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The objective of this study was to determine
the most-promising F1 hybrids with respect to kernel color, size and quality properties using sweet
corn and dent corn inbred lines as parents. In this
study, the F1 hybrids were produced using four
sweet corn inbred lines as female parents (SC1,
SC2, SC3 and SC4) and two dent corn inbred lines
as male parents (DC1 and DC2). We observed that
kernel size properties and 1000-kernel weight values of F1 hybrids were similar to those of the male
parents. The hybridization of SC1 and SC4 with
male parents exhibited a significant increase in L*,
a*, b* values in their F1 hybrids. Total sugar contents of the F1 hybrids were found to be similar to
those of sweet corn inbred lines. The highest sucrose content was found in the SC3 and accordingly
in the SC3’s hybrids. °Brix values indicated that our
F1 hybrids are at an adequate level from the standpoint of a sweet taste. The findings in the present
study led to the conclusion that it is possible to
produce new type sweet corn × dent corn hybrids
with improved characteristics.



that sweet corn differs from dent corn because of its
genes, which modify the flavor, tenderness, texture,
seed viability, and appearance of plants and ears
[10]. The recessive allele %"' (#%) is the genetic basis of sweet corn. Sweet corn is differentiated from other corn types by a gene or genes that the
alter endosperm starch synthesis [11].
The production of sweet corn globally is increasing because of its high economic value. Therefore, field studies are being performed worldwide to
produce high quality sweet corn hybrids. Kumari et
al. [12] indicated that certain promising hybrids
with high ear weight, high grain yield and high total
sugar content can be produced from some sweet
corn and dent corn hybridization. Similarly, Özçam
[13] reported that promising hybrids with high grain
yield could be obtained from sweet corn and dent
corn hybridization. However, there are limited
studies in the literature related to the producing of
promising sweet corn hybrids using sweet corn and
dent corn inbred lines as parents.
Against this background, the objective of this
study was to determine the most-promising F1 hybrids with respect to kernel color, size and quality
properties using the sweet corn inbred lines as female parents and dent corn inbred lines as male
parents. This study was performed in order to
screen and identify the best parental inbred lines
and hybrids using sweet corn and dent corn inbred
lines as parents.


#!"#"

3)5: 4):-81)3 )5, ->7-814-5:)3 ,-91/5
The present study was carried out with four sweet
corn inbred lines as female parents (SC1, SC2, SC3
and SC4) and two dent corn inbred lines as male
parents (DC1 and DC2). Sweet corn inbred lines
and dent corn inbred lines were obtained from the
breeding programs conducted in the last decade by
Department of Field Crops, Faculty of Agriculture,
Ege University, İzmir, Turkey. The field experiments were conducted in 2012 and 2013 at the
research field of Department of Field Crops, Faculty of Agriculture, Ege University, İzmir, Turkey.
The field experiments were set up on clay loam soil.

'&!"
Sweet corn inbred line, Dent corn inbred line, Hybridization, F1 hybrids, Kernel characteristics.

#!$#
Maize ( '# L.), also called corn, is one
of the most important cereal grains/crops in the
world [1], and it is mainly used in human food and
animal feed [2]. Dickerson [3] stated that unlike
dent corn ('#L. $$ Sturt.), sweet corn
('#L. #"$ Sturt.) is grown primarily
for processing and fresh consumption, not feed or
flour [4]. Flora and Wiley [5] indicated that the
sweetness, texture and aroma characteristics of
sweet corn kernels are the most important components in consumer acceptance [6]. Fekonja [7]
pointed out that sweet corn is a potential crop for
temperate climates; however, it requires additional
agronomic improvements [8]. Tracy [9] indicated
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 0?*81,99=--:+685B,-5:+685.6;89=--:+68515*8-,315-9)9.-4)3-7)8-5:9" " " )5,
" )5,:=6,-5:+68515*8-,315-9)94)3-7)8-5:9 )5, =-8-;9-,:6786,;+- 0?*81,9
)*68):68? )5)3?9-9 Kernel analyses of the
female parents (SC1, SC2, SC3, SC4), male parents
(DC1, DC2) and F1 hybrids (SC1 × DC1, SC1 ×
DC2, SC2 × DC1, SC2 × DC2, SC3 × DC1, SC3 ×
DC2, SC4 × DC1, SC4 × DC2) were carried out in
the Cereal Technology Laboratory of Department of
Food Engineering, Faculty of Engineering, Ege
University, İzmir, Turkey. We froze the ears at – 40
°C immediately after harvesting using a freezer
(MDF-U443, Sanyo Electric Co., Ltd., Japan), to
prevent conversion of sugar into starch. The measured morphological properties of F1 hybrids are:
kernel length, kernel width, kernel thickness, and
1000-kernel weight. The moisture, starch, total
sugar, invert sugar, sucrose, soluble solids (°Brix)
content analyses and color (L*, a*, b* values)
measurements were performed to determine the
characteristics of female parents and F1 hybrids.
The moisture, starch, total sugar, invert sugar, sucrose content analyses were performed to determine
the characteristics of the male parents. All chemicals and laboratory reagents used in the laboratory
studies were analytical grade.
Before starting laboratory analyses frozen ears
of female parents and F1 hybrids were thawed under
the room temperature (25±2 °C) until the temperature of ears reached to the room temperature. After
thawing step, the kernels were carefully removed
from the ears by hand, and undamaged fresh kernels
were chosen for analyses. The length, width and
thickness of kernels of F1 hybrids were measured
using a digital caliper (Mitutoyo Corp., Japan).
1000-kernel weight was determined using a digital
scale (TP-3002, Denver Instrument, USA). Undamaged fresh kernels obtained from female parents
and F1 hybrids were crashed using a mixer (OmniMixer 17220, Ivan Sorvall Inc., USA) for the moisture, starch, total sugar, invert sugar, sucrose, soluble solids (°Brix) content analyses and color (L*,
a*, b* values) measurements. Dry kernels obtained

The characteristics of soil were determined as follows: pH = 7.63, light alkaline, chalky, low salt
concentration, moderate nitrogen (N) and phosphorus (P) concentration, and rich in other macronutrients. These characteristics are similar to those of the
soil in the study of Furan et al. [14]. Plaza et al. [15]
reported that assessment of mineral nitrogen content
in soil is assumed to be an indicator of environmental risk due to an excess concentration of nitrogen in
soil.
In the present study, hybridization of sweet
corn inbred lines and dent corn inbred lines (Fig. 1)
were performed in the summer of 2012. Cultivation
of F1 generations was performed in the spring of
2013. The field experiments were arranged in randomized block design with three replications.
Each plot consisted of four rows that were 5 m
long. The rows were planted 70 cm apart and 20 cm
spaced in the rows. Plot area was 14 m2 (5 m × 2.8
m). Planting was done by hand and after planting
seedling emergence was obtained by sprinkler irrigation. No pesticide was used in the present study.
Aksoy et al. [16] pointed out that pesticides cause
chromosomal abnormalities and abnormal developments in some plant tissues. In the present study,
the experimental area was fertilized at a rate of 30
kg da-1 nitrogen (N) and 10 kg da-1 phosphorus
(P2O5). Before planting 10 kg da-1 nitrogen and 10
kg da-1 phosphorus were used as composed fertilizer (20-20-0). The remaining nitrogen fertilizer was
applied as in the form of urea fertilizer during the
six-eight leaf growing stage (V6-V8). Therefore,
sprinkler irrigation, field management and other
cultural practices were made routinely during the
trials. The ears were harvested at the late milk
stage. Harvesting was made by hand from two rows
at the center of each plot (after removing 50 cm up
and down sides from each rows) randomly, at the
late milk stage.
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Soluble solids (°Brix) content analyses of female parents and F1 hybrids were conducted at
25±2 °C according to the method described in
Cemeroğlu [17] using a digital refractometer (Atago
Co. Ltd., Japan). Color (L*, a*, b* values) measurements of female parents and F1 hybrids were
done using a colorimeter (Color Flex, Hunter Lab
Inc., USA).

":):19:1+)3 )5)3?919 The data obtained in the
present study were subjected to analysis of variance
(ANOVA) using the software of Statistical Package
for the Social Sciences–SPSS 15.0 (2006, SPSS
Inc., USA). The mean values were compared using
the Tukey HSD Post Hoc Test (P<0.05).

from male parents were milled in a laboratory scale
mill (Falling Number AB Type 121, Finland).
Moisture content analyses of fresh kernels obtained
from female parents and F1 hybrids were conducted
according to the method described in Cemeroğlu
[17] using a vacuum oven (Wise Ven Fuzzy Control
System Vacuum Oven WOV-30, Daihan Scientific
Co., Ltd., Korea). Moisture content analyses of dry
kernels obtained from male parents were conducted
according to ICC Standard Nr. 110/1 [18] using a
laboratory scale oven (Typ 2702, Köttermann Systemlabor, Germany). Starch content analyses of
samples were conducted according to AOAC Official Method 945.37 [19]. Total sugar and invert
sugar content analyses of samples were conducted
according to Lane-Eynon Method described in
Cemeroğlu [17]. Sucrose content of samples was
calculated by using the following formula:



# 
-85-33-5/:0=1,:0:01+25-99)5, 2-85-3=-1/0:<)3;-96. 0?*81,99=--:+685B,-5:+685
F1 hybrids
Kernel length [mm]
Kernel width [mm]
Kernel thickness [mm]
1000-kernel weight [g]
SC1 × DC1
8.56 ± 0.56 e
7.84 ± 0.35 bc
4.84 ± 0.48 c
288.79 ± 14.95 d
d
ab
ab
SC1 × DC2
9.14 ± 0.62
8.09 ± 0.62
5.24 ± 0.62
314.85 ± 11.01 bc
SC2 × DC1
10.10 ± 0.47 b
8.41 ± 0.52 a
5.28 ± 0.52 ab
345.76 ± 8.01 a
a
b
a
SC2 × DC2
10.68 ± 0.69
8.03 ± 0.53
5.55 ± 0.59
335.55 ± 24.01 ab
SC3 × DC1
8.90 ± 0.79 de
7.59 ± 0.71 c
5.16 ± 0.50 abc
285.84 ± 2.64 d
bc
ab
bc
SC3 × DC2
9.78 ± 0.71
8.14 ± 0.55
5.03 ± 0.55
310.69 ± 3.51 c
SC4 × DC1
8.76 ± 0.60 de
7.90 ± 0.43 bc
4.96 ± 0.79 bc
312.51 ± 18.90 c
SC4 × DC2
9.62 ± 0.82 c
8.01 ± 0.49 b
4.89 ± 0.60 bc
334.11 ± 9.47 ab
SC1, SC2, SC3, SC4 represent female parents (sweet corn); DC1, DC2 represent male parents (dent corn); ×, denotes hybridization.
Data are expressed as mean values ± standard deviations (n=20 for kernel length, width and thickness; n=8 for 1000kernel weight).
Mean values within the same column followed by different superscripts are significantly different (P<0.05). The
letter “a” denotes the highest value.

# 
6368<)3;-9)*6..-4)3-7)8-5:99=--:+685)5, 0?*81,99=--:+685B,-5:+685
Female parents
L*
a*
b*
SC1
69.5 ± 0.09 D
3.25 ± 0.03 D
13.54 ± 0.02 D
SC2
74.49 ± 0.03 B
5.03 ± 0.02 C
16.09 ± 0.02 C
SC3
82.80 ± 0.11 A
7.30 ± 0.04 A
38.69 ± 0.03 A
SC4
71.30 ± 0.03 C
5.49 ± 0.04 B
16.86 ± 0.08 B
F1 hybrids
SC1 B DC1
74.80 ± 0.40 cd
12.48 ± 0.40 b
36.73 ± 2.36 cde
SC1 B DC2
73.83 ± 1.68 d
11.67 ± 0.20 bc
35.43 ± 2.76 de
SC2 BDC1
75.74 ± 0.27 bc
12.38 ± 0.59 b
39.66 ± 1.26 b
d
bc
SC2 B DC2
73.84 ± 0.57
11.92 ± 0.49
37.05 ± 1.31 cd
SC3 B DC1
76.00 ± 1.75 bc
11.19 ± 0.75 c
34.43 ± 1.08 e
e
a
SC3 B DC2
70.30 ± 1.14
14.56 ± 0.48
42.67 ± 2.64 a
SC4 B DC1
77.85 ± 1.12 a
11.80 ± 0.76 bc
37.19 ± 1.32 cd
SC4 B DC2
76.15 ± 1.00 b
12.30 ± 1.93 b
38.57 ± 3.45 bc
SC1, SC2, SC3, SC4 represent female parents (sweet corn); DC1, DC2 represent male parents (dent corn); ×, denotes
hybridization.
L*, indicates brightness (0-100 represents dark to light); a*, indicates redness and greenness (a higher positive a* value
indicates more red); b*, indicates yellowness and blueness (a higher positive b* value indicates more yellow).
Data are expressed as mean values ± standard deviations (n=4 for female parents; n=16 for F1 hybrids).
Mean values within the same column followed by different superscripts are significantly different (P<0.05). The letter
“A” and “a” denote the highest values.
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Kernel length, width and thickness, and 1000kernel weight values of F1 hybrids are presented in
Table 1. Color values (L*, a*, b*) of female parents
and F1 hybrids are presented in Table 2. Moisture,
starch, total sugar, invert sugar, sucrose and soluble
solids (°Brix) contents of the female, male parents
and F1 hybrids are presented in Table 3.
Özçam [13]; Kumar et al. [20] found a considerable heterosis between sweet corn and dent corn
in terms of plant height, ear length, ear diameter,
grain number per ear, 100-kernel weight and grain
yield. Hallauer et al. [21] reported that kernel
length, width and thickness of dent corn are ~9.7
mm, ~8.2 mm and ~5.3 mm, respectively. In the
present study, kernel length, width, thickness values
of F1 hybrids were found between 8.56 and 10.68
mm, 7.59 and 8.41 mm, 4.84 and 5.55 mm, respectively (Table 1). These findings indicate that the
kernel length, width and thickness of F1 hybrids are
similar to dent corn. We also observed that SC2’s
hybrids have the highest kernel length, width,
thickness and 1000-kernel weight among F1 hybrids.
As presented in Table 2, the lowest and the
highest L*, a*, b* values were measured in SC1
and SC3 parents, respectively. This finding indicates that the color intense of SC3 is higher than
other female parents. In the present study, the high

est L* values were found in SC4’s hybrids. L*
values of SC2 × DC1, SC3 × DC1 and SC4 × DC1
were found to be significantly higher than SC2 ×
DC2, SC3 × DC2 and SC4 × DC2, respectively.
The same trend was not observed in a* and b* values among F1 hybrids. Although not significant, L*
value of SC1 × DC1 was found to be slightly higher
than SC1 × DC2. The most significant differences
in L*, a* and b* values were determined between
SC3’s hybrids (SC3 × DC1 and SC3 × DC2). This
finding indicates that SC3 inbred line is not totally
pure line and it needs a couple of generations for
inbreeding. The remarkable finding in our study is
that the hybridization of SC1 and SC4 with male
parents caused a significant increase in L*, a*, b*
values in their F1 hybrids (Table 2).
Singh et al. [22] measured L* value of sweet
corn whole meal and dent corn whole meal samples
in their study as being similar to each other (measured as 82.3). They found a*: 4.4 and b*: 25.8 for
sweet corn whole meal samples, a*: 5.1 and b*:
26.7 for dent corn whole meal samples. In our
study, L*, a*, b* values of F1 hybrids were found to
be varied between 70.30 and 77.85, 11.19 and
14.56, 34.43 and 42.67, respectively. These findings indicate that F1 hybrids of our study have higher color intensity in red and yellow, compared with
the data of dent corn and sweet corn obtained by
Singh et al. [22].


#
86>14):-+647691:1656..-4)3-7)8-5:99=--:+6854)3-7)8-5:9,-5:+685)5, 0?*81,9
9=--:+685B,-5:+685
Female
Moisture
Starch*
Invert sugar*
Sucrose*
°Brix§
Total sugar*
parents
[%]
[%]
[%]
[%]
[%]
SC1
81.45 ± 0.55 A
26.48 ± 2.16 B
6.03 ± 0.14 C
4.95 ± 0.15 B 1.03 ± 0.18 C
11.35 ± 0.15 D
C
A
B
A
CB
SC2
75.06 ± 0.35
52.87 ± 1.11
7.27 ± 0.61
5.83 ± 0.24
1.36 ± 0.36
16.65 ± 0.15 B
SC3
79.05 ± 0.95 B
22.75 ± 0.68 C
11.45 ± 0.67 A 2.05 ± 0.24 D 8.93 ± 0.62 A
22.83 ± 0.15 A
SC4
77.71 ± 0.83 B
50.97 ± 1.81 A
6.00 ± 0.35 C
4.02 ± 0.05 C 1.88 ± 0.29 B
14.58 ± 0.18 C
Male parents
DC1
11.21 ± 0.22 A
76.88 ± 1.31 A
0.58 ± 0.01 B
0.32 ± 0.03 B 0.25 ± 0.02 B
nd
A
A
A
DC2
11.25 ± 0.11
75.93 ± 0.49
0.85 ± 0.04
0.51 ± 0.01 A 0.32 ± 0.03 A
nd
F1 hybrids
SC1 B DC1
40.33 ± 1.32 bc 35.88 ± 4.24 ab 10.74 ± 0.98 ab 6.24 ± 0.12 bc 4.28 ± 0.94 cd
15.55 ± 0.78 c
SC1 B DC2
40.73 ± 0.57 b
36.54 ± 5.42 ab
8.08 ± 0.60 c
6.17 ± 0.14 bc 1.81 ± 0.51 ef
17.07 ± 0.13 b
SC2 BDC1
41.02 ± 0.57 b
37.76 ± 4.02 ab
6.68 ± 0.29 c
4.81 ± 0.35 d
1.78 ± 0.51 f
14.97 ± 0.86 cd
SC2 B DC2
38.69 ± 1.35 cd
29.72 ± 0.48 c
10.63 ± 1.87 ab
4.94 ± 0.72 d 5.40 ± 1.11abc
14.81 ± 0.59 de
d
c
a
d
a
SC3 B DC1
37.78 ± 2.01
30.72 ± 1.45
11.82 ± 1.57
5.12 ± 0.22
6.36 ± 1.70
14.36 ± 0.59 de
SC3 B DC2
43.07 ± 1.38 a
34.30 ± 1.66 bc
11.98 ± 0.41 a
5.72 ± 0.51 c 5.95 ± 0.52 ab
14.20 ± 0.21 e
SC4 B DC1
43.53 ± 1.12 a
39.89 ± 2.68 a
9.87 ± 0.36 b
6.55 ± 0.35 ab 3.15 ± 0.20 de
18.88 ± 0.09 a
a
ab
a
a
bc
SC4 B DC2
43.09 ± 0.75
37.07 ± 0.80
11.84 ±0.66
6.86 ± 0.20
4.74 ± 0.49
18.95 ± 0.59 a
SC1, SC2, SC3, SC4 represent female parents (sweet corn); DC1, DC2 represent male parents (dent corn); ×, denotes
hybridization.
*
, expressed as in dry matter base; §, °Brix at 25±2 °C; nd, not detected.
Data are expressed as mean values ± standard deviations (n=8).
Mean values within the same column followed by different superscripts are significantly different (P<0.05). The letter “A”
and “a” denote the highest values.
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Kaukis and Davis [27] reported that the primary sugar in sweet corn is sucrose, with lesser
amounts of glucose, fructose and maltose, and the
sweetness of sweet corn mainly depends on kernel
sucrose content [4]. Similarly, Wiley [28] pointed
out that sweetness is closely related to the kernel
sucrose content of corn [6]. In our study, the sucrose content of F1 hybrids varied between 1.78 and
6.36%. Sucrose content of SC3 (8.93%) was found
to be significantly higher than other female parents
(Table 3). Therefore, the highest sucrose content
was found in SC3’s hybrids, in the present study.
°Brix values of F1 hybrids in our study were
found to be between 14.20 and 18.95. The highest
°Brix values were found in SC4’s F1 hybrids, followed by SC1’s, SC2’s and SC3’s hybrids. Tuncay
et al. [29] determined 11.03-19.13 and 12.18-20.00
°Brix values in sweet corn hybrids planted during
the periods of the main crop and second crop, respectively. Pereira [26] found °Brix values of
17.70, 20.80 and 22.30 for the cultivars  "#
$,
%" and %!" , respectively
[10]. Pazır and Kantarcı [25] found °Brix values
between 20.63-24.18 in three sweet corn hybrids
(late planted and harvested as second crop). In our
study, °Brix values of F1 hybrids (planted in the
period of second crop) were found to be in agreement with the data obtained by Tuncay et al. [29].
Flora and Wiley [5] pointed out that the significant
component of the soluble solids is sugar and a high
amount of soluble solids content in the kernel improves the taste of sweet corn, positively. In the
present study, °Brix values indicated that F1 hybrids
are at an adequate level from the standpoint of a
sweet taste.

Bilgiç etal. [23] found that the starch contents
of dent corn samples used in their study varied
between 60 and 78%. Oktem and Oktem [24] reported that sweet corn has 10‒11% starch content at
its optimum market maturity [7]. Pazır and Kantarcı
[25] determined that the starch contents of three
sweet corn hybrids (%# "(" $ " )
varied between 20.58 and 20.93%. In our study,
starch contents of male parents were found to be
higher than female parents and F1 hybrids (Table 3).
SC2 and SC4 have significantly higher starch contents compared with SC1 and SC3. Starch contents
of F1 hybrids were found to vary between 29.72 and
39.89%. The lowest starch contents were found in
SC2 × DC2 and SC3 × DC1 among F1 hybrids. The
highest starch content was found in SC4 × DC1.
In a previous study, Bilgiç et al. [23] determined 1‒3% total sugar contents in dent corn samples. In the present study, we found that male parents have very low total sugar contents compared
with female parents and F1 hybrids. Total sugar
contents of female parents were found to vary between 6.00% (SC4) and 11.45% (SC3). This finding is in agreement with the findings of Tracy [9],
who reported that the total sugar content of sweet
corn ranged between 4 and 12%. According to
Oktem and Oktem [24], sweet corn has 5‒6% sugar
content at its optimum market maturity [7]. Pereira
[26] found a total sugar content of 4.30, 4.60 and
5.20% for the cultivars  "#$, %"
and %!" , respectively [10]. In our study, total
sugar contents of F1 hybrids were found between
6.68 and 11.98%, which are similar to the findings
of Pazır and Kantarcı [25], who determined that the
total sugar contents of sweet corn hybrids varied
between 7.15 and 11.45%. In our study, the lowest
total sugar contents were found in SC2 × DC1 and
SC1 × DC2 among the F1 hybrids. The highest total
sugar contents were observed in SC3’s hybrids and
SC4 × DC2. These findings indicate that SC3 can
be considered as a good combiner in terms of total
sugar content compared with other female parents.
Additionally, total sugar contents of F1 hybrids in
our study were found to be in agreement with the
data obtained using sweet corn, by Pereira [26];
Tracy [9]; Oktem and Oktem [24]. This finding
leads to a conclusion that new type promising hybrids from sweet corn and dent corn were successfully produced in terms of high total sugar content,
in the present study.
In our study, the highest invert sugar contents
were found in SC4’s hybrids, followed by SC1’s,
SC3’s and SC2’s hybrids. The invert sugar content
of F1 hybrids varied between 4.81 and 6.86%,
which are higher than the data obtained by Pazır
and Kantarcı [25], who found 1.55‒2.22% invert
sugar content in sweet corn hybrids (late planted
and harvested as a second crop). This finding indicates that sugar in our F1 hybrids is in the form of
solution.


$"

In this study, the results of kernel length,
width, thickness and 1000-kernel weight of F1 hybrids were found to be similar to those of dent corn
samples, as reported by previous studies in the
literature. Color values (L*, a*, b*) of F1 hybrids in
the present study were found to be similar to each
other. The data recorded for the starch, total sugar,
sucrose and soluble solids (°Brix) contents of F1
hybrids indicated that F1 hybrids produced in this
study had similar properties to sweet corn. The
findings in our study lead to the conclusion that it is
possible to produce promising sweet corn hybrids
that have improved quality characteristics from
sweet corn and dent corn inbred lines.
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more at higher elevations on southern places than
the northern places. Pine processionary moth (PPM)
(Thaumetopoea wilkinsoni Tams.) is a major defoliator of the P. brutia in Turkey. Natural forests and
plantation areas are subject to periodic outbreaks. In
mature forests, trees are barely killed, but significant losses bring about in volume and radial
growths [2]. It is well known that defoliation may
increase tree stress and their susceptibility to secondary pests such as bark beetles and pine weevils,
particularly in young trees [3]. Fourth- and fifthinstar larvae can consume all the needles of host
trees, so that trees have to be scorched. The average
decrease in annual diameter increment for P. brutia
in damaged areas, compared with healthy trees, can
reach about 22% [4]. PPM increased its distribution
6 times between 1938 and 2009 in Turkey [5]. For
PPM management, mechanical-physical, chemical,
bio-technical and biological methods are widely
used. As far as control concerned, the methods
mainly based on using by various chemicals [4-8],
collecting egg-batches [8] and silky nests [6, 9],
plant essential oils [10], pheromone traps [11],
parasitoids-predators [6, 12, 13], entomopathogenic
fungi/nematodes [14-15], and microbial pathogens
[6, 7, 16] in Turkey. Therefore, the aim of this research was to determine the larvicidal activity of
seed essential oil (EO) of P. brutia against to PPM.

ABSTRACT
Thaumetopoea wilkinsoni Tams. is one of the
most widespread pest found in the pine forest of
Turkey. The objective of this study was to determine larvicidal effects of essential oil obtained from
Pinus brutia Ten. on the third and fourth instar
larvae of T. wilkinsoni under laboratory conditions.
In the present study, seed essential oil was tested at
seven different doses (5 to 1000 ppm) against to
this pest. The chemical composition of the oil was
determined by GC-MS. The essential oil of P. brutia was dominated by monoterpenes. Totally, 14
chemical compounds were identified by GC-MS
analysis. ȕ-Pinene (38.15%) and Į-pinene (24.99%)
were identified as major chemical components
followed by trans-ȕ-caryophyllene (15.24 %) and
germacrene-D (4.25 %). As a result of analysis, P.
brutia seed oil showed high larvicidal activity, with
LD50 values of 187.88, 122.83 and 68.77 ppm,
LD90 values of 608.85, 479.31 and 300.16 ppm at
24, 48 and 72 hours, respectively. The results
showed that the activities were dose dependent.
Therefore, this essential oil could be useful for to
find management strategies against populations of
T. wilkinsoni. In this study, the larvicidal activity of
essential oil from P. brutia against T. wilkinsoni
was evaluated for the first time.

MATERIALS AND METHODS

KEYWORDS:
Seed essential oil, Larvicidal activity, Pinus brutia,
Thaumetopoea wilkinsoni, Turkey

Study materials and extraction of the EO.
Third and fourth instar larvae of PPM were collected from infested P. brutia trees in the forest part of
Babadag, Denizli, Turkey. P. brutia seeds used in
the experiments were obtained from the Denizli
Forestry Regional Nursery Directorate. PPM larvae
and seeds have been transferred to Pamukkale University, Department of Biology, Chemical Ecology
Laboratory and then, they were stored under laboratory conditions until experiments were performed.
All tests carried out at 20ºC (±2), 60% (±5) relative
humidity and 14/10 h light/dark photoperiod in
laboratory conditions. Essential oil of the seeds

INTRODUCTION
Pinus brutia Ten. is a most prominent native
forest tree species in Turkey due to both its ecological and economical assets. It has been used in reforestation studies due to its rapid germination and
high genetic variation properties. In Turkey, P.
brutia has the most large natural distribution area
and covers 5.4 million ha [1]. As P. brutia is a
typical light demanding forest tree species, it occurs
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compared to deWHUPLQHVLJQL¿FDQWGLIIHUHQFHVXVLQJ
'XQFDQ¶V PXOWLSOH UDQJH WHVWV S    3URELW
analysis of dose-mortality data was conducted to
estimate the LD50 and LD90 values and associated
FRQ¿GHQFHOLPLWVIRUHDFKWUHDtment [19].

(500 g) obtained by hydrodistillation for 4 h using a
Clevenger-type apparatus with 2000 ml flask. The
essential oil collected by decantation was dried over
anhydrous sodium sulphate. Obtained essential oil
was transferred to a 10 ml volumetric flask and
stored in an airtight container prior to analysis at
4°C. The hydrodistillation of P. brutia seeds oil in
0.5% (w/w) yield and EO was light colour with a
sharp odor.

RESULTS AND DISCUSSION
Chemical composition of the EO. The GC±
MS analysis of the EO led to the identification and
quantification of a total of 14 major components
corresponding to 98.59% of the total oil (Table 1).
The main constituents found in the EO were ȕpinene (38.15%), Į-pinene (24.99%) and trans-ȕcaryophyllene (15.24%), respectively. The results
revealed that monoterpenes in the seed EO were
predominant (73.34%), whereas sesquiterpenes
were present in lower amounts.

Chemical analyses. Chemical composition of
the EO was analysed by a Hewlett Packard GC type
7820A, MSD 5975; Hewlett Packard, Wilmington,
DE, USA. Preparation of EO samples: 15 μl of EO
ZDVGLOXWHGLQȝORI n-hexane. A sample of 1
μl was injected under the following conditions:
column: HP-5MS (30 m × 0.25 mm, film thickness
0.25 μm, Hewlett Packard); carrier gas helium
(1.2 ml/min); the temperature program for terpenes
ranged from 50°C to 250°C; the heating rate was
5°C min-1; SCAN technique (mass numbers from
m/z 30 to 350 were recorded; signal ions in monitoring; 93, 133, 136, 161, and 204 m/z) was used.
The individual peaks were identified by comparison
of their retention indices (relative to C8-C25 nalkanes for HP-5MS) as well as by comparing their
mass spectra with the Wiley 7 MS library (Wiley,
New York, NY, USA) and NIST02 (Gaithersburg,
MD, USA) mass spectral database. A series of nalkanes was also injected under same analytical
conditions with that of the essential oil for the calculation of Retention Indices (RI). The percentage
composition of the samples was computed from the
GC peak areas using the normalization method. The
component percentages were calculated as mean
values from duplicate GC and GC-MS analyses.

TABLE 1
Composition of the essential oils obtained from
seeds Pinus brutia
Compound namea
RIb
Content (%)
Į-Pinene
936
24.99
Camphene
950
1.63
Sabinene
975
1.39
ȕ-Pinene
980
38.15
Myrcene
990
2.39
3-Carene
1011
1.37
Limonene
1032
1.08
Trans-ȕ-ocimene
1038
1.54
Į-Terpinolene
1086
0.80
acetate
10
Trans-ȕ1420
15.24
caryophyllene
11
Į-Humulene
1454
1.48
12
Germacrene D
1480
4.25
13
Ȗ-Cadinene
1520
2.11
14
Į-Bisabolene
1541
2.17
Total identified
98.59
a Compounds listed in order their elution,
b
RI: retention index measured relative to n-alkanes on
HP-5MS column.
No
1
2
3
4
5
6
7
8
9

Larvicidal assays. For the assays, 1 mL of essential oil from P. brutia seeds was dissolved in
100 mL distilled water + Tween 80 (0.3%). Series
concentrations ranging from 5 to 1000 ppm of dissolved oil and distilled water+ Tween 80 (0.3%)
mixture for control group were prepared. The larval
mortality bioassay was carried out according to the
test method described by Cetin et al. [17] with
minor modifications. Field collected larvae nests
were opened under fume hood and then larvae
transferred into the petri dish with 10 larvae per
dish. The larvae were fed on fresh pine needles.
Each dose of P. brutia seed EO (1 ml per larvae)
was topically applied to larvae. Three replicates of
each dose and control-Tween 80 (0.3%) were run at
a time. Mortality was recorded after an exposure of
24, 48 and 72 hours. Test mortality was determined
by observing individuals that were neither moving
ZKHQ SURGGHG ZLWK D ¿QH EUXVK QRU IHHGLQJ LQ Whe
test area Cetin et al. (2007).

Larvicidal activity of EO. The larvicidal potential of different doses of seed EO of P. brutia
against T. wilkinsoni is given in Table 2 and 3.
Among the seven doses tested, the dosage of 1000
ppm caused 100% larval mortality after 24 h. Larval mortality was not observed throughout the study
in the control group. After 24 h, the EO from the
seed of P. brutia exhibited significant larvicidal
activity; the LD50 and LD90 values are 187.88 ppm
(Limits; 129.71-266.92 ppm) and 608.85 ppm
(Limits; 400.22-1301.57 ppm) respectively. Larval
mortality was not observed throughout the study
with 5 ppm dose. As we expected, larval mortality
rates increased with increasing doses of the EO
used. The lowest mortality rate observed as 13.33%
with 50 ppm dose at the 24 hours, 6.67% and 10%

Data analysis. Percent mortality data were
subjected to ANOVA [18] and the means were
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TABLE 2
Toxicity of seed essential oils from Pinus brutia on Thaumetopoea wilkinsoni (Mortality (%) ± SE)
Time
(hour)
24
48
72

Control
0.0±0.0
aĮAȕ
0.0±0.0
aA
0.0±0.0
aA

5
0.0±0.0
aA
0.0±0.0
aA
0.0±0.0
aA

10
0.0±0.0
aA
6.6±1.1
bAB
10.0±0.0
bA

Test doses (ppm)
50
100
13.3±3.3
23.3±3.3
aB
aC
16.6±1.1
30.0±3.3
aB
aC
36.6±3.3
56.6±6.6
bB
bC

250
46.6±3.3
aD
66.6±5.8
abD
83.3±8.8
bD

500
90.0±5.7
aE
100.0±0.0
aE
100.0±0.0
aE

1000
100.0±0.0
aE
100.0±0.0
aE
100.0±0.0
aE

Į
0HDQVZLWKLQDFROXPQIROORZHGE\WKHVDPHORZHUFDVHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQW 'XQFDQ¶VPXOWiple range test,
P< 0.05).
ȕ
: Means within a line followed by the same capital letter are not significantly diffeUHQW 'XQFDQ¶V PXltiple range test, P<
0.05).

