
field [40, 41]. Moreover, it is known that soil organic
matter increasing with sewage sludge application
provides positive change on physical qualities of the
soil as well [2].

'$ 
&302080;,6?40@91=300A:0;4708=<-019;0=30
<=
.>==482

'$ 
3,820<489;2,84.7,==0;!:,8/
;B,==0;?,6>0<48<946,708/0/@4=3<0@,20
<6>/20(,6>0<,;070,8<  ,8/0;;9;-,;<
;010;=9=30<=,8/,;/0;;9;%91=3070,8
4110;08=<<39@<428414.,8=0110.=<:  -0
=@008=;0,=708=<,..9;/482=9,>8.,8=0<=
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;B7,==0;91:6,8=Plant dry matter weight
indicated a regular increase together with the increase of sewage sludge application doses (Fig.1).
While the lowest dry matter weight was observed in
SS0 (control) applications in the plant in both soil,
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,.;98>=;408= .98.08=;,=498< 48 <946< ,8/
:6,8= Together with sewage sludge application in
increasing doses, an increase in total N, P, K, Ca and
Mg contents of the soils was provided (Table 2). The
highest concentrations of the mentioned elements
were detected at SS8 applications which were the
highest sewage sludge dose. It is seen that this increase is more apparent in N and P than the other elements and changes regularly with increasing sewage sludge doses applied. The most plant nutrients
found in sewage sludge are N and P elements [50]. It
is known that serious amount of N [36] and P [51]
was added to the soil with sewage sludge application. Sewage sludge application has been applied
successfully for long years to provide these elements
to the soil which have a critical significance for plant
growth [52]. However, the effect of sewage sludge
application on soil is more limited for K, Ca and Mg.
There are studies indicating that the effect of potassium in the soil is found insignificant [53] and it does
not create an important effect on K even if sewage
sludge is applied at high rates to the soils where useful potassium content is high [54]. It is considered
that N and P content of the sewage sludge which was
used in the experiment was quite high regarding the
soil it was applied to, and K, Ca and Mg contents
were being close or lower to the soils used in the experiment are effective on sewage sludge application’s bringing more noticeable results for N and P.
The concentrations of macronutrients in plants were
given in Table 3. N, P and Mg concentrations in plant
showed regular increase with the increasing sewage
sludge applications and also showed the highest concentration at both lime levels at SS8 application



which was the highest sewage sludge dose as well.
[55] indicated that sewage sludge increased N, P and
Mg concentration of leaves compared to the SS0, but
the increases were not significant. Although the increase was not regular in K, Mg concentrations of
plant with the increasing sewage sludge doses, the
highest concentrations among both elements were
detected in SS8 application which was the highest
sewage sludge application dose.

'$ 
&302080;,6?40@91=300A:0;4708=<-019;0=30
=3
.>==48248=30>::0;601=:4.=>;0
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;423=% =3069@0;1;97;423==9601=%% 
%% %% %% %% %%-019;0=30 =3.>==482

4536

%$

" &   









 " #!"!



4.;98>=;408= ,8/ 30,?B 70=,6 .98.08=;,
=498<48<946<,8/:6,8=As a result of the analyses,
microelement and heavy metal concentrations found
in soils were given at Table 4-5. Sewage sludge application to the soil in increasing doses caused increase in total Zn, Fe and Mn content of the growing
media. This increase stayed more apparent for Zn
and limited for Fe and Mn concentration. The highest values were observed in SS8 application among
both lime levels but this increase could not be observed in Fe and Mn regularly as in Zn concentration. There are many studies stating that treatment
application to the soil caused significant increase in
zinc contents of plants [56, 57, 58, 47, 59]. On the
other hand, the highest level in Cu concentrations of
soils was observed in the SS0. It was seen that sewage sludge application had no effect regarding Cu
concentrations. As the effect of the applications on
heavy metals regarded as critical in terms of human
health was analyzed, Pb readings in all the samples

taken from the soils were observed even below 0.03
mg kg-1which was detection limit. The effect of the
applications was found statistically insignificant for
Cr. On the other hand, Ni and Cd concentrations indicated change with sewage sludge application;
however, this was not in the direction of increase and
stayed limited. The total concentration of the experiment soil in all the sewage treatments did not exceed
the limit values by European directive 86/ 278/ EEC
and Turkish Regulation – 2010. Analyses were made
in plant as well in parallel with the analyses made in
soils. The values on microelement and heavy metal
concentrations in the analyses made in plant were
given on Table 6- 7. As the values were analyzed, it
was observed that while plant Zn contents increased
regularly with sewage sludge applications, this
change in Mn content was observed to be in direction
of decrease. While the change in Fe contents of
plants was found insignificant, it showed decrease in
Cu content down to SS1 dose, increased regularly
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from SS1 dose to SS8 dose and reached the highest
value in SS8 dose. Moreover, as the effect of sewage
sludge applications on heavy metal contents of the
plants was analyzed, it was observed that it de

creased Cu content while it did not cause any significant change on Pb, Ni and Cr contents. It was not
observed any toxicity sign in plants during the experiment.
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the study, while 4 ton da-1 sewage sludge application
was providing ideal support to the plant growth, it
did not cause any kind of heavy metal risk. However,
it is useful to investigate the effects that may occur
when the material is applied to the soil for a long
time.

The study shows that sewage increasing doses
of sewage sludge application to the soil causes an increment on pH, EC, organic substance levels and total N, P, K, Ca and Mg concentrations of the growing
medias. When the effect of lime content of the soils
was evaluated, K, Ca and Mg concentrations were
found to be high at S1 lime level while average N
and P concentrations were found to be high at S2
lime levels. When the effects of the applications on
the micro element content of the growing medias
were evaluated, Mn was found to be high at all applications compared to the SS0 while the highest Fe
and Zn concentrations were founded in SS8 matter,
the highest sewage sludge application dose. The
highest Cu concentration was founded in SS0 treatment which was not treated with sewage sludge application. The whole analyzed micro element concentrations were found to be high in S1 soil compared to S2 soil. Pb contents of the growing medias
were observed at all matters as below the dedection
limit of 0.03 mg kg-1. While SS4treatment was observed as much lower than the SS0considering Ni, Cr
and Cd, furthermore the lowest concentrations observed specific to Ni and Cr were determined again
in SS4 application. It was determined that all three
heavy metals whose concentrations were ascertained
were at higher concentrations at S1 than S2. Moreover, a regular and significant increment at plant dry
weight was confirmed together with sewage sludge
application to the soil. SS8 dose application provided
about 8 times more increment than dry matter weight
determined in the SS0 application for both lime levels. In plant sample analysis, a regular increment in
plant N, P, K, Mg contents was determined together
with the increasing sewage sludge applications.
While the effects of the lime contents of the soils on
N and K were found statistically insignificant, P and
Mg in S2 soil, Ca in S1 soil were confirmed as
higher. In the micro element analyses on plant samples, it was determined that increasing sewage
sludge applications increased Zn content of the plant
and decreased Mn content, and these changes were
closely related to the change in sewage sludge doses
while the effect of the applications on Fe concentration of the plants was insignificant. Furthermore, the
highest Cu value located on the plant was observed
in SS8 dose. When the effect of the applications on
the plant heavy metal contents was evaluated, lime
levels of the growing medias were found insignificant. While the highest Cr and Cd concentrations in
the plants were founded in SS0 applications, the increase of the applied sewage sludge doses was effective in decreasing the concentrations of these elements in the plant. On the other hand, Ni concentration decreased from SS0 to SS1 dose, reached the
highest value in SS8 application showing a regular
increase from SS1 dose to SS8 dose. Sewage sludge
application was found insignificant on Pb. During
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TANDEM MASS SPECTROMETRY
Gozde Turkoz-Bakirci*
Department of Gastronomy and Culinary Arts, Dokuz Eylul University, 35460 Seferihisar, Izmir, Turkey

in modern agricultural practices, the application of
pesticides is an essential way to keep and increase
productivity [8].
7KHWHUP³SHVWLFLGHV´LVFRPPRQO\XVHGWRGH
scribe a very broad class of crop-protecting chemicals, including insecticides, herbicides and fungicides [9]. They are broadly applied during cultivation and after crop harvest. Pesticides are emerging
pollutants and are frequently found in environmental, food, and biological samples [10-13]. On the
other hand, its extensive use has caused a wide spectrum of human health hazards such as neurological
disorders, cancer. World Health Organization
(WHO) has already reported that roughly three million pesticide poisonings occur annually that results
in 220,000 deaths worldwide [14]. For these reasons,
many countries have established monitoring programs and legal regulations to control the use of pesticides on edible foods. Pesticide residues must comply with the Maximum Residue Levels (MRLs) established by national and international regulations
[15].
In recent years, the pesticide problem in the
brined vine leaves has been remarkable due to the
press reports on food safety and the measures taken
by the Ministry of Food, Agriculture and Livestock.
However, no literature review of the brined vine
leaves about pesticide residues in Turkey.
The aim of this study was to investigate the
presence of pesticide residues on brined vine leaves.
A total of 666 samples were collected from retail
shops and local markets during 2014-2016. A total
of 327 commonly used pesticide active substances
were selected. The names of the analyzed pesticides
are listed in Table 1. In this study, the brined vine
leaves were analyzed for pesticide residues by liquid
chromatography coupled to tandem mass spectrometry (LC/MS-MS), and their compliance with existing regulations was checked.

ABSTRACT
In the present study, 327 pesticide residues in
666 brined vine leaves collected from the Aegean
Region in Turkey during 2014±2016 were quantitatively analyzed by liquid chromatography coupled to
tandem mass spectrometry (LC-MS/MS) after a multiresidue extraction procedure, named the
QuEChERS method. The obtained results were evaluated according to maximum residue limits (MRLs)
for each pesticides by the Turkish Food Codex
(TFC) and European Commission (EU) MRLs. 173
of the samples contained detectable residues at,
above, or below TFC MRLs, and 124 of the samples
contained pesticide residues above TFC MRLs.
Azoxystrobin, boscalid, cypermethrin, difenoconazole, imidacloprid, metalaxyl, metrafenone, myclobutanyl, penconazole, pyraclostrobin, pyrimethanil
and triadimenol were mostly found. Azoxystrobin
was the residue that most exceeded the TFC MRLs,
and metalaxyl was the most frequently found residue
in brined vine leaves.

KEYWORDS:
Vine leaves, Grape, LC-MS/MS, Pesticides residues

INTRODUCTION
Vine leaves are used in the cuisines of a number
of cultures. It is important as a food because young,
tender vine leaves that contain an abundant amount
of vitamins and minerals are used to make stuffed
leaves (sarma) and forcemeat (vegetable stuffed with
forcemeat), which is a very popular food in Turkey,
Greece and Middle Eastern Countries [1]. Vine
leaves are helpful to stop bleeding and to treat inflammatory disorders, pain, hepatitis, and free radical-related disease [2, 3, 4]. The leaves are composed
of a wide range of polyphenols including anthocyanins, flavonoids and organic acid [3, 5].
During the cultivation vine leaves are mostly
subject to fungi (Botrytis cinerea, Plasmopora viticola and Uncinula necator) and insect attacks (such
as Lobesia botrana) depending weather, grown grape
variety, cultivation area and place [6, 7]. The diseases make a great deal of losses in the industry. So

MATERIALS AND METHODS
Chemicals and reagents. All solvents and reagents were pesticide grade. Anhydrous magnesium
sulfate (MgSO4), acetonitrile (MeCN), glacial acetic
acid (HOAc), anhydrous sodium acetate (NaAc), and
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graphitized carbon black (GCB) sorbent were obtained from Merck (Darmstadt, Germany). Methanol
and deionized water were purchased from Merck

(Darmstadt, Germany), and primary secondary
amine (PSA) sorbent was purchased from Agilent
Technologies (California, United States).

TABLE 1
Overview of the LC±MS/MS analyses of the pesticides
Sr.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Name of Pesticide
2,4-D
Abamectin
Acetamiprid
Acetochlor
Aclonifen
Acephate
Acrinatrion
Alachlor
Aldicarb
Aldicarb-sulfoxide
Aldoxycarb
(aldicarb-sulfone)
Allethrin
Alpha Cypermethrin
Ametoctradin
Amidosulfuron
Amitraz
Amitrol
Anilofos
Atrazine
Atrazine desethyl
Azimsulfuron
Azinphos ethyl
Azinphos methyl
Azoxystrobin
Benfurocarb
Bensulfuron methyl
Bentazon
Bifenazate
Bifenthrin
Bispyrabac sodium
Bitertanol
Boscalid
Bromacil
Bromophos ethyl
Bromoxynil
Bromuconazole
Bupirimate
Buprofezin
Cadusafos
Carbaryl
Carbendazim/Benomyl
Carbofuran
Carbophenothion
Carbosulfan
Carboxin
Carfentrazone ethyl
Chloranranilinprole
Chlorbromuron
Chlorfenvinphos
Chlorfluazuron
Chloridazon
Chlorotoluron
Chloroxuron
Chlorpropham
Chlorpyrifos
Chlorpyrifos-Methyl
Chlorsulfuron
Cinidon-ethyl
Clethodim
Clodinafob propargyl
Clofentezine
Clothianidin
Cloquintocet
Cyanazin
Cyclanilide
Cycloate

Rt
Min.
2,36
6,20
2,97
4,78
5,10
0,50
6,03
5,20
3,30
1,83

Q Mass
(Da)
219
891
223
272
265
184
559
270
208
207

q1 Mass
(Da)
161
305
126
226
248
143
208
238
89
89

DP
(Volts)
-55
71
66
31
71
51
26
46
31
36

CE
(Volts)
-20
35
31
9
25
13
23
13
23
17

CXP
(Volts)
-13
8
8
16
14
12
8
14
6
8

q2 Mass
(Da)
125
145
99
148
182
125
181
162
116
132

CE
(Volts)
-38
49
55
27
41
25
43
29
11
11

CXP
(Volts)
-9
10
6
10
18
8
8
12
10
8

1,71

240

148

11

19

8

86

5

8

5,65
6,14
5,37
1,94
6,16
1,00
5,13
4,38
2,94
3,50
5,00
4,24
4,83
5,70
4,50
1,90
4,69
6,60
4,20
5,30
4,70
3,70
5,95
2,10
4,88
5,32
5,86
5,40
4,10
3,24
3,94
5,75
6,44
3,90
5,20
4,50
4,69
5,30
6,14
2,80
4,06
4,78
4,96
5,94
5,40
3,20
5,59
5,30
5,20
5,51
2,50
5,70
3,70
2,60
5,59

304
433
276
370
294
85
370
216
188
425
346
318
404
411
411
239
301
440
431
338
343
261
395
274
378
317
306
271
202
192
222
344
381
236
412
482
293
359
540
222
213
291
231
350
322
358
411
360
350
303
250
336
241
272
216

135
191
149
261
163
58
199
174
104
182
132
132
372
195
149
132
170
181
275
70
307
205
339
79
159
166
201
159
145
160
165
157
118
143
366
284
182
155
383
92
72
72
172
198
125
141
348
268
266
138
169
238
214
160
134

51
61
101
21
51
51
61
70
56
56
56
16
66
51
71
-75
61
41
46
46
86
61
51
-60
46
86
51
66
66
61
66
46
71
71
96
71
51
71
91
76
36
51
36
61
76
56
41
66
81
71
61
66
61
-45
51

13
21
59
19
21
29
27
25
33
23
25
21
21
33
29
-36
33
19
19
33
29
19
23
-42
37
35
19
19
15
29
17
13
29
23
25
17
23
19
47
37
33
41
17
27
29
25
29
19
23
21
19
23
25
-24
19

8
14
10
8
10
8
12
14
8
12
10
8
10
16
12
-9
12
14
8
4
8
18
8
-5
8
14
12
16
12
12
12
10
8
12
10
8
8
12
10
6
8
8
14
16
8
10
8
14
8
10
14
6
18
-9
10