TABLE 3
Larvicidal properties of seed essential oils from Pinus brutia against the larvae of Thaumetopoea wilkinsoni
at 24, 48 and 72 hours
Time (h)
24
48
72

LD50 (ppm)
187.88
122.83
68.77

Limits (ppm)
129.71-266.92
50.22-251.16
46.05-98.39

LD90 (ppm)
608.85
479.31
300.16

Limits (ppm)
400.22-1301.57
237.87-3728.85
195.85-576.94

activities and less side effect. Using of plantderived larvicides instead of chemical larvicides
reduces the damage would have occurred in the
environment.

with 10 ppm dose at the 48 and 72 hours. Some
researchers have determined the larvicidal activity
of various plant seed oils and extracts against PPM
[20, 21]. Cetin et al., (2007) reported that the EO
from aerial parts of Origanum onites showed larvicidal effects against T. wilkinsoni larvae. Kanat and
Alma (2004) found that steam distilled wood turpentine obtained from P. brutia had strong larvicidal activity against T. wilkinsoni. Also, Unal and
Akkuzu [22] demostrated that Azadirachta indica
A. Juss extracts showed high larvicidal activity
against T. wilkinsoni. Up to now, there are no reports on the larvicidal effect of P. brutia seed oil
against T. wilkinsoni. However, some researchers
have shown that EOs of Pinus sp. and some plant
species revealed insecticidal activity against to
some pest species [23-26].
PPM is one of the most harmful pest in Mediterranean Basin and it causes serious morphological
and physiological losses in Pinus forests. After
heavily damage by PPM, resistance ability of the
damaged tree to drought, pathogens and herbivores
may be reduced. Until now, although different
methods were used to control this pest, the problem
is still unsolved in many part of the Mediterranean
Basin where the pest occurs. In this point, P. brutia
seed EO has significant larvicidal activity against
PPM larvae and it might be used for potential larvicides.
The use of plant-derived essential oils is a
promising method to control the pests and reduce
the negative side-effects of chemical-based insecticides on the environment [27]. Recently, many
studies have been conducted to find new plants and
plant-derived EOs as a natural and eco-friendly
larvicides. In this regard, it is necessary to conduct
more detailed research to find active components of
this plant EO that are more effective larvicidal
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more modern methods and provide significant inputs
to the economy of the countries. Across the world,
some countries are in a very good position in the export and import of medicinal and aromatic plants,
whereas the others are not so actively engaged in this
sector [2]. In 2004-2008, the countries that had the
best position in this sector with respect to their export potential included primarily People’s Republic
of China and India [3]. It is not a coincidence that
these countries generate high profits from this sector.
This is directly related to the fact that they possess
so many plant species with potential medicinal and
aromatic properties. As a matter of fact, there are
26,092 plant species in China, 4,941 of which have
the potential to be used as medicinal and aromatic
plants, while India has around 15,000 plant species,
3,000 of which have potential to be used as medicinal and aromatic plants [4].
A general assessment reveals that Turkey is not
in the forefront in the export of medicinal and aromatic plants. This is partly related to the fact that
some countries have more plant species especially
those with medicinal and aromatic properties than
Turkey. However, this is not the only reason because
it is a fact that Turkey has a very distinctive phytogeographic position in the world and thus considerable amount of plant species. Turkey has 11,707 plant
taxa in 1,320 genera of 167 families while nearly
one-thirds of them are endemic [5-8]. The studies in
the literature demonstrate that nearly 500 of these
taxa in Turkey possess medicinal and aromatic properties while minimum 200-350 taxa have export potential; however, only 100-140 of these taxa are exported to other countries [9-12].
According to 2011 data of the International
Trade Centre, 3,760 tons of medicinal and aromatic
plants on average are exported from Turkey annually, which generates around 13.4 million dollars,
and Turkey ranks in the 18th position in the list of
medicinal and aromatic plant exporting countries in
the world [13]. The data in the period from 2004 to
2008 show that Bulgaria that is neighbour to Turkey
exports 9,338 tons of medicinal and aromatic plants
on average annually, which generates 21 million

In this study, the relationship between the essential oil amount in the cones of  , which
is an important tree species, and the environmental
factors were analyzed. To this end, the ecological
site conditions in 40 different sampling areas located
in the Lakes Region in the southwest of Turkey (climate, physiographic and edaphic factors) were determined and then the essential oils were isolated from
the mature cones collected from each sampling area
using Clevenger apparatus. The analysis performed
in each sampling area with 3 repetitions revealed that
the average essential oil yield of the cones was
3.82±1.08 (%, v/w). During the statistical assessment, first the statistical significance of the difference between the essential oil yields of the sampling
areas was determined through one-way analysis of
variance and Duncan’s multiple range tests. The relationships between the yield of essential oils and
site factors were tested by Principal Component
Analysis (PCA). The results revealed that the percentage of essential oils in the cones of  
was very high and thus it can be used as a typical
essential-oil plant. Furthermore, the statistical analyses showed that the yield of essential oils in the
cones varied across the sampling areas in different
locations, which might be basically caused by climate and soil properties.
*)"$%
Cone, essential oil, , principal component analysis,
site factors.

!&$"'&"!
Forests harbor many medicinal and aromatic
plant species in their rich floras. Throughout the history, people are known to have used these plant species by traditional methods [1]. Today, these plants
in the forests with medicinal and aromatic properties
are used in the name of non-wood products with
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distribution area is in Anatolia.    has two
sub-species in Turkey, that are  subsp. 
 and subsp.    [16]. The research material of the study was the yield of the essential oils
in the cones of  subsp.  [17] that is
distributed as in pure or mixed stands in the inlands
and coastal areas of the Mediterranean Region, inlands of the Aegean, Marmara and Black Sea Regions and in the Eastern Anatolia and Central Anatolia Regions in Turkey.

dollars and it ranks in the 11th position in the list [3].
Moreover, Poland that is a central European country
exports 15,775 tons, which generates 47.1 million
dollars, and it ranks in the 6th position. Another central European country Germany, on the other hand,
generates 99.3 million dollars of revenues with the
average annual export of 18,076 tons of medicinal
and aromatic plants especially after raw material
processing and it ranks in the 5th position [3].
In the light of the abovementioned data, the medicinal and aromatic plants possessed by the countries have potential for a very important sector. Some
countries such as China and India are inherently
lucky in this sector, while some others like Germany,
Poland and Bulgaria turn this sector into an advantage with their efforts. For example, although
Bulgaria that is neighbour to Turkey has a very low
number of plant species (3,650), it generates a very
high income from this sector [2, 3]. There is no doubt
that it is not a matter of chance for Bulgaria and some
other similar countries, which have a very similar
ecosystem with Turkey, to use this sector better. The
first thing that comes into one’s mind about this matter is that these countries concentrate on this sector,
carry out research activities, uncover their potential
and take their position in the market in advance.
Therefore, Turkey and other similar countries that
cannot take advantage of this sector despite their superior ecosystem features need to conduct further
and more comprehensive research studies in order to
determine the potential of medicinal and aromatic
plants in their rich floras.
In line with this objective, this study that was
conducted in the Lakes Region located in the southwest of Turkey aimed at determining the medicinal
and aromatic plant potential by analyzing the yield
of essential oils in the cones of  
that is widely distributed in the world and Turkey.
Furthermore, the association between the amount of
essential oils and the forest habitat factors was also
determined and the effect of ecological environmental conditions on this chemical variable was also explored. Therefore, we aimed at finding the information that would allow assessing this issue from a
different perspective by elaborating the relationships
between the ecology and chemical features of this
species.

%=>.B+;/+The study area is the Lakes Region
located at 38° 25' - 36° 06' north latitudes and 29° 30'
- 32° 34' east longitudes. There are many lakes in this
region formed by the deposition of water in the pits
that occurred in time due to the volcanic and tectonic
movements. Limestone is the dominant rock type of
the mountainous geographical structure that is the
extension of the western Taurus range. There are different soil types due to different local climate characteristics and rock types as a result of the highly
variable geomorphological formations, while Mediterranean terra-rossa and dark brown forest soil are
the most common soil types in the region [18]. Besides, there are usually alluvial and colluvial soils on
bottom lands and plain lowlands. 
The climate varies significantly across the area
depending on the latitude and elevation. According
to the long term data, the mean annual precipitation
in the region is 600-1300 mm, while the annual temperature is 12-20 °C. It is dry in the summer for about
2-4 months, while the typical Mediterranean climate
prevails in the areas open to Mediterranean influence, lowlands and mountain slopes facing the sea,
while a transition climate between Mediterranean
and continental climate prevails in the high lands that
are far from the sea [19]. The region has a very rich
species diversity and endemism under the micro climate conditions due to the high geomorphological
variability [20,21]. The main forest tree species that
are distributed in the region include   , 
 ,   ,   , various oak species
( sp.) and juniper (sp.) species.
+=+-855/-=387Firstly, in the study, the location of the existing juniper areas in the region was
identified using digital maps of stand types and topographic maps. Then, expeditions were organized to
these areas, and the appropriate sampling plots were
determined taking account of the health status and
cone yield of the trees in the natural stands where 
 was dominant. In this way, 40 sampling plots
were determined and illustrated on a map with a
scale of 1/25000 together with the coordinates (Fig.
1).
Starting from July 2013, these sampling plots
were visited and ecological site conditions were observed and determined. At that stage, latitude, longitude and elevation (m) measurements were performed using GPS, aspect (°) was determined with a

&$%! &"%
+=/;3+5 is one of the juniper taxa of   family that is widely distributed primarily in Turkey and all around the world
[14]. It is distributed in Albania, Macedonia, Bulgaria, Greece and Greek Island in the west and extends over Turkey to partially Georgia, Azerbaijan
and Turkmenistan in the east. Moreover, it is also
distribute in Lebanon, Syria and Cyprus in the south,
Ukraine and Crimea in the north [15]. The widest
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compass, and the slope (%) was measured using a
clinometer. Furthermore, surface stoniness (%) of
the land was recorded using T-bar penetration testing
[22]. In addition to these, the landform (rocky, stony
and flat) and slope position (bottom land, lower
slope, medium slope, upper slope, ridge) were identified through field observations [23]. On the other
hand, one soil profile was dug between the trees from
which cones would be collected and absolute soil
depth (cm) was recorded for each profile. Soil samples were taken from the top soil depth layers of the
soil profiles (0-5 cm) for various soil analyses.
Moreover, the main bedrock formation of each sampling site was determined with the help of the samples collected from the area and the maps obtained
from the Directorate General of Mineral Research
and Exploration.
After the field studies, Annual Mean Temperature (°C) and Annual Precipitation (mm) were

determined through desk studies for each sampling
site using the database of climate variables created
by Hijmans et al., [24] at global scale and made
available at www.worldclim.data.org.
During the desk studies, some index values of
the sampling areas were also determined using various formulations. At this stage, first the aspect values
of the sampling sites were and converted to Radiation Index (RI) values ranging from 0 to 1 using the
following equation [25].
[1 − cos((π / 180)( − 30))]
(1)
 =
2
Furthermore, the Heat Index (HI) assessed in
the study assuming that it would provide important
results was calculated with the following equation
[26]:

 =  (    ((   ) −  max )) * ( (    (  

  ))))

(2)

'$
8-+=38780+;/+<+7.<+695371958=<37=2/+4/<$/1387
& 
7?3;876/7=+5?+;3+,5/<37-5>./.37=2/<=+=3<=3-+5+<</<<6/7=+7.=2/;/<9/-=3?/-8./<
(+;3+,5/
Latitude
Longitude
Elevation (m)
Radiation index
Slope (%)

8./
LTD
LGT
ELT
RDI
SLP

(+;3+,5/
Heat index
Surface stoniness (%)
Soil depth (cm)
Slope position
Landform characteristics

8./
HTI
SST
SDP
SPT
LNC

536+=/
(+;3+,5/<

Annual Mean Temperature (°C)

AMT

Annual Precipitation (mm)

APR

%835
(+;3+,5/<

Soil reaction (pH)
Cation exchange capacity (me/100g)
Silt (%)
Sand (%)

SPH
CEC
Silt
Sand

Calcium carbonate (%)
Organic matter (%)
Field Capacity (%)
Clay (%)

CaCO3
OM
FC
Clay
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determined. For the multivariate analyses, Past 3
software package was used and the relationships between the yield of essential oils, which were the dependent variables, and all the environmental factors,
which were the independent variables, were tested
with Principal Component Analysis (PCA) [33].

After the data about the site conditions were determined by field and desk studies, mature cone samples were collected from each sampling site starting
from November 2013. These samples were transported to the laboratory in paper bags without exposure to sunlight on a daily basis.
+,8;+=8;B <=>.3/< Laboratory studies include the analyses of soil and essential oils. At the
first stage, the soil samples collected from the field
were air-dried in the laboratory, ground and sieved
through 2 mm-screens for the analyses. For the soil
samples (three repetitions for each sample), texture
was analysed with a hydrometer [27], field capacity
(33 kPa) was analysed with pressure plate method,
respectively [28]. The pH values of the soils were
found using pH meter with glass electrode in a soilwater mixture at a ratio of 1:1 [29]. The lime content
of the soils was determined with volumetric method
as the equivalents of CaCO3 using Scheibler calcimeter [30]. To determine the amount of organic matter, modified Walkley-Black method was applied
[29]. Cation exchange capacity (CEC) was determined by saturating the soils with Na-acetate, then
extracting with ammonium acetate and reading the
extracted sodium in the atomic absorption spectrophotometer [31].
At the second phase of the laboratory studies,
the mature cones collected from the field were airdried for around 2 months, placed in the drying oven
in metal vessels and dried at 35 °C until constant
weight. After this procedure, they were ground with
an electronic mixer, sieved through 2 mm-screen and
the yield of essential oils in (%, v/w) after distillation
with Clevenger apparatus was determined [32].

$%'&%!%'%%"!
In this study, the data were obtained from 40
sampling plots in 12 different locations (Eğirdir,
Sütçüler, Bucak, Ağlasun, Keçiborlu, Gölhisar,
Altınyayla, Elmalı, Kaş, Korkuteli, Akseki and
İbradı) in the Lakes district of Turkey. The elevation
of these sampling plots ranged from 475 m to 1920
m. It can be suggested that the distribution of species
in this elevation range concentrated in the moderately mountainous and highly mountainous areas according to the geomorphological classification proposed by Çepel [34]. In an important study conducted in the region, it was reported that this species
was still observed in many areas located at an elevation of 800-1800 m and  that had a higher
ecological tolerance than other species to extreme
conditions such as surface stoniness, aspect and dry
climate in this elevation range still survived in those
areas [35]. In another study conducted on this matter,
it was stated that  trees could grow as high
as the tree line in the Mediterranean Region and
adapt to summer drought, winter frost, shallow soils
and step inclination [36].
As regards the distribution of the study areas by
shadow and sunny aspects in percentage, the sampling plots accounted for 57.5 % and 42.5 %, respectively. The results obtained show that this species
prefer mainly the shadow and humid aspects. 
 is usually resistant to cold and has a high humidity requirement [37]. Indeed, a study conducted
on this matter in Ağlasun located in the Lakes Region reported that  had an increased distribution in the mountainous and moderately mountainous areas especially in north and west aspects at an
elevation of 1200 m and above with higher rate of
humidity [38].
The inclination (slope) of the sampling plots
was around % 10 - % 40, while it can be suggested
that the species is distributed mainly in the moderately inclined and steep inclined lands according to
the inclination classes proposed by Arbeitskreis [39].
In a study that explored the ecological characteristics
of this species, it was stated that the juniper trees had
a higher ecological tolerance under the adverse soil
conductions on steep inclined lands and they could
adapt to these areas [40]. As for the climate characteristics, the mean annual temperature ranged from
9.0 °C to 15.3 °C in the study sites and the mean annual total precipitation ranged from 488.5 mm to
863.9 mm.

%=+=3<=3-+5 +<</<<6/7=< The latitude, longitude, elevation (m), slope (%), stone content (%) and
average soil depth (cm) recorded from the field and
climate, heat index and radiation index included in
the study after the desk studies include numerical
data. As for the slope position features that were the
non-numerical variables, bottom land and lower slop
positions were assigned with the code 1, medium
slope position with the code 2, upper slope and ridge
lands were assigned with the code 3 while as for the
landform characteristics, rocky terrain was assigned
with 1, stony terrain was assigned with 2 and flat terrain was assigned with 3 so that the variables could
be digitized. The variables obtained through all these
studies and the codes assigned before the statistical
assessments are presented in Table 1. 
Following the completion of the field and laboratory studies, all data were recorded in the form
of digital values in Microsoft Office Excel. Some descriptive statistics were applied initially to the data
available in the digital setting. Then, analysis of variance was applied to the existing data using SPSS
17.0 statistics software and the significance of the
difference between the sampling plots was
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The analyses conducted showed that the percentage of clay content in the soil was 4.7-44.2 %,
percentage of dust content was 24.4-53.0 %, and the
percentage of sand content was 16.5-54.4 %. These
values suggest that the soils were loamy. CEC values
ranged from 19.5 to 102.9 me/100g, and the mean
CEC was 55.9 me/100g. High CEC values found
may be associated with high percentage of dust and
clay content in the soils and also high percentage of
organic matter content [45] because it is a normal
consequence that these soils are loamy and thus
ideal.
The assessment performed in 40 sampling plots
demonstrated that the yield of essential oils in the
cones of  ranged from 1.6-5.8 % v/w in the
region while the mean essential oil yield was found
to be 3.8 %. Başer [46] classified the plants of Labiatae family with an essential oil yield greater than 2.0
% as plants rich in essential oils. For example, the
studies conducted on thyme species as important essential oil plants reported that the essential oil yield
of     ssp.   was 2.3 % v/w
[47], while it was 1.9-3.0 % v/w for  
L. [48,49], and 4.0–4.4 % v/w for  
 O. Schwarz and P. H. Davis [50]. Moreover,
the essential oil yield was 0.9 % v/w in   
 L. that is reported to be an important essential-oil
plant [51], and 2.0-2.8 % v/w in   
Mill. [52]. Compared to all these plants, it is possible
to say that  cones have a very high amount
of essential oils.
In one of the studies conducted in Turkey on
this matter, Topçu et al. [53] distillated juniper cones
collected from Isparta and found that the essential oil
yield was 3.2 % v/w. Ataş et al., [54] found that the
essential oil yield of the cones collected from Antalya was 5.8 % v/w. In another study conducted in
recent years, Avcı and Bilir, [55] reported that the
yield of the cones of the species increased as they
matured and the mean essential oil yield of the mature cones was 2.5 % v/w. Moreover, in another
study conducted in Macedonia, Soković et al., [56]
found that the essential oil yield of  cones
was 1.2 % v/w, while Shanjani et al., [57] found the
essential oil yield of the cones as 2.1 % v/w in another study conducted in Iran. It is understood that
the essential oil percentages found in the studies conducted so far vary, while such variations were associated with the genetic characteristics, locality, cone
collection methods and timing, drying duration and
conditions as well as distillation method [58, 59].
The results of the analysis of variance and Duncan test performed in order to determine the significance of the differences in the essential oil yield between different study sites in the study are presented
in Table 2 and Table 3.
Table 2 and Table 3 indicate that the difference
between the sampling plots with respect to the yield
of essential oils of the cones was statistically significant at p≤0.001. Table 4 presents Eigenvalues,

As regards the bedrock characteristics, the species is distributed mainly in the rocks of chemical
origin such as limestone and dolomite and partly in
sedimentary rocks of physical origin such as conglomerate and sandstone. In the previous studies
conducted in the region for the ecological characteristics of the species, it was reported that   
concentrated mainly on sedimentary rocks and bedrock of limestone just like our study result [35, 41].
This is considered to be associated with the fact that
limestone has a more fissured structure and  
 trees uptake water and various minerals from
soil at the physiological depth on these rocks using
their taproots. More than 90 % of the sampling areas
studied were rocky and stony while the surface stoniness was higher than 50 %. As for the overall geological characteristics of the Mediterranean Region,
sedimentary rock is known to be the most dominant
bedrock type. It was reported that juniper trees that
were distributed along the Taurus mountain range
continued their distribution on the geomorphological
landforms created by the limestone bedrock in this
area in the form of mass or after fragmentation especially in areas where they met the adequate light requirement [35]. Therefore, the findings are consistent with the distribution pattern of the species. As
for the slope position of the sampling plots that was
included in the study, it was observed that the species
was distributed in all slope positions from the bottom
lands to the ridges and hills.
According to the depth classification proposed
by Kantarcı [42], 7 of the soil pits that were dug were
very deep (>100 cm), 5 were moderately deep (5075 cm), 17 were shallow (25-50 cm), and 11 were
very shallow (<25 cm). An analysis of the physiochemical results of the soils sampled from the depth
layer of 0-5 cm revealed that the pH ranged from 7.1
to 8.5. In another comprehensive study conducted on
3871 soil samples taken from the Lakes Region, it
was reported that the pH was 7.0-7.9 in 84.2 % of the
samples, while it was 8.0-8.9 in 8.2 % [43]. Such
high pH values can be explained by CaCO3 percentages in the mineral soil segment depending on the
bedrock type because the soil samples taken from the
study sits had 8.2 % CaCO3; therefore, the soils were
classified as calcareous [44].
The percentage of organic matter in the sampling plots was found to be 8.9 % while the mean
field capacity was 36.3 %. As for the average organic
matter amount, the soils in the study area were humic
[44]. Since the study area was a forest cover, this
leads to high amount of vegetal material on the
ground. In general, considering that degradation and
decomposition was slow at the elevations where juniper trees were distributed due to the climate conditions, this resulted in high amount of organic matter
in the soil especially at the depth of 0-5 cm. As a
matter of fact, the field capacity values found in the
study were expectedly high, which was consistent
with the percentage of organic matter.
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variance (%) and cumulative variance (%) and Broken-stick eigenvalues of the axes as a result of PCA
applied to reveal the associations between the difference between the essential oil contents in the sampling areas and the soil factors.
Table 4 indicates that Broken-stick eigenvalues
were higher than Eigenvalues on PC 3. Therefore,
the associations between the soil variables and yield
of essential oil were only analysed for PC 1 and PC
2. Table 5 presents the correlations between these
two components and yield of essential oil and soil
variables, while Fig. 2 indicates the position of the
variables on the ordination axes.
Table 5 and Fig. 2 indicate that the increased
sand content of the soils was positively correlated

with YEO, whereas the increased clay content was
negatively correlated with YEO. This suggests that
the soil type in the sampling plots might lead to a
statistically significant variation in YEO rates. 
 is distributed in the extreme habitats with very
shallow soil conditions in rocky and stony landforms
[35, 60]. Therefore, the variation in the clay and sand
content of the soils in the sampling plots under these
conditions affects the water balance in the plant and
thus may turn into a stress factor for the plant. It is
suggested that this stress factor affecting the plant
leads to varying rates of YEO. To clarify further, the
increased clay content in  sites distributed
under extreme habitats results in the retention of water in the soil in higher amounts and for a longer time
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and thus allows the plant to use that water more.
Therefore, the increased clay content in the soil
means that the water stress or drought is avoided for
the plant to a certain degree and thus YEO decreases.
The increased sand content of the soils, however, can
be interpreted as totally the opposite of this situation.
Table 6 presents the Eigenvalues, variance (%)
and cumulative variance (%) and Broken-stick eigenvalues of the axes found through PCA applied to
find the association between the difference in the
yield of essential oil between the sampling plots and
the physiographical and climate factors.
Table 6 indicates that Broken-stick eigenvalues
were higher than Eigenvalues on PC 3; therefore, the
relationships between the physiographic-climatic
factors and yield of essential oil were interpreted on
PC 1 and PC 2. Table 7 presents the correlation coefficients of these two components and yield of essential oil and physiographic-climatic factors, while
Fig. 3 presents the position of the variables on the
ordination axes.
Table 7 and Fig. 3 indicate that YEO was negatively correlated with the mean annual temperature
and mean annual total precipitation, and positively
correlated with elevation. The elevation decreased in
general from the inlands towards the Mediterranean
coast in the lakes region where the study was conducted, while the mean temperature, humidity and
precipitation increased. In particular, humidity and
precipitation is high in the slopes of the areas close
the coast that face the sea. Therefore,  distributed on the slopes facing the sea in these areas of
the region receives more atmospheric humidity and
precipitation, which eliminates the water stress and
drought partially just like in the relationships with
the soil. This is considered to decrease YEO of the
plants. To the contrary,  distributed in the
terrestrial areas of the inlands where the mean elevation is higher was found to have higher YEO.
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profile is calculated by the Einstein equation as follows, [1]:

ABSTRACT
Check dams are small structures in order to decrease the slope of waterways, reduce flow rate and
inhibiting erosion. Choosing the type of materials,
dimensions, distance and height of these different
factors, depends on tabs to the quarries, slope and dimensions of waterways, the amount of rainfall and
the level of the bed materials in upper watershed.
The right choice of materials, dimensions, distance
and height tabs play an important role in reducing
costs. Therefore, check the flow and scheduling behavior in dealing with obstacles such as check dams
correcting mainly "to control the mountainous route
in bed, according to the slope of the platform
changes, their height and distances as a tracer that is
discussed in this article. Considering that the behavior of the flow is a function of the depth of discharge,
These tests have achieved on the flume with the
length of 12.5 meters in variable slopes, discharges,
heights and different intervals for consecutive walls
in the lab. As well, the results have been discussed
and analyzed for dimension-less ratios of the depth
to the height(y/Hw), depth to the distance (y/L),
Froude number and hydraulic factor (Cd), that led to
the choice of the optimal distance and height of
check dams.

(1)
yn = Normal depth, Ks = D65,
x = Correction coefficient
Movement of sediment materials in the river
depends on some factors, based on shields theory,
sediment materials movement in the rivers depends
on two dimension-OHVV IDFWRUV șV Dimension-less
ShieldsNo., and Re* Reynolds No. of particles.
According to shields theory, If Re* < 5 it means
bed flow is smooth, and sediments movement depends on fluid viscosity; if 5<Re*<250 it means that
the flow in bed is intermediate, and if 250<Re* the
bed flow is rough, and viscosity is not effective on
particles movement [1]. Sediment deposition in dam
reservoirs causes harmful effects and reduces useful
life of dams. So, importance and complication of this
matter obliged us to achieve a complete studies on
problems. Lack of information and prediction of
controlling methods about deposit conditions in dam
reservoirs, causes reduction of useful life of dams.
To prevent sediment accumulation, the water inputs
must be investigated and if possible using appropriate divisions and preventing land erosion in the place
of their move by other devices to prevent creation of
sediments [2].
To investigate sediment conditions in reservoirs using physical models has become a suitable
device for this purpose. This model predicts deposit
FRQGLWLRQ DQG LW¶s reduction. Regarding data from
karun river, since 1968-2014 the distance sections
between Karun dam 3 and Abbas pour dam the calibration and validation of the model and the flow behavior for parameters such as depth, bed slope, flow
and sediment discharge, height and distance between
small dams have been achieved.

KEYWORDS:
Discharge, Flow depth, Check dams, Distance, Bed slope

INTRODUCTION
Considering that most researches have been
conducted for flow impact on erosion and sediment
control with rough bed transition, history of the present research has direct relation with the above mentioned subject.
Boundary conditions. Because this model has
performed in a smooth bed flume, so, the velocity
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dimensional Froude number. By changing the shape
of the cross section, its direct effect on the pressure
and cavitation indices.

Laboratory study of sediment traps have been
set up profiles on permeable and non-permeable control dams [3], a sediment trap categories using physical model in a steep flume and impermeable dams
made of Plexiglas and permeable dams of the Gabions shows the permeable dams of higher efficiency
and less drop trap.
Determination of the coefficient of sediment
traps using laboratory flume in times of flood for design flood control dams in order to delay and to estimate the volume of sediment in a laboratory flume
slope and the use of two types of sedimentary materials is performed in which the effective factors in
the trapping were examined and the and dimensionless effective factors extracted from multiple correlation analysis [6]. Stream sedimentation model in
upstream of dams in the mountainous areas is the
subject of numerical analysis about the impact of
small dams on the rivers [5], that in this article the
evolutionary stages of sedimentation in upstream of
dams by numerical model based on solve of Saint
venant equations have been investigated. This was a
comparison with the results of the laboratory that
confirms its compliance with the model took on the
sedimentation in dams in the upstream flow. Bed
sediment load transfer at the longitudinal gradients
steep is the title of a set of experiments at an inclinedlarge tract has been tested with sand d50  ȝP
and measurements were included, bed shear stress,
sediment displacement rates and flow discharge on
the steep slope at which positive move in the threshold of the equation Meyer-Peter- Müller modified, as
well as on the very steep slope effects of shear stress
has been removed [7].
Ghahremani and Kamanbedast [12] explored
the variations of flow rate at Karun River and hydrodynamic scour at the bridge pile. They argued that he
erosion trend increases rapidly as discharge rate exceeds 300 m3/s. Elyasi and Kamanbedast [10] examined the deviation trend of sediments into ponds
based on submerged plates. They stated that submerged plates could reduce the sediment inflow into
the basin by up to 30%. Niknam, Kamanbedast and
Shahryari [15] simulated sedimentation at Marun
Dam, finding out that fine-grained sediments were
more progressive than coarse-grained sediments. In
fact, sediment aggregates become smaller as they approach the dam wall. Rostami, H. et al., and Rouzegar, J. et al. investigate length of morning glory spillway and labyrinth spillways with physical modelling. [17, 18]. Kamanbedast, A., et al. [13], Estimate
the Sediment Transport in Rivers Using CCHE2D
Model (Case Study: Karkheh River). Saki, A., et al
[19] Designed Rectangular Weir for Flow Regulation at River Fork through a Physical Model. Shirali
et al. [21] evaluated the morning glory spillway using physical modelling 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-

METHODOLOGY
In order to verify the hypothesis raised in this
research, experiments had to be performed, thus a
physical model was constructed in the hydraulic laboratory of the Khuzestan Water and Power Training
and Higher Education Centre and the necessary experiments implemented. The scaled model included
a model of the reservoir, a pump and water conveyance system, and control equipment, in addition to a
model of the spillway and discharge tube. A 10 mm
glass panel was installed on one side. In order to be
able to stabilize the bottom and sides of the reservoir
against the pressure of the water, steel rods were
used. Fig (1).

FIGURE 1
Longitudinal profile of the laboratory model
Dimensional analysis of Bakingham. Using
dimensional analysis method of Bakingham, experimental variations are as follows [20]:
݂ͳሺݕǡ ݒǡ ߩǡ ߤǡ ݃ǡ ܮǡ ܪǡ ܾܵǡ ߬ܿǡ ݏܦǡ ߛݏሻ  ൌ Ͳ
(2)
y = Flow depth, H = Height of small dams, V = Flow
velocity, Sb = Bed slope
ȡ Density of water, Ĳc = Critical shear stress ȝ 
Dynamic viscosity ,Ds= Bed load diameter
g  *UDYLW\ DFFHOHUDWLRQ ȖV = Particles specific
weight, L = Distance between small dams
Which after dimensional analysis, becomes:
݂ʹሾሺ݃ݕȀ;ݒሻǡ ሺߤȀߩݕݒሻǡ ሺܪȀݕሻǡ ሺܮȀ
ݕሻǡ ሺܾܵሻǡ ሺܾ݃ܵݕȀ;ݒሻǡ ሺܵܦȀݕሻǡ ሺ݃ݏߩݕȀߩ;ݒሻሿ  ൌ 
(3)
Which results:
௩మ

ߨͳ ൌ ௬ ǡ ߨʹ ൌ
௩

ఘ௩௬
ఓ

௬

௬

ு



ǡ ߨ͵ ൌ ǡ ߨͶ ൌ ǡ ߨͷ ൌ

ܾܵǡ ߨ ൌ ௨ כǡ ߨ ൌ ݕȀݏܦǡ ߨͺ ൌ ;ݒȀ݃ݕሺͳȀݏܩሻ
And equations governing the flow parameters
are as follows:
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Froude No., Reynolds No., Dimension-less ratio of depth to dam, Dimension-less ratio of depth to
distances of dams, Ratio of flow velocity to shear velocity, Bed slope.
And the experimental functions are as follows:
݂͵ ൌ  ሺܳǡ ݕȀܪǡ ݕȀܮǡ ݎܨǡ ܴ݁ǡ ݒȀݑሻ
(4)
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ܳ ൌ ʹȀ͵݀ܥξʹ݃Ǥ ܮǤ ͵݀ܪȀʹ ൌ ܥǤ ܮǤ ͵ܪȀʹ
(7)
The value of C is also variable and based on the
shape of diagram according to ratio Hw/Hd for over
flow spillways. As in the above mentioned diagram
is clear, if Hw/Hd >1.33, the value of C is almost
"fixed and equal to 2.2, which in this case the weir is
called long overflow, and Hv = V0/2g is ignored and
assumes He = Hd [1].
Applied intervals (distance between walls) are
as follows:
 ͳܮൌ ʹǤͷ݉ǡ  ʹܮൌ ʹǤ݉ǡ  ͵ܮൌ ʹǤ݉
Also, applied slopes are as follows [6]:
ܵͳ ൌ ͲǤͲʹǡ ܵʹ ൌ ͲǤͲͳͺǡ ܵ͵ ൌ ͲǤͲͳ

Distorted physical model. In physical models
(moving bed), the vertical scale diversion of rivers
and canals often is needed to ensure the movement
of bed material model. From Peterson equation for
the slope ratio results:
ܵ ݎൌ ݎݕȀݎܮ
(5)
And from Manning equation for rough bed
modelling simulation results:
݊ ݎൌ ܴݎȀݎܮΦ
(6)
Thus, regarding present flume dimensions
(W*H*L = 309mm*450mm*12500 mm), using
scales for depth, length, width and discharge are as
follows:
݀ ݎൌ ݀݉Ȁ݀ ൌ ͳȀͷͲ, ݎܮൌ ܾܮȀ ܮൌ ͳȀ
ொ
ͳʹͷͲ,ܾ ݎൌ ܾ݉Ȁܾ ൌ ͳȀʹͲͲ,ܳ ݎൌ
ൌ
ொ

ܾݎǤ ݀ͿݎȀʹ
According to the recipe design, implementation
and maintenance of flood and sediment control
structures (dams retracement) publication 416 Strategic Supervision Department, height, discharge and
distance of the small dams for the experiment are as
follows:
 ͳܪൌ ͷ݉ ՜  ͳ݉ܪൌ ͲǤͳ݉ Where:

FIGURE 2
Installation of walls and flow formation over the
wall
Hydraulic flow test model. First plexiglass
walls of Hi1, Hi2 and Hi3 with height of 10 cm, and
a length of 2.5 meters distance between them(L1) installed, also the floor slope of S1equal to 0.02, with
flow discharge of Q1 equal to 18 l/s was established
by electro-pump on it. Along the way the depth and
flow rate using the depth gauge and digital tachometers is measured and recorded in the corresponding
table. This tests for the walls Hi2 and Hi3 respectively with 8 and 6 cm height in L2 and L3 distances
of 2.6 m and 2.7 m in length and the slopes of S2
equal to 0.018 and S3 equal to 0.016 with flow discharge of 15, 12, 10 and8 liters per second is repeated respectively. The depth and the speed of the
stream to determine the flow regime and the Froude
number was used. The figures no. 2 shows pass mode
and formation of the flow in dealing with Hi1 wall.
The number of tests related to the hydraulic flow
were135 (3S * 5Q * 3L * 3H = 135) that eventually
caused the ratios of y/Hw, y/L and V to determine the
Fr no. and yd the overflow depth, also ratio Hw/He
to determine the values of Cd.
In this experiment the different value ratios of
³yi/Hwij and yi/Li´WHVWHGIRU41-5 in the slope of the
S1-3. Also ³L´indicates the numbHURIZDOOVDQG³M´
its height, ³V´ IORZ UDWH³Fr=V ²/gy´ )URXGH QXP
EHU ³\´ XSVWUHDP IORZ GHSWK RI GDPV ³He´ DQG
³Cd´ UHVSHFWLYHO\ HQHUJ\ HTXLYDOHQW KHLJKW RI WKH
top of the overflow and hydraulic flow coefficient.

 ͵ܪൌ ͵݉ ՜  ͵݉ܪൌ ͲǤͲ݉
 ܪൌ ܲݐ݄݄݃݅݁݁ݕݐݐݎ
 ʹܪൌ Ͷ݉ ՜  ʹ݉ܪൌ ͲǤͲͺ݉ ݉ܪൌ
ݐ݄݄݈݃݅݁݁݀ܯ
And for applied discharge;
ܳ ͳൌ ͳʹͺͷ݉Ϳ ݏെ ͽ ՜ ܳ݉ͳ ൌ ͳͺ ݏܮെ ͽ
ܳ ʹൌ ͳͲͲ݉Ϳ ݏെ ͽ ՜ ܳ݉ʹ ൌ ͳͷ ݏܮെ ͽ
Where:
ܳ ͵ൌ ͺͲ݉Ϳ ݏെ ͽ ՜ ܳ݉͵ ൌ ͳʹ ݏܮെ ͽܳ
ൌ ܲ݁݃ݎ݄ܽܿݏ݅݀݁ݕݐݐݎ

ܳܲͶ ൌ ͳ݉Ϳ ݏെ ͽ ՜ ܳ݉Ͷ ൌ ͳͲ ݏܮെ ͽܳ݉
ൌ ݁݃ݎ݄ܽܿݏ݈݅݀݁݀ܯ

ܳͷ ൌ ͷͲ݉Ϳ ݏെ ͽ ՜ ܳ݉ͷ ൌ ͺ ݏܮെ ͽ
As the profiles of overflow weirs can be obtained from rectangular over flow weir of the bottom
of the water surface curve, the equation of the model
is the same as rectangular overflow discharge equation, so [1]:
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Results: For the y/Hw graphs:
1) 7KH³ILJXUHV ´ ratio of y/Hw for consecutive and different height walls, shows the consistency and convergence of curves (Uniform Behavior flow) for same height consecutive walls and
different phase of corresponding non-elevated walls
by changing the flow rate q1-3.
2) By UHGXFLQJWKHVORSH³6´, the flow varieties is decreased.
3) Because of the relationship between flow q
and y /Hw LVGLUHFWWKHDPRXQWRI¥R² (Correlation
factor) is positive.

DISCUSSION AND RESULTS
Discussion and analysis of the flow hydraulic
tests. At this point the investigation and analysis of
the data and information obtained with the use of
drawing curves and regression statistical methods
VXFKDV³5HJUHVVLRQ´DQG³&RUUHODWLRQ´WKDWOHDGWR
determine the descriptive coefficients R² and correlation ¥5ð and comparison of quantitative and qualitative data [7].The target of this part of test is to investigate impact of variations of height ³+Z´ DQG
GLVWDQFH´L´RQRWKHUSDUDPHWHrs such as flow depth
³\´IORZUHJLPH³)UQR´DQG³Cd´ZKLOHIORZdisFKDUJH³Q´DQGEHGVORSH³6´DUHFKDQJLQJ.

Results for the y/L graphs:
1) The ³figures 5&6´, ratio of y/L for consecutive and different height walls represents the adaptation and integration flow curves in the diagrams
below and reduction of different phase, while increasing intervals L.
2) Changing the slope ³S´ is not effective on
process.

Hydraulic flow tests analysis. Here are comparing changes of depth ratio to height (y/Hw), depth
ratio to length (y/L), Froude No., Hydraulic flow coefficient (Cd) , with discharges (Q) in three slope (S)
and three intervals (L) concluding results of the hydraulic flow tests which performed with consecutive
VPDOOGDPVPRGHO³ILJXUHV6-13´.The tests were repeated 135 times, means,3S*5Q*3H*3L= 135 Tests.

FIGURE 5
Ratio of y/L for the consecutive walls
(H1j, H2j, H3j)
FIGURE 3
Ratio of y/Hw for the consecutive walls
(H1j, H2j, H3j)

FIGURE 6
Ratio of y/L for different height walls
comparison (Hi1, Hi2, Hi3)
Results for the Froude No. graphs:
1) The ³figures  ´ of the froude No.curves
of Hi1 and Hi2 walls show more similar; the wall
Hi3 shows difference of phase to the others.
2) 6ORSH³6´ DQGWKHGLVWDQFH³/´ both are not
effective the trend.

FIGURE 4
Ratio of y/Hw for different height walls
comparison (Hi1, Hi2, Hi3)
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Results for the Cd hydraulic coefficient:
1) 6WXG\RIWKH³ILJXUHV ´FRHIILFLHQWRI
Cd for consecutive and different height walls, shows
the convergence of curves, volatility and fluctuations
in the phase difference at the top and bottom of the
downward along.
2) Change the slope of the bed S and L are not
effective on the above process.
Qualitative analysis of current trends in collision with the wall:
1) Reviewing the overall process of the flow,
tested in different scenarios, including changes in
discharge, height and distances between walls and
slopes, with common features, including flow with
critical depth, the formation of a hydraulic jump because of the specific energy, passing through the barriers to transfer from one branch to another branch of
E-y curve with critical depth yc [3].
2) Froude number is supercritical over the
each wall, and subcritical before to reach them [3].

FIGURE 7
Froude No. of the flow for the consecutive walls
(H1j, H2j, H3j)

TABLE 1
&RUUHODWLRQ&RHIILFLHQW¥R² for q1-5

FIGURE 8
Froude No. for different height walls comparison
(Hi1, Hi2, Hi3)

Hij

y/Hw

y/L

Fr

Cd

H1j
H2j
H3j
Hi1
Hi2
Hi3

0.985
0.977
0.96
0.999
0.997
0.95

0.997
0.992
0.989
0.992
0.982
0.977

0.926
0.997
0.989
0.926
0.918
0.898

0.959
0.932
0.93
0.959
0.984
0.762

CONCLUSIONS
1. Regarding correlation coefficient of table 1,
and the ratios of ³y/Hw´, the height of the walls is in
direct proportion (Positive) to the depth, in other
words, increasing the height, increases the depth, as
WKHIORZ³T´ increases.
5HJDUGLQJUDWLRVRI³\/´ the interval of the
walls is in divert proportion to the depth, so, increasing the distance, will decrease the depth, as the flow
³T´ increases.
3. Froude number´Fr´ is in direct proportion
to the flow, and divert proportion to the height of the
walls.
4. +\GUDXOLFFRHIILFLHQW´Cd´ is in divert proportion to the flow and direct proportion to the
height.
5. The length of the walls is considered to form
a rectangular overflow as the effective length (W =
We), while in the same experiments some part of the
length of the overflow has been engaged as effective
length, such as slit-check dam models [6].

FIGURE 9
Hydraulic coefficient of the flow for the
consecutive walls
(H1j, H2j, H3j)

Notations:
ȣ= Water viscosity (m²/s), Ds = Bed load diameter (m), V = Flow velocity (m/s)

FIGURE 10
Hydraulic coefficient for different height walls
comparison (Hi1, Hi2, Hi3)

2394

© by PSP

Volume 28 ± No. 4/2019 pages 2390-2396

șs = Dimension- less No. of Shields, L = Distance between check dams (m), y = Flow depth (m)
g = Gravity acceleration (m/s²), Gs = Sediment
particles specific weight (2.65) Ȗ = Water specific
weight (Kg/m³)
H = Height of check dams (m), Re* = Reynolds
No. of particles, ȝ = Dynamic viscosity (pa.s)
Sb = Bed slope, U* = Mean shear velocity of
flow (m/s), Ĳc = Critical shear stress (N/m²)
ȡ = Density of water (Kg/m³), Ȗs = Particles
specific weight (Kg/m³), Ĳ = Shear stress of the flow
(N/m²)
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ABSTRACT

atmosphere are one of the main causes of global
climate change. For sustainable economic development, these GHG emissions must be at the lowest
level. Recently, significant solutions have been
developed for the current environmental problems
associated with environmental and human health
pollutant emissions. In this context, to reduce fossil
fuel consumption, the European Commission (EC)
has already set the goal of increasing the renewable
energy consumption rate from 5% in Europe to
20% by 2020, while OECD countries aim to
achieve 15% of total electricity production from
biomass energy by 2020 [1@. Similar targets are
included in 2023 strategic plans of Turkey.
Comprehensive studies have been performed
by several authors regarding to assessment of energy use and the environmental impacts and CO2
emissions for cultivation processes in different
countries of all over the world [221@. Regarding
environmental sustainability, in recent years it has
become of major interest to evaluate cropping systems in terms of energy consumption. The reduction of energy consumption in agriculture became
particularly relevant partly because fossil energy is
a limited resource to be conserved for future generations [22@ and it contributes to greenhouse gas
emissions in the atmosphere [23@.
One of the key objectives of the biofuels
world is to reduce the dependence on food resources while increasing the use of new types of
raw materials within advanced biofuels technologies. Particularly in the context of biofuels-food
relations, the use of non-food raw materials and the
work done in this regard are becoming increasingly
important. Biorefinery does not interfere and harm
human and animal food sources in accordance with
their existence and establishment ethics [24]. As a
result, the use of biomass as raw material for biofuels should not create an alternate consumption area
for human and animal food. On the other hand, indirect and direct energy consumption for the production of biomass, which will be used as biofuel
raw materials, is also very important. Consumption
of fossil fuels and other resources and damage to
the environment must also be taken into account in
biomass production, which will be used as raw ma-

Indirect and direct energy consumption for the
production of biomass, which will be used as a biofuel raw material, is very important. Therefore in
this study, it is aimed to evaluate fossil fuel consumption and its associated carbon dioxide (CO2)
emissions to cultivate sugar beet used as a bioethanol raw material. The total diesel consumption of
the tractor with the implements/ machines and harvesting machine was calculated as 1071 L per hectare (ha). The total CO2 emissions for sugar beet
cultivation were calculated as 293.8 kgCO 2 per
hectare. It was found that the total fossil fuel (diesel+lubricant oil), energy consumptions and CO2
emissions for sugar beet cultivation were 107.97
L/ha, 4006.6 MJ/ha and 296.5 kgCO2/ha, respectively. The specific value of fossil energy consumption related to total fossil fuel was 70.48 MJ per ton
tuber. Taking into account the values of specific
fuel consumption, 1.9 L fossil fuel was consumed
to produce 1 ton sugar beet tuber. Considering the
specific value of tuber production, 1 L fossil fuel
was consumed to produce 526.57 kg sugar beet
tuber. Taking into account the specific value of CO2
emission, 5.22 CO2 was released to produce 1 ton
sugar beet tuber. For 1 kg ethanol production 0.15
L fossil fuel or 5.72 MJ fossil fuel energy corresponding to this amount of fuel consumption is
consumed. As a result, fossil fuel consumption for
the production of 1 kg of ethanol from sugar beet
molasses results in an emission of 0.42 kgCO2.

KEYWORDS:
Sugar beet cultivation, fuel consumption, energy use,
CO2 emission.

INTRODUCTION
Decreasing fossil fuel reserves and increasing
environmental problems caused by the intensive use
of these fuels are increasing the importance of biomass energy in today's world. Greenhouse gas
(GHG) emissions resulting from the use of fossil
fuels and carbon dioxide (CO2) accumulation in the

2397

© by PSP

Volume 28 ± No. 4/2019 pages 2397-2406

Fresenius Environmental Bulletin

market be at least 2% from 2013 and at least 3%
from 2014 [24].

terials for biofuels. This issue was the main basis
for this work. Therefore, in this study, it is aimed to
evaluate fossil fuel consumption and its associated
CO2 emissions to cultivate sugar beet used as a biofuel raw material.

Sugar beet production in Turkey. The
change of sugar beet cultivation areas and production quantities in the period between the years of
20002016 in Turkey are given in Table 1. Sugar
beet has been cultivated in 297 739.2 hectares area
in the period between the years of 20002016 and
16 648 930 tons of product were obtained. The average yield 56 517.14 kg per hectare in Turkey
[29].

Sugar beet as a raw material of biofuel.
Biofuels also have a significant advantage in terms
of CO2 emissions. As biomass grows, CO2 used in
photosynthesis emits atmospheres as a result of
combustion. For this reason, it is assumed that CO2
emissions are zero when biofuel is in use or burned,
in other words, carbon is considered neutral [25,
26]. The most important biofuels that are now
widely and commercially used in many countries
are biodiesel and bioethanol. Bioethanol is a biofuel
that can be produced by fermentation of sugary and
starchy plants or by acidic hydrolysis of cellulosic
sources. Raw materials include sugar beet, sugar
cane, corn, wheat, potatoes; woody plants such as
stem, straw, bark; agricultural wastes and residues
and molasses which is a by-product of sugar production can be used. Today's production technologies are evaluated for sugars and starchy plants for
bioethanol production. The interest in bioethanol
has increased since 1970, mainly due to the increase in oil prices and is now increasingly becoming an important environmental effect [27].
In Brazil, the pioneer of bioethanol use, bioethanol was first used in 1931 by blending 5% of
the gasoline, and in 1938 the relevant legislation
was introduced. In Brazil, which accounts for about
30% of the world bioethanol market, flexible biofuels use bioethanol mixes ranging from 20% to 26%
with the use of E85 [28]. Bioethanol in Turkey, is
defined as liquid fuel blending component in the
scope of the Petroleum Market Law No. 5015. It
can be used as gasoline additive according to automotive benzine standard (TS EN 228). With regard
to bioethanol produced from domestic sources,
which have up to 2% of the volume of gasoline in
the relevant legal regulations, the value of the private consumption tax is zero. According to the latest regulations in September 2011, it is mandatory
that the content of gasoline supplied as fuel to the

Years
2010
2011
2012
2013
2014
2015
2016
Mean

The main objective of this study to quantify
and evaluate CO2 emissions related to fossil fuel
consumption for the sugar beet cultivation in agricultural regions of Turkey. The farms, cultivated
sugar beet were surveyed in all agricultural regions
of Turkey in 2016. Taking actual farm size as the
variable, the total 200 farms was randomly selected
by using stratified random sampling. The data were
obtained related to energy inputs used for different
field operations and yield. The energy related to
fuel and lubricant oil consumed by agricultural tractor used with agricultural implements/machinery
during cultivating operations was evaluated as a
direct energy input. The CO2 emissions associated
with direct fuel and lubricant oil consumptions are
estimated according to the Intergovernmental Panel
on Climate Change (IPCC) approach. The specific
values for fuel consumption, tuber production, energy consumption and CO2 emission were defined
to analyze the relationship between fuel consumption and CO2 emission for sugar beet cultivation.
MATERIALS AND METHODS
In this study, the farms, cultivated sugar beet,
were surveyed in all agricultural regions of Turkey.
The data were obtained related to energy inputs
used for different field operations and yield. The
required sample size has been calculated following
equation. The permissible error was defined to be 5
% for 95 % reliability [30@.

TABLE 1
Production values of sugar beet cultivation in Turkey [37@@
Area sown (ha)
Production (tons)
Yield (kg/ha)
329 166.9
17 942 112
54 510
297 264.8
16 126 489
54 250
280 694.5
14 919 940
53 150
291 328.2
16 488 590
56 600
288 785.1
16 743 045
57 980
274 487.3
16 022 783
58 370
322 447.7
19 592 731
60 760
297739.2
16 648 930
56 517.14
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TABLE 2
Cultivation practices and mechanization implements for sugar beet production
Cultivation
practices
Soil tillage and seed bed preparation
Sowing
Spraying
Hoeing
Fertilizing
Harvesting
Soil preparation



¦   



Implements
Disc harrow, plough and roller
Pneumatic sowing machine
Sprayer
Hoeing machine
Fertilizing machine
Harvesting machine
Disc harrow

     ¦    

Fuel (diesel)
consumption (L/ha)
41
5
2
2
2
50
5

is to analyze the soil and fertilize it according to
your needs. 125 kg of nitrogen, 105 kg of phosphorus and 80 kg of potassium fertilizer are applied per
hectare production area. The harvested beets are
transported to the sugar factory for processing.
Sugar beets can be kept in a storage near the field
until they are moved to the factory. Drying or cooling processes are not required during storage. 700
kg of ethanol is produced from the molasses of sugar beet produced in one hectare production area
[24].
Cultural practices applied in the conventional
system for sugar beet production are given in Table
2. Sugar beet cultivation analyzed in this study corresponds to representative practices in Turkey.
Sugar beet is normally grown in crop rotation and
under intensive farming. Two power categories of
tractors have been used in field operations for sugar
beet cultivation. Tractor has two wheels drive and
55 kW power has been used for the light tasks such
as secondary tillage, sowing, spraying and fertilizing applications. On the other hand, tractor has four
wheels drive and 75 kW power has been used for
the heavier tasks such as primary tillage with a
plough.

(1)
where; n is the required sample size, N is the
number of holdings in target population, Nh is the
number of population in h the stratified, Sh is the
variance of h the stratified, and D is the precision
where (x-X).
Cultivation practices for sugar beet production. In Turkey, sugar beet is generally produced
with a four-year rotation system. Pre-plant is harvested a year before so that sugar beet farming is
ready for agriculture. Just after the harvest, the soil
is prepared with disc harrow and irrigation is applied. As a result of this irrigation, the remaining
seeds from weeds and cereal crops are germinated
in the field. After reaching the suitable moisture in
soil, the tillage process is carried out. In November,
2/3 of the base fertilizer is thrown into the field and
the second tillage is made. In the spring, seed bed is
prepared by feeding 1/3 of the base fertilization and
half of the nitrogen fertilization. It is preferred that
the sowing process is done in March. Pneumatic
sowing machines are used to achieve a good planting process. In sugar beet production, it is necessary
to protect against weeds, diseases and harmfulness
during the period from sowing to harvesting. The
seeds need to be sprayed in order to provide the
necessary protection. Thus, precautions have been
taken against diseases and harmful insects. The
spraying against disease and pests covers two periods, pre-sowing and post-sowing. The necessary
spraying process can be done 3-4 times in case of
diseases. 4.5 kg pesticide is used for one hectare
(ha) production area. Hoeing is a suitable method
for the struggle against weeds. Sugar beet reaches
the harvestable age after 6 months from planting.
Harvesting is done by hand or by machine. After
the harvesting, the remaining beet leaves are mixed
with the help of the disc harrow. The amounts of
fossil fuel (diesel) consumed per hectare (ha) during the all production processes described here are
given in Table 2.
The most important processes affecting yield
and quality of sugar beet production are fertilization
and irrigation applications. Fertilization should be
based on the nutrients and amounts of plant nutrients that sugar beet needs. The best way to do this

Determination of fuel energy inputs. The
energy related to fuel and lubricant oil consumed by
agricultural tractor used with agricultural implements/machinery during cultivating operations was
evaluated as a direct energy input. In this sense, the
calculation methods for the direct energy inputs per
hectare are given in following sections.
Energy consumption related to diesel fuel.
The fuel energy inputs per hectare related to diesel
fuel consumed by agricultural tractor and harvesting machine have been calculated as follows:

EFC

M f u LHVf

(2)

where;
EFC
Mf
LHVf
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the fuel energy input per hectare
(MJ/ha),
diesel fuel consumed by tractor or
=
harvesting machine (L/ha) and
the lower heating value of diesel fuel
=
(MJ/L).
=
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TABLE 3
Emission factors and heating values for diesel fuel and lubricant [31@@
Lower heating value
Emission factors
Fuel type
(GJ/L)
(kg CO2/GJ)
Diesel
0.0371
74.01
Lubricants
0.0382
73.28

The maximum PTO for tractor used in cultivation operations was estimated based on the nominal
power of tractor (NP) [32@.

The lower heating values depending on fuel
types were taken from IPCC, 1996, Volume 2, Section 1 [31@. The lower heating values used in calculations for the diesel fuel and lubricant oil are given
in Table 3.

(6)
where;
NP
= the nominal power of tractor (kW).
The hourly lubricant oil consumption of harvesting machine, depending on the engine power,
has been calculated as follows [32@:

Energy consumption related to lubricant
oil. The direct energy inputs related to lubricant oil
consumptions were determined taking into account
hourly lubricant oil consumption values of agricultural tractor used for cultivation operations and harvesting machine used for harvesting operations in
sugar beet production. Therefore, the total energy
input related to lubricant oil consumption per unit
production area (ha) was determined as follows:

ELC ,T  ELC ,C

ETLC

0.88 u NP

PTO max

M l ,C

0.004 u Pe

(7)

where;
Ml,C
Pe

(3)

the lubricant oil consumed by harvesting machine per hour (L/h) and
engine power of harvesting machine
=
(kW).
=

where;
Calculation methodology for carbon dioxide emissions. The CO2 default emission factors
depending on fuel type based on lower heating values are from IPCC, 1996, Volume 2, Section 1 [31@
(Table 3). The methods for calculating CO2 emissions recommended by the GHG Protocol - Mobile
Guide (03/21/05) v1.3 (Calculating CO2 Emissions
from Mobile Sources Guidance to calculation
worksheets) were used in this study. The following
equation outlines the recommended approach to
calculating CO2 emissions based on fuel use (assuming data is first obtained in terms of mass or
volume).
CO2 emissions = Fuel used u Heating value u
Emission factor
Diesel-based CO2 emissions = Diesel used u Heating value u Emission factor
Diesel-based CO2 emissions = L/ha u 0.0371 GJ/L
u 74.01 kgCO2/GJ
(8)
Diesel-based CO2 emissions = kgCO2/ha
Lubricant oil-based CO2 emissions = Oil used u
Heating value u Emission factor
Lubricant oil-based CO2 emissions = L/ha u 0.0382
GJ/L u 73.28 kgCO2/GJ
(9)
Lubricant oil-based CO2 emissions = kgCO2/ha

the total lubricant oil energy input
per hectare (MJ/ha),
energy input for lubricant oil consumed by agricultural tractor
ELC,T =
(L/ha) and
energy input for lubricant oil conLHVf =
sumed by harvesting machine
(L/ha).
The energy inputs related to lubricant oil consumed by agricultural tractor and harvesting machine were estimated multiplying the oil consumption with the lower heating value of the lubricant
oil.
=

ETLC

M l u LHVl

ELC

(4)

where;
the lubricant oil energy input per hectare (MJ/ha),
the lubricant oil consumed by tractor
=
Ml
or harvesting machine (L/h) and
the lower heating value of lubricant
LHVl =
oil (MJ/L).
The hourly lubricant oil consumption of agricultural tractors, depending on the maximum power
take off (PTO) for the tractor, has been calculated
as follows [32@:
ELC

=

M l ,T

0.00059u PTOmax  0.02169

(5)

where;
Ml,T
PTOmax

The specific fuel consumption. The specific
fuel consumption (SFC) and specific seed production
(SSP) were defined to analyze the relationship between fuel consumption and sugar beet production.
The value of the specific fuel consumption (SFC)

the lubricant oil consumed by tractor per hectare (L/h) and
the maximum power take off for
=
the tractor (kW).
=
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indicates the amount of fuel consumed (L) to produce the unit quantity (t) of tuber.
SFC = FC / GY
(10)
where SFC is the specific fuel consumption
(L/t), FC is fuel consumption (L/ha) and GY is tuber yield (ton/ha).

The specific carbon dioxide emission. The
specific CO2 emission (SCO2) was defined to analyze the relationship between CO2 emissions and
sugar beet production. The SCO2 is the ratio of total
CO2 emissions to tuber yield and indicates CO2
emissions (kgCO2) per ton of sugar beet tuber.
SCO2 = CO2 / GY
(13)
where SCO2 is the specific CO2 emission
(kgCO2/ton), CO2 is CO2 emissions (kgCO2/ha) and
GY is tuber yield (ton/ha).

The specific tuber production. The specific
tuber production (SSP) is the ratio of fuel consumption to tuber yield and indicates fuel consumption
(L) per kg of tuber.
SSP= SP / FC
(11)
where SSP is the specific tuber production
(kg/L), SP is tuber production per hectares (kg/ha)
and FC is fuel consumption per hectares (L/ha).

RESULTS AND DISCUSSION
Fuel consumption and carbon dioxide emissions for sugar beet cultivation. The change of
diesel fuel consumptions, CO2 emissions and energy consumptions for sugar beet cultivation is given
in Fig. 1 and Fig. 2, respectively. The diesel and
related energy consumptions with the agricultural
implements and machines for sugar beet cultivation
are given in Table 4. The total diesel consumption
of the tractor with the implements/machines and
harvesting machine was calculated as 1071 L per
hectare.

Consumption or emission (L/ha or kgCO 2/ha)

The specific energy consumption. The specific energy consumption (SEC) is the ratio of energy consumption to tuber yield and indicates energy
consumption (GJ) per ton of sugar beet tuber.
SEC= EC / FC
(12)
where SSP is the specific energy consumption
(GJ/t), EC is energy consumption per hectares
(GJ/ha) and FC is GY is tuber yield (ton/ha).
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FIGURE 1
The change of diesel consumptions and CO2 emissions for tools and machines
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FIGURE 2
The change of diesel energy consumptions for tools and machines
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TABLE 4
Diesel consumptions and CO2 emissions for implements and machines
Diesel Consumption
L/ha
%
41
38.32
5
4.67
2
1.87
2
1.87
2
1.87
50
46.73
5
4.67
107
100

Tools and machines
Soil tillage and seed bed preparation
Sowing
Spraying
Hoeing
Fertilising
Harvesting
Soil preparation
Total

CO2 emission
(kgCO2/ha)
112.58
13.73
5.49
5.49
5.49
137.29
13.73
293.80

Fuel energy
(MJ/ha)
1521.1
185.5
74.2
74.2
74.2
1855
185.5
3969.7

1.5
Consumption or emission (L/ha or kgCO 2/ha)

1.4
1.3

Lubricant oil consumption (L/ha)
CO2 emission (kgCO2/ha)

1.2

1.11

1.1
1
0.9

0.81

0.8
0.7
0.6
0.5
0.4
0.3

0.395
0.289
0.23
0.17

0.2
0.082

0.1

0.062

0.17
0.11
0.038

0.11
0.038

Hoeing

Fertilising

0.062

0
Soil tillage

Sowing

Spraying

Harvesting

Soil preperation

Tools and machines

FIGURE 3
The change of oil consumptions and CO2 emissions for tools and machines
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Soil preperation
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FIGURE 4
The change of lubricant oil energy consumptions for tools and machines

tillage, seedbed and soil preparation with tillage
implements and harvesting with harvester.
The total CO2 emissions for sugar beet cultivation were calculated as 293.8 kgCO2 per hectare
(Fig.1). As it might be expected, CO2 emissions
increased linearly as the amount of fuel consumption increased. The highest CO2 emission released
during harvesting with harvesting machine fol-

The total diesel consumption for soil tillage
and seedbed preparation was 41 L per hectare (Table 4). Fuel consumption with harvesting machine
was 50 L per hectare during harvesting. This consumption corresponds to 46.73% of the total fuel
consumption for sugar beet cultivation. The 89.6%
of the total fuel (96 L/ha) was consumed for soil
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lowed tillage operations. The total 137.29 kgCO2
per hectare was released during harvesting with the
harvester. In response to amounts of diesel fuel
used for per unit area (107 L/ha), the totally 3069.7
MJ fuel energy was consumed per hectare (Fig. 2).
Due to fuel consumption is the highest, the maximum fuel energy consumption (1855 MJ/ha) has
been realized during harvesting with the harvester.
The harvesting with harvesting machine followed
by tillage operations (1521.1 MJ/ha).

The lubricant oil and energy consumptions with the
agricultural implements and machines for sugar
beet cultivation are given in Table 4. The total lubricant oil consumption of the tractor with the implements/machines and combine harvester was 0.97
L per hectare. In response to these amounts of lubricant oil used for per unit area (ha), the totally 36.0
MJ oil energy was consumed per unit area (ha)
(Table 5). The total CO2 emissions related to lubricant oil consumptions were found to be 2.7 kgCO2
per hectare (Fig.3). The 0.395 L lubricant oil was
consumed for harvesting operation with harvester.
Thus, the highest CO2 (1.11 kgCO2 per hectare)
released for this harvesting operation due to highest
oil consumption.

Lubricant oil consumption and carbon dioxide emissions for sugar beet cultivation. The
change of lubricant oil consumptions, CO2 emissions and energy consumptions for sugar beet cultivation is given in Fig. 3 and Fig. 4, respectively.

TABLE 5
The lubricant oil consumptions and CO2 emissions for implements and machines
Lubricant oil
Fuel energy
CO2 emission
consumption
Tools and machines
(MJ/ha)
(kgCO2/ha)
L/ha
%
Soil tillage and seed bed preparation
0.289
29.79
11.04
0.81
Sowing
0.082
8.45
3.13
0.23
0.062
6.39
2.37
0.17
Spraying
Hoeing
0.038
3.92
1.45
0.11
Fertilising
0.038
3.92
1.45
0.11
0.395
40.72
15.09
1.11
Harvesting
0.062
6.39
2.37
0.17
Soil preparation
Total
0.97
100
36.90
2.70
TABLE 6
The specific parameters for sugar beet cultivation
Yield (kg/ha)

Diesel +
oil consumption
(L/ha)

56 852

107.97

Energy
(Diesel+oil)
consumption
(MJ/ha)
4006.6

CO2 emissions
(kgCO2/ha)

SFC
(L/t)

SSP
(kg/L)

SEC
(MJ/t)

SCO2
(kgCO2/t)

296.5

1.90

526.57

70.48

5.22

100
90
80
70.48

Values

70
60
50
40
30
20
10

5.22

1.90

0
Specific fuel consumption (L/t )

Specific energy consumption
(MJ/t)

Specific CO2 emission
(kgCO2/ton)

Specific parameters

FIGURE 5
The specific parameters for sugar beet cultivation
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quantity (t) of tuber product. It was found that the
specific value of energy consumption related to
total fossil fuel (diesel+lubricant oil) was to be
70.48 MJ per ton tuber (Fig. 5). The lower value of
the specific fuel consumption means the energy
efficiency of production is higher. Taking into account the specific value of energy consumption,
70.48 MJ fossil fuel energy (diesel+lubricant oil)
was consumed to produce 1 ton sugar beet tuber.

Specific parameters for sugar beet cultivation. It was found that the total fuel (diesel+lubricant oil), energy consumptions and CO2
emissions for sugar beet cultivation were 107.97
L/ha, 4006.6 MJ/ha and 296.5 kgCO2/ha, respectively. The specific values of fuel consumption,
tuber production and CO2 emissions were calculated for sugar beet cultivation and given in Table 6
and Fig. 5. Isler [24] indicated that 700 kg of ethanol is produced from the molasses of sugar beet
produced in one hectare production area. In this
case, for 1 kg ethanol production 0.15 L fossil fuel
or 5.72 MJ fossil fuel energy corresponding to this
amount of fuel consumption is consumed. As a result, fossil fuel consumption for the production of 1
kg of ethanol from sugar beet molasses results in an
emission of 0.42 kgCO2.