136
127
176
280
122
57
171
146
104
156
160
160
344
190
119
197
153
166
414
269
140
188
367
194
70
108
116
215
127
132
123
327
160
87
346
451
204
99
158
104
140
218
154
97
290
167
107
164
91
102
132
192
104
228
154

15
43
59
31
41
23
29
25
37
53
13
13
35
17
59
-28
35
59
11
13
31
41
17
-36
35
37
23
13
41
45
31
15
21
35
33
21
21
47
47
33
33
33
31
49
23
27
45
29
43
61
25
37
43
-16
19

8
10
6
8
10
8
10
8
14
12
12
8
22
12
8
-11
0
14
10
14
10
14
8
-11
8
8
8
6
10
10
10
22
12
6
10
12
8
6
10
8
8
8
12
6
20
14
8
12
6
6
10
4
6
-5
10

4544

© by PSP

Volume 27 ± No. 6/2018 pages 4543-4558

Fresenius Environmental Bulletin


Sr.
No.
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

Name of Pesticide
Cycloxdim
Cyflufenamid
Cyhalofob butyl
Cyhexatin
Cymoxanil
Cypermethrin
Cyproconazole
Cyprodinil
Cyromazine
Cyzofamid
Daminozide
Dazomet
Deltamethrin
Demeton-s-methyl sulfone
Desmedipham
Desmethrin
Diafenthiuron
Di-allate
Dialofos
Diazinon
Dichlofluanid
Dichlorvos (DDVP)
Diclofop-methyl
Diethofencarb
Difenoconazole
Diflubenzuron
Diflufenican
Dimefox
Dimethanamid
Dimethoate
Dimethomorph
Diniconazole
Dinocap
Dioxacarb
Dioxhation
Diphenamid
Disulfiram
Disulfoton
Dithianon
Diuron
DNOC
Dodine
Emamectin benzoate
Epoxiconazole
EPTC
Ethiofencarb
Ethion
Ethirimol
Ethofumesate
Ethoprophos
Ethoxazole
Ethoxysulfuron
Etofenprox
Famoxadone
Fenamidone
Fenarimol
Fenazaquin
Fenbuconazole
Fenbutatin oxide
Fenchlorazole ethyl
Fenhexamide
Fenoxaprop-Ethyl
Fenoxycarb
Fenpiclolil
Fenpyroximate
Fensulfothion
Fenthion
Fentin hydroxide
Fenuron
Fipronil
Flamprop-M-isopropyl
Florasulam
Fluazifop-P-Butyl

Rt
Min.
4,21
5,40
5,60
6,90
3,17
6,13
5,04
5,35
1,10
4,99
0,40
1,60
6,19

Q Mass
(Da)
326
413
375
369
199
433
292
226
167
325
161
163
523

q1 Mass
(Da)
280
295
256
287
128
191
70
93
85
108
143
120
281

DP
(Volts)
51
76
51
81
56
36
66
81
71
61
51
36
51

CE
(Volts)
17
21
23
15
13
27
49
49
29
19
15
17
23

2,07

263

109

71

4,50
4,17
6,00
5,43
5,42
5,43
5,14
3,84
5,54
4,55
5,54
3,00
5,36
2,33
4,70
2,91
4,89
5,40
3,01
2,70
5,80
4,40
4,97
5,32
2,44
4,10
2,00
5,41
6,10
5,19
5,10
4,21
5,80
4,20
4,82
5,00
5,90
4,30
6,30
5,44
4,70
5,11
6,21
5,10
6,90
5,21
3,60
5,60
5,24
4,50
6,00
4,34
5,36
6,08
2,54
5,00
5,20
3,10
5,70

318
214
385
270
394
305
350
221
358
268
406
309
395
156
277
230
388
326
295
224
474
240
298
275
297
233
196
228
886
330
190
226
385
210
304
243
360
399
394
392
312
331
307
337
519
405
302
362
302
254
422
310
279
368
165
454
364
360
384

182
172
329
86
208
169
224
127
281
226
251
156
266
110
245
125
301
70
209
167
271
134
116
89
264
72
137
85
158
121
128
107
199
140
121
131
141
261
177
331
92
268
161
125
91
359
127
288
88
237
135
282
169
351
72
368
77
129
282

36
71
66
41
36
71
36
71
26
31
96
-70
71
61
51
56
46
76
-55
61
36
71
31
6
-60
71
-45
76
121
71
46
61
66
67
46
71
66
61
51
51
66
66
66
86
101
81
81
91
66
41
71
66
61
31
21
21
31
86
76

4545

CXP
(Volts)
8
8
14
8
10
18
4
6
6
10
14
8
8

q2 Mass
(Da)
180
241
120
205
111
127
125
77
125
261
72
90
181

CE
(Volts)
25
31
43
23
25
43
37
65
25
13
23
15
51

CXP
(Volts)
8
6
8
4
8
0
10
4
10
8
6
6
14

37

8

169

21

8

19
23
29
23
36
31
21
25
21
15
37
-14
37
27
19
29
31
55
-42
13
17
31
13
17
-22
39
-26
31
47
31
17
23
15
31
31
29
41
25
23
13
41
33
25
47
77
31
29
27
31
13
45
19
31
15
27
29
71
31
31

14
12
10
8
8
14
18
10
8
8
14
-1
12
14
6
8
8
4
-7
16
14
10
10
8
-5
4
-9
20
4
10
10
8
16
5
8
10
12
16
16
16
6
20
10
10
6
20
12
8
6
42
10
18
12
34
8
8
8
12
8

136
82
278
109
187
97
123
109
120
180
337
289
246
136
260
199
165
159
193
123
97
167
77
61
238
160
109
57
82
101
86
164
171
98
161
97
113
218
107
238
236
81
147
70
197
358
176
121
116
91
366
254
247
197
120
255
105
109
254

41
49
45
37
36
47
41
25
39
23
37
-14
53
23
9
15
43
45
-42
23
63
33
63
43
-22
39
-32
55
89
69
19
13
23
29
35
45
83
35
57
25
21
49
29
47
67
31
19
41
17
31
25
25
31
49
23
51
23
77
41

10
12
8
8
8
6
10
8
8
8
14
-1
36
8
2
16
14
10
-7
30
6
14
4
8
-5
10
-7
16
16
8
6
14
14
5
12
6
8
18
8
18
6
14
12
2
14
20
4
10
8
8
10
16
12
34
8
8
8
10
18
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Sr.
No.
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

Name of Pesticide
Fluazinam
Fluazofop-buthyl
Flucarbazone sodium
Fludioxonyl
Flufenoxuron
Fluometuron
Fluopicolide
Fluquinconazole
Fluridone
Flurochloridone
Flusilazole
Flutalonil
Flutriafol
Fonofos
Formetanate
Fosthiazate
Furathiocarb
Halfenprox
Halosulfuron methyl
Haloxyfob-2-ethoxyethyl
Heptenohos
Hexaconazole
Hexaflumuron
Hexythiazox
Imazamox
Imazapyr
Imidacloprid
Iodosulfuron-methyl
Ioxynil
Iprovalicarb
Imazalil
Imazamox
Imazethapyr
Indoxacarb
Iprodione
Isofenphos
Isoproturon
Isoxaflutole
Kresoxim-Methyl
Lenacil
Leptophos
Linuron
Lufenuron
Malathion
Mandipropamid
MCPA
Mecarbam
Mecoprop
Mefenpyr-diethyl
Mesosulfuron methyl
Mesotrione
Metalaxyl
Metaldehyde
Metamitron
Metazachlor
Metconazole
Methabenzthiazuron
Methacrifos
Methamidophos
Methidathion
Methiocarb
Methiocarb - sulfoxide
Methiocarb sulfon
Methomyl
Methoxyfenozide
Metobromuron
Metolachlor
Metosulam
Metoxuron
Metribuzin
Metrafenone
Metsulfuron methyl
Mevinphos

Rt
Min.
3,20
5,57
2,56
2,86
5,90
4,10
4,80
4,90
4,60
4,78
5,10
4,80
4,30
5,12
3,02
4,10
5,82
6,50
3,80

Q Mass
(Da)
463
384
398
247
489
233
383
376
330
312
316
324
302
247
222
284
383
494
435

q1 Mass
(Da)
416
282
130
126
158
72
173
307
310
292
247
262
123
109
165
104
252
183
182

5,53

435

317

4,12
5,20
3,10
5,94
2,00
0,48
2,65
3,23
2,34
4,88
5,10
1,29
5,90
5,50
5,19
5,40
4,22
5,24
5,33
5,09
6,10
4,60
5,99
5,01
4,80
2,40
4,89
2,50
5,14
4,10
2,00
5,31
2,20
2,60
4,30
5,30
4,10
4,23
0,50
4,50
4,60
2,68
3,04
1,86
4,90
4,02
5,20
3,90
3,27
3,84
5,40
3,10
3,20

251
314
459
353
306
262
256
508
370
321
297
306
290
528
330
346
207
377
314
235
413
249
511
331
412
199
330
213
390
504
357
280
194
203
278
320
222
241
142
303
226
244
275
163
369
259
284
418
229
215
409
382
225

127
70
439
228
193
217
175
167
127
119
159
261
273
203
245
217
165
251
116
153
171
160
158
285
328
141
227
141
327
182
228
220
62
175
134
70
165
209
125
145
121
187
122
106
149
170
252
175
156
187
209
167
127

DP
(Volts)
-55
51
101
-95
86
56
71
56
110
61
86
81
61
11
21
61
81
56
66

4546

CE
(Volts)
-28
27
19
-46
29
37
35
35
40
29
27
25
39
25
19
31
19
29
31

CXP
(Volts)
-11
8
8
-7
12
4
14
8
11
8
16
6
8
8
8
6
14
14
4

76

27

20

36
61
-55
66
76
56
61
36
-70
46
76
106
121
86
66
31
46
26
66
56
76
76
96
71
81
-50
26
-45
1
76
51
46
31
66
41
71
41
31
61
66
61
66
16
46
46
56
51
91
26
66
61
61
56

19
45
-16
23
37
27
29
27
-42
23
31
29
31
57
23
31
19
25
19
21
33
29
31
11
19
-18
15
-18
23
33
31
19
11
25
31
53
25
13
25
13
27
21
29
13
25
25
23
33
31
27
19
23
23

8
4
-15
16
12
8
14
8
-7
8
12
16
18
14
6
18
8
8
8
8
14
10
12
8
8
-7
8
-1
8
14
18
16
6
12
10
4
12
8
10
12
10
12
8
10
12
8
20
4
8
16
16
14
10

q2 Mass
(Da)
398
328
130
169
141
145
109
349
290
145
165
242
109
137
120
228
195
459
403

CE
(Volts)
-22
23
21
-44
69
51
93
29
46
63
37
35
41
15
35
15
27
17
17

CXP
(Volts)
-11
8
8
-11
12
12
6
10
11
8
12
6
8
8
8
6
12
12
6

316

27

20

109
159
276
168
264
149
209
141
243
203
201
246
245
56
101
245
72
250
206
112
77
182
141
127
356
155
97
105
160
83
104
160
106
104
210
125
150
125
94
85
212
201
169
88
313
148
176
140
72
84
227
199
193

37
41
-28
37
27
35
21
35
-42
13
27
33
29
57
35
17
33
25
11
17
81
25
67
19
15
-14
45
-40
49
93
49
33
7
33
17
59
47
25
25
31
19
17
15
13
13
21
37
67
35
31
31
31
11

8
12
-15
12
8
8
16
8
-7
8
16
16
4
4
6
16
8
8
18
10
4
16
10
10
10
-1
8
-5
8
4
6
14
10
8
18
8
12
8
10
6
14
8
14
10
18
8
12
14
8
6
18
16
14
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Sr.
No.
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

Name of Pesticide
Molinate
Monocrotophos
Monolinuron
Myclobutanyl
Naled
Neburon
Nicosulfuron
Nuarimol
Nuvaluron
Ofurace
Omethoat
Oxadiazon
Oxadixyl
Oxamyl
Oxycarboxin
Oxydemeton methyl
Paraoxon (ethyl)
Parathion ethyl
Penconazole
Pencycuron
Pendimethalin
Phenmedipham
Phenothrin
Phenthoate
Phosalone
Phosmet
Phosphamidon
Pirimicarb
Pirimiphos ethyl
Pirimiphos-Methyl
Prochloraz
Profenofos
Profoxydim
Prometryn
Propachlor
Propamocarb
Propaquizafop
Propargite
Propazine
Propham
Propiconazole
Propoxur
Propoxycarbazone
Propyzamide
Proquinazid
Prosulfocarb
Prothioconazole
Prothiophos
Pymetrozine
Pyraclostrobin
Pyridalyl
Pyraflufen ethyl
Pyrazophos
Pyridaben
Pyridaphenthion
Pyridat
Pyrimethanil
Pyriproxyfen
Pyroxsulam
Quinalphos
Quinmerac
Quinoxyfen
Quizalofop-ethyl
Resmethrin
Rimsulfuron
Rotenone
Sebuthylazine
Simazine
Spiroxamine
Spinetoram
Spinosad
Spirodiclofen
Spiromesifen
Spirotetramat

Rt
Min.
4,80
2,20
4,18
4,80
4,15
5,01
3,30
4,70
4,50
3,80
1,18
5,56
3,64
1,95
2,90
1,90
3,91
5,00
5,29
5,40
5,98
4,50
6,06
5,35
5,52
4,73
3,60
4,35
5,60
5,55
5,30
5,70
5,80
4,90
4,19
2,75
5,70
6,02
4,34
3,83
5,39
3,70
2,90
4,95
5,90
5,50
9,70
6,22
2,10
5,30
6,60
5,30
5,55
6,21
5,04
6,20
4,60
5,86
3,60
5,20
1,90
5,54
5,42
5,95
3,50
4,99
4,46
3,90
5,30
6,04
6,30
6,00
5,76
4,88

Q Mass
(Da)
188
224
215
289
398
275
411
315
482
282
214
362
279
237
268
247
276
292
284
329
282
301
351
321
368
318
300
239
334
306
376
373
466
242
212
189
444
368
230
180
342
210
416
256
373
252
345
345
218
388
490
413
374
365
341
379
200
322
435
299
222
308
373
356
432
395
230
202
298
749
732
411
372
375

q1 Mass
(Da)
83
127
126
70
127
88
182
81
284
254
183
345
219
72
175
169
220
236
159
125
212
136
183
163
182
160
174
72
198
164
308
303
280
158
170
102
299
231
146
138
159
168
116
173
331
91
328
269
105
194
109
339
222
309
189
207
82
96
195
163
141
197
299
171
182
213
174
124
144
142
142
71
274
331

DP
(Volts)
51
56
71
56
1
41
71
86
76
76
56
36
66
31
81
56
76
51
71
71
41
76
61
71
76
66
76
56
16
81
61
81
91
81
36
16
71
51
31
16
86
51
41
91
66
56
56
76
46
51
81
86
96
56
86
66
76
56
101
66
46
111
71
21
66
66
21
71
71
76
101
81
81
61
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CE
(Volts)
27
23
31
39
25
23
29
47
23
17
17
13
17
31
21
19
19
21
37
35
17
29
21
23
23
19
19
33
29
31
17
27
21
33
21
23
31
15
29
13
43
13
45
35
19
31
15
17
53
19
37
29
31
19
31
25
37
23
37
33
47
43
25
21
31
29
25
25
31
45
41
33
13
19