The specific carbon dioxide emission. The
specific carbon dioxide emission (SCO2) was defined
to analyze the relationship between CO2 emissions
and tuber yield. The SCO2 is the ratio of total CO2
emissions to tuber yield and indicates CO2 emissions (kgCO2) per ton of sugar beet tuber. The specific value of CO2 emission was calculated as 5.22
kgCO2/t (Fig. 5). The lower value of the specific
CO2 emissions means cultivation system in terms of
CO2 emissions is efficient. Taking into account the
specific value of CO2 emission, 5.22 CO2 was released to produce 1 ton sugar beet tuber.

The specific fuel consumption. The specific
fuel consumption (L/t) defined as the ratio of the
total amount fuel (L) consumed in the production
process to the total amount of harvested product (t).
The specific fuel consumption can be calculated
based on dividing fuel consumption (L) by tuber
yield (tone=1000 kg). The value of the specific fuel
consumption indicates the amount of fuel consumed
(L) to produce the unit quantity (t) of tuber product.
The specific value of fuel consumption was 1.9 L
per ton sugar beet tuber. The lower value of the
specific fuel consumption means the energy efficiency of production is higher. Taking into account
the values of specific fuel consumption, 1.9 L fossil
fuel (diesel+lubricant oil) was consumed to produce
1 ton sugar beet tuber.

CONCLUSIONS
The diesel and lubrication oil consumptions
for CO2 emissions were two of the most significant
determinants of the total energy input for sugar beet
cultivation. Especially field operations consuming
more fuel should be applied based on scientific data
to reduce fuel consumption. To reduce fuel consumption in soil tillage practices, unnecessary operations should be avoided in tillage. Consideration
should be given to conservative and reduced tillage
practices. The land size, production patterns and
soil structure should be considered in the selection
of agricultural mechanization tools. Agricultural
machinery and equipments are required to be renewed at the end of a given study periods. Use of
tractors completed economic life cause a lot of environmental pollution as well as economic losses.
The precision farming techniques can be used utilized in all stages of plant production until tillage to
harvest. For this purpose, decision support system
is required. However, sensing, monitoring, control
and data transfer systems are necessary for precision farming operations. Agricultural policies
should emphasize development of new technologies
and alternative energy resources aiming efficient
use of energy. other relevant agencies for recommendations to farmers in order to use energy more
efficiently.

The specific tuber production. The average
tuber yield was found to be 56 852 kg per hectare
for sugar beet cultivation. The specific tuber production (kg/L), as the inverse of the specific fuel
consumption value, was defined as the ratio of the
total amount of harvested tuber product (kg) to the
total amount of fuel (L) used in the cultivation process. The specific value of the tuber production
indicates the total amount of harvested product (kg)
from the unit production area (ha) corresponds to
the unit amount of fuel (L) consumed for the unit
production area (ha). The specific tuber production
was 526.57 kg/L for sugar beet cultivation (Table
6). The higher value of the specific tuber production means the energy efficiency of production is
higher. Considering the specific value of tuber production, 1 L fossil fuel (diesel+lubricant oil) was
consumed to produce 526.57 kg sugar beet tuber.
The specific energy consumption. The specific energy consumption (SEC) defined as the ratio
of energy consumption (GJ/ha) to the total amount
of obtained tuber per hectares (t/ha). The specific
value of the energy consumption indicates the
amount of energy consumed (L) to produce the unit
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TURCICA PLANT ROOT EXTRACT ON RAT OVER TISSUE
BY HISTOLOGICAL AND STEREOLOGICAL METHODS
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In this aspect plants constitute an important place in
both modern medicine and traditional medical
treatments. Diplotaenia turcica plant was known as
Diplotaenia cachrydifolia until 2011 but it was
declared as a new species in Umbelliferae (Apiaceae) family by Pimenov et al. after their work in
Bitlis-Van-Hakkari region [2]. Importance of Diplotaenia turcica plant comes from its use in herby
cheese which is traditional to this region and its use
in traditional medicinal purposes. Plant is used as
an antidote against bite of venomous animals such
as snake and scorpion. In addition root parts of the
plant is used for regulation of diabetes and high
blood pressure as well as rheumatoid diseases [3,4].
In this study histological and stereological effects
of different doses of Diplotaenia turcica plant on
rat over tissue were investigated.

ABSTRACT
Diplotaenia turcica is a plant species which is
found in Bitlis-Van-Hakkari region and used in
traditional treatments due to its medical and protective activities. Aim of this study is to investigate
effects of root extract of Diplotaenia turcica plant
on rat over tissue with histological and stereological
methods. Four groups, with seven rats each, were
used in experiments. Experimental groups were as
follows; (I): control group, standard food and water
was administered, Diplotaenia turcica plant root
extract groups; (II): 250 mg/kg, (III): 550 mg/kg,
(IV): 1000 mg/kg were administered as single
dose/day with gastric gauge for 28 days. At the end
of the experiments rats were decapitated and right
over tissue was obtained. Histologically an increase
in over medulla structure and an increase in corpus
luteum and Graaf follicle number in cortex in plant
administered groups were observed. Total volume
comparison showed no difference between groups
(p>0.05). When follicle numbers were evaluated
Diplotaenia turcica administered groups showed a
significant decrease in Primordial follicle number
compared to control (p<0.05). No change in Primary follicle number (p>0.05) and an increase in
Graaf follicle number (p<0.05) was observed.
These results showed that Diplotaenia turcica increases follicular maturation by acting on this process.

MATERIALS AND METHODS
Preparation of Plant Root Extract. Diplotaenia turcica plant was collected in May-June and
taxonomical identification was completed. After
collection of roots from their natural environment
they were washed with distilled water and cut into
small pieces. They were left to dry in a shade and
dry ambient. Dried roots were powdered with a
grinder. 100 grams of plant root powder were kept
in 1000 ml ethyl alcohol (96% purity) for 24 hours
and then filtered. Remaining solutes was kept in
ethyl alcohol (70% purity) for 24 hours and again
filtered. Then both of the filtrate were combined
and dried in an evaporator at 70 rpm and 50 °C.
Obtained remnant was kept in a water bath at 40 °C
until dried totally [5].

KEYWORDS:
Diplotaenia turcica, Ovary, Rat, Stereology

INTRODUCTION
Animal and Experimental Procedure. The
study was approved by Van Yuzuncu Yil University Local Ethical Committee on Animal Experiments
(Approval number: 2016/02). The study was performed on 28 healthy female Wistar albino rats (8
week-old, 200-250 gr of body weight) which were
provided from Van Yuzuncu Yil University Experimental Medicine Research and Application Unit

Plants were used in every era of history and by
every society for protection of health or regaining
it. About a quarter of current drugs are plant originated and deserved active molecules are replicated
in laboratory conditions [1]. Search for new molecules from plants continues for many diseases such
as epilepsy, cancer and also reproductive disorders.
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FIGURE 1
General appearance and sizes of Rat Over tissue.

large antrum [6]. We have evaluated both of those
3 follicle groups.

(Van, Turkey). Animals were adjusted to experimental conditions for one week before initiation of
administrations. The animals were housed in standard laboratory conditions (22°C ±2 temperature, 4060 % humidity and a 12 h light/dark cycle) in the
cages. They were fed with a standard diet and tap
water was provided ad libitum. Rats were divided
into 4 experimental groups, including 7 rats in each
group.
Group 1: Healthy control group, food and water were given ad libitum without any administration.
Group 2: 250 mg/kg Diplotaenia turcica plant
root extract were administered as one dose/day with
gastric gauge for 28 days.
Group 3: 550 mg/kg Diplotaenia turcica plant
root extract were administered as one dose/day with
gastric gauge for 28 days.
Group 4: 1000 mg/kg Diplotaenia turcica
plant root extract were administered as one
dose/day with gastric gauge for 28 days. Administration of plants was set to a dosage which does
not cause lethality in animals (low, moderate, high)
and administration period was to 28 to model normal human menstrual period.
After 28 days of administration, the rats were
decapitated under anesthesia with ketamine (75
mg/kg), intraperitoneal (i.p). Abdominal cavity was
exposed with a sharp surgical knife, right over
tissues were obtained and kept in 10% formaldehyde solution.

Histological and Stereological Evaluations.
Over tissues were fixed with 10% formaldehyde
solution for 72 hours then they were embedded
ZLWKLQ SDUDIILQ 6HFWLRQV RI  ȝP WKLFN ZHUH Rbtained and stained with Hematoxylin and Eosin
(H&E). Investigations were performed under light
microscope. For photographs AxioVision 3,1 Zeiss
axioplan 2 imaging (Göttingen, Germany) were
used. For determination from stereological analysis,
modified method from Cavalieri principle was used
(an unbiased counting frame used during the numerical analysis at x40 magnification) [8]. Then
total tissue volume rates were calculated via pointed ruler provided in Shetereom 1.5 version software
[9, 10]. Volume was estimated using the following
formula:
Volume: t x a/S[گ3
where t is section thickness, a/p is the area of each
point on point-FRXQWLQJ JULG DQG گ3 LV WKH WRWDO
number of points hitting the related area [8].
Statistical Analysis. Descriptive statistics for
the studied variables (characteristics) were presented as mean, standard deviation, minimum and maximum values. Kruskal-Wallis test was performed to
compare groups. Dunn multiple comparison test
was used to determine different groups. Statistical
significance level was considered as 5% and SPSS
(ver: 13) statistical program was used for all statistical computations.

Follicle Classification. Ovarian follicles contain a single immature oocyte. Histologically, in the
ovarian sections, there were three major types of
follicles: primordial, growing primary and mature
Graaf [6]. Primordial follicles consist of an oocyte
partially or completely encapsulated by squamous
(i.e. flattened) pregranulosa cells. Primary Follicles
are identified by a single layer of cuboidal granulosa cells around the oocyte [7]. Ultimately, Graaf
follicles were the most enlarged follicles, and consisted of cumulus oophorus, corona radiata and a

RESULTS
Rat over sizes were measured as 0.5 mm x 2.5
mm x 2 mm (Figure 1). General histological structure of over tissue revealed normal histological
appearance in control group. Diplotaenia turcica
administered groups showed an increase in Graaf
follicle and Corpus luteum and a decrease in medulla volume. However vasculogenesis in medulla was
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1). When groups are compared for follicle numbers
Primordial follicle number were statistically decreased in Diplotaenia turcica administered groups
compared to control (p<0.044). On the other hand
Primary follicle numbers were not changed significantly (p<0.076) and Graaf follicle numbers were
significantly increased (p<0.012) (Table 2).

much more augmented in group 2 compared to
other groups (Figure 2). When groups are compared
for total volume, no difference was observed between groups, whereas Diplotaenia turcica administered groups showed a significant decrease in
medulla volume (p<0.038). In addition an increase
in cortex volume was observed but this increase did
not reach statistical significance (p>0.160) (Table

FIGURE 2
a-Over appearance of Control group b-Over appearance of 250 mg/kg Diplotaenia turcica administered
group c-Over appearance of 550 mg/kg, Diplotaenia turcica administered group d-Over appearance of
1000 mg/kg Diplotaenia turcica administered group. Arrow, blood vessels (augmented vasculogenesis),
f; follicle cells in different phases, L; corpus luteum. Scale bars, 600 μm (H&E).

T. volume
(mm3)

Cortex
(mm3)

Medulla
(mm3)

TABLE 1
Descriptive statistics and comparison results for over volume rates of groups
Group
Median
Mean
St. Dev.
Min.
Max.
C
19234 a
18854
2440
14750
22644
G1
19355 a
19204
3052
16118
24549
G2
22731 a
21393
5290
11998
28375
G3
19909 a
19772
1190
17918
21016
C
15079 a
14977
1847
11859
17900
G1
16602 a
16297
2693
13451
20809
G2
19510 a
18209
5255
8811
25155
G3
17295 a
17118
1172
15321
18316
C
4536 a
3876
1151
2538
5090
G1
2875 b
2906
483
2285
3740
G2
3186 ab
3183
302
2736
3755
G3
2649 b
2663
131
2509
2856

P
.345

.160

.038

C.: Control G1: 250 mg/kg Diplotaenia turcica administered G2: 550 mg/kg, Diplotaenia turcica administered G3: 1000
mg/kg Diplotaenia turcica administered. The different letters (a,b) in the same column indicate differences between the
groups (p<0.05).
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TABLE 2
Descriptive statistics and comparison results for follicle number of groups
Group
Median
Mean
St. Dev.
Min.
Max.
C
18072324 a
16432292
4000816
10008327
21314736
Primordial
G1
12455022 ab
11494368
4816654
5633099
16979892
Fol.
G2
11144954 b
10684356
3860695
5234746
16782171
G3
6888992 b
9026792
5241337
4256317
17957743
C
167285 a
181483
81132
67392
289513
G1
219695 a
182211
128112
0
373543
Primary Fol.
G2
197274 a
367559
390848
90643
1052104
G3
414876 a
471540
285272
85231
864765
C
77772 b
77399
7674
67392
85891
G1
85004 b
84654
7290
73231
93385
Graaf Fol.
G2
197274 a
196495
104857
91651
314471
G3
140010 ab
170823
102420
82975
345506

P
.044

.076

.012

C.: Control G1: 250 mg/kg Diplotaenia turcica administrated G2: 550 mg/kg, Diplotaenia turcica administrated G3: 1000
mg/kg Diplotaenia turcica administrated. The different letters (a,b) in the same column indicate differences between the
groups (p<0.05).

Umbelliferae (Apiacea) family yield 2,2-difenil-1picrylhydrazyl (DAPH) which has a potent antioxidant activity on hydroxyl and superoxide radicals
[16]. Stems and roots of Angelica shikokiana which
is also a member of Umbelliferae (Apiacea) family
are used for the treatment of cardiovascular and
digestive system as well as liver and hyperlipidemia
disorders. It is also used as a herbal tea for prevention of anemia, hypertension, diabetes, neuralgia
and dermatitis. Root, stem, leaf and seed extract of
this plant has potent antioxidant phenolic content
which avoids oxidative stress [17].
Diplotaenia turcica is known for its hypoglycemic and blood pressure balancing effects and
protective feature against bites of venomous animals such as snake and scorpion. It is also used
against diabetes and rheumatoid diseases.
Over total volume assessment showed that, total volume did not change between groups but medulla ratio in over tissue was decreased in Diplotaenia turcica administered groups. This finding
indicates an increase in over cortex where follicle
maturation and emission occurs.
In our study we evaluated primordial, primary
and Graaf follicles. We found a decrease in Primordial follicle number whereas no change in primary
follicle number and an increase in Graaf follicle
number in over tissues of Diplotaenia turcica administered groups. Establishment of a primordial
follicle pool is critical for female fertility because it
represents the total population of oocytes available
throughout the reproductive lifetime. Primordial
follicle number is a marker of over reserve. On the
other hand Graaf follicle number represents number
of follicles that can be ovulated and fertilized.
When Diplotaenia turcica administered
groups were evaluated, it is clear that number of
primordial follicle numbers was decreased and
Graaf follicle numbers were increased with increasing plant dosage. It is hypothesized that plant pos-

DISCUSSION
The incidence of reproductive disorders
among women has increased significantly in recent
years. Rate of woman between 15-49 years of age
applied to clinics for treatment of infertility in United States increased from 9% in 1980 to 15% in
1995. Reason for this increase is thought to be
related with factors such as increased labor age,
augmented exposure to environmental toxins, nutritional disorders (increased obesity) and increase in
sexually transmitted disease. According to Turkey
Population and Health Survey, infertility incidence
in woman between 15-49 years of age reached
12.2% in Turkey [11]. Infertility is becoming an
important public health problem. Fertility rates
which are obtained from 2016 population analyses
showed that Eastern Anatolia birth rates are high
and it is in high rank compared to other regions of
Turkey [12]. In this context we aimed to study effect of Diplotaenia turcica plant which is an ingredient of widely consumed herby cheese in this
region on fertility. Literature search on this subject
yield no similar study in this aspect.
Diplotaenia turcica is a member of Umbelliferae (Apiacea) family. Umbelliferae is a family
with some 464 genera according to the generic
NOMenclator (GENOM) and are widely distributed
across temperate regions, especially in central Asia.
In Turkey Umbelliferae occupies second largest
place in total plant list (450 species in 109 genera).
This means that Asiatic Turkey has the highest
concentration of species-level Umbiliferae diversity
in Asia, and probably in the world. Experimental
studies conducted on some of the plants belonging
to this family reveal some important bioactivities
such as antihyperglycemic, hypolipidemic and
antioxidant activity [5, 13, 14, 15].
Study on the root extract of Ligusticum
chuanxiong which is a traditionally used plant from
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[6] Altunkaynak, B.Z., Akgül, N., Yahyazadeh, A.,
Altunkaynak, M.E., Turkmen, A.P., Akgül,
H.M., Ünal, B. (2016) Effect of mercury vapor
inhalation on tar ovary: Stereology and histopathology. J. Obstet. Gynaecol. Res. 42(4),
410-416.
[7] Rodriguez, H.A., Santambrosio, N., Santamaria, C.G., Munoz-de-Toro, M., Luque, E.
(2010). Neonatal exposure to bisphenol A reduces the pool of primordial follicles in the rat
ovary. Reproductive Toxicology. 30(4), 550557.
[8] Gundersen, H.J., Jensen, E.B. (1987) The efficiency of systematic sampling in stereology
and its prediction. J Microscopy. 1147, 229263.
[9] Gundersen, H.J., Bendtsen, T.F., Korbo, L.,
Marcussen, N., Moller, A., Nielsen, K., Nyengaadr, J.R., Pakkenberg, B., Sorensen, F.B.,
Vesterby, A. (1988) Some new, simple, efficient stereological methods and their use in
pathological research and diagnosis. Apmis.
96, 379-394.
[10] Howard, C.V., Reed, M.G. (1998) Unbiased
stereology, three-dimensionel measurements in
microscopy. BIOS Scientific Publishers, Oxford. 39-68.
[11] Topcu, H.O., (YOL\DR÷OX, O.ùDKLQ, Y. (2017)
How Basic Infertility Studies Should Be?
TJRMS. 1(2), 109-111. (in Turkish).
[12] Turkish Statistics Institution (7UNL\H øVWDWLWLN
.XUXPX 7hø. ). Birth Statistics ('R÷XP
istatistikleri) 2016. http://www.tuik.gov.tr/ Haber Bultenleri. No: 2467 (Access date: 18.05.
2017).
[13] Ahmet, J., Güvenç, A. .oNER\DFÕ, N.,
Baldemir, A.&RúNXQ, M. (2011) Total phenolic contents and antioxidant activities of Prangos Lindl. (Umbelliferae) species growing in
Konya province (Turkey). Turk J Biol. 23,
353-360.
[14] Razavi, S.M., Nazemiyeh, H., Zarrini, G.,
Asna-Asharii, S., Dehghan, G. (2010) Chemical composition and antimicrobial activity of
essential oil of Prangos ferulaceae (L.) Lindl
from Iran. Nat Prod Res. 24(6), 530-533.
[15] Duran, A., Behçet, L., Öztürk, M. (2015) Diplotaenia bingolensis (Apiaceae), new species
from east Anatolia, Turkey. Plant Syst Evol.
301, 467-478.
[16] Liu, J.L., Zheng, S.L., Fan, Q.J., Yuan, J.C.,
Yang, S.M., Kong, F.L. (2015) Optimisation of
high-pressure ultrasonic-assisted extraction and
antioxidant capacity of polysaccharides from
the rhizome of Ligusticum chuanxiong. Int J
Biol Macromol. 76, 80±85.

sessed possible estrogenic activity and stimulated
gonadotropin release from hypophysis which cause
initiation of steroidogenesis and folliculogenesis
and therefore stimulated ovarian follicle growth. As
a consequence primordial follicle number was decreased and Graaf follicle number was increased.
These results indicate an increase in the speed of
follicular maturation by the impact of Diplotaenia
turcica. Another important aspect of this subject is
the fact that, many female reproductive disorders
derive from disruption of early oocyte development. There are ongoing search for new choices
with less side effects for treatment of oocyte growth
disorders.
Our results show that Diplotaenia turcica
plant has an impact on over tissue. However since
our study is the first study evaluating effect of plant
on the reproductive system, action mechanisms on
over tissue and follicle growth stages were not
clarified in detail. Further studies on the subject are
needed to clarify such mechanisms. Since this plant
is an ingredient of herby cheese with different
plants, effect of their combination should also be
studied. Further research on this subject may both
clarify the mechanism of action and also may bring
new hope for infertility treatments.
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contribution to the search for possible sources of
medicines [5]. Oxidative stress is well-described as
the extreme production of reactive oxygen species
(ROS) and the efficiency of the antioxidant defense
system [6]. Plants including edible plants and medicinal herbs contain a variety of antioxidants, such as
phenolic compounds, nitrogen compounds, vitamins, and terpenoids [7].  species of Bryophytes produce sugary inferior metabolites. Asakawa et al. [4] reported the properties of bryophytes;
for example, their uses in areas of medicine, agriculture and pharmacy. German scientists used bryophytes to cure fungal infections in horses such as 
 and . There are
other medical uses of mosses due to their anti-leukemic properties and use as anticancer agents [8-10].
Indian people living in Kumaon in the Himalaya use
some mosses to decrease pus formation [11-12].
Yayintas et al [13] investigated chemical compounds, antimicrobial, antioxidant and anthocyanin
capacities of Turkish mosses.
Phenol content and antioxidant activity of
mosses from Yenice forest were determined [14].
The goal of the current study is to examine the antioxidant capacity and volatile components from four
studied moss species.

Four species of bryophytes were used as material and were gathered from various areas in Mount
Ida (Kazdag), Canakkale, Turkey. Volatile compounds were isolated from the moss species with
solid phase microextraction (SPME). GC-MS was
applied to determine volatiles. The antioxidant capacity of bryophytes was established using CERAC
and CUPRAC techniques. Trolox equivalent
(TEAC) of aqueous extract of bryophytes was determined at concentrations of 0.0109 (±0.0008)-0.0212
(±0.0009) mmol trolox/g bryophyte and 70% methyl
alcohol extract 0.0259 (±0.0013)-0.0058 (±0.0012)
mmol trolox/g bryophyte using the CERAC technique and for water extract as 0.0027 (±0.0006)0.0083 (±0.0012) mmol trolox/g bryophyte and
methanol extract 0.0035-0.0095 (±0.0005) mmol
trolox/g bryophyte using the CUPRAC technique.
The total flavonoid content was analyzed as equivalent mmol catechin/g bryophyte with the
AlCl3/NaNO2 colorimetry technique. The total phenolic content of the species was analyzed with a Folin–Ciocalteu spectrophotometric technique.
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2/63-+5< 2/;,+5 <+695/<+7.37<=;>6/7
=+=387 Catechin, gallic acid, trolox (6-hydroxy2,5,7,8-tetramethylchroman- 2-carboxylic acid, abbreviated as TR) and neocuproine were obtained
from
Sigma–Aldrich
Co.
(MO,
USA).
Ce(SO4)2.4H2O, Folin-Ciocalteu phenol reagent, sodium carbonate (Na2CO3), sodium potassium tartrate
(NaKC4H4O6), copper(II) chloride dehydrate
(CuCl2.2H2O), copper(II) sulphate (CuSO4), sulphuric acid (H2SO4), ammonium acetate
(CH3COONH4), ethanol (96% wight/weight)
(C2H5OH), and methyl alcohol (CH3OH) were obtained from Merck. Sodium nitrite (NaNO2), aluminum chloride (AlCl3), and sodium hydroxide
(NaOH) were provided by Riedel. The reagent was



!&$"'&"!
Bryophytes belong to the phylum bryophyte
and include three classes; Hepaticopsida (liverworts), Bryopsida (mosses), and Anthocerotea
(hornworts). They are small, terrestrial photosynthetic, spore-bearing plants that require a humid environment and can be found all over the world. Bryophytes and liverworts are therapeutically used
worldwide [1-3]. Mosses are considered a  
    which offers exciting biologic activity
[4]. Some recent results also forecast the valuable effect of bryophytes in AIDS therapy. Evaluating the
biological activities of the mosses is a noteworthy
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A=;+-=387 80 ?85+=35/ -8698>7.< ,B 1+<
-2;86+=81;+92BD6+<<<9/-=;8928=86/=;BVolatile compounds were isolated from moss species
with the solid-phase-micro extraction (SPME) technique [18] and identified using GS-MS. 0.4 g of moss
was placed in a 40-mL Amber-colored screw-top
vial with a hole-cap poly tetrafluoro ethylene/silicon
septum (Supelco, Bellefonte, USA), and 0.4 g of
NaCl and 10 mL of distilled water were added to the
vial. The vial was kept at 40 °C in a water bath for
20 min to equilibrate contents in the tap space. Then,
an SPME (2 cm to 50/30 μm DVB/Carboxen/PDMS,
Supelco, Bellefonte) needle was inserted into the
vial. The SPME fiber was inserted to a depth of 2 cm
in the top of the vial. Then, the SPME needle was
immediately inserted into a GCMS column. Volatiles were tentatively identified by GC–MS. A Nonpolar HP5 Column (30 m × 0.25 mm i.d. × 0.25-µm
film, J and W Scientific) and HP 6890 GC and
7895C mass detector were used for isolation of compounds. This was adjusted from 40 to 230 °C at 10
°C min−1 rate, with the initial time 5 and final time
20 min, respectively. Helium gas was selected as a
mobilizer at a 1.2 mL·min−1 flow rate. The optimum
conditions were selected as; capillary direct interface
heat, 280 °C; ionization energy, 70 eV; mass range,
35 to 350 amu; and scan rate, 4.45 scans·s−1. The
recognition of flavor compounds was made using the
comparison of the mass spectra of undetermined volatiles with the NIST Standard and TWRMS Data databases. Flavor substances were analyzed according
to their comparative quantity.

$ <9/-=;8928=86/=;3- +<<+B 80 =8=+5
+7=38A3.+7= -+9+-3=B 1 mL of 2.0 x 10-3 mol L-1
Ce(IV) solution and x mL of the bryophyte extract
were placed into a tube and diluted with 10 mL H2O.
The mix was allowed to stand for 30 min at room
temperature and the absorbance at 320-nm (A320 nm)
was observed. The antioxidant activity was analyzed
and given as mmol trolox equivalent mass of moss
[15]. Trolox in the CERAC technique is ε = 1.31×104
L mol−1 cm−1. These results are given as mean (±SD)
mmol Trolox per gram bryophytes.

'#$<9/-=;8928=86/=;3-+<<+B80=8=+5
+7=38A3.+7=-+9+-3=B1 mL 1.0×10−2 mol L-1 CuCl2,
1 mL 7.5×10−3 mol L-1 neocuproine alcoholic solution and 1 mL NH4Ac buffer solution were placed in
a tube and mixed; (x) mL of bryophyte extract followed by (1.1−x) mL of water were added until the
total volume was equal to 4.1 mL, and mixed. The
absorbance was read against a reactive blank at 450
nm after 30 min [16]. Molar absorption coefficient
of Trolox in the CUPRAC technique is ε = 1.62×104
L mol−1 cm−1. The results are given as mean (±SD)
mmol Trolox per gram dry bryophytes.




used as analytical reagent mark, and deionized water
was used for all the prepared solutions. Polyphenolic
substances were prepared daily in absolute 1 mmol
L-1 C2H5OH and 0.040 g Ce(SO4)2.4 H2O was placed
in 100 mL flasks and dissolved with water. Then
17.0 mL of 98.0 % H2SO4 was added to the flask and
diluted with water [15]. 250 mL 1.0×10−2 mol L-1
copper chloride stock solution in H2O was used. 250
mL 7.5×10−3 mol L-1ammonium acetate buffer in
water (pH 7.0) was used. Neocuproine was prepared
daily in 0.0390 g ethanol, and diluted to 25 mL with
H2O [16]. Folin−Ciocalteu’s phenol reactive was diluted at 1:2 with distilled water before the experiments. Lowry A solution was prepared with Na2CO3
in 0.1 mol L-1 NaOH. Lowry B solution was prepared
with Cu (II) sulfate in 1.0 % NaKC4H4O6. Lowry C
solution was prepared by mixing 50 mL of Lowry A
and 1 mL of Lowry B [17]. 5% (w/v) NaNO3 and
10% (w/v) NH4Cl solution were prepared in deionized water. The UV-vis spectra were recorded using
Varian model Cary 100 UV−vis spectrophotometry.
Solutions were homogenized using a Heidolph Vortex Stirrer (Nuremberg, Germany), Bandelin Sonorex sonicator (Berlin, Germany) and, Biosan PSI10i orbital shaker (Riga, Latvia). 

#5+7= 6+=/;3+5 Moss samples were collected
from Mount Ida (Kazdaglari), Canakkale in May
2016. Voucher specimens were identified by Dr.
Ozlem TONGUC YAYINTAS and deposited in
Canakkale Onsekiz Mart University, Vocational
School of Applied Sciences, Turkey. We investigated the following species:    
 (Hedw.) T. Kop., T. 5047; T.5048;  
   (Hedw.) B.S.G, T. 5049; T.5050;
      (Hedw.) Hub., T. 5051;
T.5052;     (Brid.). A.J.E.
Sm., T. 5053; T.5054

A=;+-=387 80 95+7= 6+=/;3+5 1 g weighed
dried moss was placed in a porcelain mortar. The
dried plants were extracted with boiling deionized
water and mixed in a shaker for 10 min at 450 rpm
with sonication. The content was strained through
Whatman filter paper and placed into a 50 mL flask.
Then it was diluted with deionized H2O. The aqueous extract of bryophytes was prepared just before
measurements to hinder any undesired degradation
reactions. 1 g of powdered bryophytes was obtained.
These were extracted in flasks with 70 % (v/v) methyl alcohol. Three consecutive batch extractions
were completed with the stirrer. Extraction initially
was prepared with 20 mL 70% methyl alcohol for 60
min, then with 20 mL 70% methyl alcohol for 45
min, and finally by adding 10 mL 70% methyl alcohol for 15 min. These extracts were strained and
placed together in single flasks and diluted by adding
50 mL 70% methyl alcohol at room temperature.
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%=+=3<=3-+5+7+5B<3<All the analyses were carried out in triplicate and the results were expressed
as mean ± standard deviation (SD). Significant differences between means were calculated by analysis
of variance (ANOVA) procedures and correlation
test was conducted to determine the correlations
among means; p < 0.05 was regarded as significant.
Statistical analysis was performed using Microsoft
office 2010 Excel program.


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

 %3./7=303-+=38780@+=/;/A=;+-=<The
higher abundance values obtained from GC-MS of
the water extract samples from four species of
mosses are given in Table 1. Gas chromatograms
with mass-spectrometric detection of the moss species are given in Figures 1-4.

55 !+!" 858;36/=;3-+<<+B80=8=+505+
?8783.-87=/7=Flavonoid compounds were measured with a previously described colorimetric technique [19, 20]. 1.0 mL of the extract or catechin solution was mixed with 2.40 mL of deionized water
in a test tube and then 0.20 mL of a 5% (w/v) sodium
nitrite solution was added. After 5 min, 0.40 mL of a
10% NH4Cl solution was added and the mixture was
allowed to stand for 20 min before 1.0 mL of 1 M
NaOH was added. The absorbance was read at 510
nm with a spectrophotometer. The molar absorption
coefficient of catechin for AlCl3/ NaNO2 colorimetric technique is ε = 1.14×104 L mol−1 cm−1. The results are given as mean (±SD) mmol catechin per
gram dry bryophytes.

853738-+5=/>+<<+B80 =8=+5 92/7853- -87
=/7= Mosses were measured using a spectrophotometric technique for components of phenolic compound with a   spectrophotometric
technique [17]. 1.5 mL of deionized water and 0.5
mL of the extract were placed into a tube, then 2.5
mL of Lowry C solution was added, and the mixture
was allowed to stand for 10 min. Finally, 0.25 mL of
Folin reactive was added, and this was left for 30 min
for stability of the observed blue color. The molar
absorption coefficient of gallic acid in the
  method is ε = 5.14×103 L mol−1 cm−1.




"9=363C+=387806/=2+785/A=;+-=387In our
study, we prepared methanol extracts from  
   using variables of methanol percentages between 30% (v/v, methanol-water) and
100 % (v/v, methanol), and investigated how this affected total antioxidant capacity (TAC) of  
 . Methanol percentages of 70%(v/v)
were obtained as optimum recovery of TAC in this
species. Optimization of the percentage of methanol
extraction from dry bryophytes as a function of the
antioxidant activity is given in Figure 5.

'$ 
+<-2;86+=81;+6@3=26+<<<9/-=;86/=;3-./=/-=38780  
Numbers refer to the compounds listed in Table 1.

2415



#"

  $    





  !





'$ 
+<-2;86+=81;+6@3=26+<<<9/-=;86/=;3-./=/-=38780 
Numbers refer to the compounds listed in Table 1.
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Numbers refer to the compounds listed in Table 1.
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 %+7+5B<3<80        +7.
    @+=/;/A=;+-=<-86987/7=

1
2
3
4
5
6
7
8
9
10
11
12
13
1
2
3
4
5
6
14
15
10
13
16
1
2
17

Retention
Time
(min)
1.90
5.61
7.87
9.69
9.86
10.05
11.66
12.05
12.12
13.18
15.94
16.93
17.80
1.92
5.69
7.89
9.68
9.87
10.05
10.52
11.02
13.18
17.81
18.71
1.93
5.71
6.81

18

7.02

1,3,5 octatriene

3
5
6
15

8.12
9.94
10.06
11.03

oxime methoxy phenyl
3 octanol
octamethyl cyclotetrasiloxane
E 2 octenal

19

11.30

1,3 cyclooctadiene

20
21
22
23
24
1
2
17

12.13
12.71
15.94
16.12
17.90
1.92
5.65
6.83

pristane
cis 6 nonenol
cyclosativene
alpha cedrene
1S cis calamenene
chloroform
hexamethyl cyclotrisiloxane
1-hexanol

3
4
6
14
25
26

7.88
9.65
10.06
10.52
11.25
13.03

oxime methoxy phenyl
3-octanone
octamethyl cyclotetrasiloxane
2 ethylhexanol
E 2 octen 1 ol
menthol

10
11
27

13.17
15.94
17.40

naphtaline
butanoic acid butyl ester
beta ionone

Compound
number

 
 

  
 

  


  
  

Identified
Substance
chloroform
Hexamethyl cyclotrisiloxane
oxime methoxy phenyl
3-octanone
3 octanol
octamethyl cyclotetrasiloxane
2 nonanone
3 hydroxymandelic, ethyl ester, di TMS
4 hydroxymandelic, ethyl ester, di TMS
naphthalene
butanoic acid butyl ester
geranyl acetone
lauric acid methyl ester
chloroform
hexamethyl cyclotrisiloxane
oxime methoxy phenyl
3-octanone
3 octanol
octamethyl cyclotetrasiloxane
2-ethyl 1 hexanol
E 2 octenal
naphtalene
lauric acid methyl ester
hexadecane
chloroform
hexamethyl cyclotrisiloxane
1-hexanol

Volatiles

Area

plant volatile
polymeric, oil
fungicides
flavor and fragrance
flavor and fragrance
organosilicon
fruity odor
flavor
flavor
ınsecticide – repellent/fumigant
sweet fruity flavors
fruit flavor agent
fatty, floral, oily, winey odor
plant volatile
polymeric, oil
odor
flavor and fragrance
flavor and fragrance
organosilicon
flavor and fragrance
flavor and fragrance
ınsecticide – repellent/fumigant
fatty, floral, oily, winey odor
diesel fuel
plant volatile
polymeric, oil
odor of freshly
mown grass
volatile compounds
in food and beverages
odor
flavor and fragrance
organosilicon
flavor and fragrance
Toxic, volatile compounds, flammable liquids
Odor, flavor
flavor and fragrance
floral compound
flavor and fragrance
essential oil
Plant volatile
Polymeric, oil
odor of freshly
mown grass
odor
flavor and fragrance
organosilicon
flavor and fragrance
flavor and fragrance
flavor and fragrance,
peppermint oil
insecticide – repellent/fumigant
sweet fruity flavors
volatile oil, fragrance

1.23x108
8.91x107
4.40x107
1.49x109
3.87x108
2.28x108
5.06x106
6.10x106
1.74x107
1.25x107
1.83x106
5.30x106
2.69x106
1.32x108
1.38x108
5.59x107
1.29 x109
6.17x108
2.92x108
1.17x108
2.883x105
1.05x107
5.64x106
2.03x107
4.94x107
2.25x108
1.54x107
3.74x107
8.91x107
1.13x109
4.8 x108
2.97x107
8.96x107
3.56x107
7.59x107
1.94x107
2.96x106
5.04x106
5.31x107
1.14x108
1.34x107
4.35x107
3.67x108
1.48x108
7.40x107
4.30x106
2.58x107
1.11x107
5.87x106
1.43x107


/=/;637+=38780=8=+5+7=38A3.+7=-+9+-3=B
The analysis was completed 3 times in parallel repetition and the results are calculated as mmol TR/g
dry bryophytes and given in Tables 2 and 3. As can
be seen from Table 2, the highest amount of antioxidant capacity was found as 0.0212 ±0.0009 and
0.0083 ±0.0012 mmol Trolox/g dry bryophytes for
   and the lowest antioxidant
capacity was 0.0109 ±0.0008 and 0.0027 ±0.0006

mmol trolox/g dry bryophytes from  
  after aqueous infusion by CERAC
and CUPRAC methods respectively.

/=/;637+=38780=8=+592/7853--87=/7=The
analysis was completed 3 times in parallel repetition
and the results are given in Table 4. As can be seen
from Table 4, the highest phenolic content was obtained as 0.0275 ±0.0011 and 0.0257 ±0.0013 mmol
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"9=363C+=387809/;-/7=+1/806/=2+785/A=;+-=38780.;B,;B892B=/<+<+0>7-=38780=8=2/
=8=+5+7=38A3.+7=-+9+-3=B

& 
&8=+5+7=38A3.+7=-+9+-3=B80+:>/8><370><3878068<</<
%+695/
  
   
     
   

$
6685=;858A 1,;B892B=/<
0.0212 ±0.0009
0.0165 ±0.0011
0.0122 ±0.0006
0.0109 ±0.0008

'#$
6685=;858A 1,;B892B=/<
0.0083 ±0.0012
0.0042 ±0.0016
0.0038 ±0.0007
0.0027 ±0.0006

& 
&8=+5+7=38A3.+7=-+9+-3=B80 ? ?6/=2+785/A=;+-=3878068<</<
$
'#$
%+695/
6685=;858A 1,;B892B=/<
6685=;858A 1,;B892B=/<
  
0.0259 ±0.0013
0.0095 ±0.0005
   
0.0195 ±0.0008
0.0060 ±0.0011
     
0.0094 ±0.0014
0.0041 ±0.0007
   
0.0058 ±0.0012
0.0035 ±0.0005

&
&8=+592/7853--87=/7=8068<</<37+:>/8><370><387+7. ? ?6/=2+785/A=;+-=<
853738-+5=/>66851+553-+-3. 1,;B892B=/<
%+695/
:>/8><370><387
 6/=2+785/A=;+-=<
  
0.0275 ±0.0011
0.0257 ±0.0013
   
0.0244 ±0.0014
0.0181 ±0.0005
     
0.0160 ±0.0009
0.0080 ±0.0011
   
0.0139 ±0.0012
0.0076 ±0.0007

&
&8=+505+?8783.-87=/7=8068<</<0;86+:>/8><370><387+7. ? ?6/=2+785/A=;+-=<
55 !+!" -858;36/=;3-
6685-+=/-237 1,;B892B=/<
%+695/
+:>/8><370><387
 6/=2+785/A=;+-=<
  
0.0034 ±0.0009
0.0020 ±0.0003
   
0.0027 ±0.0006
0.0017 ±0.0008
     
0.0016 ±0.0005
0.0012 ±0.0006
   
0.0011 ±0.0003
0.0005 ±0.0004
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gallic acid/g bryophytes from   
 and the lowest phenolic content was 0.0139
±0.0012 and 0.0076 ±0.0007 mmol gallic acid/g dry
bryophytes from     in
aqueous infusion and methanol extracts respectively
using the Folin-Ciocalteu method.

extracts of the investigated mosses have great potential for use in medicine, cosmetics and pharmaceutical applications, as well as for food and agricultural
uses.


$$!%

/=/;637+=38780=8=+505+?8783.-87=/7=All
analyses were repeated in parallel three times and the
results are given in Table 5. As can be seen from Table 5, the highest antioxidant capacity was found as
0.0034 ±0.0009 and 0.0020 ±0.0003 mmol catechin/g bryophytes from    
and the lowest capacity was 0.0011±0.0003 and
0.0005 ±0.0004 mmol catechin /g bryophytes from
    in aqueous infusion
and methanol extracts respectively using the
AlCl3/NaNO2colorimetric method.
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The importance of mosses has been continuously upgrading because of its effects on microbes
are studied but little knowledge exists about secondary metabolites with antioxidant properties of mentioned mosses. These experimental results are proof
that    (Hedw.) T.Kop,  
   (Hedw.) B.S.G,    
   (Hedw.) Hub., and    
 (Brid.) extracts possess potent antioxidant activity.
All samples showed reducing capacity by CERAC and CUPRAC methods, with the highest performance obtained in    samples. It was observed good correlation between the
infusion and methanol extractions results of total antioxidant capacity in the CERAC and CUPRAC
methods. This significant proportion of antioxidant
activity is caused by phenolic substances within the
structure of the mosses as estimated from the GCMS analysis. According to the study, natural antioxidant compounds should be identified and purified in
a more thorough manner on the mosses. These compounds can be used in the pharmaceutical, cosmetic
and food industries. Thus new and more effective
compounds that enhance cellular defense can be obtained. Total phenolic content shows good positive
correlations with total flavonoid content of all samples.
The infusion and methanol extraction of  
   is indicative of higher phenol
content. The reported characteristics give an enhanced functional food property to mosses and contribute to the development of the regional economy,
providing an alternative to family income increase.
It is believed that the added value of the project
will be creative, natural, innovative and potential to
be applied to the industry and especially to the health
field. To conclude, here it was demonstrated that the
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Furthermore, they take part in many metabolic
actions together with some other enzymes, vitamins
and hormones Minerals are essential matters in
animal production and the animal requirements of
some important minerals must be met by the addition of mineral feed stuffs and premixtures [1]. The
number of these essential minerals was determined
to be around 24 macro and micro minerals to maintain the animal productivity and health [2-3].
The mineral requirements of plants can be obtained from the soil. The amount of mineral elements in plants is greatly influenced by the species
and varieties of plants, plant development stages,
soil structure and environmental factors. Therefore,
a good quality of roughage is critical in farm animal
nutrition since they are a good source ofnot only
proteins and carbohydrates, but also a good source
of minerals [4].
Some plants used as roughage have a high level of resistance to extreme climatic and soil conditions, and they grow easily in the areas where several cultivated plants cannot. In terms of nutrient
content, they can provide sufficient amount of minerals and vitamins for the grazing [5, 6, 7, 8, 9, 10].
Despite the fact that a low feed value of  
  was reported by previous studies, the
grazing sheep preferably consumed the vegetative
parts of     in the areas where it is
dormant and other plant species are not prevalent
[11, 12]. It has been reported that the sheep and
goat prefer shoots and leaf of    
[12, 13], and it can ideally be an alternative forage
in extremely arid and saline for the grazing animals.
In this study, we examined, by the development periods, the macro and micro nutrient contents
of the species of    , which may
grow in saline and sandy areas that have extreme
climatic and soil conditions.


  

Determining the changes in mineral content of
    plant is significantly important
due to the facts that the plant grows in extremely
arid and saline areas and appreciably consumed by
the grazing sheep. This study was conducted to
analyse the mineral content for 7 months during the
growing period of     from April to
October in 2015 at 3 (three) replication according to
the randomized complete block design.   
  plant grows naturally at the wind erosion
sites located in Aralik district, Igdir, in Turkey. P
(phosphorus), K (potassium), the contents of Ca
(calcium), Mg (magnesium), Na (sodium), Cu
(copper), Fe (iron), Zn (zinc) and Mn (manganese)
were analysed for approximately 3-5 cm of the stem
ends (shoot + leaf) of 5 plants in each of 3 blocks,
provided 15 plants in total. We observed a significant change in the mineral content of   
     during the natural growth
period. Fe content was the highest element in the
summer (July, August and September), Mn content
was the highest element in the autumn (September),
Mg content was the highest in the spring and autumn (April, August and September), and Cu content was the highest in the spring, summer and
autumn (April, July and October) in comparison to
the other periods. According to the average of seven
months, the contents of P, K, Ca, Mg, Na, Cu, Fe,
Zn and Mn were 0.49%, 1.04%, 2.50%, 0.47%,
0.15%, 2.00 ppm, 211.95 ppm, 36.60 ppm and
39.90 ppm, respectively. Research results revealed
that the contents of P, K, Ca, Na and Zn were high
during the spring period (April, May and June).


#"
   , macro and micro mineral content,
growth stage 



 ! 

The research area was located in the eastern
Turkey, Aralik district, Igdir province. The region
has hot and dry summer and cold winter, which is
quite different from the remaining of Eastern Anatolia Region. The study area is known as the second
largest erosion area in Turkey (13.542 ha), and has

Minerals are important structural and nutritional elements for animal tissues and organs, and
also play roles in the body homeostasis, balancing
the osmotic pressure and acid-base equilibrium.
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an average annual precipitation of 256.0 mm, a
relative humidity in the ratio of 51.6% and an average temperature of 12.40 C [14] (Anonymous,
2015). Soils at the study site have loamy structures
which are indicate low ratios of lime (0.41%), organic materials (0.45%) and phosphor (1.52 ppm)
[7].
By imitating grazing habits of animals, an approximately 3-5 cm of shoot + leaf part was obtained from the stems end parts of plants for 7
months from the beginning of late April until the
end of October, and used to determine the mineral
contents of plant samples. The research was established in a protected area, and it was conducted in a
completely randomized block design with three
replicates. Each block contained 5 randomized
    plants, and 15 plants were available in 3 blocks in total. Approximately, 1.5 kg
sample materials were collected manually (from 5
plants) for each replication in total, and they were
placed into the paper bags. The samples, which
were collected from the land, were dried in open air
at first, and then, using a drying oven, the temperature set 70o C until their weights were stabilized.
The dried samples were ground through a laboratory mill using a sieve diameter of 1 mm.
The ground plant samples were placed into the
microwave wet decomposition unit resistant to 40
bars (speedwave MWS-2 Berghof productts+ Instruments Harresstr.1. 72800 Enien Gernmany) in 3
different steps (1st Step: 5 minutes by using 75% of
microwave power under 145 oC, 2nd Step: 10
minutes by using 90% of microwave power under
180 oC, 3rd Step: 10 minutes by using 40% of microwave power under 100 oC) by using nitric acid –
hydrogen peroxide (2:3). The amounts of N, P, K,
Ca, Mg, Na, Cu, Fe, Zn and Mn were determined
by reading an ICP-OES spectrophotometer (Inductively Couple Plasma spectrophotometer) (Perkin Elmer, Optima 2100 DV, ICP/OES, Shelton, CT
06484-4794, USA) [15].
Data was subjected to an analysis of variance
and a Duncan’ multiple comparison test for the
plant mineral contents in seven months by using a
statistical package program [16].


The macro and micro mineral contents of  
   plant from April to October are
provided in Table 1.
P, K, Ca, Mg, Na, Cu, Fe, Zn and Mn contents
of     plant by a period of 7 months
as average, including the period from April to October, were in the ratios of 0.49%, 1.04%, 2.50%,
0.47%, 0.15%, 2.00 ppm, 211.95 ppm, 36.60 ppm
and 39.90 ppm respectively. Significant changes
were observed in macro and micro mineral contents
(except for Na) by months (Table 1).
P, K, Ca and Zn contents of the plant were
significantly high in the first periods of plants development (April, May and June), but decreasing
was observed in the following periods of development.
P content ranged from 0.24% and 1.07% in the
plant samples. The highest P content of  
  plant was in April (1.07%), and thereafter it drastically reduced to around 0.24-0.27% just
after the period of maturation starting from the
month of August. Plant P levels were reported to be
greatly changed at different climate conditions [1718], different locations [5-18] and different plant
organs [5]. As a result, the feeds must include the P
as the nutrition of ruminants. The P is used in the
development of the bone structure of animals, and it
is also available in the structure of critical compounds, such as phosphorprotein, phospholipid and
nucleic acid. P deficiency is an important problem
in farm animals may cause to a decreased production and reproduction efficiency [1-19]. It suggests
that the P content in the feeds of animals must be in
a range of 0.12% to 0.52% for a optimum development and growth [20]. We determined that the
amount of P in the studied plants during the summer and autumn (July, August, September and
October) period is in the range of the recommended
levels of [20], but the P levels of    
during the months of April, May and June have
exceeded these levels. Nevertheless, the grazing


-0)3%.'105)0541*(63-0+5,)+318-0+2)3-1(4
105,4
23-.
%9
60)
6.9
6+645
)25)/&)3
'51&)3
7)3%+)
7%.6)%0(4-+0-*-'%05



1.07 a
0.65 b
0.57 b
0.33 c
0.24 c
0.25 c
0.27 c
0.49
103.37**



1.22 b
1.54 a
1.48 ab
0.88 c
0.73 c
0.72 c
0.69 c
1.04
14.18**

%

2.88 a
2.88 a
2.33 b
2.45 b
2.28 b
2.38 b
2.32 b
2.50
4.71**

+

0.51 a
0.46 bc
0.41 c
0.45 bc
0.48 ab
0.53 a
0.43 bc
0.47
6.091**

%

0.15
0.16
0.16
0.14
0.15
0.16
0.14
0.15
1.16öd

6
22/
2.03 abc
1.76 bc
2.10 abc
2.43 a
1.93 bc
1.63 c
2.13 ab
2.00
3.30*

)
22/
166.46 cd
142.06 d
188.30 cd
273.40 a
240.33 ab
257.00 ab
216.06 bc
211.95
9.63**

$0
22/
54.70 a
46.16 a
48.83 a
33.90 b
25.63 c
22.90 c
24.10 c
36.60
24.72**

0
22/
33.13 de
34.90 d
35.56 d
27.96 e
47.90 b
58.56 a
41.30 c
39.90
31.67**

a, b, c, d and e
Different letters in the same column indicate significant differences in the mineral contents between the growing
periods. *F values are significant at 5% probability level, **F values are very significant at 1% probability level, ns: no significant.
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and lipid metabolisms [1-19]. The Mg content in
animal feeds were set around 0.12% to 0.20%) by
[20], and these levels were well provided by the
studied plants during the growing periods for grazing animals.
The Na content    were in the
range of 0.14% to 0.16% from April to October,
and non-critical changes were observed over the
growing periods. However, in the previous researches, it was determined that the Na content
changes by climates [17-21], locations where the
plant grows [5-21], and various organs of the plant
[5]. Na facilitates to preserve osmotic pressure of
body fluids and to ensure acid base equilibrium. In
case of the Na deficiency in the feeds, the animals
may reduce the utilizations from the nutrients of
animal feeds and thereby the reduced animal production is inevitable [1-19]. It suggested 0.06% and
0.08% Na content of animal feeds for different
stages of animals [20], which can be more than met
by the Na content of    grew in any
period in the region.
The highest Cu contents were observed during
July, October, June and April and, their values were
2.43 ppm, 2.13 ppm, 2.10 ppm and 2.03 ppm, respectively. We determined that the Cu contents
were high in all growing periods, but low during the
transition periods. The plant Cu levels were previously reported to be greatly influent by several
factors: climates [18-23-24-25] and locations [1823-25]. The copper mineral is necessary for bone
and haemoglobin formation, development of connective tissues, keratinisation and tissue pigmentation. In case of its deficiency in the feeds, the animals may experience poor appetite, anaemia, easy
fracture of bones and disorders in reproduction
efficiency [1-19]. It suggests that the amount of Cu
requirement in the animals must be 10 ppm, and the
maximum tolerable Cu in the feeds is around 100
ppm [20]. It was observed that    
had a Cu content lower than these levels.
When the plant gets mature, there is an increase in its Fe content. In this study, the highest Fe
contents were observed in July, September and
August as 273.40 ppm, 257.00 ppm and 240.33
ppm, respectively. According to previous studies,
the Fe content changes by climates [18-23-24-25],
locations where the plant grows [18-23-25] and
plant species [22]. The iron is available in the structure of several organs in the body, and it also plays
a great role in realization of several biochemical
reactions. In case of iron deficiency in the feeding,
the amount of oxygen available in the tissues may
decrease due to the decrease in the amount of haemoglobin, preventing several metabolic and biochemical reactions to occur [1-19]. It suggests that
the amount of Fe content that the animals must
obtain from the feeds is 50 ppm, and that the maximum tolerable Fe content in the feeds is around
1.000 ppm [20]. In this study, the    

period in the region for sheep starts from April till
October during which the animals may not be needed any additional P supplements due to the fact that
the levels of P in     optimally meets
the P requirements of animals.
We found that the K content reached its highest level around 1.22%, 1.54% and 1.48% in April,
May and June, respectively. However, there was
constant decrease in K content to 0.88%, 0.73%,
0.72% in July, August, September and October,
respectively. It was evident that the K content drastically dropped as the plant gets mature. In previous
studies, it was determined that the K content may be
altered by the different climates [17-18-21], different growing locations [5-18-21], different organs of
the plants [5] and different plant species [22]. The
K is critical for osmotic regulation of body fluids
and acid base equilibrium. In addition, the K affects
the activity of muscles and carbohydrate metabolism [1-19]. It suggests that the K content in the
animal feed must be around 0.6%, and the maximum tolerable Mg content of the animals is about
3.0% [20]. According to the research findings, no K
deficiency may be observed in the animals consuming the plants of    . We observed
that    had Mg content higher than
the levels suggested for animals by [20] overall the
growing periods of     develops, but
it was below the maximum tolerable level.
The highest Ca content     was
obtained in April and May (2.88%), but its level
significantly (P<0.05) decreased as the plant gets
maturated. It was determined that the Ca content
can be influenced by climates [17-18-21], locations
where the plant grows [5-18-21], various organs of
the plants [5] and plant species [22]. The Ca is a
mineral that is necessary in the formation of the
skeletal and dental structure of animals. In the case
of Ca deficiency, bone formation is weakened and
metabolic disorders are increased [1-19]. It is reported that a 15 gr of Ca per kg feed is sufficiently
enough for farm animals [1]. It suggests that the Ca
content of the animal feeds at different stages of
growth and development can be ranged from 0.15%
to 1.18% range [20]. It was determined that  
  had Ca content higher than the recommended levels by [20] during the entire growing
periods of    . Therefore, during
grazing periods, farms animals in the region may
not need an additional Ca supplement.
The highest Mg content, 0.51%, 0.48% and
0.53% was obtained in April, August and September, respectively, while there was a little decrease in
Mg content in May and June. The results of previous studies revealed that the Mg content changed by
different climates [17-18-21], different locations [518-21], different organs of the plant [5] and different plant species [22]. The Mg plays a critical role
in bone and teeth formation, has metabolic benefits
in the activities of several enzymes for carbohydrate
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of P, K, Ca, Zn, Na, Mg, Fe and Mn analysed for
the studied plant can meet the requirements of grazing sheep in the region, but the level of Cu not.

had Fe content higher than the suggested levels by
[20], but it was below the maximum tolerable level.
The Zn content of the studied plant was 54.70,
48.83 and 46.16 ppm in April, June and May, respectively. It markedly decreased in the summer
and autumn. It is well known that the Zn content
changes by climates [18-23-24-25], locations where
the plant grows [18-23-25] and plant species [22].
The zinc plays a critical role in the protein, nucleic
acid and carbohydrate metabolism, formation of
feathers and bones, and production and storage of
hormones. In case there is a zinc deficiency in animal feeds, the utilization of feed nutrients and
thereby animal growth rates are worsened [1-19]. It
suggests that the Zn requirement for the development and growth of the animals is 30 ppm, and that
the maximum tolerable Zn content in the feeds is
500 ppm [20]. The     had the Zn
content higher than the levels suggested by [20] in
April, May, June and July when    
develops, but that it was below the maximum tolerable level. The lower Zn contents suggested by [20]
were obtained in the other months (August, September and October).
The Mn content of the plant in September was
around 58.56 ppm, in comparison to the other periods. The Mn content of the plant was in its lowest
level in the summer (July). In previous studies, it
was determined that the Mn content changes by
climates [18-23-25], locations where the plant
grows [18-23-25] and plant species [22]. The Manganese plays a critical role in activation of several
enzymes, in the growth and reproductive efficiency
of animals, and in the formation of bones and teeth.
The manganese deficiency in feeds mostly makes
an effect on poultry and it may also cause reproductive efficiency disorders in bovines [1-19]. It suggests that the Mn content that must be available in
the feeds for the development and growth of the
animals is 20 ppm, and that the maximum tolerable
Mn content in the feeds is 1.000 ppm [20]. It was
observed that     had Mn content
higher than the ratio suggested by [20] in any of the
months when     develops, but that
it was below the maximum tolerable level.
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months (U.S. EPA). Therefore, more attention must
be paid to the degradation of chlorothalonil, and the
microbial degradation is usually considered the most
important way of chlorothalonil degradation [1012]. In addition, chlorothalonil is easily converted to
its more toxic and persistent 4-hydroxy metabolite and
cause greater harm [13, 14]. 4-hydroxy-2,5,6- trichloroisophthalonitrile (hydroxychlorothalonil) is considered the most important primary metabolite resulting from chlorothalonil degradation [15-17].
Therefore, in the process of biodegradation of organic pollutants, not only need to focus on the parent
pollutants, but also must pay attention to intermediate metabolites [18].
At present, several soil microorganisms capable of co-metabolizing low concentrations of chlorothalonil at the presence of other carbon sources were
isolated [19-21]. However, there were only a few
studies on the isolation of pure culture capable of degrading high concentrations of chlorothalonil without providing other carbon sources. In this study, 
   BJQ-Z6, a strain that could degrade
chlorothalonil and hydroxychlorothalonil was isolated. Its degradation potential and the application
for environment protection were studied.

A strain BJQ-Z6 capable of highly degrading
chlorothalonil was isolated from soil. The strain
BJQ-Z6 was identified as    based
on 16S rRNA and analysis of morphology, physiological and biochemical characters. The optimal pH
value and temperature were 7.0 and 45-50°C. The 7d
degradation rate of 100 mg/L chlorothalonil by strain
BJQ-Z6 could reach about 98.9% in mineral salt medium. The combined applications of the strain BJQZ6 and the strain BJQ-Z1 was considered an effective means for rapidly degrading chlorothalonil. The
degradation rate of chlorothalonil (100mg/L) by the
strain BJQ-Z6 and the strain BJQ-Z1 could reach
about 99.5% in 6d. In addition, the strain BJQ-Z6
showed a high tolerance to chlorothalonil. It was believed that the strain BJQ-Z6 could be used for control of chlorothalonil (or hydroxychlorothalonil) pollution.
'&"#
Chlorothalonil, biodegradation,    
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Chlorothalonil is a contact fungicide from the
chloronitrile group, and it is often used to control
fungal pathogens in various fruit and vegetable
crops, as well as in tree farming practices [1]. The
chlorothalonil residue may bring some trouble to soil
organism, aquatic systems and public health [2-4].
Previous research results showed that long-term use
of chlorothalonil could cause a decrease in soil microbial population and soil enzyme activity [5-7].
For human, chlorothalonil could cause dermatitis,
severe eye and skin irritation, and gastrointestinal
discomfort, it has been classified as probable human
carcinogen by U.S. Environmental Protection
Agency [8, 9]. Chlorothalonil is considered to be
moderately persistent in soil, and the half-life of
chlorothalonil in field situations can even reach 6
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0-31+)28)4,-,1)Chemicals: chlorothalonil (99.5%) was purchased from Sigma-Aldrich
Company. All other chemicals used were of analytical grade and commercially available.
Culture media: (1). Mineral salt medium:
MgSO4·7H2O 0.2 g, (NH4)2SO4 0.1 g, K2HPO4 0.1g,
CaSO4 0.05 g, FeSO4·7H2O 0.01 g, water 1.0 L, pH
7.0. (2). Isolation medium: mineral salt medium containing chlorothalonil (100 mg/L) was used to isolate
chlorothalonil degrading bacteria. (3). Enrichment
medium: peptone 8.0 g, yeast extract powder 5.5 g,
beef extract powder 3.5 g, sodium chloride 5 g, water
1.0 L, pH7.0.
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-/7),)91545.+0257590)25412*>+53*1414/
897)14 !(  )4, 897)14 !( The strain
BJQ-Z1 was a chlorothalonil degrading bacterium
deposited in our laboratory. It was identified as 
    according to 16S analytical method
(GenBank accession number MH113276). The
strain BJQ-Z1 could effectively convert chlorothalonil to hydroxychlorothalonil at a faster rate, but it
degrades hydroxychlorothalonil slower than strain
BJQ-Z6. Therefore, it is speculated that the combined applications of the strain BJQ-Z6 and the
strain BJQ-Z1 may have a higher degraded efficiency.
4% strain BJQ-Z6 inoculum and 4% strain
BJQ-Z1 inoculum were inoculated simultaneously in
mineral salt culture medium containing 100mg/L
chlorothalonil, and then incubate in incubator. The
concentration of chlorothalonil and hydroxychlorothalonil were determined every 24h.

852)9154)4,1,-491.1+)91545.+0257590)25412
,-/7),14/*)+9-71)The soil sample was collected
from cropland in SHANGHAI City, China, in which
chlorothalonil has been used for more than 8 years.
6.0 g soil sample was placed in 100ml isolation medium for shaking culture at 35°C (120 rpm). The
concentration of the residual chlorothalonil was determined every 24h [22, 23]. 6ml culture solution
with 3d degradation rate >75% was transferred to enrichment medium containing same concentration of
chlorothalonil, and continuously transferred for
more than 5 times. After the degradation effect was
verified again, the above enrichment medium was
coated on mineral salt culture plate containing chlorothalonil for inverted culture at 35°C. The eugonic
bacterial colonies were selected and repeatedly
streaked on the culture plate to obtain the pure culture. The new isolates were identified by using
16SrRNA sequence analysis.
..-+9 5. 9-36-7)9:7- 54 90- /75<90 5.
897)14!( Inoculums of chlorothalonil degrading bacteria were prepared in advance [24]. 4%
strain BJQ-Z6 inoculum was incubated in mineral
salt culture medium containing 100mg/L chlorothalonil under the different temperature. OD600 was determined every 12h after the shaking culture.

"#%$##%##

,-491.1+)9154 )4, +0)7)+9-71?)9154 5. +025
7590)25412,-/7),14/*)+9-71)A strain capable of
using chlorothalonil as the sole carbon sources and
energy source was isolated from soil, named BJQZ6. It was G+, facultative anaerobic, motile, straight
bacillus, 0.6-1.0×2.0-4.0 um in size. There was oval
spores in the terminal of thallus. It forms smooth,
opalescent and opaque colonies on the nutrient broth
plate. It was positive in tests for amylolysis, catalase,
V.P. test, glucose fermentation, but the indole test
was negative [25]. The strain BJQ-Z6 was identified
as      according to 16S sequence
analysis (The 16S analysis of strain BJQ-Z6 was
commissioned to Shanghai SANGON company,
GenBank accession number MH074883).

..-+985.65490-/75<905.897)14!
(  pH of mineral salt culture medium (containing
100mg/L chlorothalonil) was adjusted to 6.0, 6.5,
7.0, 7.5 and 8.0. Then they were inoculated with 4%
inoculum respectively. The shaking culture was performed at 45°C. OD600 was taken regularly.
$52-7)4+- 5. 90- 897)14 !(  54 +02575
90)25412The concentration of chlorothalonil in mineral salt medium was adjusted respectively to
50mg/L, 100mg/L, 200mg/L, 400 mg/L and 800
mg/L. Then the strain BJQ-Z6 was inoculated respectively for shaking cultivation at 45°C. OD600
was determined regularly, so as to evaluate the tolerance of strain BJQ- Z6 on chlorothalonil.

..-+985.9-36-7)9:7-)4,65490-897)14
!( /75<90The strain BJQ-Z6 has the highest
growth level at 45-50°C, higher or lower temperatures will affect its growth (Fig. 1). The experimental
results show that strain BJQ-Z6 was suitable for
growth at higher temperatures and had a strong chlorothalonil degrading ability. The degradation rate of
chlorothalonil (initial concentration was 100mg/L)
was about 77% after 3 days of incubation, and could
reach more than 91% after 5d at 45°C (Fig. 4). In
general, the temperature on the one hand could affect
the growth of microorganisms and enzyme activity,
on the other hand the temperature could also directly
affect the degradation rate of organic compounds.
The increase of the temperature would cause the acceleration of enzymatic degradation reaction, but the
excessively high temperature would lead to the inactivation of degrading enzymes and other enzymes
[26-28]. Based on the above factors, 45-50°C was
considered as the optimum temperature of the strain
BJQ-Z6 for growth and degrading chlorothalonil.

-/7),)9154 5. +0257590)25412 *> 897)14
!(  4% strain BJQ-Z6 inoculum was inoculated in mineral salt culture medium containing
100mg/L chlorothalonil, and then place it in the
shaker (120rpm, 45°C). The concentration of chlorothalonil and 4-hydroxy-2,5,6-trichloroisophthalonitrile (hydroxychlorothalonil) were determined every
24h [22, 23].
-/7),)9154 5. 0>,75=>+0257590)25412 *>
897)14 !(  The mineral salt culture medium
containing 50mg/L hydroxychlorothalonil was inoculated with 4% strain BJQ-Z6 inoculum, and then
place it in the shaker (120rpm, 45°C). The concentration of hydroxychlorothalonil was determined regularly.
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The growth status and degradation ability of
microorganism were usually affected by environment pH. The experimental results showed that the
growth state of strain BJQ-Z6 at pH 7.0 was better
than that under other pH conditions (Fig.2), and the
optimum pH of the strain BJQ-Z6 was pH7.0. Generally, pH could not only cause the change of the degrading ability through influencing microbial
growth, but also could directly influence the activities of relevant degrading enzymes.

$52-7)4+- 5. 90- 897)14 !(  54 +02575
90)25412 OD600 did not change significantly
(P>0.05) when the concentration of chlorothalonil
was increased from 50mg/L to 200mg/L. But OD600

would decrease significantly if the concentration of
chlorothalonil increased to 400mg/L or 800mg/L
(Fig.3). The results showed that the growth of the
strain BJQ-Z6 had been inhibited by 400mg/L chlorothalonil, but it was still growing. Therefore, it was
preliminarily considered that the strain BJQ-Z6
could tolerate at least 800mg/L chlorothalonil under
the experimental conditions. Although the strain
BJQ-Z6 would be significantly inhibited by
800mg/L triclopyr, it still could effectively degrade
chlorothalonil (because chlorothalonil was used as
the sole carbon source in the study). According to the
existing results, it was inferred that the strain BJQZ6 had a strong degradation ability to chlorothalonil,
which could be used in a wider range of
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of chlorothalonil under the experimental conditions
was fitted to the first order decay model (C=C0·e-kt),
“t” was the degradation time, “k” was the degradation rate constant, “C0” was initial concentration.
C=100e-0.3905t, R2=0.9295, half life=1.77d. At the
same time, it was found that the concentration of hydroxychlorothalonil rises first and then falls in the
degradation process of chlorothalonil. In addition,
hydroxychlorothalonil could be degraded by the
strain BJQ-Z6 (Fig. 5). These results suggested that
the strain BJQ-Z6 could completely degrade chlorothalonil, and hydroxychlorothalonil was an important
intermediate metabolite of chlorothalonil. It was believed that the strain BJQ-Z6 could be used for control of chlorothalonil (or hydroxychlorothalonil) pollution.

chlorothalonil concentration. In addition, it was possible that the strain BJQ-Z6 was used in the bioremediation of chlorothalonil pollution. The degradation
ability of the strain BJQ-Z6 might be closely related
with the long-term use of chlorothalonil in cropland
soil. Generally, soil microorganism that continuously encounter the artificially synthesized compound might be induced the ability to degrade the
compound [29, 30].