CXP
(Volts)
6
8
8
4
8
8
14
6
8
14
12
10
16
4
14
4
8
8
12
10
14
10
12
12
14
10
4
4
8
14
8
8
4
12
8
8
8
14
8
8
12
14
8
14
8
8
8
8
6
12
10
8
16
8
14
16
6
6
4
14
10
6
8
8
14
8
8
10
12
10
10
4
4
22

q2 Mass
(Da)
126
98
148
125
109
114
213
252
451
160
125
303
133
90
160
109
94
97
70
89
194
168
237
79
111
133
127
182
182
108
266
97
180
200
94
144
100
175
188
120
69
111
199
190
289
128
189
241
79
163
204
253
194
147
205
351
107
185
194
147
149
162
271
128
325
192
104
132
100
98
98
313
273
303

CE
(Volts)
19
17
31
49
53
21
25
33
23
35
31
23
31
13
27
35
45
39
35
91
25
13
15
61
59
49
29
23
27
43
23
27
31
27
37
17
27
23
23
25
35
21
29
21
33
17
27
27
53
35
29
49
45
37
31
15
35
33
55
33
47
65
33
57
21
31
41
27
47
107
95
17
15
21

CXP
(Volts)
10
8
8
8
8
8
12
16
12
12
8
8
10
6
12
10
8
8
4
4
14
14
16
12
8
10
12
14
8
6
16
8
4
12
8
8
8
14
8
8
4
8
14
12
8
12
8
12
6
14
4
16
16
10
12
10
8
14
4
10
12
10
8
8
10
8
8
10
6
8
6
8
8
20
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Sr.
No.
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327

Name of Pesticide
Sulfosulfuron
Sulfotep
TCMTB
Tebuconazole
Tebufenozide
Tebufenpyrad
Tepraloxydim
Terbuthylazine
Terbutryn
Tetrachlorvimphos
Tetraconazole
Tetramethrin
Thiabendazole
Thiacloprid
Thiamethoxam
Thidiazuron
Thifensulfuron methyl
Thiobencarb
Thiodicarb
Thiometon
Thiophanate-Methyl
Tolclofos-Methly
Tolylfluanid
Tralkoxydim
Tralomethrin
Triadimefon
Triadimenol
Tri-Allate
Triasulfuron
Triazamate
Triazophos
Tribenuron methyl
Trichlorphon
Tridemorph
Trifloxystrobin
Trifloxysulfuron
Triflumizole
Triforine
Triticonazole
Tritosulfuron
Zoxamide

Rt
Min.
2,79
5,05
4,43
5,32
5,01
5,60
4,60
4,70
5,24
4,88
5,00
5,47
3,41
3,10
2,14
3,59
3,10
5,30
4,11
4,02
3,88
5,21
5,36
4,67
6,01
5,01
5,04
5,91
3,60
2,62
4,90
4,10
2,80
6,09
5,66
2,30
5,67
4,60
4,90
3,46
5,16

Q Mass
(Da)
471
323
241
308
353
334
342
230
242
367
372
349
202
253
292
221
388
258
356
247
343
301
364
331
683
294
296
304
402
316
314
396
257
298
409
436
346
435
318
463
337

q1 Mass
(Da)
261
115
182
70
297
117
250
174
186
127
159
164
131
126
211
102
167
125
88
89
151
125
238
285
441
197
70
86
167
242
162
155
109
130
186
154
278
390
70
195
188

DP
(Volts)
11
46
41
81
41
91
61
61
66
46
81
26
61
86
66
36
61
61
71
26
61
76
41
56
51
76
51
61
66
31
66
56
71
56
51
-65
46
46
61
1
71

CE
(Volts)
23
39
15
47
15
51
19
25
29
21
45
29
43
31
19
23
23
27
29
17
27
23
21
17
29
23
31
25
25
7
27
19
27
35
23
-36
15
17
47
29
29

CXP
(Volts)
8
8
12
4
8
8
14
12
14
8
12
8
8
10
14
6
14
8
0
8
12
8
14
20
28
16
4
6
14
16
14
12
8
8
16
-7
16
12
4
8
12

q2 Mass
(Da)
211
97
214
125
133
145
166
104
68
241
70
135
175
186
181
128
205
89
88
61
93
269
137
138
666
225
227
143
141
185
119
181
221
116
206
281
73
215
125
145
187

CE
(Volts)
21
45
11
53
23
37
31
45
61
27
49
23
35
21
33
23
37
75
29
49
69
23
45
29
17
19
13
37
29
29
49
29
17
33
21
-18
25
39
49
59
31

CXP
(Volts)
8
8
14
10
8
12
14
6
4
8
4
8
8
16
10
8
16
6
0
8
6
18
10
8
20
16
20
12
10
12
8
16
14
8
16
-7
4
4
10
8
12

Rt, retention time (min); Q, protonated parent ion; q1, quantifier ion; q2, second transition; DP, declustering potential; CE,
collision energy; CXP, collision cell exit potential.

presence of pesticide residues following the procedure described below.

High purity pesticide standards were obtained
from Dr. Ehrenstorfer (Augsburg, Germany) and
Sigma Aldrich (Canada, United States) and these
standards were stored in the dark at -18°C. Individual pesticide stock solutions (1000 mg L-1) were prepared in methanol and acetonitrile and were stored in
the dark at -18°C. The names of the pesticides that
were used in this study are presented in Table 1. The
purity of all pesticide standards was greater than
98%. From the individual stock standard solutions, a
multi compound standard solution was prepared with
a concentration of 2 mg L-1. The working standard
solutions were used for the preparation of a matrix
matched calibration curve within the range of 2.5 to
100 μg L-1. The coefficient of calibration curve were
obtained.

Instruments and Apparatus. General Instruments. A Heidolph Reax 2000 vortex mixer
(Schwabach, Germany), a Waring blender (DCA,
CT, USA), Sartorius CP225D and ED323S-CW analytical balances, and a Sigma 2-6 centrifuge (Osterode am Harz, Germany) were used. Additionally,
a freezer, pipettes, spatulas, funnels, polypropylene
centrifuge tubes (15 mL and 50 mL), gloves, beakers, filters and vials were used for sample preparation.
LC-MS/MS Instruments and Apparatus. An
$%6&,(; $3,/&0606WULSOHTXDGUX
pole system equipped with a Shimadzu Prominence
autosampler and binary LC pump was used. All
compounds were monitored using two Multiple Reaction Monitoring (MRM) transitions per compound. Each MRM transition had a dwell time of 5

Brined Vine Leaves Samples. A total of 666
samples of brined vine leaves were purchased from
retail shops and local markets in the Turkey during
the period of 2014-2016. Approximately 1000 g of
each sample was used. They were analyzed for the
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cheap, effective, rugged and safe) procedure [16].
Briefly, fifteen grams of homogenized sample were
weighed in 50 mL polypropylene centrifuge tubes.
Then, 15 mL of 1%HOAc (10 mL glacial HOAc in
a 1 L MeCN solution) was added with 6 g MgSO4 +
1.5 g NaAc, and the tube was closed. The samples
were shaken in a vortex for 1 min and centrifuged for
1 min at 1500 rcf. A 1 mL volume of supernatant was
taken to the 15 mL polypropylene centrifuge tubes
containing 50 mg PSA + 150 mg anh. MgSO 4 + 50
mg GCB. The extract was vortexed for 30 s and centrifuged again for 1 min at 1500 rcf. An aliquot of
the extract was transferred to LC vials.

ms/sec. Chromatography was performed on a Phenomenex Synergi Fusion±RP 80A C18 50 X 2 mm 4
ȝP UHYHUVH SKDVH FROXPQ DW & 7KH LQVWUXPHQW
was operated using a Turbo VTM Ion Source in positive and negative mode. The TurboVTM Ion Source
parameters were as follows: DP voltage were given
LQ7DEOH&XUWDLQ*DVIORZSVLJVRXUFH temperature 550 ºC, and gas (nitrogen) flow 50 psig.
Chromatographical analyses were carried out using
gradient elution with eluent A composed of water
with 5 mM ammonium formate and eluent B composed of methanol with 5 mM ammonium formate.
All mobile phases were filtered with a 0.2 μm polyamid filter and degassed via ultrasound prior to use.
The same mobile phases were used for negative and
positive ions. The gradient elution program started
with 10% of eluent B and 90% eluent A for 5 min,
then was changed 10% of eluent A and 90% eluent
B. This composition was held for 4 min more before
being returned to 95% of eluent A and 5% of eluent
B for 2 min. The flow rate of 0.5 mL/min was used
for the separation of analytes. The column temperature was maintained at 40°C. Volumes of 10 μL of
extracted samples were injected.

Verification of Method Used. There is no
modification from the QuEChERS Method which is
mentioned above. Therefore, detection limits, trueness and precision studies were performed for verification of extraction method and LC-MS/MS instruments performance. The detection limit, which was
derived from the analysis of 10 independent sample
blanks fortified at lowest concentration that gave acceptable recoveries (between 70% and 120%) and
precision (R.S.D. Lower than 20%), were determined for each sample [17]. For trueness and precision studies, three different concentrations were used
at 0,01, 0,1 and 0,5 mg kg-1. Pesticide free samples
were spiked six times at these concentrations. The
results were used to determine the recovery and relative standard deviation (RSD).

Extraction procedure. All samples were homogenized using a blender (Waring, DCA, CT,
USA) for more than 1 min to obtain thoroughly
mixed homogenates. Homogenized samples were
analyzed according to the QuEChERS (quick, easy,

TABLE 2
Use type, LOD/LOQ, correlation coeffient and equation for each pesticides
Sr. No. Name of Pesticide
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

2,4-D
Abamectin
Acetamiprid
Acetochlor
Aclonifen
Acphate
Acrinatrion
Alachlor
Aldicarb
Aldicarb-sulfoxide
Aldoxycarb (aldicarb-sulfone )
Allethrin
Alpha Cypermethrin
Ametoctradin
Amidosulfuron
Amitraz
Amitrol
Anilofos
Atrazine
Atrazine desethyl
Azimsulfuron
Azinphos ethyl
Azinphos methyl
Azoxystrobin
Benfurocarb
Bensulfuron methyl
Bentazon
Bifenazate
Bifenthrin
Bispyrabac sodium
Bitertanol
Boscalid
Bromacil

LODa (ng/g) LOQb (ng/g)

Use Type
Herbicide
Insecticide
Insecticide
Herbicide
Herbicide
Insecticide
Acaricide
Herbicide
Insecticide/Acaricide
Breakdown product
Insecticide
Insecticide
Insecticide
Fungicide
Herbicide
Acaricide
Herbicide
Herbicide
Herbicide
Breakdown product
Herbicide
Insecticide/Acaricide
Insecticide/Acaricide
Fungicide
Insecticide
Herbicide
Herbicide
Acaricide
Insecticide/Acaricide
Herbicide
Fungicide
Fungicide
Herbicide
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1,16
1,69
1,60
0,71
2,63
2,87
2,59
2,10
1,60
2,97
2,86
2,98
1,31
2,15
2,40
1,37
2,30
2,55
1,00
2,23
1,17
1,52
2,62
0,76
0,67
1,34
1,29
2,50
1,28
1,13
1,17
1,75
1,30

3,87
5,62
5,34
2,38
8,77
9,58
8,63
7,00
5,34
9,90
9,53
9,95
4,36
7,17
7,99
4,58
7,68
8,49
3,32
7,44
3,91
5,08
8,75
2,55
2,23
4,48
4,32
8,35
4,25
3,76
3,91
5,85
4,32

r

Equation

0.9997
0.9964
0.9993
0.9980
0.9993
0.9950
0.9981
0.9989
0.9992
0.9976
0.9939
0.9915
0.9954
0.9956
0.9972
0.9954
0.9907
0.9957
0.9992
0.9956
0.9996
0.9918
0.9949
0.9999
0.9999
0.9981
0.9999
0.9931
0.9999
0.9987
0.9926
0.9995
0.9951

6.47e3x+1.03e3
5.89e1x+5.41e2
1.42e4x+8.83e3
1.42e3x+1.60e4
3.77e2x+5.81e3
6.90e3x -1.51e4
1.02e3x+1.64e3
8.68e3x+9.84e3
1.99e3x -3.99e3
5.03e3x -2.69e2
9.91e3x+6.09e4
1.34e3x -2.77e3
5.28e2x+2.08e3
3.44e3x+3.68e3
3.81e4x+6.32e3
1.17e4 x-1.88e4
3.78e2x -1.94e2
1.04e4x+9.54e3
8.45e3x -7.28e3
3.44e3x+3.68e3
5.11e3x -3.24e3
5.89e2x+8.64e2
1.34e4x+3.35e4
1.02e5x+5.39e4
5.03e3x -3.79e3
1.64e4x -1.46e2
3.18e4x+5.58e3
7.54e3x+2.75e4
2.28e3x -7.41e2
7.55e3x+5.01e2
1.25e3x -3.29e3
3.96e3x -1.58e3
1.94e3x -4.38e3

© by PSP

Volume 27 ± No. 6/2018 pages 4543-4558

Fresenius Environmental Bulletin


Sr. No. Name of Pesticide
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

Bromophos ethyl
Bromoxynil
Bromuconazole
Bupirimate
Buprofezin
Cadusafos
Carbaryl
Carbendazim/Benomyl
Carbofuran
Carbophenothion
Carbosulfan
Carboxin
Carfentrazone ethyl
Chloranranilinprole
Chlorbromuron
Chlorfenvinphos
Chlorfluazuron
Chloridazon
Chlorotoluron
Chloroxuron
Chlorpropham
Chlorpyrifos
Chlorpyrifos-Methyl
Chlorsulfuron
Cinidon-ethyl
Clethodim
Clodinafob propargyl
Clofentezine
Clothianidin
Cloquintocet
Cyanazin
Cyclanilide
Cycloate
Cycloxdim
Cyflufenamid
Cyhalofob butyl
Cyhexatin
Cymoxanil
Cypermethrin
Cyproconazole
Cyprodinil
Cyromazine
Cyzofamid
Daminozide
Dazomet
Deltamethrin
Demeton-s-methyl sulfone
Desmedipham
Desmethrin
Diafenthiuron
Di-allate
Dialofos
Diazinon
Dichlofluanid
Dichlorvos (DDVP)
Diclofop-methyl
Diethofencarb
Difenoconazole
Diflubenzuron
Diflufenican
Dimefox
Dimethanamid
Dimethoate
Dimethomorph
Diniconazole
Dinocap
Dioxacarb
Dioxhation
Diphenamid
Disulfiram
Disulfoton
Dithianon
Diuron
DNOC
Dodine

LODa (ng/g) LOQb (ng/g)

Use Type
Insecticide
Herbicide
Fungicide
Fungicide
Insecticide/Acaricide
Insecticide/Nematicide
Insecticide
Fungicide
Insecticide
Insecticide/Acaricide
Insecticide
Fungicide
Herbicide
Insecticide
Herbicide
Insecticide/Acaricide
Insecticide
Herbicide
Herbicide
Herbicide
Herbicide
Insecticide
Insecticide/Acaricide
Herbicide
Herbicide
Herbicide
Herbicide
Acaricide
Insecticide
Herbicide
Herbicide
Plant growth regulator/Herbicide
Herbicide
Herbicide
Fungicide
Herbicide
Acaricide
Fungicide
Insecticide
Fungicide
Fungicide
Insecticide/Herbicide
Fungicide
Herbicide
Fungicide/Herbicide/Nematicide
Insecticide
Insecticide/Acaricide
Herbicide
Herbicide
Insecticide/Acaricide
Herbicide
Insecticide/Acaricide
Insecticide
Fungicide
Insecticide/Acaricide
Herbicide
Fungicide
Fungicide
Insecticide
Herbicide
Insecticide
Herbicide
Insecticide/Acaricide
Fungicide
Fungicide
Fungicide/Acaricide
Insecticide
Insecticide
Herbicide
Fungicide/Acaricide
Insecticide
Fungicide
Herbicide
Insecticide/Acaricide
Fungicide
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2,20
1,21
2,19
0,95
0,88
1,24
1,84
1,38
0,71
2,51
0,62
0,85
1,68
1,47
2,71
1,85
1,42
1,14
2,65
2,50
1,79
0,91
2,07
2,45
2,30
1,78
1,26
1,31
1,13
0,83
0,55
1,34
1,96
2,22
0,82
2,07
1,29
1,26
2,06
0,74
1,33
2,07
2,83
2,25
1,17
0,94
2,96
1,45
2,25
1,53
2,75
2,71
0,49
1,60
1,65
2,63
2,88
0,83
2,02
2,80
2,76
1,65
1,47
0,59
1,45
2,94
1,37
1,78
0,94
1,51
3,00
1,79
1,69
1,19
2,78