-/7),)9154 5. +0257590)25412 )4, 0>
,75=>+0257590)25412*>90-897)14!( The results in Fig.4 showed that the chlorothalonil could be
rapidly degraded by the strain BJQ-Z6. The degradation rate of chlorothalonil (100mg/L) by the strain
BJQ-Z6 could reach about 98.9% in 7d. Degradation
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-/7),)9154 5.+0257590)25412 *> 90- 897)14
!( )4,!(The results in Fig. 6 showed
that the chlorothalonil could be rapidly degraded by
the strain BJQ-Z6 and the strain BJQ-Z1. The degradation rate of chlorothalonil (100mg/L) by the strain
BJQ-Z6 and the strain BJQ-Z1 could reach about
99.5% in 6d. It can be indicated by comparing the
data in Fig. 4 and Fig. 6 that the degradation rate of
chlorothalonil when the two strains were combined
was higher than when the strain BJQ-Z6 alone was
used. In addition, the concentration of hydroxychlorothalonil shown in Fig. 6 was significantly lower
than that in Fig. 4. It indicates that the combined application of the strain BJQ-Z6 and the strain BJQ-Z1
will help to reduce the accumulation of intermediate

(hydroxychlorothalonil), and effectively increase the
biodegradation rate of chlorothalonil.


%#

In this study,    BJQ-Z6 was
isolated from soil, which could degrade chlorothalonil. The optimal pH value and temperature of strain
BJQ-Z6 were 7.0 and 45-50°C. The strain BJQ-Z6
also had high tolerance to chlorothalonil. It could tolerate at least 800mg/L chlorothalonil under the experimental conditions. The degradation rate of chlorothalonil (100mg/L) by the strain BJQ-Z6 could
reach about 98.9% in 7d. The experimental results
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suggested that the strain BJQ-Z6 could completely
degrade chlorothalonil, and hydroxychlorothalonil
was an intermediate metabolite of chlorothalonil biodegradation. The combined applications of the
strain BJQ-Z6 and the strain BJQ-Z1 was considered
an effective means for rapidly degrading chlorothalonil. The degradation rate of chlorothalonil(100mg/L) by the strain BJQ-Z6 and the strain
BJQ-Z1 could reach about 99.5% in 6d. It was believed that the strain BJQ-Z6 could be used for control of chlorothalonil (or hydroxychlorothalonil) pollution.
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to the pear producers experiencing water shortage.
Under abundant water conditions, I120, I100 and I80
crop-pan coefficients and treatments are also suggested. The pear producers should not consider that
the shoot length of Comice Pear take as irrigation
timing criteria. In addition, the result of study also
showed that IAS could be used to control drip irrigation system, Class A Pan, irrigation scheduling,
and to calculated ET and to measure soil moisture.



The aims of this study are to determine wateryield relationships of Comice Pear ( $"  
" L) variety irrigated by irrigation automation
system (IAS) based on Programmable Logic Controller (PLC).
Irrigation treatments consisted of five different
irrigation levels as 120% (I120), 100% (I100), 80%
(I80), 60% (I60) and 40% (I40) of the pan evaporation
and were carried out in 3 replications according to
the design of random blocks. Irrigations were applied to parcels by IAS based PLC when the total
amount of water evaporated from Class A Pan was
equal to or greater than 35 mm. Soil moisture was
measured by sensor (MAS-1) running with dielectric constant of soil in layers of 30 cm at depth of 90
cm of soil profile.
Total evaporation of 1104 mm was measured
from the Class A Pan by the IAS during the irrigation season. The IAS irrigated Comice pear variety
27 times during irrigation season. The irrigation
interval ranged from 3 to 12 days. The amount of
water given to the irrigation treatments of I120, I100,
I80, I60 and I40 in each irrigation were 40-62, 33-52,
26-42, 20-31 and 13-21 mm, respectively. The
amounts of evapotranspiration (ET) in irrigation
treatments were found to be 1287, 1046, 869, 669
and 527 mm, respectively. Under these conditions,
the mean fruit yields from irrigation treatments
were 15.3, 12.5, 12.6, 11.3 and 9.8 ton per hectare,
respectively. Relationships between fruit yield (ton
ha-1) and net irrigation water (Inw, mm) and evapotranspiration (ET, mm) were found as Fy =
0.0062Inw + 7.0091 (R² = 0.91**) and Fy =
0.0065ET + 6.552 (R² = 0.92**), respectively. The
yield response factor (ky) was 0.60. As the amount
of the applied irrigation water decreased, pear yield
also decreased but IWUE and WUE increased.
However, there was no statistically difference
among the yields of the irrigation treatments. Irrigation scheduling based on a 0.4 and 0.6 crop-pan
coefficients and their treatments are recommended

&% !
Irrigation automation, PLC, Comice Pear
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Water management is a key issue for agricultural crops, which are grown under dry and semi
dry climatic conditions. Water scarcity has occurred
in many Turkey regions, as in other regions of the
world, especially in the last two decades due to
drought and increasing competition for water. Furthermore, there is a growing community expectation that agricultural sector will utilize water efficiently to achieve production and environmental
goals. As a result of these expectations, irrigators
need to adopt efficient water management strategies.
Crop water production functions, which are relationships between crop yield and water, are used
by planners to estimate the economic consequences
of decisions relating to alternative water distribution. The functions yield important clues in the
interpretation of irrigation system capacities, irrigation scheduling and water use efficiency [1]. The
functions are not only used for water requirements
of plants, plant growth models, water use efficiencies, irrigation programs, water deliveries, but also
for planning, operating and economic analysis of
irrigation systems [2]. Moreover, the way to economically irrigate a plant depends on the
knowledge of the relationship between yield and
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of 410 μS m−1, and sodium absorption rate (SAR)
of 0.01. The quality of irrigation water is suitable in
terms of toxicity and osmotic potential for pear
trees [26].
Irrigation treatments consisted of five different
irrigation levels as 120% (I120), 100% (I100), 80%
(I80), 60% (I60) and 40% (I40) of the pan evaporation. Accordingly, five crop-pan coefficients
(Kcp1=1.2, Kcp2=1.0, Kcp3=0.8, Kcp4=0.6 and
Kcp5=0.4) were identified for scheduling requirements. Experiment was carried out as the design of
random blocks with 3 replications. Each of the 15
individual plots was 10 m long, containing 14-15
plants. When the total amount of water evaporated
from Class A Pan was equal to or greater than 35
mm, the pear plots were irrigated [27]. Irrigation
started in June and ended in October.
An irrigation automation system (IAS) based
PLC was developed. IAS had three parts, the first of
them was electrical panel, the second was software
and the third was drip irrigation system and Class A
Pan. In the panel, there were PLC with ethernet, 3
digital output module, 1 digital input module, 2
analog input module, inverter, touch panel, 3 power
supply with different outputs, 7 switcher, 3G/4G
modem, USB modem and 23 relay. A program was
written for IAS to control the water tank, Class A
Pan, the drip irrigation system, fertilizer tank and
pluviometer, and to measure soil moisture, and to
calculate volume of irrigation water and ET. In
programming the IAS, CODESYS-ST language
was used, and 16 digital inputs (DI), 23 digital
outputs, 21 analog inputs (AI) and 1 analog output
were utilized in the program. For IAS, SD card
module was selected to save data into SD card related to soil moisture, water level in Class A Pan,
irrigation water, deep percolation, ET and rainfall.
Following standards given by Doorenbos and
Pruitt [28] a screened Class A Pan was located a
place next to the experimental garden surrounding
by vegetation but no shadowing. In order to control
water level and the excess water caused by precipitation in the Pan, a solenoid valve (Ø1/2"), pressure
transducer (50 mBar) and motopump were connected to the Pan (Figure 1). In addition, a pluviometer
was placed next to the Pan to measure rainfall. The
irrigation scheduling was prepared according to the
A class evaporation method. The daily evaporation
rate was determined from class A Pan by taking the
difference of daily water levels measured by IAS
using pressure transducer.

water [3]. Although the functions have been widely
used for management purposes in water deficient
areas as a guideline for irrigation, they do not account for the effects of timing of water application
[4]. They can be determined both applying different
amount of irrigation water and at non sensitive plant
growth stages, doing deficit irrigation.
Many studies on pear trees irrigation have
been conducted, some of these are related to irrigation scheduling [5, 6] irrigation methods [7, 8, 9],
crop coefficient (kc) [10, 11], deficit irrigation [12,
13, 14] regulated deficit irrigation (RDI) [15, 16,
17, 18, 19], partial root zone drying (PRD) [20, 8,
21, 22, 23] and saline water use [24, 25]. The studies related to pear irrigation conducted so far show
that there is a need of crop water production function of pear and also this kind of studies will contribute irrigation science.
The aims of this study are to determine of water yield relationships of Comice Pear ( $"  
" L) variety irrigated by irrigation automation
system (IAS) based on Programmable Logic Controller (PLC).
" !"!
In 2015, a field experiment was conducted at
the garden of Agricultural Faculty, University of
Kahramanmaras Sutcu Imam (37º32′08″ N and
36º54′59″ E and altitude 700 m above sea level), in
Kahramanmaras, Turkey. The experimental garden
consisted of a 15-year-old drip-irrigated orchard of
‘Comice’ pear grafted on quince C ($
 Mill) rootstock spaced 0.6 × 4.5 m apart. The
experimental garden lies within an area of 20 000
ha with intensive cropping supported by irrigation.
This has a Mediterranean climate with cool, rainy
winters and hot, dry summers prevailing in the
experimental area. Long-term average rainfall in the
area is 728 mm. The 2015 growing season temperatures were typical of the long term means at
Kahramanmaras. However, rainfall was 58.9 mm
for the 2015 growing season (June–October), which
was less than the long term mean of 63.6 mm.
Soil type was a brown-alluvial with the soil
profile deeper than 1 m. Some physical and chemical properties of the experimental soil were given in
Table 1.
Irrigation water quality is classified as C2S1,
with pH 7.26, and an average electrical conductivity
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Soil depth
(cm)
0-30
30-60
60-90

Texture
CL
CL
C

Field capacity
(g g-1)
35.04
35.99
41.19

Wilting
point (g g-1)
22.39
24.17
20.43

Bulk density
(gr cm-3)
1.38
1.36
1.50
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pH
7.61
7.76
7.80

Soil salinity
ECe (dS m-1)
0.022
0.018
0.019

CaCO3
(%)
9.29
7.96
9.29

Organic
matter(%)
0.88
1.76
2.67
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6
5

1
4
2

3

#  
1'77'3'3*;'8+6*+58.2+'796+2+387=78+2
1:Slatted Platform, 2: Pressure transducer, 3: Motopump, 4: Solenoid valve, 5: Raingage, 6: Class A pan

Experimental plots were irrigated by drip irrigation method. For this purpose, two drip lateral
(∅16 mm) were located to the distance of 35.5 cm
from both side of three row on irrigation plots (I120,
I100, I80, I60 and I40), with inline dripper flow rate of
4 L h-1, operating pressure of 1 atm, dripper distance of 71 cm. Main and manifold pipe were ∅32
mm. On the head of lateral, digital water meters (1
pulse is equal to 1 L) and solenoid valves (∅1/2"),
and on dead end, plugs were mounted to each of the
two laterals in the irrigation plots. The drip irrigation control unit had a water tank (7 ton), a motopump (2.2 kW), a hydrocyclone, a sand-gravel
filter, a fertilizer tank and a disk filter. A pressure
transducer (250 mBar) was used to control water
level in the water tank. The fertilizer tank was also
controlled by two solenoid valves (∅1/2") and one
electromotor rotary actuators (∅2") [29, 30].
The irrigation amount to be applied to the
treatments was calculated by IAS's the program
using Eq. 1 [31].
V=Ep*Kcp*L*W
(1)
Where; V: Amount of irrigation water to be
applied to the treatments (mm), Ep: Amount of
Class A Pan evaporation (mm) (taken as Ep being
equal to or greater than 35 mm depending on Pan
evaporation).
Kcp:
Crop-pan
coefficients
(Kcp1=1.2, Kcp2=1.0, Kcp3=0.8, Kcp4=0.6 and
Kcp5=0.4), L: Irrigation plots length (10 m). W:
Wetted area width (1.42 m). Infiltration rate of
experimental soils was measured as 6.4 mm h-1 and
dripper flow rate was chosen as 4 L h-1. Dripper
distance was calculated as 0.71 m from Papazafirou
[32] method. If one lateral is located on pear tree
rows of experimental plots, it cannot be reached
minimum percent of wetted area being 30% for
semi arid regions. For this reason, each of pear tree
rows had two laterals in order to obtain a value of
wetted area greater than the minimum wetted area
percentage. Under these conditions, width and percentage of wetted area were 1.42 m and 31.6%. IAS

applied the calculated irrigation water to the plots
through digital water meter.
In order to be able to measure correctly soil
moisture in the layers of 30 cm in pear rooting
depth of 90 cm, the calibration equations were developed for soil moisture sensors (MAS-1) using by
PLC before irrigation season. At block II, the three
sensors were placed in depth of 15, 45 and 75 cm
each treatment. The effective rooting of the pear
tree was taken as 60 cm. For the plots, soil moisture
was determined by the sensors' output substituted in
calibration equation in the layers of 30 cm in the
soil profile of 90 cm. The soil moisture sensors
have input power 12-32 VDC and output 4-20 mA,
which were developed in the reading standards for
PLC, and runs according to dielectric constant of
soil.
Evapotranspiration (ET) was calculated by
IAS's program with the water balance equation (Eq.
(2)) [33, 34, 35, 36].
(2)
ET = I + P + Dp ± Roff ± Δs
Where; ET is evapotranspiration (mm), I is the
amount of irrigation water applied (mm), P is precipitation (mm), Δs is soil water content change
(mm) in the 60 cm soil profile, Dp is deep percolation from pear effecting rooting depth (mm), and Rf
is amount of runoff (mm). Since the amount of
irrigation water was controlled, run off was assumed to be zero. In the depth of 60-90 cm soil
layer, soil moisture content was measured using the
sensors' calibration equations just before irrigation
and one day after irrigation. Deep percolation from
the effective rooting depth (0-60 cm) was determined subtracting the latter measurements from the
former ones [37].
Water-use efficiency (WUE) and irrigation
water-use efficiency (IWUE) values were calculated from the fruit yield divided by seasonal ET and
total seasonal irrigation water, respectively [38, 39,
40].
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Regression analysis was used to determine
crop water production function for fruit yield versus
I and ET [41, 42]. In addition, the fruit yield response factor (ky) was determined to quantify the
relative yield reduction response to water supply (1Ya/Ym) and relative evapotranspiration deficit (1ETa/ETm) using the Steward Model [43, 44] (Eq.
(3)):
(3)

equations were determined for experimental area
soils using PLC and soil moisture sensors. These
were
Pv(0-30)=0.0035DD-24.16 (R²=0.789), Pv(30(R²=0.857)
and
Pv(6060)=0.0037DD-22.13
90)=0.0034DD-21.81 (R²=0.802) (DD: Digital data
of sensors, Pv: Volume basis soil moisture content).
Soil moisture sensors, which run with dielectric
constant of soil, are affected from bulk density,
texture, soil chemical properties, roots, stones and
noise. Calibration equations were also developed to
be able to read correctly soil moisture content by
Gencoglan [45] for neutron probe, Demirel [46] for
FDR sensors, Gercek [47] for tensiometer and Varble and Chávez [48] for CS616/625, TDT and 5TE.
Soil moisture content (in depth units, mm) in
layers of 30 cm in effective pear rooting of 60 cm
was determined using soil moisture sensor just
before irrigation during the irrigation season (Figure
2). As seen in Figure 2, soil moisture content
changed between field capacity (291.3 mm) and
wilting point (191.3 mm) in the pear effective rooting depth. In I120, I100, I80, I60 and I40 irrigation
treatments, soil moisture content ranged from 232.9
to 255.8, 220.6 to 253.6, 235 to 247.6, 230 to 248.9
and 198.0 to 227.9, respectively.
In the treatments, the measured soil moisture
changed depending on the applied irrigation water
amount, and in the effective rooting depth, the
measured soil moisture decreased as the irrigation
water amount declined [49]. Generally, the highest
soil moisture was measured in I120 and the lowest in
I40. At the start of irrigation season, the soil moisture contents of the irrigation treatments were close
to each other but to the end of the season, differences increased and was the lowest in the I40.

Where; Ya is the actual harvested fruit yield (t
ha-1), Ym is the maximum harvested fruit yield
obtained from treatment I120 (t ha-1), ky is the yield
response factor, ETa is the actual evapotranspiration (mm) and ETm is the maximum evapotranspiration (mm) associated with no plant water stress.
Shoot lengths were measured four times during the irrigation season on the tree marked branch
of the pear three for each treatment.
Analysis of variance (ANOVA) was performed on fruit yields of the irrigation treatments
[42].
!#"!!#!!

66/-'8/43 9842'8/43 !=78+2 ! IAS
successfully executed irrigation program, and controlled Class A Pan, water tank, all digital water
meters, solenoid valves, fertilizer tank, and measured soil moisture content, and calculated irrigation
water amount and ET. The other results of IAS
were given below.

!4/1 %'8+6 438+38 66/-'8/43 %'8+6 '3*
:'5486'375/6'8/43 To read soil moisture in the
layers of 0-30, 30-60 and 60-90 cm, calibration
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Irrigation of Comice dwarf pear started on
16.06.2015 and with the start of leaves to turn yellow and ended on 09.10.2015. IAS measured totally
evaporation of 1104 mm from Class A Pan during
the irrigation period. In the first irrigation, amount
of 52 mm irrigation water was applied to refill
available water to the field capacity in the effective
rooting depth of 60 cm. When total evaporation
from Class A Pan was equal to or greater than 35
mm, IAS calculated amount of irrigation to be applied to I120, I100, I80, I60 and I40 irrigation treatments.
It started irrigations at 10:10 am and irrigated 27
times Comice dwarf pear. Irrigation interval
changed between 3-12 days depending on climatic
conditions [50]. In the second half of June, and July
and August irrigation interval was 3-4 days, in
September 3-6 days and in October increased to 12
days. In each irrigation, amount of water applied to
I120, I100, I80, I60 and I40 irrigation treatments varied
between 62-40, 52-33, 42-26, 31-20 and 21-13 mm,
respectively, and the irrigation treatments were
applied totally 1314, 1104, 894, 683 and 473 mm
water, respectively, depending on Kcp (Table 2).
I120 and I40 treatment were received the highest
water with 1314 mm and the lowest with 473, respectively.
Deep percolation (Dp) observed from effective
pear rooting of 60 cm in I120, I100, I80 and I60 irrigation treatments, except I40. These were calculated as
52, 76, 53 and 55, respectively. Net irrigation waters (Inw) for irrigation treatments were calculated
as subtracting Dp from I and given in Table 2.
Kang et al. [20] applied irrigation water of
291, 223 and 141 mm to the pear trees using continuously surface irrigations and fixed partial root
zone drying (FPRD) and alternative partial root
zone drying (APRD), respectively. In another pear
irrigation study, Kang et al. [10] applied irrigation
water of 735, 682 and 522 mm using same irrigation techniques. In the former study by Kang at al.
[20] the applied irrigation water was close to I40
treatment, which was applied the least water but in
the latter study by Kang at al. [10] were close to I60,
which had the second lowest irrigation water. Differences in irrigation water, it may be from irrigation scheduling, irrigation techniques and climatic
conditions.
Water consumption (ET) of pear, determined

in the irrigation treatments, varied between 527 and
1287 mm (Table 2). Reduction in water use under
deficit treatments varied between 19 and 114%
according to full irrigation treatment (I120). The
lowest water use observed in I40 and the highest was
in I120.

69/8&/+1*'3*%'8+6#7+,,/)/+3)/+7Results of the variance analysis indicated that the
effect of different irrigation water levels on pear
fruit yield harvested from the irrigation treatments
was determined not to be statistically significant
(P>0.05). In the irrigation treatments, the highest
fruit yield was obtained from I120 plots, averaging
15.3 t ha-1, followed by fruit yields for the I80, I100,
I60 and I40 plots. Minimum yield was harvested from
the I40 treatment, averaging 9.8 t ha-1 (Table 2).
Even though irrigation amounts related to crop-pan
coefficients did not significantly affect pear yield,
increasing irrigation amounts did yield more. Although the number of fruits is the highest in I40 irrigation treatment (averaging 20 fruit per tree) than
the other treatment's (averaging I120=19, I100=16,
I80=17 and I60=15), the yield per hectare is low due
to the water stress reducing the fruit weight. A
similar result was determined by Marsal et al. [18]
in pear trees. In their study, application different
amount of water by drip irrigation to pear tree, no
differences were found statistically among the
yield, and fruit number and size. In another study
by Marsal et al. [17], it was reported that water
stress decreased the fruit size. O'Connell and
Goodwin [22] notified that the high water deficit
contributed to water savings, but significantly reduced the yield.
IWUE and WUE were calculated for irrigation
treatments. The highest IWUE and WUE were
found for the I40 treatment (0.4 Kcp) with 2.1 kg m-3
and 1.9 kg m-3, respectively, and were lowest in
treatments I100 and I120 (0.4 and 1.2 Kcp) with 1.2
kg m-3 and 1.2 kg m-3, respectively (Table 2). As
seen in Table 2 there was an increasing trend in
IWUE and WUE with decreasing applied irrigation
water. Kang et al. [20] found that PRD technique
increased the water use efficiency in pear tree. Zhao
et al. [8] obtained the highest water use efficiency
with 3.02 kg m-3 in drip irrigated pear at 32% wetting rate.
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I120
1314
52
1262
1287
15.3
1.2
1.2
I100
1104
76
1028
1046
12.5
1.2
1.2
I80
894
53
841
869
12.6
1.5
1.5
I60
683
55
628
669
11.3
1.8
1.7
I40
473
0
473
527
9.8
2.1
1.9
Net irrigation water (Inw).
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"Mondial Gala" and "Red Chief" study, respectively
and Senyigit [40].
Slope of the relationships between relative
pear fruit yield reduction and relative evapotranspiration deficit, termed ‘‘yield response factor (ky)’’
by Doorenbos and Kassam [44], was found to be
0.6 for Comice pear variety (Figure 4). If ky is
greater than 1, it is reported that such plants are
sensitive to irrigation water and that ky <1 is not
sensitive [44]. According to these results, Comice
pear is generally not sensitive to irrigation water. A
1% decrease in ET caused a 0.6% decrease in yield.
Doorenbos and Kassam [44] indicated that plants
had different ky values. In this context, it is not
possible to compare pear's ky values with the value
of the other trees.

As mentioned above, since there is no statistically difference among the five irrigation treatments
and if irrigation water is scarce, I40 and I60 irrigation
treatments can be recommended to the pear producers, and also, both irrigation treatments' Kcp could
be taken into account in the irrigation scheduling.
On the other hand, if it is abundant and labor is
cheap, the I120, I100 and I80 irrigation treatments can
be suggested to them, and theirs Kcp could be considered in the scheduling.


#  
".+6+1'8/437./5(+8;++36+1'8/:+=/+1**+)6+'7+
'3*6+1'8/:++:'5486'375/6'8/43*+,/)/8,4642
/)++'6


#  
+1'8/437./57(+8;++3/66/-'8/43;'8+6'3*
+:'5486'375/6'8/43:+67975+'6=/+1*

!.448 +3-8. The average shoot lengths
measured in irrigation treatments were given in
Figure 5. As seen in Figure 5, there was not much
change in the slope of the shoot elongation lines
during irrigation season. These measurements
showed that the amount of irrigation water applied
at different levels had no effect on the shoot length.
In other words, there was no the shoot extension in
the treatments in the irrigation season. Shoot extension occurs during the second and fourth growth
stages [53]. These two growth stages are outside the
irrigation season. For this reason, shoot extension
cannot be considered as criteria of irrigation timing
for Comice Pear. Zhao et al. [8] determined that in
pear trees aged 24 years old, the shoot length significantly was reduced by drip irrigation method.

%'8+6&/+1* +1'8/437./5 Significant linear
relationships were established between the applied
net irrigation water (Inw, mm) and evapotranspiration (ET, mm) versus pear yield for the irrigation
treatments (P < 0.01) (Figure 3). The relationships'
were Fy = 0.0062Inw + 7.0091(R² = 0.91**) and Fy
= 0.0065ET + 6.552 (R² = 0.92**, respectively. The
equations' slope and intercept were close to each
other since deep percolation, resulted from irrigations, considered. In parallel with increased Inw and
ET, an increase in the yield was observed as well.
From the equations', an 100 mm increase in Inw or
ET, about 0.6 kg increase in pear fruit yield was
resulted. Similar linear results were found by a
number of researchers. For example, Kırac [51] and
Kırac [52] determined linear relationships in

#  
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tares with a production of 28.448.118 tons [1]. The
southern part of Turkey, especially Antalya province, is the main and most intensive vegetablegrowing area. However cucurbit production is restricted by different plant virus infections. Zucchini
yellow mosaic virus (ZYMV) is one of the most
economically important viruses of cucurbit crops
worldwide, including in Turkey [2, 3, 4]. ZYMV
was first isolated from a zucchini squash plant in
Northern Italy in 1973 [2, 5] and was later reported
as a major cucurbit virus in the world. The virus
causes very severe mosaic, mottling, deformations
on leaves and fruits of the infected cucurbit plants
[2, 6] and affects the yield and quality of the crops:
infected plants are reduced in-size and their fruits
are often deformed and unmarketable. One of the
main features of ZYMV is the great biological
variability among strains whereby differences in
host range as well as symptoms severity can be
expected [7].
ZYMV is a member of the genus Potyvirus in
the family Potyviridae. It has a positive sense-single
stranded RNA of about 9.5 kb [8]. So far, more than
500 ZYMV sequences are available in GenBank,
mostly CP-coding regions. Three major molecular
groups of ZYMV have been defined in the World,
namely Group A, Group B, and Group C. Group C
contains isolates from Vietnam and China, Group B
was observed in Reunion Island and in Australia,
whereas Group A is present worldwide [7,9]. Within Group A, three clusters (clusters 1±3) were originally defined [10], and three others, namely clusters
4±6, containing mostly isolates from China and
Korea, were distinguished later when the number of
sequences available increased [9]. In the Mediterranean Basin, cluster A1 was observed in France
since 1979, as well as in Spain, Portugal, Tunisia,
Turkey, Israel, Syria, and Jordan [7, 10]; cluster A2
was observed in Italy since 1973 [10],Tunisia [11],
Jordan and France since 1979; cluster A3 was detected in Spain and South-eastern France. In addition to these three clusters, surveys have revealed
the presence of clusters 4 and 5 insouth-eastern
France since 2004, probably in relation to recent

ABSTRACT
Cucurbits are widely grown vegetables in different provinces of Turkey. However their production is restricted by pests and pathogens including
different plant viruses, among which Zucchini yellow mosaic virus (ZYMV) is particularly damaging.
Infections by this virus during the early stages of
plant development causes deformation of fruits and
significant yield losses. During 2009-2014, 221
cucurbits samples were collected from fields and
greenhouses from different provinces of Turkey.
Serological testing was performed by double antibody sandwich enzyme-linked immunosorbent
assay (DAS-ELISA) for presence of Watermelon
mosaic virus (WMV), ZYMV, Cucumber mosaic
virus (CMV), Papaya ring spot virus (PRSV), cucumber green mottle mosaic virus (CGMMV) and
Squash mosaic virus (SqMV). For molecular analaysis of ZYMV, full-length CP nucleotide sequences were obtained for 45 ZYMV isolates and
compared with sequences from worldwide isolates
available in databases. The CP coding regions of
Turkish ZYMV were 837 nt long and encoded 279
amino acids (aa). Forty two isolates from different
regions were classified in the molecular subgroup
A1, the most frequent in the Mediterranean Basin,
Europe and Africa. Three isolates collected from
Antalya region were classified in subgroup A4 and
showed 99 % sequence identity with isolates from
the same subgroup that have emerged recently in
France.

KEYWORDS:
Coat protein, Cucurbit viruses, Molecular variability,
Zucchini yellow mosaic virus

INTRODUCTION
Vegetable production has a great economic
importance in Turkey. According to the FAO
(2014), vegetable cultivated area is 808.000 hec-
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ZYMV-infected plants modified the protocol described by Astruc et al. [15]. Forty-five samples
were selected from different hosts and geo-graphic
locations. Thirty±three samples were cho-sen from
collected samples during the surveys and nine
ZYMV isolates added from Konya, Karaman and
Aksaray, collected in 2009-2010, were supplied by
Dr. Serkan Yesil (Selcuk University, Agricultural
Faculty, Plant Protection Department). Three samples collected from only one field in Burdur province for moleculer analysis in 2014.
Total RNA extraction was made according to
Astruct et al. [15]. For the complementary DNA
synthesis (cDNA), a mix of 2 μl total RNA, 1μl
random KH[DPHUSULPHU ¶-d(NNNNNN)-¶1 *
A, T or C)(10μ) and 8 μl distilled water were heated at 65°C for 5 min then stored on ice for 3 min
before being added to the reverse transcription mix:
4μl MMLV buffer (5X), 0,2 mM dNTP (25 mM),
0,25 μl RNAse inhibitor (10u/μl), 0,25 μl MMLV
(Reverse transcriptase- (Thermo Fisher Scientific)(20-20u/μl) and distilled water in a final volume of 20μl. The mix was incubated for 5 minute at
25 ºC, 1 h at 37 ºC and 10 minute at 72 ºC in a
Biometra T1 Thermocycler.
PCR reactions were carried out in a volume of
25 μl containing 2,5 μl of cDNA, 10 pmol each
primer ZYCP-F 5'-AGAGGCTATYTGCGCTGC3' and ZYCP-R 5'- TAAAGCTTCCGACAGGACTAC-3' [16] 10 mm dNTPs, 1,5mM MgCl2 and
2,5u Taq DNA polymerase (Promega). The primer
pair amplifies a nucleotide segment of 1260 bp
LQFOXGLQJ SDUWLDO 1,E JHQH IXOO &3 JHQH DQG ƍNCR. PCR conditions are a first denaturation at
94°C for 5 min, followed by 35 cycles of 94°C for
30 sec, 55°C for 45sec and 72°C for 30 sec, and a
final elongation step at 72°C for 7 [16]. The PCR
products were visualized by electrophoresis on
1,2% agarose gel and investigated by gel imaging
system of Sygene (UK), before being sent for direct
sequencing with forward and reverse primers to
GENOKS company (Turkey).

introductions, and their current emergence in that
area [7].
In Turkey, Turkish ZYMV isolates cluster A1
was reported from Adana and Mersin provinces [10,
12, 13]. Whether other clusters are also present in
Turkey remains unknown. The aim of this research
was thus to characterize the molecular variability of
ZYMV Turkish isolates and investigate the presence of emerging strains.

MATERIALS AND METHODS
Collection of virus isolates. During the years
2010-2014, a total of 221 samples were collected
from cucurbit plants (squash, pumpkin, cucumber,
melon and watermelon) from $QNDUD 1DOOÕKDQ
%H\SD]DUÕ&XEXN6HUHIOLNRFKLVDU*|OEDVÕ.D]DQ
$\Dú $QNDUD 8QLYHUVity (AUZF) and Antalya
.XPOXFD 'HPUH (OPDOÕ 6HULN $NVX  SURYLQFHV
of Turkey. Surveys were conducted in Ankara province at open fields during the summer seasons in
2010-2014 and the samples from Demre, Kumluca,
Aksu, Serik districts were collected from greenhouse- grown cucurbits in winter in 2011-2012.
Antalya-(OPDOÕ VDPSOHV were collected from open
fields in 2010-2014 summer time.
Samples were collected from plants showing
severe systemic mosaics, vein banding, stunting,
blister, and deformations on fruits and leafs of
infected plants. Major simptoms of melon were
mottling, leaf deformation and samples collected
from greenhouses in Demre, Aksu, Serik and
Kumluca districts showed mosaic, stunting and
yellowing symptoms on leaf and mottling on fruit,
blistering of leaf and mottling on fruits on squash.
DAS-ELISA test. All collected samples were
tested by double antibody sandwich enzyme-linked
immunosorbent assay (DAS-ELISA) [14] for the
presence of ZYMV and other viruses: Cucumber
mosaic virus (CMV, Cucumovirus), Watermelon
mosaic virus (WMV, Potyvirus), Papaya ringspot
virus (PRSV, Potyvirus), Cucumber green mottle
mosaic virus (CGMMV, Tobamovirus) and Squash
mosaic virus (SqMV, Comovirus). The test was
applied according to manufacturer's instructions
(Loewe Biochemica GmbH-GERMANY). Absorbance values were measured at 405 nm using an
ELISA reader. The examples used as a positive
control were provided from antisera mDQXIDFWXUHU¶V
and healthy cucurbit plants were used as negative
control. All samples were tested in duplicates. The
samples with absorbance value two to three times
higher than the negative control were considered to
be infected.

Sequence comparisons and phylogenetic
analysis. The sequences obtained with forward and
reverse primers were assembled with CAP3 software [17]. Complete CP-coding sequences of
ZYMV isolates were compared to those of reference isolates belonging to the main ZYMV molecular groups as defined by Lecoq and Desbiez [7]. CP
nucleotide sequences were aligned with those of
reference isolates (Table 2) with ClustalW included
in MEGA 6 [18]. Pairwise distances between isolates (p-distances) were calculated with MEGA 6.
CP nucleotide sequences were submitted to GenBank (Table 1).
Host, isolate name, georaphical origin, year of
collected samples and accession number of ZYMV
isolates are shown in the Table 1.

Molecular characterization of ZYMV isolates. RNA extraction and RT-PCR amplification. Total RNAs were extracted from samples of
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TABLE 1
List and accession numbers of GenBank ZYMV isolates selected for molecular study
Number
Seq1
Seq2
Seq3
Seq4
Seq5 q5
Seq6
Seq7
Seq8
Seq9
Seq10
Seq11
Seq12
Seq13
Seq14
Seq15
Seq16
Seq17
Seq18
Seq19
Seq20
Seq21
Seq22
Seq23
Seq24
Seq25
Seq26
Seq27
Seq28
Seq29
Seq30
Seq31
Seq32
Seq33
Seq34
Seq35
Seq36
Seq37
Seq38
Seq39
Seq40
Seq41
Seq42
Seq43
Seq44
45

Isolate name
KZN1
KZ1
AKS2-5
AKS5-7
AKS6-2
ER6-8
YUN8-4
A3-1
KAR12-4
KAR15-1
AS1
AS5
AS6
AS8
AS11
BE5
BE6
BE7
BE10
BE13 m
BE15
BE18
BE22 m
BE26 m
BE27 m
BRD1
BRD2
BRD4
C5
C11
C13
C17
H1M m
D14
AYS7
G1 m
G2
G3
K3 m
K17
E-7
Y23
Y4
S5
Y21 m

Host
Cucurbita sp.
Cucurbita sp.
C. moschata
Cucurbita pepo L
Cucurbita pepo L
Cucurbita pepo L
Cucurbita pepo L
Cucurbita pepo L
Cucurbita pepo L
C. moschata
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
C. moschata
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
C. moschata
C. moschata
C. moschata
C. moschata
C. moschata
C. moschata
Cucumis melo L.
Cucumber
Cucumber
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucurbita sp.
Cucumis melo L.
Cucurbita sp.
Cucumis melo L.
Cucurbita sp.
Cucurbita sp.

Year collected
2010
2010
2010
2009
2009
2009
2010
2010
2010
2010
2012
2012
2012
2012
2012
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2011
2011
2011
2011
2012
2014
2013
2011
2011
2011
2012
2012
2012
2012
2012
2012
2012

Geographical origin
Ankara-Kazan
Ankara-Kazan
Aksaray
Aksaray
Aksaray
Konya-(UH÷OL
Konya-Yunak
Konya
Karaman
Karaman
Antalya-Aksu
Antalya-Aksu
Antalya-Aksu
Antalya-Aksu
Antalya-Aksu
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Ankara-%H\SD]DUÕ
Burdur
Burdur
Burdur
Ankara- Çubuk
Ankara- Çubuk
Ankara- Çubuk
Ankara- Çubuk
Antalya- Demre
Antalya- Demre
Ankara-A\Dú
Ankara-*|OSD]DUÕ
Ankara-*|OSD]DUÕ
Ankara-*|OSD]DUÕ
Antalya-Kumluca
Antalya-Kumluca
Antalya-(OPDOÕ
Antalya-(OPDOÕ
Antalya-(OPDOÕ
Ankara-ùHUHIOLNRoKLVDU
Antalya- (OPDOÕ

Acsession number
KP872538
KP872539
KP872540
KP872541
KP872542
KP872543
KP872544
KP872545
KP872546
KP872547
KP872548
KP872549
KP872550
KP872551
KP872552
KP872553
KP872554
KP872555
KP872556
KP872557
KP872558
KP872559
KP872560
KP872561
KP872562
KP872563
KP872564
KP872565
KP872566
KP872567
KP872568
KP872569
KP872570
KP872571
KP872572
KP872573
KP872574
KP872575
KP872576
KP872577
KP872578
KP872579
KP872580
KP872581
MG214089

m: Fruit samples

TABLE 2
Accession number of reference isolates
Referance name
ZYMV KUCHYNA
ZYMV-NAT
ZYMV-FARS
ZYMV- H
ZYMV-ADANA
VE10-160
VE10-129
ZYMV ±AHLAT
TN TNV CUCU 2
ZYMV-Iraq
ZYMV-California
ZYMV_PA_2006
MAL
Florida
ZYMV C-16
ZYMV-Liaocheng
ZYMV-CO5-205
ZYMV-Shangyu
ZYMV-CH99/116
ZYMV-KR-PE
ZYMV-KR-PS
ZYM-KR-PA
ZYMV-RDA
TW-TN3
Strain A

Acsession number
DQ124239
EF062582
JN183062
KF976712
JF317296
JX310115
JX310103
JF317297
KJ866939
JQ026020.1
L31350
JQ716413
HM005308
D13914.1
DQ645729.1
EF122498
JN861008
AF513550
AY611021
AY278999
AY279000
AY278998
AB369279
AF127929
AJ429071

2444

Group
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A2
A2
A2
A3
A3
A4
A4
A4
A4
A5
A5
A5
A5
A6
A6

Country
Slovakia
Israel
Iran
Czech Republic
Turkey
Venezuela
Venezuela
Turkey
India
Iraq
California
USA
Mali
USA
Spain
China
France
China
China
Korea
Korea
Korea
South Korea
Taiwan
Korea
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FIGURE 1
Neighbor-joining tree obtained from CP-coding region (837 nt)of the 45 Turkish ZYMV isolates from this
study and 15 ZYMV sequences from worldwide origins belonging to molecular group A. Bootstrap
support (1000 bootstraps) above 70% are indicated for each node. The scale bar represents a genetic
distance of 0.01.

2445

© by PSP

Volume 28 ± No. 4/2019 pages 2442-2449

Fresenius Environmental Bulletin

subcluster. For example two isolates (D14 and
DEMRE) from Antalya and one isolates (KZN)
from Ankara province clustered same subcluster.
The H1M isolate from Antalya clustered with
ZYMV-Ahlat isolates from Adana province. Also
three isolates collected from different region (KZ1
from Ankara-Kazan, K3 from Antalya-Kumluca
and E-7 from Antalya-(OPDOÕ (Table 1) share same
nucleotide sequences. On the other hand, the C11
and C13 isolates collected the same field from Ankara province but they are clustered different subcluster in the phylogenetic tree (Figure 1). Isolates
collected in the same field were not always more
closely related than isolates from different areas of
Turkey.

RESULTS
Presence of cucurbit viruses. A total of 217
samples were collected in Ankara (117 samples)
and Antalya (100 samples) province and samples
tested with DAS-ELISA for presence cucurbit viruses. According to ELISA results, 38% of the 217
samples collected between 2010 and 2014 were
infected with ZYMV. Most samples were also infected with other viruses: 46% WMV, 15 % CMV,
9% PRSV, 8% CGMMV, 3% SqMV. In Antalya
province, the collected samples were infected with
WMV (39%), ZYMV (27%), CMV (17%),
CGMMV (%2). SqMV and PRSV were not detected in samples from the Antalya province. The most
occurence virus was WMV (39) %followed by
ZYMV (27%) and CMV (17%).
In Ankara province, 117 samples were tested
and 96 were found to be infected with the investigated viruses (82%). All tested viruses were detected in single or in mixed infection in Ankara province. All viruses were detected with different percentages on collected samples: the collected samples were infected with WMV (53%), ZYMV
(50%), CMV (14%), SqMV (5%), PRSV (15%),
CGMMV (15%). The most infection rate of WMV
was determined in AUZF followed by Cubuk and
Beypazari districts. WMV was the most prevalent
virus detected in samples (46%) followed by
ZYMV in 82 samples (38%). The most prevalent
viruses in Antalya and Ankara provinces are WMV
and ZYMV.

DISCUSSIONS
ZYMV is one of the most destructive viruses
of cucurbit crops worldwide. We aimed to estimate
the prevalence of ZYMV in Ankara and Antalya
province of Turkey and differentiate ZYMV isolates by DAS-ELISA and sequence analysis of CP
coding region. For these reasons, the surveys were
conducted for detection of some major viruses,
ZYMV, WMV, CMV, PRSV, SqMV, and
CGMMV in cucurbit plantations (squash, cucumber, melon and watermelon fields) in Antalya and
Ankara provinces by using DAS-ELISA method.
All of the samples in this study were infected by at
least one virus. DAS-ELISA results showed that
ZYMV and WMV are prevalent in Turkey, as reported before [20,21,22,23,24,25]. WMV was the
most widespread virus followed by ZYMV, CMV,
SqMV, PRSV and CGMMV. The five viruses were
detected with different prevalences on collected
samples from Ankara provinces and WMV, ZYMV
and CMV were detected in Antalya province. Our
results, the most prevalent virus is WMV in collected sample from open fields but ZYMV was predominant in greenhouse cultivation areas (data not
shown). ZYMV was the most widespread virus in
Thrace region, as observed before [26], Konya and
Karaman province [25,27] WMV infection was the
most common virus (53.9%) in Samsun province
[28].
In Turkey ZYMV was first isolated from diseased squash IURP WKH $GDQD SURYLQFH E\ <ÕOPD]
and Davis [3]. After that ZYMV has been reported
from other regions: CMV, ZYMV and WMV have
been reported in the Black Sea region [29], CMV
and ZYMV in Gaziantep province [28], CMV,
ZYMV, PRSV, SqMV and WMV in Thrace region
[26], CMV, ZYMV and WMV in Samsun [21],
ZYMV and CMV in Hatay province [30]. In recent
years, ZYMV, CMV, WMV, PRSV, SqMV and
CGMMV (Cucumber green mottle mosaic Tobamovirus) were detected in Ankara and ZYMV,
CMV and WMV in Antalya [31], CMV in lakes

Molecular diversity and phylogenetic analysis. RT-PCR amplification of 45 isolates from different Turkish provinces yielded a fragment of 1260
nt, encompassing part of the Nib coding region, the
coat protein and part of thH ¶ QRQ FRGLQJ UHJLRQ
The CP coding regions of all Turkish ZYMV isolates were 837 nt long and encoded 279 amino acids
(aa) (GenBank accessions KP872538- KP872581;
Table 1). When ZYMV CP aminoacid sequences
were analysed, the highly conserved amino acid
triplet Asp-Ala-Gly (DAG), essential for aphid
transmission [19] was found at the N-terminal part
of the coat protein of all Turkish isolates.
Sequence comparisons among the 45 isolates
revealed the presence of two clusters of sequences.
The first cluster contained CP sequences from 42
isolates from Ankara, Burdur, Aksaray and Konya
provinces that shared 98-99% identity between each
other, as well as 99% identity with isolates from
Iran, Iraq, Venezuela and Germany.Three isolates
(Y4, Y21 and Y23) collected IURP (OPDOÕ-Antalya
region in 2011 shared 96% identity between each
other, as well as 99 % identity with ZYMV C05205 isolate from France and ZYMV-Liaocheng and
ZYMV-Shangyu from China (Figure 1).
According to phylogenetic tree, the isolates
collected from different province clustered same
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region [32], ZYMV, CMV, WMV, PRSV and
SqMV were reported in Konya province on seedpumpkins [27].
Although there are numerous serological and
biological studies about the presence of ZYMV,
there have been few molecular studies in Turkey.
Ozer et al. [12] studied two severe Turkish isolates
of ZYMV from squash and muskmelon [ZYMVAdana (Ad) and ZYMV-Ahlat (Ah), respectively].
Comparison with the nucleotide sequences of 23
isolates from different geographical regions worldwide revealed both isolates belonged to molecular
cluster A1, the most common molecular cluster of
ZYMV worldwide, including isolates from Europe,
Africa, the Middle East, the Indian subcontinent
and South America. In another study, .DPEHUR÷OX
et al. [13] reported that 3 Turkish ZYMV isolates
from Adana and Mersin provinces of Cukurova
region (ZYMV-TR3, ZYMV-TR15 and ZYMVTR17) also belonged to subcluster A1.
On the other hand, in our study, molecular diversity of Turkish isolates of ZYMV was determined from Antalya, Burdur, Ankara, Konya and
Aksaray provinces. Sequence analyses based on CP
sequences revealed that most of the sequenced
isolates (42/45) are closely related molecularly and
belong to subcluster A1. Sequence analysis of
ZYMV isolates showed that the presence of one
major group of strains, and a few highly divergent
isolates related to same geographic origins.
Three of the Turkish isolates did not fit to subcluster A1, but belonged to subcluster A4 containing isolates from China as well as from Poland and
South-eastern France. Lecoq and Desbiez [7] reported the presence of clusters 4 and 5 in southeastern France since 2004, probably in relation to
recent introductions, and their current emergence in
that area [33].
To our knowledge this is the first report about
of presence of molecular group (A4) of ZYMV in
Turkey. But due to the scarcity of molecular information on ZYMV in Turkey, we do not know if:
this group has been present in the country for a long
time. Kamberoglu et al. [13] reported the presence
RI DQ LVRODWH RI ³HPHUJLQJ´ W\SH RI :09 LQ 7Xrkey. The situation may be similar between ZYMV
and WMV, with recent introduction of isolates
belonging to divergent molecular subgroups. However the reasons for this almost simultaneous emergence of new molecular groups of the two viruses,
similar to what was observed in France in the
¶ UHPDLQV LQFRPSOHWHO\ XQGHUVWRRG province
[34]. Further surveys are required to explain the
genetic diversity of ZYMV and to determine if
group A4 is now emerging in Turkey.
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rate of anthocyanin biosynthesis, but also their accumulation and stability effect. Previous studies have
shown that biosynthesis of anthocyanins requires the
co-expression of at least 15 structural genes. These
genes can be divided into two categories: one is the
early biosynthesis genes expressed in the early stage
of anthocyanin biosynthesis, including PAL, CHS,
CHI, F3H; the other is the late biosynthetic genes expressed in the later stages of the anthocyanin biosynthesis pathway, including DFR, ANS, and UFGT.
The expression of early and late biosynthetic genes
of anthocyanins is controlled by different regulatory
genes. CHS and DFR belong to two different types
of biosynthetic genes, and their regulation is also different [1]. Studies have shown that MYB10 in the
MYB transcription factor family in Rosaceae is related to anthocyanin levels [2]. It was found in apple
that MYB10 overexpression increased the level of
anthocyanin and MYB10 was inhibited by
MYB1[3].
The function of sugar in anthocyanin synthesis
is multiple. Firstly, it is a precursor of anthocyanin
glycosyl and is also a component of the structure of
anthocyanin glycosides. What’s more, it involved in
carbohydrate metabolism is the energy source for the
synthesis of anthocyanins. And sugar as an osmoregulator affects flower growth and anthocyanin synthesis by regulating the osmotic potential of cells [4].
Meanwhile, sugar acts as a signal molecule in flower
growth and anthocyanin synthesis and regulates the
expression of anthocyanidin synthase gene through
specific signal transduction pathway, which affects
flower development and coloration. Studies have
shown that sucrose can promote CHS, ANS gene expression in carrot hypocotyls and anthocyanin accumulation [5]. In corn roots, sucrose on the accumulation of anthocyanin has contributed [6]. However,
previous studies did not find its mechanism of action.
In this study, we plan to determine the changes
of anthocyanin content, the expression of CHS,
PAL, DFR, UFGT, ANS and transcription factor
MYB10, MYB1 under the control of sucrose and Lrhamnose during rose 'Wonderland' blooming to investigate the effect of sugar treatment on anthocyanin and its mechanism of action.

Sugar plays a key role in the anthocyanin biosynthesis in plants. In this experiment, roses 'Wonderland' were selected as the materials, and the
change at different florescence of petal color, anthocyanin content and the expression of anthocyanin
synthesis pathway genes and transcription factors
under spraying sucrose and L-rhamnose on roses
were investigated to explore how sugar works. The
results showed that both sugar treatments induced
the expression of MYB10 and regulated the expression of anthocyanin synthesis genes such as CHS,
CHI, DFR, UFGT and PAL, changed the color of
petals to a certain degree and eventually increased
the accumulation of anthocyanin in petals, and the
sucrose effect was better than that of L-rhamnose.
And sugar treatment may also lead to the peak of anthocyanin synthesis early in petals by premature
MYB10 expression. This study provides a theoretical basis for the different color cultivation of the rose
industry.


(& "#
Rose, Sugar treatment, Color, Anthocyanin, Gene expression
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Color is one of the most important ornamental
characters of the rose, therefore, the study on the relationship between color and anthocyanin and its
regulation mechanism can provide a theoretical basis
for breeding of flower colors modification.
Anthocyanins are one of the most important
pigment groups in floral organs which are a kind of
secondary metabolites in plants and the products of
phenylalanine metabolic pathway. They are transported to the vacuole after synthesis in cytoplasm
and endoplasmic reticulum, showing red and purple.
Anthocyanin biosynthesis is the result of both
intrinsic and exogenous factors: the enzyme encoded
by the gene determines the type of anthocyanin synthesis, and environmental factors not only affect the
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!924.95*4.
!924.9:A 
4732/2.-796-<,;:
ANS F
AGGAGAAGTATGCCAATG
175
ANS R
GCCACAATATAATCGGAAG
CHI F
GTTCCATACCAGCAGTTG
85
CHI R
CACGCAATCATCACTCTC
CHS F
ACAGACTGGAACTCACTT
108
CHS R
CCTTGTGGCTTCTAACTT
DFR F
AAGCAACTGGAGTGATGT
159
DFR R
AATGGACCGATTACGAGAG
MYB1 F
GCCTCCAACAACAACAAC
82
MYB1 R
CCTCTCCAATCTCCTTTCC
MYB10 F
ACAGGCAAGTTCATCTCA
198
MYB10 R
GGCTCTTTATGTTCGGTATT
UFGT F
GATGATGACGAGGAGGAG
78
UFGT R
GCTGATGTATGCTACTGATG
16SRNA F
AGGATCCGCGTCAAGGGTGGAGGCC
126
16SRNA R
GTCCTTGATTTCCTTCTTGCTCTGC
PAL F
GCCTACATTGACGATCCT
104
PAL R
GCATTCTTCTCATTCTCACC
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!3*5;4*;.92*3:*5-;9.*;4.5; Rose species
'Wonderland', planted in Sichuan Agricultural University (29° 97’ N, 102° 97’ E). Twenty plants with
the same growth environment and consistent growth
were selected and randomly divided into three
groups: CK, S and L, of which CK was treated with
water, and S and L were sucrose and L-rhamnose respectively. The optimum concentrations of sucrose
and L-rhamnose were obtained from pre-experiment, which were 140 g•L-1 and 80 mg•L-1. The
'Wonderland' petals of the treated plants were taken
during the bud, early bloom, bloom and decay stage
(as shown in Fig.1), and the petals were quickly frozen by liquid nitrogen and stored in an ultra-low temperature refrigerator for use.

.;.9425*;265 6/ *5;16,@*525 ,65;.5;
Weigh petal 1.000g, ground into powder under liquid nitrogen, 1% concentrated hydrochloric acid in
methanol for 24 hours, the extract was centrifuged
8000 r / min 2 min, the supernatant was used Mapada's UV1100 UV-Vis photometer Absorbance at 530
nm and 657 nm was measured using the formula ΔA
= A530-1/4 A657, expressed in units of ΔA • L-1.

.*:<9.4.5;: 6/ 7.;*3 ,6369 The CIELAB
color system is extensively used to evaluate petal
color. Flower color was measured with a color meter
(CR-10, Konica Inc., Osaka, Japan). The color meter
was calibrated with a white standard calibration plate
before use. Color was measured in the middle of
each petal (three replicates per flower) to ensure
equal measurement conditions. Values L*, a*, b*
and chroma (C*) were measured to describe the
color of the flowers.
.;.9425*;265 6/ 0.5. .?79.::265 Total
RNA was extracted by CTAB method. Take 4 μl of
RNA and run on a 1% agarose gel to measure RNA
quality. First-strand cDNA was synthesized using
TaKaRa PrimeScript ™ RT reagent Kit with gDNA
Eraser (Perfect Real Time) Reverse Transcription
Kit. The gene sequences were found in NCBI. The
gene accession numbers are: ANS (AB239787); CHI
(AY04321); CHS (AB038246); DFR (AB490072);
UFGT (AB292797); PAL (AB542949); MYB1
(EU082130); MYB10 (EU155164). Primers were
designed based on the sequences found.
Amplification was performed with SYBR®
Premix Ex Taq II using a CFX 96 Touch Quantitative PCR machine. The amplification procedure is as
follows: Step 1: 95 °C for 30 min, Step 2: (95 °C for
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5 s, 60 °C for 30 s) × 40 cycles, Step 3: Melt Curve.
The original qRT-PCR results were collated, and the
relative quantitative data were analyzed by 2-ΔΔCt
method. The water-treated samples of the bud stage
were used as a blank control, and the relative quantification results of the target genes of each sample
were calculated by the 2-ΔΔCt method.


"#%$#

//.,; 65 ;1. *5;16,@*525 ,65;.5; The
changes in anthocyanin content in the petals under
the control of sucrose and L-rhamnose were shown
in Fig.2. The content of anthocyanin in CK group
showed the trend of first ascending and then descending, reaching the highest at the bloom stage.
The anthocyanins in the petals under the sucrose and
L-rhamnose treatment showed a gradual decrease
with the opening of 'Wonderland'. On the whole, the
content of anthocyanin in petals increased significantly after treatment, and the effect of sucrose treatment was better than that of L-rhamnose.

and a*/b* are both negative values. The value after
treatment in b* is higher than that of the control
group, while the value after treatment in a*/b* is
lower than the control group. For H°, the change during each time stage is not obvious, and the change
between the two treatments is also not obvious. In
general, the color of the treated petal had a more obvious change, and the effect after sucrose treatment
was more pronounced than that of L-rhamnose.
//.,;65;1.0.5.:.?79.::265 As shown in
Fig 4, in sucrose treatment, CHS, CHI and DFR had
the highest relative expression at the bud stage, except for the decrease of CHS expression at the bloom
stage, CHS, CHI, and DFR were almost not expressed relative to the CK group in the following
three stage. In L-rhamnose treatment, the expression
of CHS and CHI were inhibited during bloom and
decay stage but the expression of DFR changed little
in each stage. In addition, the relative expression of
UFGT in S and L groups at the same time during
early bloom stage showed a significant increase
while in bloom and decay stage significantly reduced. The relative expression level of MYB1 in the
S and L groups was higher than that in the CK group.
MYB10 showed a trend of first increasing and then
decreasing in early bloom stage to bloom stage in S
group, down-regulation in bloom stage to decay
stage. However, there was no significant difference
in the MYB10 in the L group compared with the CK
group.

//.,;65;1./36>.9,636925-2,.:The color
differences were shown in Fig.3. During the development of the flowers, the L* value after treatment
was significantly higher than that of the control
group. a* and C* reached the maximum value in the
early bloom stage, and the treated effect was also significantly greater than that of the control group. b*

%" 
5;16,@*525,65;.5;<5-.9-2//.9.5;;9.*;4.5;:25-2//.9.5;:;*0.:
# <-:;*0.# *93@+3664:;*0.# 3664:;*0.# .,*@:;*0.65;963;9.*;4.5;
##<,96:.;9.*;4.5;91*456:.;9.*;4.5;;1.:*4.+.36>
Different letters (a-d) in columns denote statistically significant differences among cultivars by Duncan’s multiple range test
at P < 0.05.
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$1.,636924.;92,7*9*4.;.9:6/7.;*3:<5-.9-2//.9.5;;9.*;4.5;:*;-2//.9.5;:;*0.:
Different letters (a–d) in columns denote statistically significant differences among cultivars by Duncan’s multiple range test
at P < 0.05.
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The above results showed that the expression
of CHS, CHI and DFR both increased significantly
during the bud stage after sucrose treatment, and significantly higher than in the CK group during the bud
stage, indicating that sucrose treatment significantly
induced the expressions of CHS, CHI and DFR at the
bud stage. In contrast, the expression levels of CHS,
CHI and DFR after L-rhamnose treatment were not
significantly different from those of CK group and
the expression of CHS decreased at the bloom stage.
Compared with the change of anthocyanin content,
anthocyanin content was maintained at a high level
when the expression of CHS, CHI and DFR gene
was induced in S group indicating that the increase
of the expression of these genes may promote the
synthesis of anthocyanin. In the L group, the expression of CHI and UFGT was inhibited in the decay
stage. Compared with the CK group whose anthocyanin content was lower than that of the CK group in
the decay stage, it was speculated that the content of
anthocyanin was also influenced by UFGT.

In this study, anthocyanin in 'Wonderland' petals treated with sucrose showed a significant improvement over the control and L-rhamnose treatments. And from the results, we can speculate that
both sugar treatments may make the anthocyanin accumulation peak from bloom stage to early bloom
stage. As for color, in the uniform color space, different values represent different colors and brightness. After the two sugars treatments, the redness
and brightness were more obvious than the control
group, and the effect of sucrose was better than the
rhamnose treatment. From the results we know both
sugar treatments can change the color of petals and
increase the ornamental value of flowers.
And the trend of anthocyanin content in the petals of 'Wonderland' was basically the same as that of
CHS, CHI, DFR, UFGT and PAL, which was consistent with that sucrose promoted the accumulation
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of anthocyanin content and the expression of CHS
and DFR genes in gerbera [7]. In the present study,
CHS, CHI and PAL are upstream genes in the anthocyanin biosynthesis pathway that regulate chalcone
synthase, 4-hydroxychalcone isomerase and phenylalanine lyase; DFR and UFGT is a downstream gene
in the anthocyanin biosynthesis pathway that regulates flavonol-4-reductase and flavonoid 3,5- glycosyltransferase. The trend of their development in the



process of rose "Wonderland" was in accordance
with that of anthocyanin. It was speculated that sucrose treatment could induce the expression of CHS,
CHI, DFR, UFGT and PAL in the rose to promote
the accumulation of anthocyanin. L-rhamnose treatment also induced the expression of related genes,
but the effect was not as obvious as sucrose treatment.

%" 
".3*;2=..?79.::2653.=.3:6/*5;16,@*525+26:@5;1.:2:9.3*;.-0.5.:25-2//.9.5;;9.*;4.5;:*;-2//.9.5;
#;*0.:
Different letters (a–d) in columns denote statistically significant differences among cultivars by Duncan’s multiple range test
at P < 0.05.
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Previous studies have shown that the synthesis
of anthocyanins in many plants is regulated by the
MYB transcription factor family, for example, three
anthocyanin synthesis-related transcription factors
MdMYB10, MdMYBA and MdMYB1found in apple [2, 8-9]. Currently, only the MYB10 transcription factor is found in the rose associated with transcription of the anthocyanin synthesis gene in the
petal. In this experiment, the expression of MYB10
in different stages of rose petals was determined and
found that MYB10 expression was the highest at
bloom stage in control treatment, and was consistent
with that of CHS, CHI, DFR, UFGT and PAL. After
two sugar treatments, the expression level of
MYB10 gene was the highest at bud stage, which
was also consistent with the trend of CHS, CHI,
DFR, UFGT and PAL. Therefore, we speculate from
the results that the expression of CHS, CHI, DFR,
UFGT and PAL may be regulated by MYB10.
MYB10 may regulate anthocyanin accumulation in
rose petals by inducing the expression of CHS, CHI,
DFR, UFGT and PAL. MYB1 was found to be likely
to inhibit MYB10 expression in strawberry [10].
However, in this experiment, we did not find a clear
correlation between MYB1 and MYB10 and the expression of anthocyanin pathway genes, suggesting
that MYB1 is no important in the synthesis of anthocyanins.

[2] Wang, K.L., Bolitho, K., Grafton, K., Kortstee,
A., Karunairetnam, S., McGhie, T.K., Espley,
R.V., Hellens, R.P., Allan, A.C. (2010) An
R2R3 MYB transcription factor associated with
regulation of the anthocyanin biosynthetic pathway in Rosaceae. BMC Plant Biology. 10(50).
[3] Chagné, D., Wang, K.L., Espley, R.V., Volz,
R.K., How, N.M., Rouse, S., Brendolise, C.,
Carlisle, C.M., Kumar, S., Silva, N.D., Micheletti, D., McGhie, T., Crowhurst, R.N., Storey,
R.D., Velasco, R., Hellens, R.P., Gardiner, S.E.,
Allan, A.C. (2006) An Ancient Duplication of
Apple MYB Transcription Factors Is Responsible for Novel Red Fruit-Flesh Phenotypes. Plant
Physiology.161, 225-239.
[4] Solfanelli, C., Poggi, A., Loreti, E., Alpi, A.,
Perata, P. (2006) Sucrose-Specific Induction of
the Anthocyanin Biosynthetic Pathway in Arabidopsis. Plant Physiology. 140, 637.
[5] Hara, M., Oki, K., Hoshino, K., Kuboi, T. (2003)
Enhancement of anthocyanin biosynthesis by
sugar in radish (Raphanus sativus) hypocotyl.
Plant Science. 165, 259-265.
[6] Meng, X.C., Zhang, Y.J., Wang, X.J. (2014) Effects of Light, GA3 and Sucrose on Anthocyanin
Accumulation in Roots of Zea Mays. Journal of
South China Normal University. (04), 25-28 (in
Chinese).
[7] Meng, X.C., Peng, J.Z., Wang, X.J. (2007) Anthocyanin Accumulation and CHS, DFR Gene
Expression Regulated by Light and Sugar in
Gerbera hybrida Ray Floret. Acta Horticulturae
Sinica. (01), 227-230 (in Chinese).
[8] Telias, A., Wang, K.L., Stevenson, D.E.,
Cooney, J.C., Hellens, R.P., Allan, A.C., Hoover, E.E., Bradeen, J.M. (2011) Apple skin patterning is associated with differential expression
of MYB10. BMC Plant Biology. 11(93).
[9] Espley, R.V., Hellens, R.P., Putterill, J., Stevenson, D.E., Amma, S.K., Allan, A.C. (2007) Red
colouration in apple fruit is due to the activity of
the MYB transcription factor, MdMYB10. The
Plant Journal. 49, 414–427.
[10]Wang, K.L., McGhie, T.K., Wang, M., Liu,
Y.H., Warren, B., Storey, R., Espleyl, R.V., Allan, A.C. (2014) Engineering the anthocyanin
regulatory complex of strawberry (Fragaria
vesca). Frontiers in Plant Science. 5, 651.


 %# 
It can be speculated that sugar treatment can induce the expression of MYB10 to regulate the expression of anthocyanin biosynthesis genes such as
CHS, CHI, DFR, UFGT and PAL, and eventually increase the accumulation of anthocyanin in petals.
Both two sugar treatments may have advanced the
peak of anthocyanin synthesis in rose petals by
premature MYB10 expression and sucrose treatment
effect better than L-rhamnose.
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Rivers are ecosystems affected first by environmental pollution. Pollutants originating from domestic, industrial and agricultural activities are firstly involved in rivers. At times when the human population was low, waste materials that had been mixed
into rivers could be diluted in a short distance and
disintegrated from natural routes. However, with the
excessive population growth and industrialization
that accompanied development, domestic and industrial wastes also multiplied and the rivers became unable to clean themselves.In the Northeastern Mediterranean, where the freshwater is exposed to a wide
variety of different wastewater, it is inevitable for the
settlement centers in the vicinity to leave the Iskenderun Gulf, which is a commercially important region, irreversibly polluted.In this study, accumulation levels of 17α-ethinylestradiol (EE2) hormones
were investigated in the chemicals that disturbed the
endocrine system that caused the pollution of some
freshwater sources pouring into İskenderun Bay and
started to worry scientists in the last decade.In our
country, 17 alpha-ethinylestradiol (EE2) hormone
levels were found to be high in all freshwater resources covered by the study, according to the Regulation on the Monitoring of Surface Waters and Underground Waters in which the Water Framework
Directive was implemented at the national level.

Chemicals (EDC), which result from the use of
humans and disrupt the endocrine system, have effects similar to those of endogenous hormones in
vertebrates and interact with the endocrine system.
EDC has been detected in industrial wastes and livestock feed wastes. It has been observed that the fish
living in the water polluted with these wastes have
defects in the reproductive systems. 17α-ethinylestradiol (EE2) is a very strong synthetic estrogen
and is used as a birth control tablet all over the world.
The 17α-ethinylestradiol (EE2) hormone imitates
the natural estrogen in fish, increasing the concentration of the nearby vitellogenin and causing males to
become females. Jobling et al. [1] found that antiandrogens and estrogenic synthetic hormones cause
gonadal disturbances and malnourishment of men in
51 cases taken in the UK. As a result, it is safe to say
that the chemicals that disrupt the endocrine system
can lead to irreversible damage to the ecosystem.
The past several years have seen a steady drumbeat of news reports, blog posts, and scientific studies which have raised concerns about the presence of
estrogenic compounds (natural estrogens and synthetic chemicals that mimic natural estrogen) in waterways and drinking water, and the potential harm
to human health or aquatic life.
The impact on wildlife exposed to estrogens
has largely focused on aquatic organisms such as
fish. The protein vitellogenin, whose production is
stimulated upon exposure to estrogen in male and female organisms, serves as a good marker to indicate
environmental exposure of estrogens in non-mammalian vertebrates. Several studies document that
steroidal estrogens led to vitellogenin production at
concentrations as low as 1 ng/L, some refer to this
condition as the emasculation of male fish [2]. The
demasculization of fish can lead to an altered sex ratio within a population and sex reversals [3, 4].Research shows that EE2 depress the growth of tilapia
(     ) larvae, which is likely relevant for other fish species [5, 6]. Altered fish size has
shown to change the timing of fecundity, the sex ratio of the population and the survival rate in young
fish, thus the changed growth may cause large disturbances for the species and consequently the ecosystem [5, 7].