7,32
4,03
7,30
3,17
2,93
4,13
6,14
4,58
2,36
8,37
2,08
2,84
5,59
4,89
9,05
6,16
4,72
3,79
8,82
8,34
5,95
3,04
6,91
8,17
7,66
5,93
4,21
4,38
3,76
2,77
1,83
4,47
6,52
7,40
2,73
6,88
4,30
4,19
6,85
2,48
4,42
6,90
9,45
7,51
3,89
3,14
9,85
4,83
7,51
5,11
9,17
9,03
1,63
5,32
5,51
8,78
9,61
2,77
6,73
9,32
9,19
5,50
4,89
1,95
4,84
9,80
4,58
5,93
3,14
5,03
9,99
5,96
5,62
3,97
9,26

r

Equation

0.9991
0.9999
0.9961
0.9984
0.9999
0.9998
0.9980
0.9989
0.9986
0.9961
0.9982
0.9974
0.9997
0.9996
0.9988
0.9907
0.9996
0.9968
0.9941
0.9949
0.9930
0.9962
0.9953
0.9982
0.9920
0.9946
0.9998
0.9992
0.9989
0.9993
0.9999
0.9996
0.9995
0.9910
0.9999
0.9972
0.9947
0.9990
0.9993
0.9968
0.9989
0.9906
0.9981
0.9994
0.9908
0.9986
0.9990
0.9977
0.9995
0.9981
0.9926
0,9954
0.9995
0.9961
0.9978
0.9943
0.9953
0.9909
0.9997
0.9926
0.9907
0.9995
0.9991
0.9960
0.9985
0.9996
0.9993
0.9906
0.9982
0.9972
0.9954
0.9990
0.9935
0.9998
0.9948

6.44e2x+2.41e3
1.31e4x -4.40e3
4.40e3x+7.48e3
1.87e4x+9.68e3
5.62e4x+1.02e4
1.17e4x -1.18e3
3.29e3x+6.97e2
2.10e4x+9.60e3
1.40e4x+2.01e3
7.70e2x+2.08e3
5.14e4x -2.97e4
6.64e3x -9.70e3
3.93e3x+6.87e3
2.85e3x -8.38e2
2.77e3x+8.57e3
1.84e3x+5.98e2
1.10e3x+5.86e2
3.02e3x+2.94e3
1.08e4x+1.43e4
1.53e4x+4.14e4
2.19e2x+8.75e2
2.60e3x+1.02e3
4.69e2x+4.25e2
1.15e3x -6.35e2
6.66e3x+1.77e4
7.98e2x -7.49e2
9.58e3x -2.83e3
4.03e3x -1.60e3
2.84e3x+1.42e3
4.61e4x -4.37e4
9.93e3x -5.29e3
5.52e4x+3.51e4
7.48e2x+7.41e2
8.79e3x+6.57e3
7.38e3x -1.89e3
1.74e2x -2.78e2
1.04e3x -4.19e3
2.37e3x -1.17e3
4.01e2x+5.28e2
4.62e3x+5.98e2
5.11e3x+2.41e3
1.61e3x+5.83e3
2.72e3x+9.95e3
2.99e4x+3.00e4
1.45e2x -3.38e2
1.06e3x+2.02e2
8.73e3x+3.92e2
1.56e4x+2.41e4
1.68e4x -2.48e4
5.96e3x+4.80e3
1.72e3x -5.75e2
2.80e3x -4.68e3
1.10e4x+2.63e3
2.46e3x+1.29e3
6.07e2x+1.06e3
4.61e3x+1.49e4
5.32e4x+1.22e5
8.18e3x+6.04e3
7.40e2x+1.85e2
2.17e4x+4.39e4
1.87e2x -5.86e2
3.60e3x+1.81e3
9.06e3x+5.49e3
2.09e4x+4.32e3
9.77e2x -2.37e2
2.71e3x+2.88e3
1.57e4x -1.95e4
9.20e2x -2.99e2
3.64e4x+1.86e4
2.52e3x -1.57e4
5.87e3x+2.93e4
9.21e2 x-3.69e2
2.60e3x+8.78e2
2.35e3x+7.60e2
8.72e2x+1.32e3
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Sr. No. Name of Pesticide
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

Emamectin benzoate
Epoxiconazole
EPTC
Ethiofencarb
Ethion
Ethirimol
Ethofumesate
Ethoprophos
Ethoxazole
Ethoxysulfuron
Etofenprox
Famoxadone
Fenamidone
Fenarimol
Fenazaquin
Fenbuconazole
Fenbutatin oxide
Fenchlorazole ethyl
Fenhexamide
Fenoxaprop-Ethyl
Fenoxycarb
Fenpiclolil
Fenpyroximate
Fensulfothion
Fenthion
Fentin hydroxide
Fenuron
Fipronil
Flamprop-M-isopropyl
Florasulam
Fluazifop-P-Butyl
Fluazinam
Fluazofop-buthyl
Flucarbazone sodium
Fludioxonyl
Flufenoxuron
Fluometuron
Fluopicolide
Fluquinconazole
Fluridone
Flurochloridone
Flusilazole
Flutalonil
Flutriafol
Fonofos
Formetanate
Fosthiazate
Furathiocarb
Halfenprox
Halosulfuron methyl
Haloxyfob-2-ethoxyethyl
Heptenohos
Hexaconazole
Hexaflumuron
Hexythiazox
Imazamox
Imazapyr
Imidacloprid
Iodosulfuron-methyl
Ioxynil
Iprovalicarb
Imazalil
Imazamox
Imazethapyr
Indoxacarb
Iprodione
Isofenphos
Isoproturon
Isoxaflutole
Kresoxim-Methyl
Lenacil
Leptophos
Linuron
Lufenuron
Malathion

LODa (ng/g) LOQb (ng/g)

Use Type
Insecticide
Fungicide
Herbicide
Insecticide
Acaricide
Fungicide
Herbicide
Insecticide/Nematicide
Acaricide
Herbicide
Insecticide
Fungicide
Fungicide
Fungicide
Acaricide
Fungicide
Acaricide
Sefener
Fungicide
Herbicide
Insecticide
Fungicide
Acaricide
Insecticide/Nematicide
Insecticide
Fungicide
Herbicide
Insecticide
Herbicide
Herbicide
Herbicide
Fungicide
Herbicide
Herbicide
Fungicide
Insecticide/Acaricide
Herbicide
Fungicide
Fungicide
Herbicide
Herbicide
Fungicide
Fungicide
Fungicide
Insecticide
Insecticide/Acaricide
Nematicide
Insecticide/Nematicide
Acaricide
Herbicide
Herbicide
Insecticide
Fungicide
Insecticide
Acaricide
Herbicide
Herbicide
Insecticide
Herbicide
Herbicide
Fungicide
Fungicide
Herbicide
Plant growth regulator/Herbicide
Insecticide
Fungicide, Nematicide
Insecticide
Herbicide
Herbicide
Fungicide
Herbicide
Insecticide
Herbicide
Insecticide/Acaricide
Insecticide/Acaricide

4551

1,03
1,04
1,48
2,36
1,35
1,04
1,74
0,85
1,43
0,83
1,45
1,20
0,72
1,38
1,78
1,61
1,62
2,97
0,77
0,61
1,31
2,02
0,97
2,25
1,91
2,91
2,72
2,88
2,90
1,76
0,79
1,29
2,66
2,28
1,45
1,18
0,71
0,88
1,64
1,49
2,11
1,31
1,44
1,03
2,92
2,11
1,33
0,54
1,64
1,30
2,98
2,35
1,39
1,44
0,69
2,98
2,49
0,92
2,61
1,37
2,86
2,61
2,12
0,81
1,33
1,39
2,12
2,02
1,39
1,57
2,98
1,61
1,42
1,43
1,20

3,45
3,45
4,93
7,87
4,49
3,45
5,79
2,83
4,76
2,76
4,82
3,99
2,41
4,61
5,95
5,36
5,39
9,91
2,58
2,02
4,35
6,73
3,23
7,51
6,36
9,69
9,08
9,60
9,66
5,88
2,64
4,29
8,86
7,59
4,84
3,92
2,37
2,94
5,47
4,96
7,03
4,36
4,79
3,42
9,75
7,04
4,44
1,80
5,46
4,34
9,95
7,83
4,63
4,78
2,29
9,94
8,31
3,07
8,69
4,57
9,53
8,71
7,07
2,71
4,43
4,65
7,07
6,74
4,62
5,24
9,94
5,35
4,73
4,77
4,01

r

Equation

0.9997
0.9988
0.9958
0.9993
0.9903
0.9993
0.9970
0.9984
0.9995
0.9985
0.9980
0.9933
0.9956
0.9977
0.9993
0.9996
0.9972
0.9990
0.9998
0.9992
0.9968
0.9968
0.9997
0.9941
0.9990
0,9955
0.9963
0.9900
0.9983
0.9909
0.9997
0.9997
0,9958
0.9957
0.9998
0.9996
0.9952
0.9999
0.9969
0.9994
0,9947
0.9987
0.9996
0.9968
0.9952
0,9941
0.9980
0.9997
0.9910
0.9972
0.9962
0.9947
0.9998
0.9999
0.9999
0.9949
0.9925
0.9991
0,9999
0.9995
0.9906
0.9997
0.9936
0.9961
0,9930
0.9971
0.9920
0.9951
0.9927
0.9977
0.9917
0.9979
0.9964
0.9992
0.9966

2.62e3x -1.95e3
1.55e4x+7.37e4
7.20e2x -1.49e3
4.88e3x -1.27e2
5.88e3x -7.84e3
5.92e3x -3.82e3
5.76e2x+8.36e2
6.62e3x -4.52e3
1.63e4x -1.30e4
2.11e3x+1.41e3
6.49e3x+5.88e3
2.39e3x+8.22e3
7.51e3x -6.69e3
1.87e3x+1.37e3
1.85e4x+1.50e4
2.32e3x+9.14e2
4.32e2x -1.15e3
3.43e3x+7.21e2
3.71e3x -3.70e3
9.47e3x -4.29e3
1.41e4x+9.70e2
1.53e3x+3.21e3
3.78e3x+1.18e2
2.59e3x+4.85e3
1.74e3x+8.70e2
6.76e2x -2.55e3
2.02e4x+2.38e4
1.68e3x+6.65e3
1.66e4x+1.86e4
7.95e2x -1.10e3
1.44e4x -1.07e4
4.76e4x+3.19e4
1.98e4x+1.51e4
8.29e2x+5.86e2
1.29e4x+2.54e3
4.05e3x -3.61e3
8.48e3x -2.23e4
7.23e3x -4.03e3
1.78e3x -1.01e3
8.40e3x -6.03e3
3.47e2x+9.58e2
7.51e3x+3.71e3
1.08e4x -6.78e3
2.60e3x -3.06e3
6.11e3x+1.30e4
8.87e3x+5.58e4
9.79e3x+1.08e3
2.19e4x+9.41e3
8.82e2 x -3.88e2
6.56e3x+1.01e3
5.89e3x+1.02e4
1.29e4x+1.70e4
2.65e3x -6.14e2
3.25e4x+3.28e4
1.34e4x -1.48e3
5.57e2x+6.46e2
1.27e2x+2.90e2
1.32e3x -1.58e3
1.56e4x+1.23e4
6.70e4x+3.85e4
8.04e4x+3.08e5
2.42e3x -1.40e2
2.73e3x+4.55e3
1.98e2x -2.44e2
2.02e3x+9.41e3
6.99e2x -8.96e2
6.84e2x+1.97e3
5.83e3x+8.60e3
7.76e2x -2.75e3
3.38e2x -3.90e2
1.24e4x+4.91e4
2.18e2x+1.17e2
2.07e3x -3.83e3
1.25e3x+1.20e2
1.97e4x+2.74e4
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Sr. No. Name of Pesticide
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

Mandipropamid
MCPA
Mecarbam
Mecoprop
Mefenpyr-diethyl
Mesosulfuron methyl
Mesotrione
Metalaxyl
Metaldehyde
Metamitron
Metazachlor
Metconazole
Methabenzthiazuron
Methacrifos
Methamidophos
Methidathion
Methiocarb
Methiocarb - sulfoxide
Methiocarb sulfon
Methomyl
Methoxyfenozide
Metobromuron
Metolachlor
Metosulam
Metoxuron
Metribuzin
Metrafenone
Metsulfuron methyl
Mevinphos
Molinate
Monocrotophos
Monolinuron
Myclobutanyl
Naled
Neburon
Nicosulfuron
Nuarimol
Nuvaluron
Ofurace
Omethoat
Oxadiazon
Oxadixyl
Oxamyl
Oxycarboxin
Oxydemeton methyl
Paraoxon (ethyl)
Parathion ethyl
Penconazole
Pencycuron
Pendimethalin
Phenmedipham
Phenothrin
Phenthoate
Phosalone
Phosmet
Phosphamidon
Pirimicarb
Pirimiphos ethyl
Pirimiphos-Methyl
Prochloraz
Profenofos
Profoxydim
Prometryn
Propachlor
Propamocarb
Propaquizafop
Propargite
Propazine
Propham
Propiconazole
Propoxur
Propoxycarbazone
Propyzamide
Proquinazid
Prosulfocarb

LODa (ng/g) LOQb (ng/g)

Use Type
Fungicide
Herbicide
Insecticide, Acaricide
Herbicide
Inert
Herbicide
Herbicide
Fungicide
Molluscicide
Herbicide
Herbicide
Fungicide
Herbicide
Insecticide
Insecticide/Acaricide
Insecticide
Insecticide, Repellant
Breakdown product
Breakdown product
Insecticide
Insecticide
Herbicide
Herbicide
Herbicide
Herbicide
Herbicide
Fungicide
Herbicide
Insecticide, Acaricide
Herbicide
Acaricide
Herbicide
Fungicide
Insecticide, Acaricide
Herbicide
Herbicide
Fungicide
Insecticide
Fungicide
Insecticide/Acaricide
Herbicide
Fungicide
Insecticide/Nematicide
Fungicide
Insecticide, Acaricide
Breakdown product
Insecticide
Fungicide
Fungicide
Herbicide
Herbicide
Insecticide
Insecticide
Insecticide/Acaricide
Insecticide
Insecticide/Acaricide
Insecticide
Insecticide
Insecticide
Fungicide
Insecticide
Herbicide
Herbicide
Herbicide
Fungicide
Herbicide
Acaricide
Herbicide
Plant growth regulator, Herbicide
Fungicide
Insecticide
Herbicide
Herbicide
Fungicide
Herbicide

4552

1,39
1,34
2,95
1,30
2,66
1,63
1,51
0,76
1,75
1,21
0,83
1,18
0,95
2,87
1,37
1,86
0,88
2,26
2,47
2,69
1,21
2,55
0,74
1,87
2,34
1,69
0,83
2,34
1,30
1,59
1,11
1,47
1,15
2,34
2,79
1,22
2,03
1,27
1,38
2,37
2,78
1,42
1,36
0,90
0,73
2,70
2,82
1,64
0,89
0,81
1,70
2,32
2,63
1,01
1,34
1,10
0,89
2,78
1,10
1,51
1,14
1,19
0,60
2,94
2,94
2,53
1,02
2,81
2,96
0,88
1,30
1,33
1,59
1,10
1,30

4,63
4,48
9,83
4,32
8,88
5,45
5,04
2,53
5,84
4,05
2,78
3,95
3,17
7,53
4,56
6,21
2,93
7,53
8,25
8,98
4,02
8,49
2,46
6,23
7,81
5,64
2,75
7,80
4,35
5,30
3,70
4,89
3,84
7,81
9,29
4,06
6,77
4,23
4,60
7,89
9,28
4,74
4,54
2,99
2,44
9,00
9,40
5,48
2,96
2,71
5,67
7,74
8,75
3,38
4,46
3,65
2,95
9,25
3,67
5,05
3,79
3,97
2,01
9,81
9,81
8,44
3,40
9,36
9,85
2,95
4,33
4,44
5,31
3,66
4,33

r

Equation

0.9961
0.9999
0.9918
0.9998
0.9957
0.9992
0.9905
0.9992
0.9937
0.9980
0.9999
0.9981
0.9980
0.9894
0.9987
0.9984
0.9974
0.9901
0,9962
0.9946
0.9957
0.9928
0.9992
0.9986
0.9941
0.9992
0.9984
0.9987
0.9994
0.9701
0.9994
0.9990
0.9980
0.9988
0.9904
0.9996
0.9961
0.9994
1.000
0.9948
0.9975
0.9940
0.9983
0.9997
1.0000
0.9910
0,9983
0.9996
0.9996
0.9990
0.9997
0.9995
0.9969
0.9928
0.9952
0.9995
0.9992
0.9933
0.9949
0.9983
0.9992
0.9973
0.9998
0.9976
0.9931
0.9979
0.9968
0.9967
0.9978
0.9992
0.9999
0.9996
0.9971
0.9966
0.9995

1.52e4x -8.52e3
1.61e4x -4.46e2
3.04e4x -9.33e4
2.41e4x+5.87e3
1.21e4x+2.89e4
6.45e3x+1.81e3
2.03e2x -5.03e2
3.39e4x -2.83e4
2.44e2x -5.40e2
4.65e3x -9.69e2
2.42e4x -1.66e4
5.99e3x -2.04e4
1.52e4x -1.40e4
4.72e3x+5.21e4
8.87e2x -2.66e2
6.06e3x -8.14e3
4.05e3x -6.54e3
2.56e3x -1.32e4
1.16e4x+3.45e2
9.59e3x -6.72e3
7.04e3x+1.63e4
2.79e3x+1.28e3
3.47e4x+6.11e3
4.14e3x -1.63e2
1.44e3x+4.18e2
1.26e3x+9.13e2
9.24e3x -9.41e3
1.59e3x -1.50e3
6.40e3x -5.43e2
4.53e2x+1.49e3
1.79e4x -8.59e3
2.06e3x -4.82e2
2.67e3x+4.50e3
1.28e3x+3.88e2
1.67e4x+5.11e4
6.19e3x -1.05e4
1.40e3x+3.61e3
1.58e3x -2.20e3
5.34e3x -3.35e3
2.43e4x -2.71e4
2.82e4x+9.48e4
2.62e4x -3.91e4
7.52e3x -4.81e3
9.51e3x -2.98e3
2.94e4x -8.64e3
1.64e4x+4.95e4
2.41e2x+1.02e3
5.08e3x -6.63e3
1.47e4x+1.96e3
6.15e3x -9.22e3
5.75e3x -4.48e3
6.92e3x+1.87e4
1.86e3x+7.11e2
1.29e4x -5.18e3
3.59e2x -1.54e3
8.10e3x -4.72e3
7.22e3x -1.90e3
2.84e4x+5.71e4
1.31e4x -8.05e3
6.80e3x -4.56e3
9.68e3x -5.59e3
2.32e3x -1.17e3
2.89e4x -1.20e4
3.11e4x+2.29e4
2.34e2x+3.73e2
1.71e3x -1.09e3
4.04e4x+3.59e4
1.50e4x+1.40e4
6.91e3x+5.70e3
4.20e3x+3.81e3
3.03e3x -1.92e3
1.69e3x -1.70e2
5.43e2x+4.66e2
7.47e3x -9.83e3
1.45e4x+6.84e3
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Sr. No. Name of Pesticide
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
a

Prothioconazole
Prothiophos
Pymetrozine
Pyraclostrobin
Pyridalyl
Pyraflufen ethyl
Pyrazophos
Pyridaben
Pyridaphenthion
Pyridat
Pyrimethanil
Pyriproxyfen
Pyroxsulam
Quinalphos
Quinmerac
Quinoxyfen
Quizalofop-ethyl
Resmethrin
Rimsulfuron
Rotenone
Sebuthylazine
Simazine
Spiroxamine
Spinetoram
Spinosad
Spirodiclofen
Spiromesifen
Spirotetramat
Sulfosulfuron
Sulfotep
TCMTB
Tebuconazole
Tebufenozide
Tebufenpyrad
Tepraloxydim
Terbuthylazine
Terbutryn
Tetrachlorvimphos
Tetraconazole
Tetramethrin
Thiabendazole
Thiacloprid
Thiamethoxam
Thidiazuron
Thifensulfuron methyl
Thiobencarb
Thiodicarb
Thiometon
Thiophanate-Methyl
Tolclofos-Methly
Tolylfluanid
Tralkoxydim
Tralomethrin
Triadimefon
Triadimenol
Tri-Allate
Triasulfuron
Triazamate
Triazophos
Tribenuron methyl
Trichlorphon
Tridemorph
Trifloxystrobin
Trifloxysulfuron
Triflumizole
Triforine
Triticonazole
Tritosulfuron
Zoxamide

LODa (ng/g) LOQb (ng/g)

Use Type
Fungicide
Insecticide
Insecticide
Fungicide
Insecticide
Herbicide
Fungicide
Insecticide/Acaricide
Insecticide
Herbicide
Fungicide
Insecticide
Herbicide
Insecticide/Acaricide
Herbicide
Fungicide
Herbicide
Insecticide
Herbicide
Insecticide
Herbicide
Herbicide
Fungicide
Insecticide
Insecticide
Acaricide
Insecticide
Insecticide
Fungicide
Insecticide, Acaricide
Fungicide, Microbiocide
Fungicide
Insecticide
Acaricide
Herbicide
Herbicide
Herbicide
Insecticide
Fungicide
Insecticide
Fungicide
Insecticide
Insecticide
Plant growth regulator, Herbicide
Herbicide
Herbicide
Insecticide
Insecticide, Acaricide
Fungicide
Fungicide
Fungicide
Herbicide
Insecticide
Fungicide
Fungicide
Herbicide
Herbicide
Insecticide
Insecticide
Herbicide
Insecticide
Fungicide
Fungicide
Herbicide
Fungicide
Fungicide
Fungicide
Herbicide
Fungicide

LOD: limit of detection; b LOQ: limit of quantitation;

c

4553

2,48
2,13
1,35
1,03
1,56
1,02
1,15
1,10
1,47
1,25
1,66
1,04
1,46
1,55
1,52
2,18
2,77
2,98
1,76
2,83
2,97
0,86
2,75
1,40
1,03
2,94
2,58
1,25
2,27
2,65
2,10
1,45
2,78
1,84
0,93
0,75
1,27
2,83
2,13
2,26
2,33
1,51
1,02
2,85
0,91
1,11
2,46
2,92
1,40
2,79
1,47
2,81
2,81
1,26
1,67
1,57
1,14
2,30
0,72
1,90
2,08
2,82
1,09
1,62
1,04
1,51
1,08
2,73
2,77

8,26
7,09
4,49
3,44
5,22
3,39
3,82
3,67
4,91
4,16
5,53
3,46
4,86
5,16
5,06
7,28
9,24
9,92
5,88
9,43
9,90
2,87
9,15
4,67
3,44
9,80
8,60
4,17
7,58
8,82
7,01
4,84
9,28
6,14
3,10
2,50
4,23
9,42
7,09
7,54
7,77
5,04
3,41
9,50
3,04
3,71
8,21
9,72
4,68
9,30
4,91
9,35
9,35
4,20
5,58
5,25
3,79
7,68
2,40
6,32
6,93
9,40
3,63
5,40
3,47
5,03
3,61
9,10
9,22

r: correlation coefficient

r

Equation

0.9949
0.9998
0.9998
0.9980
0.9983
0.9997
0.9975
0.9999
0.9998
0.9937
0.9996
0.9997
0.9954
0.9991
0.9980
0.9959
0.9949
0.9978
0.9992
0.9925
0.9959
0.9985
0.9984
0.9933
0.9946
0.9911
0.9916
0.9948
0.9966
0.9964
0.9946
0.9996
0.9939
0.9990
0.9950
0.9999
0.9992
0.9903
0.9999
0.9937
0.9970
0.9997
0.9916
0.9926
0.9996
0.9964
0.9993
0.9980
0.9983
0.9967
0.9995
0.9981
0.9923
0.9988
0.9994
0.9961
0.9996
0.9907
0.9999
0.9998
0,9991
0.9962
0.9992
0.9998
0.9971
0.9921
0.9991
0.9990
0.9925

5.88e2x+2.09e3
6.76e2x -8.27e2
9.31e3x -4.08e3
1.34e4x+3.08e3
1.01e3x -6.43e3
7.08e3x -5.75e3
2.45e4x -2.12e4
6.14e4x+1.76e4
1.14e4x -4.43e3
3.35e3x -8.52e3
1.82e3x -2.50e3
1.08e5x+1.98e4
4.96e3x+2.60e3
2.42e3x -1.98e3
1.09e3x -1.85e3
4.70e3x+2.13e3
3.46e4x+7.12e4
8.01e3x+5.38e3
8.39e3x -1.88e3
9.08e3x+2.29e4
1.99e4x+2.67e4
7.63e3x+2.25e3
1.61e3x -2.87e3
5.56e3x+1.94e4
2.94e3x -5.30e3
1.12e3x -4.02e3
1.10e3x+4.38e3
7.16e3x+2.08e4
7.18e3x+5.86e3
1.07e4x+2.77e4
9.97e2x -1.73e3
9.06e3x -1.35e2
6.31e4x+3.72e5
1.62e3x -1.30e3
2.18e3x -3.17e3
2.53e4x -1.52e4
8.88e4x+1.62e5
1.53e4x+4.84e4
1.23e3x+4.20e2
8.80e3x+1.97e4
1.59e4x+1.18e4
1.20e4x -3.93e3
5.21e3x -4.14e3
1.85e4x+3.17e4
1.51e3x -1.21e3
4.98e3x -7.24e3
6.31e2x -5.62e2
4.74e2x+6.74e2
1.30e4x -7.71e3
1.60e3x+3.41e3
5.56e3x+2.60e3
8.67e3x+1.01e4
3.63e2x+8.41e2
6.22e3x-2.86e2
3.36e3x+2.13e2
5.08e2x+5.84e3
2.01e4x -1.02e4
1.77e4x -7.34e4
1.98e4x -1.30e4
1.49e3x+3.73e2
2.04e4x+3.00e4
2.85e3x+6.35e3
2.84e4x+3.38e4
3.34e3x -1.81e3
5.29e4x-5.70e4
1.08e3x+1.46e3
7.96e3x -3.40e2
1.01e3x+6.00e2
1.68e3x+3.95e3
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analytes within the scope of a method [17]. Chromatographs of the some analytes (Boscalid and
Azoxystrobin) were shown in Figure 1. Operation
parameters for LC-MS/MS were pointed out in Table 1. The LOD and LOQ for 327 pesticides in brined
vine leaves are given in Table 2. As seen in the Table
2, the LOD and LOQ values were below 0.01 mg
kg-1 for all analyzed pesticides. These values were
below the MRLs permitted. The results showed that
this analytical procedure was proper according to
DG-SANTE Guidelines [17]. Individual residuals
were studied for each compound, and deviations
from the calibration curve in the relevant region
proved to be less than ±20% in all cases, as stated by
DG-SANTE.

RESULTS AND DISCUSSIONS
Method performance. The linearity of the pesticide mixtures was prepared containing 327 compounds, and the calibration curves were studied at a
concentration range between 0.0025 and 0.1 mg kg-1
in methanol and linear regression coefficients (r2)
were detected above 0,99 (Table 2). Matrix-matched
calibration curves were used to prevent matrix effect. The methods of recovery for the 327 pesticides
were tested by assessing six replicates of spiked
brined vine leaves samples at different concentration
levels (0.01, 0.1 and 0.5 mg kg-1). The recovery values ranged from 82% to 111%. Recoveries of the all
pesticides are those within the range of 70±120% and

FIGURE 1
Chromatograph of the some analytes (Boscalid and Azoxystrobin)
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FIGURE 2
Number of pesticide residues detected and not detected according to years

FIGURE 3
Percent distribution of pesticide residual samples according to MRL values in TFC
pesticides were belonging to fungicide group. The
following pesticides were found the most often:
azoxystrobin, boscalid, cypermethrin, difenoconazole, imidacloprid, metalaxyl, metrafenone, myclobutanyl, penconazole, pyraclostrobin, pyrimethanil
and triadimenol. The percent distribution of the samples with pesticide residues determined according to
the MRL values in the TFC [18] is given in Figure 3.
The number of samples above MRLs increased year
by year. The occurrence of pesticide residues in vine
leaves and the obtained residues above MRLs are
shown in Table 3. TFC [18] /EU [19] MRLs values
were selected for vine leaves. As can be seen from
Table 3, the most common pesticide was metalaxyl
in all the analyzed samples. Among the most detected pesticide residues, azoxystrobin and boscalid
were higher than the MRLs established by the Turkish Food Codex [18]. On the other hand, imidacloprid was below the MRLs established by the Turkish
Food Codex in the all of analyzed samples.

Occurrence of Pesticides Residues in Brined
Vine Leaves. In this study, a total of 666 brined vine
leaves were analyzed for determination of pesticides
residues. Three hundred twenty-seven pesticides belonging to different chemical classes, insecticides,
fungicides, insecticide, etc., were considered among
those commonly used in production for brined vine
leaves in Turkey. The classifications of pesticides
were given in Table 2. Forty-seven, 368 and 251
brined vine leaves were analyzed from 2014, 2015
and 2016, respectively. The obtained results of the
survey are presented in Figure 2 by year. The names
of the pesticides, analytical features and pesticide
classes are given in Table 2. All of these pesticides
were analyzed by LC-MS/MS. Table 3 gives an
overview of the data obtained after the analysis of
666 samples. Pesticide residues were found in 173
samples (25 % of all tested samples). According to
our results, 50 different pesticide residues were detected in the analyzed samples. The most detected
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mg kg-1 and 9.18 mg kg-1 in the all samples.
There are no literature review studies about
pesticide residues in brined vine leaves. However the
same amounts of pesticides are applied to the grape
and vine leaves at the same time. Therefore studies
on grapes were investigated. If these studies are to be
looked at, Fujita et al. [20] analyzed a total of 130
samples of grapes from Japanese local markets. The
values of the residues of the acetamiprid and cypermethrin in grapes ranged from 0.114 to 3.12 mg kg1 and from 0.574 to 3.38 mg kg-1. In our study, the
values of the residues of the acetamiprid ranged from
0.01 to 0.06 mg kg-1, and those for cypermethrin
ranged from 0.01 to 0.56 in brined vine leaves.

124 (18.6%) of the samples contained pesticide
residues above the MRLs, and 49 (7.4%) of the samples contained pesticide residues below the MRLs
(Table 3). Regarding the co-occurrence of pesticide
residues, 76 samples contained one pesticide residue.
Thirty-seven samples contained four or more pesticide residues. According to these results,
azoxystrobin was found in the range of 0.01-11.0 mg
kg-1, boscalid was found in the range of 0.01-6,42
mg kg-1, and carbaryl was found in the range of
0.12-9,18 mg kg-1; these three pesticides showed the
maximum pesticide residues in all samples.
Azoxystrobin, boscalid and carbaryl were found
with highest concentrations of 11.0 mg kg-1, 6.42

TABLE 3
Selected Pesticides, mean value, range, TFC and EU MRLs
Pesticide Name
Acetamiprid
Ametoctradin
Azoxystrobin
Bifenthrin
Boscalid
Bupirimate
Carbaryl
Carbendazim/Benomyl
Chlorpyrifos
Cyflufenamid
Cymoxanil
Cypermethrin
Deltamethrin
Difenoconazole
Diflubenzuron
Dimethoate
Dimethomorph
Emamectin benzoate
Ethoxazole
Famoxadone
Flufenoxuron
Flusilazole
Hexythiazox
Imidacloprid
Iprovalicarb
Indoxacarb
Iprodione
Kresoxim-Methyl
Lufenuron
Malathion
Metalaxyl
Methoxyfenozide
Metrafenone
Myclobutanyl
Penconazole
Proquinazid
Pyraclostrobin
Pyrimethanil
Quizalofop-ethyl
Spinosad
Spirodiclofen
Tebuconazole
Tebufenozide
Tetraconazole
Thiaclorid
Thiophanate-Methyl
Tralkoxydim
Triadimefon
Triadimenol
Trifloxystrobin

Noa
3
2
49
4
21
3
4
3
8
1
1
28
7
10
1
1
9
1
2
7
1
1
1
20
3
1
1
9
1
3
59
1
18
10
19
1
10
14
1
4
4
7
2
6
2
1
2
3
38
8

Nob
3
2
49
2
21
3
4
1
5
0
1
16
0
6
0
0
9
1
2
7
0
1
0
0
3
1
1
0
1
2
17
1
17
7
7
1
7
14
0
0
4
5
2
4
2
0
1
2
12
8

Median Value (mg kg-1)
0.03
0.02
0.70
0.06
0.47
0.02
3.18
0.14
0.25
0.02
0.10
0.13
0.06
0.21
0.04
0.02
0.15
0.13
0.13
0.05
0.02
0.61
0.04
0.20
0.09
0.37
0.53
0.31
0.41
0.79
0.11
0.51
0.99
0.05
0.05
0.08
0.21
1.45
0.03
0.16
1.08
0.16
0.01
0.15
0.03
0.03
0.03
0.05
0.13
0.13

Range (mg kg-1)
0.01-0.06
0.01-0.04
0.01-11.0
0.02-0.11
0.01-6.42
0.01-0.04
0.12-9.18
0.02-0.38
0.01-0.77
0.02
0.10
0.01-0.56
0.02-0.12
0.01-1.04
0.04
0.02
0.01-0.52
0.13
0.08-0.19
0.02-0.13
0.02
0.61
0.04
0.02-1.66
0.03-0.12
0.37
0.53
0.01-1.53
0.41
0.01-2.27
0.01-2.09
0.51
0.01-0.34
0.01-0.11
0.02-0.20
0.08
0.01-1.22
0.01-1,41
0.03
0.02-0.39
0.29-2.21
0.01-0.47
0.01-0.02
0.01-0.42
0.01-0.04
0.03
0.03-0.04
0.01-0.11
0.01-0.89
0.01-0.49

No.a: Number of times pesticides were detected
No.b: Number of times pesticides exceeded the maximum residue limits
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TFC/EU MRL (mg kg-1)
0.01
0.01
0.01
0.05
0.01
0.05
0.01
0.10
0.05
0.02
0.05
0.05
0.50
0.05
0.05
0.02
0.01
0.01
0.02/0.01
0.01
0.05
0.01
0.50
2.00
0.01
0.02
0.01
15.0
0.02
0.02
0.05
0.01
0.01
0.02/0.05
0.05
0.02
0.02
0.01
0.40
10.0
0.02
0.02
0.05
0.02
0.01
0.10
0.01
0.10
0.10
0.01
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for detection of 186 pesticide residues and obtained
results showed that azoxystrobin, boscalid, triadimenol, penconazole and pyrimethanil were the most detected pesticides in Aegean Region Turkey similar as
our results. Similarly Golge and Kabak [22] studied
about detection of 172 pesticide residues from 280
samples of table grapes by LC-MS/MS in Mediterranean Region Turkey during the period of AugustOctober 2016 and reported that the most prevalent
pesticide residues were azoxystrobin, boscalid, triadimenol, metalaxyl, chlorpyrifos and cyprodinil.
Golge and Kabak [22] indicated that the residues
above the MRLs were 20.4% of the grape samples.
These researches supported to our results and
showed that similar pesticide active substances are
used for protection of grape and also vine leaves.
,Q 7HL[HLUD¶V >@ ZRUN SHVWLFLGH PRELOLW\ LQ
grapes was studied by comparing their residual concentration in the skin with that of the whole grape. It
was concluded that although there were no significant differences between some pesticide levels found
in the whole grape (skin and pulp) and in the grape
skin, pyrimethanil was preferably found in the pulp,
while metalaxyl was detected in the skin but not in
the whole grape. The concentration levels found for
the pesticide residues were below both the Portuguese and the FAO Maximum Residue Levels
(MRLs). According to our results, pyrimethanil was
above the MRL established by TFC, and metalaxyl
was the most frequently found residue in brined vine
leaves.
Turgut et al. [23] analyzed a total of 99 different grapes from different farms in Turkey. They
found that the most frequently found pesticides were
lambda-cyhalothrin (22 samples), deltamethrin (15
samples), chlorpyrifos-methyl (15 samples), and
chlorpyrifos-ethyl (12 samples). Pesticide residues
were only detected in farms using conventional agriculture practices, while no pesticides were detected
in grapes from farms using organic or integrated pest
management. Seven out of 666 samples that we
worked with were found to show deltamethrin results, and all were above the MRLs established by
TFC.
Venkateswarlu et al. [24] indicated that the optimized method was used for monitoring of pesticide
residues in fresh grape samples collected from an agricultural area. All the samples contained residues
lower than their respective MRLs. In another study
by Chen et al. [25], of 30 grape samples that contained pesticide residues, 13.3% of the samples exceeded the maximum residue limits (MRLs). In this
study, 173 (18.6%) of the samples contained pesticide residues above MRLs, and 49 (7.4%) of the
samples contained pesticide residues below MRLs.

CONCLUSION
Improving the production and marketing possibilities of edible vine leaves and delivering it to the
consumer with standard product quality and food reliability is a major issue. In this context, it is a legal
obligation to prevent any risks that may be harmful
to health by adhering to the technical and hygienic
conditions required for food production, starting
with the leaves at the time of picking and before
packaging. In addition, this is also necessary in terms
of the continuity of the trade in domestic and foreign
markets and the quality of product in the eyes of consumers.
Based on the results in this study, most of the
brined vine leaves are consumed in the region and in
the inner market, but the pesticide residue level has
been found to be high. This problem must be researched at the level of producers and firms. Commercial firms, at brine leaves purchased from producer have been required the residue analysis.
At present, the MRL values considered for pesticide residues in the vine leaves are analytically determined values that are not derived from research
results. MRL values should be evaluated according
to the results of the research so that vine leaves makers will not fall victim to contamination.
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and shell life of milk varies physicochemical parameters (electrical conductivity, density, freezing point,
and mineral substances) of the cow’s milk [4]. With
more serious levels of the disease; it is extremely difficult to convert milk into dairy products. It was reported that highly productive dairy cows under bad
managerial conditions were more sensitive to mastitis [5]. Wide variation in the disease are attributable
to genetic (herd, breed etc.) and non-genetic factors
(parity, season, age, calving month, calving year,
lactation stage etc.). Udder and teat morphology can
also affect the mastitis level of the dairy cows [6].
Serious precautions regarding udder hygiene should
be taken for mastitis disease.
Mastitis forms are subclinical mastitis, chronic
mastitis, clinical mastitis, acute clinical mastitis and
serious clinical mastitis. Among those, subclinical
mastitis is a form with unobservable changes in cow
and its udder, and may cause important changes in
milk composition.
Various diagnosis methods are available in
identification of subclinical mastitis i.e. Somatic Cell
Count (SSC), California Mastitis test (CMT), biochemical methods, electrical conductivity and milk
color values with the aid of sensor technology in parlor, and also some kits or device [2, 4, 7, 8]. Milks of
cows catching mastitis have higher electrical conductivity as a result of increasing sodium and chloride concentrations in milk [9]. It was reported that
the electrical conductivity of 5.5 m/cm in milk was
a threshold for the subclinical mastitis [10]. Similarly, [11] stated that the electrical conductivity of
milk ranged from 4.6 to 5.8 m/cm in milk samples
where somatic cell count did not exceed 200 thousand/ml and variation in electric conductivity of milk
can be accepted as one of the key parameters in robotic milking system for health monitoring system of
dairy cows. However, California mastitis test is a
simple, quick and cheap test for detecting mastitis.
[1] used somatic cell count as an indicator of detecting the subclinical mastitis in Holstein Friesian dairy
cows and studied the relationship of lactation milk

The aim of this study was to describe the relationship between mastitis and electrical conductivity, milk composition, milk quality in dairy cattle.
California mastitis test (CMT) was used to make a
diagnosis of mastitis in the cows, and considered as
a binary response variable i.e. healthy and unhealthy.
Conductivity, color measurement (L* and a*), milk
fat, calving month and freezing point were considered as independent variables in the model. All the
animals were classified with overall accuracy of 89.6
(%) or the error of 10.4 (%) in diagnosis of mastitis
by using Classification and Regression Tree (CART)
data mining algorithm. CART algorithm correctly
classified unhealthy cows with an accuracy of
77.2%. The algorithm correctly classified healthy
cows with a marvelous accuracy of 95.7% and a marvelous area value under ROC curve of 0.924,
P=0.000). It was concluded that some measurements
i.e. CMT, electrical conductivity, milk color values,
milk composition and quality may be used to accurately detect mastitis together with the help of the
CART algorithm.
&% !
California mastitis test, electrical conductivity, milk composition and quality, dairy cattle, cart analysis

" #"
Health raw milk is a natural, highly nutritious
product and it is an essential nutrient for humans living in the world and makes considerable contributions to developing national economy. Milk quality
which is imperative for food safety depends on udder
health of cows [1, 2]. Around the world, mastitis, as
an inflammation of the udder tissues resulted from
infection and/or allergy, is one of the most significant diseases that cause economic losses in dairy cattle [3]. The disease that reduces milk yield per cow
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were housed in a free- stall barn bedded with rubber
carpet on concrete and milked twice daily in a 2 x 9
side-closed milking parlor with two milkers. Cow's
milk production daily was approximately 20 kg/day.
It is regularly performed that milking procedure in
parlor. Milk yields of each cow were obtained from
herd management program (DeLaval Alpro, Version
7.00). Dairy cows were separated into different feeding groups according to daily milk yield during lactation.
Farm was visited in August month in order to
milk sampling and samples of milk were taken from
each cow at the milking by using sampling equipment in order to represent homogeneous of all milk.
After milk sampling had been completed, milk samples were taken into a 50 ml falcon tube by using
sampling equipment in summer season and stored at
4–6 °C in a cool box until analyses are made in the
laboratory. After the morning milking, analyses were
immediately conducted in the laboratory. California
mastitis test (CMT) scores of all samples were determined by using solution and equipment. Conductivity (m/cm) and pH were analyzed twice by an ultrasonic milk analyzer (LACTOSCAN MMC 30 sec
Milk Analyzer, Milkotronic Ltd, Bulgaria) and the
color characteristics of the samples were measured
by the Minolta Chroma Meter CR-400 (Konica Minolta, Inc., Osaka, Japan). CIELAB system measuring parameters are L*, a*, b* from the samples [16].
The L*(darkness-lightness ranges between 0=black
and 100=white), a* (green-red ranges between - a*=60 and a*=+60) and b* (blue –yellow ranges between -b*=-60 and b*=+60) color values at three
times in the milk samples were averaged and recorded. Hueo (redness-yellowness) and Chroma (vividness-dullness) values were calculated using the
formula Hueo = Tan-1 x (b*/a*) and Chroma
= % -  %.

!8'8/78/)'1 '3'1;7/7 In the current investigation, breed (Brown Swiss and Holstein Friesian) and
calving month (January, February, March, April,
May, June, July, August, September, October, November and December) were nominal predictors.
However, other predictors i.e. pH, electrical conductivity, milk fat, milk freezing point, and milk color
(L*, a* and b*) parameters were continuous predictors in statistical analysis. California Mastitis Test
results of the cows were described as a binary response variable (healthy and unhealthy).
Use of CART algorithm proposed by [17] is
possible for ordinal, nominal and continuous variables. In the study, we considered California Mastitis
Test (healthy and unhealthy) as a binary response
variable to construct a classification tree structure.
The tree-based algorithm as a non-parametric technique creates a binary classification tree by partitioning a subset into two smaller subsets; recursively
with a ten V-fold cross validation and the algorithm

yield with somatic cell count, lactation rank and period. [12] compared somatic cell count, California
Mastitis test and electrical conductivity in the diagnosis of subclinical mastitis in the dairy cattle. [4]
investigated the relationship between California
Mastitis Test (CMT), somatic cell count (SCC), electrical conductivity, and milk quality characteristics
in the diagnosis of subclinical mastitis in dairy cows.
[13] evaluated the accuracy of mastitis diagnosis by
measuring electrical conductivity and color of the
milk in automatic milking. [14] diagnosed subclinical mastitis level through electrical conductivity for
Holstein Friesian and Brown Swiss cows. Whereas,
the data about concurrently defining the relationship
of California mastitis test with milk color (L*, a*,
and b*) properties, electrical conductivity, milk
freezing point, and calving month etc. are still unavailable.
Making the correct decision on simultaneously
revealing the relationship depends on the selection of
effective predictors and robust statistical methodologies i.e. artificial intelligence algorithms. For example, [9] specified artificial neural network (ANN)
and adaptive neuro fuzzy inference system (ANFIS)
in order to evaluate the effect of lactation rank, milk
yield, electrical conductivity, average milking duration and season on the subclinical mastitis in dairy
cattle. Also, [10] made an application of support vector machine with the aim of revealing the effect of
lactation rank, milk yield, control season, electrical
conductivity and average milking duration on the
subclinical mastitis of Holstein Friesian dairy cattle.
However, applicability of Classification and Regression Tree (CART) in the diagnosis of subclinical
mastitis in regard to being healthy or unhealthy of
the cows in literature has not yet been investigated
comprehensively for simultaneously detecting the
relationship of California Mastitis detector test with
electrical conductivity, freezing point and milk color
parameters (L*, a* and b*) etc. in dairy cattle. Usage
of the artificial intelligence algorithms may be a
noteworthy choice for breeders and producers to
make a better decision in detecting healthy and unhealthy cows in early diagnosis of mastitis in practice. Herewith, the aim of this investigation was to
determine the relationship between California Mastitis Test (CMT), electrical conductivity, and some
milk quality characteristics in Holstein Friesian and
Brown Swiss cattle breeds through Classification
and Regression Tree (CART) data mining algorithm,
which helps one to characterize healthy or unhealthy
cows as a binary response variable [15].
" !"!
3/2'17 7'251+ )411+)8/43 '3* '3'1;7/7 A
total of 56 Brown Swiss and 117 Holstein Friesian
cows from personal agricultural enterprise, Konya
Province of Turkey were used for this study. Cows
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presents visual results which are much easier to interpret. Minimum cow numbers for parent and child
subsets were specified as 4:2 for the best classification of cows in mastitis. Gini index was used as a
splitting criterion.
The splitting procedure is very significant in
CART. Gini index is one of the most popular split
selection methods, and it is often the default option
for the impurity measure and goodness-of-fit measure in classification problems. The basic Gini index
is defined by [17].
 #12 / 0 1

Classification table of the CART algorithm is
given in Table 1. Test results regarding area under
ROC curve are depicted in Table 2. ROC curve of the
subclinical mastitis measured by CMT are illustrated
in Figure 1, respectively.

21 2

+',

Where 1 2 is the estimated probability that
an observation belonging to group  given that it is
in node , 1 2 / 1 212; and 1 2 is the
estimated probability that an observation being in
group  and at node  , 1 2 / 3$12124
 12 is the estimated probability that an observation is at node , 12 / 12 $12is the prior
probability for group  ; 12 is the number of
group members at node , and  is the size of
group .
This study’s model was evaluated for sensitivity, specificity, and error rate. The day of observation
was classified as true positive (TP) if the output was
exceeded on a day of mastitis. A non-detected day of
mastitis was classified as a false negative (FN). If no
alerts were generated, a day in a healthy period was
considered a true negative case (TN) and a false positive case (FP) if an alert was given as below formulas.
Sensitivity represents the number of correctly
detected days of mastitis out of all days of mastitis:

!# / 
"
 - 
Specificity indicates the percentage of correctly
found healthy days out of all days of health:

"
#12 / 
 - 
The error rate is the percentage of days outside
mastitis periods of all the days on which an alarm
was produced:
()
12 / 
",
()&*)
 #12  /  . 12
Where TP, FP, TN, and FN represent the number of true positives, false positives, true negatives,
and false negatives, respectively [18]. In the statistical analysis of the CART algorithm, IBM SPSS 23
statistical package program was used.

#  
)96:+4,8.+79()1/3/)'12'78/8/72+'796+*
(;"
CART algorithm correctly classified unhealthy
cows with an accuracy of 77.2 %, a sensitivity percentage. The algorithm correctly classified healthy
cows with a marvelous accuracy of 95.7 %, a specificity percentage. All cows were classified with the
error of 10.4(%), which was much lower than the error (50 %) recorded by [10] for support vector machine algorithm. Mammadova and Keskin [2015] obtained 64% classification error for ANN algorithm,
and 35% classification error for the ANFIS algorithm
within somatic cell count method as an indicator of
subclinical mastitis. In the present study, better classification performance was obtained in the CART algorithm compared to those estimated by [9]. [9] and
[10] didn’t report any information on interaction effects of the predictors entered into the model. This
case revealed the visual advantage of the CART for
the detection of the subclinical mastitis. This variation may be ascribed to genetic and non-genetic factors, use of various variables, and various data mining
algorithms. Area under ROC curve was found as
0.924 for CART tree-based algorithm (P=0.000).
These results proved that the CART classifier could
be trustworthy (Figure 1, Tables 1 and 2).


"
1'77/,/)'8/438'(1+4,8.+ "'1-46/8.2
Observed
Unhealthy
Unhealthy
44
Healthy
5
Overall (%)
28.3
Growing Method: CART, Dependent Variable: CMT

4561

Predicted
Healthy
13
11
71.7

Correct (%)
77.2
95.7
89.6
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Area

Std. Error a

Asymptotic Sig.b

0.924

0.022

0.000

Asymptotic
95% Confidence Interval
Lower Bound
Upper Bound
0.880
0.968
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A classification tree diagram constructed by
CART classifier for California mastitis test is presented in Figure 2. Node 0 was split into two smaller
subgroups (Nodes 1 and 2) by electrical conductivity. In the first depth of the classification tree structure, cows with electrical conductivity < 5.695 in
their milks were healthy at a percentage of 75
(Node1); however, cows with electrical conductivity
> 5.695 in their milks were characterized as unhealthy at the percentage of 66.7 (Node 2).
Cows in Node 2 were classified by milk fat predictor into two smaller subgroups (Nodes 5 and 6).
Cows with electrical conductivity > 5.695 and fat >
3.160 in their milks were unhealthy at the percentage

of 90.5 (Node 6). Cows with electrical conductivity
> 5.695 and fat < 3.160 in their milks were determined to be healthy at a percentage of 75 or unhealthy at the percentage of 25 (Node 5).
Node 5 was branched into two smaller groups
(Nodes 11 and 12). Cows calving in January, March
and June months with electrical conductivity > 5.695
and fat < 3.160 in their milks (Node 11) were unhealthy at the percentage of 100. Whereas, in February, May, August, October and December calving
months, cows with electrical conductivity > 5.695
and fat < 3.160 in their milks were healthy at the percentage of 100 (Node 12). The difference in literature in electrical conductivity may be ascribed to
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same time, electrical conductivity was found to be
influential predictor at the first depth and the fourth
depth of the classification tree structure. Early detection of subclinical mastitis may be much easier when
these significant predictors were considered together
since the clinical and subclinical mastitis forms
cause the significant economic losses (veterinary
costs, labor costs, culling of dairy cows, death of
dairy cows, and decreasing milk yield per dairy cow)
in terms of dairy industry [4]. At the same time, it is
known that these forms adversely affected animal
welfare, human health, milk quality and price [10].
[19] informed that electrical conductivity was affected by sodium, potassium, magnesium, calcium,
chlorine and other ions. The electrical conductivity
was also dependent upon the health status of the udder [19]. Very high heritability of 0.56 for electrical
conductivity was estimated by [20], which highlighted to be important for sire selection.
Node 8 was branched into two smaller subgroups (Nodes 15 and 16) by calving month. Cows
calving in January, May, November and December
months with L color < 87.155, fat > 3.115 and electrical conductivity < 5.695 in their milks were detected to be unhealthy at the percentage of 90 and the
cows were assigned to Node 15. But, those with L
color < 87.155, fat > 3.115 and electrical conductivity < 5.695 among cows calving in February, April,
March, June, July, August and October months were
healthy at the percentage of 61.8 and it was observed
that the cows were allocated to Node 16, which was
divided into Nodes 19 and 20 in the freezing point of
the milk.
Node 19 represented cows calving in February,
April, March, June, July, August and October
months with L color < 87.155, fat > 3.115, electrical
conductivity < 5.695 and freezing point < -0.5425 in
their milks. The cows available in this node were
healthy at the percentage of 76. However, cows calving in February, April, March, June, July, August
and October months with L color < 87.155, fat >
3.115, electrical conductivity < 5.695 and freezing
point > -0. 5425 in their milks were unhealthy at the
percentage of 77.8 (Node 20). [4] recorded -0.5281,
-0.5285 and -0.5282 for milk freezing point means
of dairy cows with CMT(+), CMT(++) and
CMT(+++), respectively. Whereas, the subclinical
mastitis level depended upon electrical conductivity,
milk freezing point and calving month as also seen
from Node 20 in the present study. In disagreement
with our results, [4] found no correlation (-0.001) between the milk freezing point and CMT level.
[4] declared that electrical conductivity illustrated similar trends with CMT and somatic cell
count in early diagnosis of the subclinical mastitis.
The previous result was not in agreement with our
results, which showed that the occurrence of the subclinical mastitis in CMT could vary with different
values of electrical conductivity, L*, milk fat, freezing point, a*, and calving month. Also, the difference

breed, lactation stage, milking interval and milk
composition [19].
Node 1 was divided by L color parameter in
milk into two smaller subgroups (Nodes 3 and 4).
Node 3 represented cows with electrical conductivity
< 5.695 and L color < 87.155 in their milks with the
percentage of 61.3 in being healthy. But, cows with
electrical conductivity < 5.695 and L color > 87.155
in their milks were healthy at the percentage of 85.9
(Node 4).
Node 4 was partitioned into two smaller subgroups (Nodes 9 and 10), depending upon calving
month. Cows with electrical conductivity < 5.695
and L color > 87.155 in their milks in June, September, November and December calving months was
characterized as healthy at the percentage of 63.2
(Node 9). However, in January, February, March,
April, May, July, August and October calving
months, cows with electrical conductivity < 5.695
and L color > 87.155 in their milks were healthy at
the percentage of 93.2. Node 9 was separated into
two smaller subgroups based on `a` color parameter
of the milk. Among the cows calving in June, September, November and December calving months,
those with electrical conductivity < 5.695, L >
87.155 and a < -2.670 in their milks were characterized as unhealthy at the percentage of 100 (Node 17),
while cows calving in June, September, November
and December months with electrical conductivity <
5.695, L > 87.155 and a > -2.670 in their milks were
healthy at the percentage of 80, which means that 80
(%) of the cows were healthy. In Node 7, cows with
fat < 3.115, L < 87.155 and electrical conductivity <
5.695 in their milks were characterized as healthy at
the percentage of 88.9, whereas half of cows with fat
> 3.115 and electrical conductivity < 5.695 in their
milks were unhealthy in Node 8. [13] reported that
milk fat had a significant effect on the milk color in
the diagnosis of subclinical mastitis with the spectrophotometric method, which was not agreement with
our present results. Because, Figure 1 illustrated the
possibility of being unhealthy may be changed based
on limit values of fat, L and electrical conductivity.
The fact that interactions of fat, L and electrical conductivity of the milk are taken into consideration will
be able to be useful in practice in early and precise
detection of subclinical mastitis.
Node 7 was split into two smaller subgroups
defined as Nodes 13 and 14, with respect to electrical
conductivity. When Nodes 13 was examined, all the
cows with fat < 3.115 and electrical conductivity <
5.600 in their milks were seen to be healthy. However, all the cows with fat < 3.115 and 5.600 < electrical conductivity < 5.695 in their milks (Node 14)
were identified as unhealthy at the percentage of
100. Electrical conductivity that measures sodium
and chlorine concentrations in the milk was observed
to be a surrogate predictor, which interacted with
some predictors i.e. calving month, milk fat, milk
freezing point, and milk color parameters. At the
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in literature in electrical conductivity may be ascribed to breed, lactation stage, milking interval and
milk composition [19].
[19] reported averages of 4.08 and 7.42 m/cm
in electrical conductivity for milk samples of normal
and mastitic cows. [12] reported that electrical conductivity for the healthy cows ranged from 4.0 to 5.5
m/cm. Juozaitienė et al. (2015) [11] stated that the
electrical conductivity of milk ranged from 4.6 to 5.8
m/cm in healthy milk samples (somatic cell count
< 200 thousand/ml) in robotic milking system. [10]
informed that electrical conductivity exceeding 5.5
m/cm was an indicator for diagnosis of subclinical
mastitis in dairy cows. However, dairy cows with
electrical conductivity < 5.695 in the current work
could be unhealthy based on cut-off values of L*,
calving month, and a* (Nodes 18 and 20). Additionally, milk fat and calving month for dairy cows with
electrical conductivity > 5.695 were influential on
the variation in the subclinical mastitis level (Nodes
6 and 11). The present results displayed that subclinical mastitis may cause imperative changes in milk
composition.
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In this study, it has been determined that electrical conductivity, L* and a* values from milk color,
fat and freezing point from milk composition and
quality, and also calving month affect the California
mastitis test (CMT) for diagnosis of mastitis. In the
classification of the cows, Classification and Regression Tree (CART) data mining algorithm was implemented as a powerful tree-based classifier with very
high accuracy percentage (89.6%) for all cows,
77.2% for unhealthy cows and 95.7% for healthy
cows.
As is practiced at many farms, some measurements such as CMT, electrical conductivity, milk
color values, milk composition and quality are not
the single most reliable way to detect mastitis. For
more precise detection of mastitis in the herd management, these parameters should be considered together. In conclusion, as a classification tree diagram
constructed by CART classifier was examined for
California mastitis test, it can be said that diagnosis
of mastitis can be detected by a high countable successful detection by using significant independent
variables in this herd.
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Selected heavy metals (Cu, Pb, Zn, Cr, and Cd)
and their physicochemical properties were examined
in 50 soil samples from an abandoned area of the
Shangrao copper mine, Jiangxi, China. The cumulative index and potential ecological risk (PER) assessment methods were used to assess the spatial distributions and risk status of heavy metal pollution in
this area. The average concentration of heavy metals
in the mining area was highest for Cu and lowest for
Cd at 442.8 and 1.6 mg kg−1, respectively. Correlation analysis showed that Cu and Cd, Zn, Pb and Zn
were homologous. The cumulative index evaluation
showed that the degree of pollution from the five
heavy metals decreased as follows: Cu > Cd > Pb >
Zn > Cr. Of these, Cu had an average cumulative index of 3.32, representing the partial gravity pollution.
The PER of heavy metals in soil decreased in the order Cu > Pb > Cr > Cd > Zn. Of the 50 total study
points, 4% showed a severe ecological risk of heavy
metal pollution, and the highest risk index was 366.6.
Moreover, 50% of the study points showed a moderate ecological risk, indicating serious ecological hazard in the abandoned mine area.

the development and utilization of copper resources
in China, at the end of 2011 the national reserves
were 26037.3 kt, and mines located in Jiangxi Province had the largest annual mining volume in the
country. The comprehensive utilization rate of copper resources in China is 62.7%, the average utilization rate of copper waste in China is 0.49%, and the
utilization rate of tailings is only 9.18%. This indicates that the comprehensive utilization rate of copper resources in China needs to be improved [4, 5].
In addition to the low comprehensive utilization rate,
the exploitation of copper resources in China has
caused more serious pollution to the environment,
especially heavy metal pollution in the soil [6, 7].
Zhang Guoqiang et al. surveyed a copper mine in Tibet and found that copper mining caused serious environmental problems [8, 9]. Mao Xiang Ju et al.
studied the copper-molybdenum in Inner Mongolian
grassland and also found heavy metal pollution. The
results show that there was serious Pb, As, and Cu
pollution in the area [10, 11]. By providing nutrients
to plants, soil serves as the material basis for human
survival and soil pollution can accumulate pollutants
in the plants, which pass through the food chain and
may subsequently endanger human health [12, 13].
Heavy metal pollution in the mining area can
be caused by the release of heavy metals into the soil
of the mining area and its surrounding areas through
mining production, transportation, mineral processing, and smelting [14, 15]. The heavy metal concentrations in the soil are greatly increased, damaging the function and structure of the mining ecosystem. Previous research in copper mining areas has
mainly focused on the evaluation of the soil quality
in the mining area and the land use conflict in the ore
grain compound area. Moreover, research on heavy
metal pollution in abandoned mining land is limited
[16, 17]. Therefore, on the basis of reasonable sampling and analysis of the status of heavy metal pollution in abandoned land, evaluation of heavy metal
pollution and potential ecological risk (PER) assessment can objectively reflect the degree of heavy
metal pollution in mining areas and lay the theoretical foundation for subsequent ecological restoration
[18-25].

+)!$%
Copper mine, abandoned land, heavy metal, pollution
evaluation, ecological risk assessment
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Copper, as one of the most important raw materials of non-ferrous metals and industrial production, has played an important role in industry and
manufacturing [1]. From the global perspective, China's copper mines account for about 4.35% of the
world's total reserves, ranking sixth in the world.
With the rapid development of industrialization,
China has become the world's largest copper consumer, accounting for about 5% of global consumption, but China's copper reserves cannot meet the
current demand [2, 3]. According to the detailed statistics from the Ministry of Land and Resources on
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the eastern part of the copper mining area 7-13 and
the abandoned platform of the upper and lower platforms of the slope are examined. The study area is
steep and the vegetation is scarce, and it is susceptible to rain erosion, which has caused serious collapses and the conditions of the slope show a worsening trend. Mining and mineral processing results
in the formation of waste and waste water and other
serious heavy metal pollution sources that can have
a negative impact on the surrounding soil and aquatic
environment.

In this study, mapping and data analysis software, measurements of the physical and chemical
properties and heavy metal contents of soil samples,
the cumulative index method, and the PER index
method were used to evaluate the content, source,
and PER of heavy metals in abandoned soils of the
Shangrao copper mine, Jiangxi, China. Such scientific analyses of local soil heavy metal pollution conditions in the mining areas provide an important basis for guidance relating to heavy metal pollution
prevention and control, soil reclamation, and ecosystem restoration of abandoned land in mining areas.

%,7:60.9660.>498,8/:<0><0,>708> According to the requirements of Soil Environmental Monitoring (HJ / T166-2004) [30], the plum blossom
sampling method was used to collect soil from 0–20
cm depth with a total of 50 soil samples collected.
The latitude and longitude of each sampling point
was recorded after sampling. The collected soil samples were sealed in a clean polyethylene bag, and
transported back to the laboratory within a few hours.
The soil samples were stored at 4°C until further
analysis.
The soil samples were placed air-dried under
natural conditions, screened to remove crushed stone,
plant debris, and other impurities, and then ground
in a mortar. Samples were passed through a 100mesh nylon sieve and placed into a clean label polyethylene bag then stored at 4°C.

8,6C>4.,670>39/= Subsamples of soil were
prepared in a soil:water ratio of 1:2.5 (w/v) and pH
was measured using a PHS-3C pH meter (INESA,
Shanghai, China). The soil organic matter determination was conducted by the volumetric potassium

&$% &!%

0=.<4:>49891>30=>?/C,<0,. The study area
is part of the Yixing yongping copper deposit in the
northeastern Jiangxi Province, Shangrao, Qianshan
County, and is the copper deposit in Jiangxi Province
(Fig. 1.). It is located in the eastern part of the
Qinhuang metallogenic belt in the northern foot of
Wuyi Mountains at approximately 28.32°N,
117.71°E. Large-scale construction of the copper
mine began in 1980, and was operated for four years.
The mine represents one of the key construction projects (the sixth national "five-year plan"), the largest
copper-rich polymetallic deposit in Jiangxi Province
[26,27]. The study area is also China's second largest
open-air copper mine (with a mining area of 10 km2)
and is under the jurisdiction of the Jiangxi Copper
Company. The copper mining area consists mainly
of copper associated with sulfur, tungsten, gold, silver, and other large sulfide deposits [28,29]. In this
study, the abandoned land of the middle slope 2 of
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dichromate oxidation method and expressed in g
kg−1. The total nitrogen content was determined by
the Kjeldahl distillation method and expressed in g
kg−1. Soil available phosphorus was determined with
a visible spectrophotometer (V-5000, METASH,
Shanghai, China) and expressed in mg kg−1. Soil potassium was determined by flame atomic absorption
spectrophotometry (A3AFG-13, PERSEE, Beijing,
China) following digestion with HNO3-HF-HClO4.
The Cu, Pb, Cr, Cd and Zn contents were analyzed by flame atomic absorption spectroscopy after
the ground sediments had been digested in a mixed
acid solution
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(1)
where Igeo is the cumulative index for pollutant n in the soil samples; Cn and Bn are the measured content and geochemical background value of
n in soil, respectively; and k is the correction factor,
which typically has a value of 1.5 according to the
differences in the background of the fluctuations
caused by the background value. The values of the
cumulative index for heavy metal pollution were divided into seven grades [31, 32], as shown in Table
1.
"9>08>4,60.96924.,6<4=5,==0==708>70>39/
The PER index method was proposed by Lars Hankanson in 1980 [33, 34]. The current evaluation
method is widely used in heavy metal pollution risk
analysis of soil and water sediment. The PER index
method not only considers the soil heavy metal content, but also takes into account the toxicity of heavy
metals, and the potential ecological and environmental effects. The PER coefficient of a single heavy

#?,64>C,==?<,8.0,8/;?,64>C.98><96Quality assurance and quality control procedures included method blanks and standard reference materials. Analyses of the total content of the metal were
repeated three times. The relative standard deviation
was more than 5% for all tests. All analyses were
conducted in duplicatetriplicate and the results were
expressed as an average concentration. The quality
of the analytical procedure was assessed based on the
recovery measurements of China's national geography (HJ/T166-2004). The results were consistent
with the reference values and all differences were
within ± 10%. All reagents were guaranteed to be of
analytical grade or higher. Laboratory glassware
(bottles, tubes, etc.) were prewashed by soaking in
10% HNO3 (w/w) for at least 2 days and then soaked
and rinsed with deionized water prior to use.

0,@C 70>,6 0@,6?,>498 70>39/= ?7?6,
>4@0 48/0B 70>39/ The cumulative index method
quantitatively evaluates the degree of heavy metal
contamination in the soil using a relationship between the total content of heavy metals and their geochemical background values (Muller 1969). Environmental geochemical background values and natural diagenesis may cause changes in the background value and other factors. The formula is as follows: 



metal in a region (   ) is as follows:


 =  *  

(2)
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The pollution factor
is
the
comprehensive ecological risk index of various
heavy metals is RI, expressed as follows:

 ≈ Σ = Σ *  

(3)


 is the toxic response parameter of the

where 
ith heavy metal. The toxicity response coefficient is
30 for Cd, 2 for Cr, 5 for Cu, and 5 for Pb, and 1 for


Zn;   is the measured concentration of the ith
heavy metal. In this paper, according to the criteria
set by Hankanson, the RI value and the potential ecological hazards of heavy metals from high to low was
divided into five grades, as shown in Table 2.
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Pollution
degree

Unpolluted

Unpolluted to
moderately
polluted

Moderately
polluted

Moderate to
heavily
polluted

Heavily
pollution

Heavily to
extremely
pollution

Extremely
pollution

 

0

01

12

23

34

45

5

Levels

0

1

2

3

4

5

6

& 
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RI
Potential ecological hazards

≥320

160320

80160

4080

40

≥1200
Very high

6001200
High

300600
Considerable

150300
Moderate

150
Low
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Heavy metal contentmg·kg-1

statistics
index
Mean
SD
Max
Min
Middle
CVS
SV
Background

Cd

Cr

Pb

Zn

Cu

pH

1.6
1.5
6.9
0.1
1
0.95
0.3

129
92.1
358.4
0.85
98.01
0.71
150

243.3
239.4
986.4
0
144
0.98
250

280.5
50.1
360
1.2
286
0.18
200

442.8
264.6
907.8
0
514.6
0.6
50

6
1.7
8.6
2.8
5.4
0.36

0.11

45.9

32.3

69.4

20.3

Physical and chemical properties
SOM
TN
P
(g/kg)
(g/kg)
(mg/kg)
17.3
0.8
4.9
6.2
0.2
2.5
31.2
1.3
10.1
3.4
0.2
1.1
16.4
0.8
4.9
0.29
0.3
0.5

TK
(mg/kg)
15.5
9.1
43.6
0.6
14.4
0.59

& 
"0,<=98.9<<06,>498.90114.408>91=94630,@C70>,6=,8/:3C=4.9.3074.,6:<9:0<>40=

Pearson
Cu
Pb
Cr
Cd
Zn
SOM
pH
TN
P
TK

Cu
1
0.273
0.003
0.402 a
0.408 a
0.245
0.188
-0.177
0.195
0.26

Pb

Cr

Cd

Zn

SOM

pH

TN

P

K

1
-0.056
0.024
0.320 b
0.195
-0.167
-0.099
0.010
0.111

1
-0.022
0.149
0.264
-0.160
0.99
0.057
0.017

1
0.273
0.136
0.065
-0.017
0.038
0.224

1
0.277
-0.250
-0.044
-0.084
0.128

1
-0.129
0.221
0.073
0.161

1
-0.014
0.507 a
0.193

1
0.188
-0.094

1
0.167

1

a

correlation is significant at the 0.01 level (two-tailed);
b
correlation is significant at the 0.05 level (two-tailed).
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The physical and chemical properties of the soil samples and the contents of the five heavy metals in the
abandoned soils are shown in Table 3. The concentrations of the five heavy metals decreased in the order Cu > Zn > Pb > Cr > Cd. Among these metals,
the maximum Cu concentration was the highest at
442.8 mg kg−1, whereas the highest Cd concentration
was the lowest at 6.9 mg kg−1. The heavy metal content at each sampling point had a large difference,
with reference to "soil environmental quality standards" (GB15618-1995) (Zn, Pb, and Cr) in Jiangxi
Province were higher than those in Jiangxi Province.
The coefficient of variation values of Cd, Pb, Cr, and
Cu were 95%, 98%, 71%, and 60%, respectively,
which indicates that there may be point source pollution in these four heavy metals. In contrast, the coefficient of variation of Zn was 18%, which indicates
that this heavy metal may be non-point source pollution. Based on the evaluation of soil nutrient abundance initially established in the second national soil
census [33], the organic matter contents, total nitrogen, available phosphorus, and total potassium in the
soils of the study area were significantly lower than
those of the second soil census [34]. The soils in the

study area were relatively poor, which may be due to
the local soil parent material and the mining activities.
8,6C=4=91>30=9?<.09130,@C70>,6=Table
4 shows the Pearson correlation coefficients between
the five heavy metals and their physicochemical
properties in the soil samples from the study area.
These data indicate that Cu was positively correlated
with Cd and Zn, Pb was positively correlated with
Zn, suggesting a similar source. Combined with the
nature of the Cu mine, indicating that such heavy
metals are mostly half-living. The correlation between Cr and other four heavy metals is not high, indicating the influence of human factors. The pH and
available phosphorus were significantly positively
correlated, indicating that phosphorus is more active
under alkaline conditions. There was no significant
correlation between the contents of other heavy metals and the physicochemical properties of the soil,
indicating that the cumulative effect of heavy metals
was not significant.
The main components of soil heavy metal elements were analyzed using principal component
analysis to further analyze the sources of heavy
metal pollution in the regional soil samples. Table 5
shows the characteristics of the main components of
soil heavy metals and the contribution rate. There
4569
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Component
1
2
3
4
5

Total
2.146
1.026
0.727
0.566
0.535

Initial Eigenvalues
% of Variance
Cumulative %
42.924
42.924
20.512
63.437
14.547
77.983
11.318
89.301
10.699
100.000

Extraction Sums of Squared Loading
Total
% of Variance
Cumulative %
2.146
42.924
42.924
1.026
20.512
63.437

'$ 
"<48.4:,6.97:9808>,8,6C=4=:69>

were two characteristic values of soil heavy metals
greater than 1, which explained the total variance of
42.924% and 20.512%, respectively (Table 5).
Therefore, the cumulative contribution rate of the
two principal components was 63.4%.
The principal component factor load diagram
(Fig. 2) shows that the first principal component was
mainly Cu, Cd, Pb and Zn, indicating that the four
heavy metals are homologous, probably due to the
exploitation of copper. The second principal component mainly contained Cr, Pb and Zn. Of these, the
correlations between Cr and Pb and Zn were not obvious; Pb and Zn may be homologous, whereas Cr
may have different sources. Figure 2 shows that
these five heavy metals are mainly divided into two
principal component factors, the proportion of each
heavy metal varied between different components,
showing that different sources of pollution have
some of the same characteristics.
The results of Pearson correlation coefficient
and principal component factor analysis show that
the heavy metals and physicochemical properties of
Cu, Cd, Pb and Zn in the study area were homologous, and the results of the two methods were basically consistent. Combined with the study of the region's unique mining nature, these types of heavy
metals are likely to be associated with the mine. Ta-



ble 4 shows that there was a significant positive correlation between pH and soil, and there was no significant correlation between the content of heavy
metals and the physicochemical properties of soil,
which indicates that the accumulation and physicochemical properties of heavy metals were not significant.
@,6?,>498 91 =946 30,@C 70>,6 :966?>498
@,6?,>49891%946..?7?6,>4988/0B910,@C
0>,6=48%946=As shown in Fig. 3, the accumulation index of soil heavy metal in the study area was
between 0 and 5, with 52 of the cumulative index
values greater than 4, accounting for 21% of the soil
samples and indicating that Cu was the main pollutant. The maximum value of Cu was 5.41, indicating
a strong degree of pollution. The maximum value of
Pb was 4.34 and the maximum value of Cr was 2.38,
indicating moderate pollution. The maximum value
of Cd was 4.89, and the severe pollution degree was
reached. The maximum value for Zn was 1.79, indicating that the Zn pollution in the soil was mild. In
general, the pollution degree of the five heavy metals
in the study area decreased in the order Cu > Cd >
Pb > Zn > Cr. Of these, Cu and Cd were highly polluted, Pb was at moderate pollution level, and Cr and
Zn pollution was low.
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8/4@4/?,6<4=548/4.0=19<30,@C70>,6=48>30=>?/C,<0,
Heavy
metals
Cu
Pb
Cd
Cr
Zn

Potential Ecological Risk Index for
Individual Elements

Number of different pollution levels

Average

Max

Min

 40

109.2
37.7
5.1
5.6
4.1

223.6
152.7
22.4
15.6
5.2

0
0
0.2
0.4
1.6

12
35
50
50
50

40≤

 80
5
8
0
0
0

"9>08>4,60.96924.,6<4=5,==0==708>9130,@C
70>,6=48=946=Table 6 shows that the heavy metal
potential risk index of Cu in the 50 samples in the
study area was the highest of the five heavy metals,
with an average value of 109.15, and the individual
risk value of 33 samples was more than 80, representing a serious pollution condition. The second
highest risk was Pb; the average potential risk index
of Pb was 37.66 and the maximum was 152.69. The
potential risk index of 8 samples for Pb was more
than 80; most samples indicated mild pollution and
only a small proportion were medium or strong pollution. For Cd, Cr, and Zn, the potential risk index
was less than 40, all of which indicated a mild potential risk. According to the average potential risk
coefficient of heavy metals over the 50 sampling

80≤

 160
20
6
0
0
0

160≤

 320
13
0
0
0
0

 ≥320
0
0
0
0
0

points (Fig. 4), the potential risk of heavy metals in
the study area decreased in the order Cu > Pb > Cr >
Cd > Zn. In the integrated potential risk, the comprehensive risk of RI was 366.6. and the RI value of two
sampling points was greater than 300. Therefore, 4%
of the sampling points represented a severe potential
ecological risk; 25 of the sampling points had a RI
value between 150 to 300 (50% of the sampling
points) represented a moderate ecological risk. The
RI value of 22 sampling points was less than 150,
which is in the mild ecological hazard category,
based on the comprehensive potential ecological risk
index and comprehensive potential ecological risk.
The results show that there are serious ecological
hazards in the study area.
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1) Pollution levels of five heavy metals were
studied in the soil samples of the study area. In terms
of soil background value of Jiangxi, heavy metal
concentrations decreased in the order Cu > Zn > Pb >
Cr > Cd. The coefficient of variation indicated that
there was point source pollution of Cd, Pb, Cr, and
Cu, whereas Zn may represent non-point source pollution.
2) The Pearson correlation coefficients (Table
4) and principal component factor load diagram (Fig.
2) showed that Cu and Cd had homologous features
and Zn, Pb and Zn may also share a common source.
The content of heavy metals was not significantly
correlated with the physical and chemical properties
of the soil. At the same time, the physical and chemical properties indicated that soil in the studied area
was more barren, which may be because of their parental conditions and mineral resources caused by
mining activities.
3) The results show that the pollution of five
heavy metals in the study area decreased in the order
Cu > Cd > Pb > Zn > Cr and the maximum cumulative index is 5.41, reaching a very strong degree of
pollution. The highest RI was 366.6 and the potential
risk of heavy metals in soil decreased in the order
Cu > Pb > Cr > Cd > Zn. Of the 50 studied points, 4%
had severe ecological risk and 50% had moderate
ecological risk, indicating that the mining area contains regions of serious ecological hazards.
4) The results of this study suggest that focus
of prevention and control of heavy metals in the copper mine should be the treatment of pollution of Cu
and Cd, followed by the treatment of Pb pollution.

Improvements to the mining methods of mineral resources and to mining technology of mineral resources should be made to promote adequate vegetation coverage for the effective prevention and control of heavy metal pollution.
 !) &%
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