'&!"
Iskenderun Bay, 17 alpha-ethinylestradiol (EE2), freshwater pollution, endocrine disruptors
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Endocrine disruption has become of increasing
concern during the past decade. Compounds involved in these mechanisms may interfere with the
normal endocrine function of both wildlife and humans. Adverse effects due to endocrine disruptors
include decreased sperm count, development of hormonally sensitive carcinomas (female breast cancers, testicular and prostate cancers) in humans.
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Estrogens can be introduced to the environment
through municipal and agricultural activities as both
point and nonpoint sources. These compounds reach
the rivers, estuaries, and coastlines either through the
discharge of effluents coming from sewage treatment plants — or directly from sewage that deliver
their content into waterways. EE2 is a semisynthetic
derivate from the natural hormone estradiol (E2) [8].
EE2 is excreted from urine and feces from individuals taking medications containing EE2 [9]. For this
reason, hormones are expected to be present primarily in wastewater from households, which are transported through the sewer system to the wastewater
treatment plant (WWTP).
The Mediterranean, covering an area of 2.5
million km² with the world's largest inland sea, From
the Gibraltar Strait to the Atlantic Ocean; The Suez
Canal is also separated from the Red Sea. For this
reason, it is extremely important both for our country's economy and world ecology. Iskenderun Bay,
which is one of the most important fishing areas of
the region and which is located on the Mediterranean
coast of our country and also contains rich fish species, is one of the areas under the threat of intensive
pollution due to settlement areas, industrial establishments and the sea traffic. Iskenderun Bay is one
of the regions where the terrestrial entrances are
most concentrated in the northeastern Mediterranean. The Gulf is exposed to intensive environmental impacts due to industrial enterprises, residential
units, river discharges and ship traffic. In addition,
cage fishery studies have been carried out in the bay
recently. All these activities increase the concentration of nutrient salts in the water, creating suitable
environments for phytoplankton increases [10,11].
However, it is under heavy pollution due to intensive
marine traffic with the factories that it houses around
the bay and intensive domestic tourism in the summertime. The Gulf is also open to all kinds of wastes
of Eastern Mediterranean countries with its current
systems [12].
The treatment of urban wastewater and operation of waterworks are critical steps to minimize the
environmental burden imposed by natural and synthetic micro-pollutants and protect humans and the
environment from these pollutants’ adverse effects.
But first of all, it is necessary to establish the problem of determining the environmental pollution burden. Although there are many studies on the pollution of the Gulf of Iskenderun, there is very little
work on the resources spilled into the Gulf. This situation not only points out that this research is necessary as the Northeast Mediterranean has many settlements in vicinity and is a crucial trading area, but
also because İskenderun Bay is approaching to an
immutable level of pollution due to the discharges of
different wastewater contents.
80 countries, including 40% of the world's population, are already suffering from water shortages.

For this reason, it is vital to prevent the pollution of
river resources by means of precautions to be taken
without disturbing the quality of life by means of
well-assessed water resources and conscious water
and wastewater management. The abandonment of
the Iskenderun Bay, which is exposed to wastewater
discharges with very different contents, is becoming
more and more alarming in terms of both our country's economy and world ecology.


#!"#"

The samples were made seasonally between
May 2014 and April 2015. A total of 75 water samples were run in 3 replications. The 17α-ethinylestradiol (EE2) hormone in water samples taken from 7
different discharge points (Ceyhan River, Demirtaş
Stream, Deliçay, Payas Stream, Akçay Stream,
Feyazan Channel and Arsuz Stream) poured into Iskenderun Bay (Figure 1), after applied with the appropriate extraction method, using ethinylestradiol
(EE2) EIA kit read on Elisa Reader (BİO-TEK
ELx800) (Figure 2). In this study, wastewater samples taken from 7 different discharge points (Ceyhan
River, Demirtaş Stream, Deliçay, Payas Stream,
Akçay Stream, Feyazan Channel and Arsuz Stream)
poured into Iskenderun Bay were investigated.
!"$#""$""
According to the Duncan test results in Table 1,
seasonal differences in 17α ethinylestradiol hormone
averages were found statistically significant in water
samples taken from Akçay Stream, Arsuz Stream,
Ceyhan River, Demirtaş Stream, Feyezan Channel
and Payas Stream (p <0,05).According to t-test results for Deliçay Stream, the difference between
spring and winter averages was statistically significant (p <0.05). 17α-Ethinylestradiol hormone levels
were found to be 1,986 ± 0,216 μg / l in the Ceyhan
River and 1,502 ± 0,335 μg / l in the lowest Deliçay
Stream. According to the Duncan test results in Table 1, the differences in the annual averages of 17αethinylestradiol hormone levels of all freshwater
sources were statistically insignificant (p> 0.05).
When the reports in Table 2 were examined, 17
α -ethinylestradiol (EE2) hormone levels were found
to be higher in this study than all other studies. The
Water Framework Directive (WFD) 2000/60 / EC,
which is a framework directive on the quality of the
European Union, provides an integrated approach to
environmental protection and management with the
objective of protecting the quality of surface water
resources and improving the condition of aquatic
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(min.-maks.)
1,703±0,003a
(1,700-1,710)
1,740±0,002c
(1,740-1,742)
1,596±0,005a
(1,590-1,600)
1,831±0,003a
(1,830-1,840)
1,520±0,003b
(1,516-1,525)
0,660±0,005a
(0,651-0,668)
1,799±0,004b
(1,790-1,810)

(min.-maks.)
1,986±0,003c
(1,980-1,990)
1,708±0,006b
(1,700-1,720)
1,645±0,003b
(1,640-1,650)
1,161±0,003b
(1,160-1,170)
1,281±0,004a
(1,270-1,290)
1,899±0,004c
(1,890-1,910)
1,559±0,004a
(1,550-1,570)

(min.-maks.)

0,993±0,002a
(0,990-1,000)
2,487±0,004d
(2,480-2,490)

(min.-maks.)
1,957±0,003b
(1,950-1,960)
2,761±0,004d
(2,760-2,770)
2,196±0,003c
(2,190-2,200)

-

-

1,799±0,004c

1,940±0,003d

(1,790-1,810)
1,209±0,003b
(1,203-1,215)
1,869±0,005c
(1,860-1,880)

(1,930-1,950)
2,840±0,004d
(2,830-2,850)
1,952±0,004d
(1,950-1,960)

1*(="97,(3
78:>"97,(3
,=/(4!0;,7
,20?(="97,(3
,3079(D"97,(3
,=,>(4/(44,2
(=(8"97,(3

-

44:(2
(;,7(.,
1,885±0,091
1,806±0,364
1,986±0,216
1,502±0,335
1,640±0,146
1,659±0,470
1,801±0,084

The averages symbolized by the letters a, b, c and d are statistically different (p <0,05); There is a difference between the averages marked
with different letters for each line (p <0.05).  ± S  : Arithmetic mean ± Standard error
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TURKEY/ Büyükçekmece Basin (surface waters)
GERMANY, CANADA and BRAZIL (wastewater treatment)
ROME (river waters and wastewater treatment)
HOLLAND (rivers and wastewaters)
ITALY (Tiber River)
SPAIN (wastewater)
TOKYO (river waters)
AMERİCA (wastewater)
SPAIN (wastewater)
SPAIN (surface water)
TAIWAN (drinking water treatment plant)
SOUTH KOREA and ASIA (river waters)
CHINA (river waters)
CHINA/TIANJIN (river waters)
HONG KONG (rivers)
VENEDIC LAGOON
CHINA (Yangtze riveri)
FRANCE (river water)
CHINA(Taihu lake)
CHINA (river water)
CHINA ( Licun river)
SOUTH KOREA (wastewater)
AUSTRIA (rivers, canals)
POLAND (surface water)
TURKEY (Akçay Stream)
TURKEY (Arsuz Stream)
TURKEY (Ceyhan River)
TURKEY (Deliçay Stream)
TURKEY (Demirtaş Stream)
TURKEY (Feyezan Channel)
TURKEY (Payas Stream)

 #!#
11,7-14,0 ng/L (min-max)
0,001 µg/L (max.)
0,003 ng/L (max.)
0,1-0,3 ng/L (min-max)
0,4 ng/L (max.)
3,0 ng/L (max.)
1,0 ng/L (max.)
73 ng/L (max.)
4,3-51 ng/L (min.-max.)
10-280 ng/L (min.-max.)
7,53-27,4 ng/L (min.-max.)
4,3- 28,6 ng/L (min.-max.)
0,28-2,67 ng/L (min.-max.)
0,4-24,4 ng/L (min.-max.)
0,33 ng/L (max.)
0,8-34 ng/L (min.-max.)
0,11-53,4 ng/L (min.-max.)
1,4 ng/L (max.)
6,03-10,2 ng/L (min.-max.)
0,52- 101,9 ng/L(min-max)
7-24 ng/L (min.-max)
1,3 ng/L (max.)
0,33 ng/L (max.)
3,2-6,47 ng/L
1,89 µg/L (ort.)
1,81 µg/L (ort.)
1,99 µg/L (ort.)
1,50 µg/L (ort.)
1,64 µg/L (ort.)
1,66 µg/L (ort.)
1,80 µg/L (ort.)

!!
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
This study
This study
This study
This study
This study
This study
This study

to settlement areas. Human medicines such as contraceptive tablets containing 17α-ethinylestradiol
(EE2) reach the sewage through urea and feces and
then to the wastewater treatment plant. Since these
medicines reaching the treatment plant cannot be
remedied by conventional treatment methods, they
cause environmental problems in the receiving environment. Birth control pills are widely used for medical treatment as well as for protection from pregnancy. These include regulation of menstruation, reduction of menstrual cramps, decrease in premenstrual syndrome, decrease in menstrual migraine, decrease in the incidence of overt tumor and cysts, and
decrease in endometrium cancer risk.
Considering that birth control pills are used
both for pregnancy protection and for medical treatment purposes, and most patients are also buying
these drugs without prescription and considering that
these drugs cannot be removed from wastewater by
conventional treatment methods, it is considered
probable that the 17α-ethinylestradiol (EE2) hormone level in freshwater sources is high.






ecosystems. One of these approaches is the identification and implementation of environmental quality
standards for hazardous substances that pose a risk
to water resources. “Regulation on the Monitoring of
Surface Waters and Underground Waters” regulates
the implementation principles of the Water Framework Directive at the national level in our country.
The 17 α -ethinylestradiol (EE2) hormone is located
within the 117 point source pollutants identified specifically for Turkey. The annual average value of 17
α -ethinylestradiol hormones was determined as 0.5
μg / L and the maximum permissible concentration
was 0.9 μg / L, based on the environmental quality
standards calculated in the project work carried out
by the Ministry of Forestry and Water Affairs and
recommended by experts.
In Turkey, 17 alpha-ethinylestradiol (EE2) hormone levels were determined to be high in all the
freshwater resources covered by the study, according
to the Regulation on the Monitoring of Surface Waters and Underground Waters in which the Water
Framework Directive was implemented at the national level. 17α-ethinylestradiol (EE2) is a very
strong synthetic estrogen and is used as a birth control tablet all over the world. The freshwater resources studied in the scope of the study are more
exposed to domestic wastewater than they are close
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[5] Shved, N., Berishvili, G., D’Cotta, H., Baroiller,
J-F., Segner, H., Eppler, E., Reinecke, M.
(2007) Ethinylestradiol differentially interferes
with IGF-I in liver and extrahepatic sites during
development of male and female bony fish.
Journal of Endocrinology. 195, 513–523.
[6] Shved, N., Berishvili, G., Baroiller, J-F., Segner, H., Reinecke, M. (2008) Environmentally
relevant concentrations of 17alpha-ethinylestradiol (EE2) interfere with the growth hormone
(GH)/insulinlike growth factor (IGF)-I system
in developing bony fish. Toxicological Sciences. 106, 93–102.
[7] Paull, G.C., Lange, A., Henshaw, A.C., Tyler,
C.R. (2008) Ontogeny of Sexual Development
in the Roach (Rutilusrutilus) and Its Interrelationships with Growth and Age. Journal of Morphology. 269, 884–895.
[8] Aris, A.Z., Shamsuddin, A.S. and Praveena,
S.M. (2014) Occurrence of 17alphaethynylestradiol (EE2) in the environment and
effect on exposed biota: a review. Environment
International. 69, 104-109.
[9] Hannah, R., D’Aco, V.J., Anderson, PD.,
Buzby, M.E., Caldwell, D.J., Cunningham, V.L.
(2009) Exposure assessment of 17α- ethinyl estradiol in surface waters of the United States and
Europe. Environ Toxicol Chem. 28, 2725–2732.
[10]Polat, S., Olgunoğlu, M., Akiz, A., Koray, T.
(2006) Potentially Harmful Phytoplankton Species Distributed in Northeastern Mediterranean
Coastal Waters (Iskenderun Bay). E.U. Journal
of Fisheries and Aquatic Sciences. 23(1-2),
169–172. (In Turkish)
[11]Başusta, N. (1997) Pelagic and Demersal Fishes
in İskenderun Bay. Ç.U. Science. Enst, Department of Aquaculture Adana. (In Turkish)
[12]Avşar, D. (1999) Physico-Chemical Properties
of the Eastern Mediterranean Regarding the
Distribution of a New Skifomedüz  
    TUBITAK T Journal of Zoology. 23(2), 605-616. (In Turkish)
[13]Aydın, E., Talinli, İ. (2013) Analysis, occurrence and fate of commonly used pharmaceutical and hormones in the Buyukcekmece Watershed, Turkey. Chemosphere. 90(6), 2004–12.
[14]Ternes, T.A., Stumpf, M., Mueller, J., Haberer,
K., Wilken, R.D., Servos., M. (1999) Behavior
and occurrence of estrogens in municipal sewage treatment plants. I. investigations in Germany, Canada and Brazil. Sci Total Environ.
225, 81-90.
[15]Baronti, C., Curini, R., D’ascenzo, G., Corcia,
A.D., Gentili, A., Samperi R. (2000) Monitoring
Natural and Synthetic Estrogens at Activated
Sludge Sewage Treatment Plants and in a Receiving River Water. Environmental Science
and Technology. 34, 5059-5066.

The presence of estrogenic chemicals in the stable environment constitutes a problem in terms of
public health and ecosystem structure.The EE2 hormone is a compound that reaches the environment
from the wastewater treatment plants without being
completely destroyed.There is limited information
on the use of many chemicals suspected of being endocrine disruptive, chemical, transport, quantities,
decay, transformation and ultimate fate of the endeffector.The main reason for this lack of information
is the insufficient analytical methods of measuring
the trace amounts of such chemicals in the environment until recent years.This inadequacy is not only
due to the fact that the chemicals cannot be quantitatively measured at low concentrations but also due
to the fact that the metabolites and their metabolites
cannot be identified by existing analytical methods
[37,38]. Most of the scientific studies so far have focused on the effects of endocrine disrupting chemicals on the reproductive systems of vertebrate mammals.With this study, it is determined how much the
accumulation levels of hormones are in the aquatic
environment and it is important to be preliminary information for future studies.
&#"
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DETERMINATION OF CATALASE ACTIVITY EXPOSED TO
ORGANOPHOSPHATE INSECTICIDES AZINPHOS-METHYL
AND DIMETHOATE
Hasan Karadag*, Fatma Temiz Uzun
Adiyaman University, Science and Letters Faculty, Chemistry Department, 02040, Adiyaman, Turkey

cause adverse health effects due to retention at soil,
product and water [6].
Catalase (EC 1.11.1.6.) (CAT) contains four
subunit or tetramer, each subunit contain 1 Feprotoheme IX part (4 heme groups per tetramer) [78]. CAT is exist in living organisms. Hydrogen
peroxide is oxidant agent. CAT catalysis the convertion of hydrogen peroxide to water and oxygen
[9].
AZM and DM organophosphate pesticides are
widely used in agricultural applications. Pesticides
have the advantage of eliminating harmful organisms. But, on the other hand, they have residual
problems. They cause oxidative stress in living
organisms. For this reason, we examined the effect
of AZM and DM organophosphate pesticides on
bovine liver catalase.

ABSTRACT
In this investigation, the effects of azinphosmethyl and dimethoate on bovine liver catalase
were searched. The catalase enzyme activity values
were measured by the interaction of the catalase
with azinphos-methyl and dimethoate prepared at
concentrations of from 0 to 500 mg / L. The catalase enzyme activity sharply decreased while azinphos-methyl concentration increased. An irreversible inhibition was determined in the catalase
activity which interacts with azinphos-methyl.
However, following dimethoate application, the
catalase activity showed a decline at concentrations
of 25, 50 and 100 mg / L of dimethoate and an
elevation at concentrations of 250 and 500 mg / L
of dimethoate. The catalase behaved differently
according to varying concentrations of dimethoate
with inhibitions at low concentrations and activations at high concentrations.

MATERIALS AND METHODS
Chemicals.
Azinphos-methyl
(C10H12N3O3PS2) (45333) (Fig.1.a), dimethoate
(C5H12NO3PS2) (45449) (Fig.1.b), catalase from
bovine liver (C40) were bought from SigmaAldrich. Other chemicals used were analytical
grade.

KEYWORDS:
Catalase, Azinphos-methyl, Dimethoate, Organophosphate, Insecticide

INTRODUCTION

Protein determination. The protein was determined spectrophotometrically at 750 nm according to the method of Lowry et al. (1951) [10]. Bovine serum albumin was used as standard for the
measurement of CAT protein concentration. For
measurement of protein concentration, four solutions were prepared: 1. Solution (A): 0.5 g CuSO 4 .
5 H2O and 1 g sodium citrate dihydrate were dissolved at distilled water and completed to 100 mL
by distilled water; 2. Solution (B): 20 g Na2CO3 and
4 g NaOH were dissolved at distilled water and
completed to 1000 mL by distilled water; 3. Solution (C): 2 mL solution A was added to 100 mL
solution B; 4. Solution (D): 15 mL Folin-Ciocalteu
was added to 15 mL distilled water. After that, 2.5
mL solution C was added to 0.5 mL of CAT solution, shaked, waited for 10 minutes at room temperature, mixed with 0.25 mL solution D, shaked,
waited for 30 minutes and read at 750 nm for determination of CAT concentration.

Azinphos-methyl, [(O,O-dimethyl-S-((4-oxo1,2,3-benzotriazin-3(4H)-yl)methyl) phosphordithioate, (AZM)] used in various parts of the world to
protect food products from pest is an organophosphate insecticide. AZM exhibits toxicity by inhibiting the enzyme acetylcholinesterase. Acetylcholinesterase hydrolyzes acetylcholine. Inhibition of
acetylcholinesterase lead to smooth muscle contractions, glandular secretions, skeletal muscle twitching and at higher dose, paralysis [1-3].
Dimethoate [O, O-dimethyl-S (N-methylcarbomethyl) phosphorodithioate, (DM)] is a systemic organophosphate insecticide. Like other organophosphates, DM is also an acetylcholinesterase
inhibitor in the brain or blood compartment. Acetylcholinesterase inhibitions were shown at animals
by oral, dermal or inhalation exposures of DM [4].
DM is used in agriculture to keep safe tree fruits
such as apples and pears and tobacco from aphids
and leaf rodents [5]. The widespread use of DM can
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Value analysis. The values are shown as mean
± standard deviation. For the statistical analyses,
one-way analysis of variance (ANOVA) was used,
followed by the Student Newman-Keul's test using
the SPSS version 22 statistical software (SPSS Inc.,
Chicago, IL, USA). Differences were considered as
significant if p < 0.05.

CAT activitiy. CAT activity was determined
by the method of Lartillot et al. (1988) [11] which
is worked by Bergmeyer (1974) previously [12],
CAT activity was measured spectrophotometrically
at 240 nm using a specific absorption coefficient as
0.040 cm2 /ȝPRO +2O2. For this purpose, 2.5 mL
substrate solution as 10 mmol / L of H2O2 in 50
mmol / L pH = 7.5 phosphate buffer [13] DQGȝ/
of CAT solution were mixed at room temperature
for 2 min and the reaction was terminated by adding
0.5 mL of 1 mol / L HCl. CAT activity was calcuODWHGDVȝPRO+2O2 convertion / mg protein / min or
(U / mg).

RESULTS
Effect of azinphos-methyl on CAT activity.
Different AZM concentrations interacted with CAT
solutions, after that activities of CAT and standard
deviation were determined and shown in Table 1.
The activity-concentration graph is illustrated in
Fig.2. When analzed Table 1 and Fig.2 it has been
observed that the AZM concentration increases
while CAT enzyme activity sharply decreases. An
irreversible inhibition was observed in the CAT
activity which interacts with AZM. With compared
to the control activity, there are statistical differences between all CAT activities which interacted
with the AZM (p < 0.05, n = 3). The percent reductions of catalase enzyme activity at 25, 50, 100, 250
and 500 mg / L of AZM were 78.8; 73.7; 75.0; 81.4
and 72.2 respectively.

Effect of insecticides on enzyme activity.
Preparation of 5000 mg / L AZM in 2 mL absolute
ethyl alcohol and 5000 mg / L DM in 2 mL absolute
ethyl alcohol were used. Because of low solubility
of AZM and DM in water, AZM and DM were
dissolved in absolute ethyl alcohol. After that, arrangement of 25, 50, 100, 250 and 500 mg / L AZM
and DM with ethyl alcohol plus 700 μL CAT solution about 0.5 mg protein / mL were done [14]. At
control or 0 ppm, 300 μL absolute ethyl alcohol and
700 μL CAT solution were used. Solution volume
of enzyme and ethyl alcohol and organophosphate
insecticide was 1 mL. The preparation was waited
at room temperature for half hour. After that, activities of CAT were measured.

FIGURE 1
Structures of azinphos-methyl (a) and dimethoate (b)
TABLE 1
Influence of azinphos-methyl and dimethoate insecticide concentrations on catalase activity
Insecticide
CAT activity ± standart deviation (U / CAT activity ± standart deviation
Concentration (mg / L)
mg) at AZM
(U / mg) at DM
0
5393 ± 69a
1673 ± 7a
25
1141 ± 34bd
989 ± 14b
1327 ± 41c
50
1417 ± 91c
100
1348 ± 226bc
1097 ± 35d
250
1003 ± 34d
1747 ± 24e
1749 ± 12e
500
1498 ± 140c
9DOXHVDUHVKRZQDVPHDQVWDQGDUGGHYLDWLRQ$WWKHWDEOH³DEFGDQGH´OHWWHUVDUHXVHGIRUGLIIHUHQFHVRIDFWLYLW\Oevels. There are statistical differences between values which are indicated with different letters (p  ޒ0.05, n = 3)
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FIGURE 2
Influence of azinphos-methyl concentrations on catalase activity

FIGURE 3
Influence of dimethoate concentrations on catalase activity

DISCUSSION AND CONCLUSIONS

Effect of dimethoate on CAT activity. Different DM concentrations interacted with CAT
solutions, after that activities of CAT and standard
deviation were determined and shown in Table 1.
The activity-concentration graph is illustrated in
Fig.3. When compared to the control group, the
decreases and increases in CAT enzyme activity
were statistically significant at all tested interaction
concentrations of the DM (p < 0.05, n = 3). When
analzed Table 1 and Fig.3 it has been observed that
catalase enzyme activity decreased at 25, 50 and
100 mg / L of DM concentrations and catalase enzyme activity increased at 250 and 500 mg / L of
DM concentrations. The percent reductions of catalase enzyme activity at 25, 50, 100 mg / L of DM
were 40.9; 20.7; 34.4 respectively, the percent increases of catalase enzyme activity at 250 and 500
mg / L of DM were 4.4 and 4.5 respectively.

Margoliash and Schejter (1962) demonstrated
irreversible inhibition of catalase by 3-amino-1,2,4triazole [15]. AZM inhibited CAT enzyme as irreversible. AZM includes similar group as 1,2,3benzotriazin. A similar work was conducted by
Aksoy et al. (2004). They studied inhibition of
catalase from human erythrocyte with azide. They
found that catalase inhibited by azide as noncompetitive [16]. Ferrari et al. (2007) exposed to juvenile rainbow trout (Oncorhynchus mykiss) to sublethal concentrations of AZM (2.5 and 5 μg / L).
They indicated that in liver and/or kidney, CAT
activities continuously decreased [17].
DM poisoning causes cellular damage and oxidative stress. This leads to lipid peroxidation and
free radical formation [18]. Hydrogen peroxide is a
form of reactive oxygen species (ROS). When hydrogen peroxide occurs, CAT turns hydrogen peroxide into water and oxygen. Increases at CAT
activity might be response to production of hydrogen peroxide or ROS [19]. Catalase activity de-
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[3] Cacciatore, L.C., Nemirovsky, S.I., Guerrero,
N.R.V., Cochón, A.C. (2015) Azinphos-methyl
and chlorpyrifos, alone or in a binary mixture,
produce oxidative stress and lipid peroxidation
in the freshwater gastropod planorbarius
corneus. Aquat. Toxicol. 167, 12±19.
[4] USEPA (United States Environmental Protection Agency) (2006) Interim registration eligibility decision for dimethoate. Case no. 0088.
https://nepis.epa.gov/Exe/ZyPDF.cgi/P10049N
4.PDF?Dockey=P10049N4.PDF (accessed Apr
2018).
[5] Hayes, W.J. and Laws, E.R. (1991). Handbook
of Pesticide Toxicology. Vol. 3. Classes of Pesticides. Academic Press, New York, pp 14711526.
[6] IPCS/WHO (International Programme on
Chemical Safety/ World Health Organization)
(1996) Principles and methods for assessing direct immunotoxicity associated with exposure
to chemicals. Environ. Health Crit., 180, Geneva, Switzerland.
[7] Bergmeyer, H.U. (1983). Methods of enzymatic analysis. Vol. 3, Third Edition; VCH,
Weinheim, West Germany, pp 165.
[8] Bergmeyer H. U. (1983). Methods of enzymatic analysis. Vol. 3, Third Edition, VCH, Weinheim, West Germany, pp 273.
[9] Chelikani, P., Fita, I., Loewen, P.C. (2004)
Diversity of structures and properties among
catalases. Cell. Mol. Life Sci. 61(2), 192±208.
[10] Lowry, O.H., Rosebrough, N.J., Farr, A.L.,
Randall, R.J. (1951) Protein measurement with
the folin phenol reagent. J. Biol. Chem. 193,
265±275.
[11] Lartillot, S., Kadziora, P., Athios, A. (1988)
Purification and characterization of new fungal
catalase. Prep. Biochem. 18(3), 241±246.
[12] Bergmeyer, H.U. (1974). Methods of enzymatic analysis. Vol. 1, 2nd ed, Academic press,
New York, USA, 438-439.
[13] Tukel, S.S., Alptekin, O. (2004) Immobilization and kinetics of catalase onto magnesium
silicate. Process Biochem. 39, 2149±2155.
[14] Karadag, H., Bilgin, R. (2010) Effect of cyprodinil and fludioxonil pesticides on human superoxide dismutase. Asian J. Chem. 22(10),
8147-8154.
[15] Margoliash, E., Schejter, A. (1962) Kinetics of
the irreversible inhibition of catalase by 3amino-1,2,4-triazole in the presence of hydrogen peroxide and catalase-hydrogen peroxide
complex I hydrogen donors. J. Biol. Chem.
237(7), 2359-2363.
[16] Aksoy, Y., Balk, M., Ogus, I.H., Ozer, N.
(2004) The mechanism of inhibition of human
erythrocyte catalase by azide. Turk J. Biol. 28,
65-70.

creased at low insecticide concentrations such as
under 25, 50 and 100 mg / L concentrations of DM.
Beside this, catalase enzyme activity increased at
high insecticide concentrations such as under 250
and 500 mg / L concentrations of DM. There are
similar results like our findings. For example, at
low DM concentration, Saafi et al. (2011) found
reduced catalase activities [20]. Saafi et al. (2011),
exposed DM (20 mg /kg / day) to male adult Wistar
albino rats. At rat liver, catalase activity was reduced significantly by DM. Pretreatment of date
palm fruite extract restored the liver damage and
ameliorated catalase activities. At high DM concentration, Amara et al. (2011) found increased catalase activities [21]. Amara et al. (2011) treated adult
Wistar rats to DM (0.2 g / L of drinking water), DM
+ selenium (0,5 mg kg-1 of diet), DM + vitamin E
(100 mg / kg of diet) or DM + selenium + vitamin E
for 30 days. They observed an inrease at catalase
activities in the cerebral cortex of rats. They found
neurotoxicity reduction by natural antioxidants like
selenium and vitamin E. Application of selenium
and/or vitamin E through the diet ameliorated the
catalase activities.
Catalase was inhibited by AZM as irreversible. AZM has 1,2,3 - benzotriazin. Benzotriazin
contains three nitrogen and unpaired electrons. Our
suggestion is that this group can serve electrons to
tie Fe-protoheme IX part and it inhibits catalase
enzyme.
DM leads to free radical formation. Because of
that, at low DM concentrations catalase activity
decreased. But at high DM concentrations, catalase
enzyme activity increased. This is might be due to
production of hydrogen peroxide or ROS.
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Since the finding that fluoride is a bioelement,
research on its biological role, its applicability in
practice, and its toxicity has intensified. Fluoride is
characterized by a narrow safety margin. The entire
ecosystems located within the range of fluoride
emitters are highly susceptible, especially plants, to
fluoride toxicity. The West Pomeranian District in
Poland is an area with chemical plants that emit
significant amounts of fluoride into the atmosphere.
Literature regarding the use of various plant species
as bioindicators of fluoride in air is currently available. However, to the best of our knowledge, there
is no information regarding the accumulation of
fluorides in horse chestnut leaves. Therefore, in this
study, we aimed to assess the fluoride content in
horse chestnut leaves according to the distance from
the emitter and the year of collection of leaves.
Horse chestnut leaves were collected in the first
week of July from 2013 to 2016 from the 12 measurement points located in the West Pomeranian
District, Poland. The fluoride content was determined potentiometrically. According to the results,
fluoride content in horse chestnut leaves ranged
from 6.89 mg/kg DW to 22.88 mg/kg DW. The
median value of fluoride content decreased as the
distance from the emission source increased. However, the year of sampling did not significantly
affect the fluoride content in horse chestnut leaves.
Thus, these results indicate the potential application
of horse chestnut leaves as a bioindicator of air
pollution with fluorides.

The concentrations of many chemical elements in the atmosphere have been changed due to
the anthropogenic activities [1]. Environmental
pollution with fluoride is currently one of the most
important problems to be dealt because of its hazardous effect on our ecosystems [2]. The principal
anthropogenic sources of fluoride include aluminum smelters; fertilizer factories; and industrial
activities such as brick, tile, pottery and cement
works, ceramic industries, and glass manufacturers
[3]. Owing to the regulation imposed by the government, most fluoride emitters have recently
equipped their premises with effective filters to
remove fluorides prior to disposal [2]. However,
fluoride emission into the atmosphere continues to
be a problem [4,5]. In the air, fluorides are present
in the gaseous or in particulate form (principally as
hydrogen fluoride – HF and silicon tetrafluoride –
SiF4). Both forms are deposited on the surface of
leaves, but gaseous fluoride is also absorbed
through stomata and is extremely phytotoxic [6].
Śnioszek et al. [5] noted that fluorides accumulate
in plants mostly from air via absorption through
leaves. Fluoride uptake via root system is not found
to be significant in the air-polluted areas [7].
According to Petrova et al. [1],   
  L. is one of the most studied plants
with respect to air pollution with heavy metals
because it is large and has compound leaves, is easy
to recognize and sample, and is widely cultivated
on streets and parks as an ornamental tree. However, there is no mention of this species in the literature regarding its sensitivity to the presence of fluorides in the air [8-11].
In West Pomeranian District of Poland, two
fertilizer plants are located. In our previous studies,
we have shown that these plants cause increased
runoff of fluoride into the soil, sand, grass, and

(' "#
Horse chestnut, fluoride, bioindication, distance from
emitter
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fluoride content in horse chestnut leaves were also
calculated depending on the distance from the emitter and the year of the study. To determine whether
distance of the emitter and year of analysis influenced on the fluoride content in horse chestnut
leaves, there was a 3D surface matched for the
experiment data, by means of the method of the
smallest squares with the distance weighing. This
technique depicts the tendency of changes in fluoride content according to both distance of the emitter and the year of analysis. Software Statistica v.
13.1 (Statsoft, Inc., Krakow, Poland) was used for
statistical analyzes.

vegetables [12–15].
Therefore, in this study, we aimed to assess
the fluoride content in horse chestnut leaves according to the distance from the emitter and the year of
collection of leaves.
$"#$ #
Horse chestnut leaves were collected in the
first week of July from 2013 to 2016 from 12
measuring points located in the West Pomeranian
District, Poland. Four of the measurement points
were located within the city of Szczecin at a distance of 15-17 km from the main emitter of fluorides in this area. The remaining measurement
points were located in the area of the West Pomeranian District in towns differently distant from the
emitter. In each location, there were clusters or
avenues of chestnut trees; we collected 13 leaves
from different trees of this species at each point.
Table 1 shows the location of sampling sites. A
pooled sample was made from the collected leaves
from a given year, which was then dried and
ground.

"#%$##%## 
Fluoride content in horse chestnut leaves was
found to vary depending on the year of research. In
2013-2014, the highest fluoride content was recorded in the city of Szczecin on Słowackiego Street
and in Buk, located at the smallest distance from the
emitter (15-17 km). This content varied in the following ranges in individual years of research: in
2013, it was 22.83-22.88 mg/kg DW and in 2014, it
was 21.09-21.84 mg/kg DW. In 2015, we did not
find any significant differences in the fluoride content in horse chestnut leaves collected from Szczecin on Słowackiego and Piłsudskiego Streets and in
Buk: 19.63-20.43 mg/kg DW. In 2016, however,
we found statistically highest concentrations of
fluorides in horse chestnut leaves collected from
Buk than that of other areas - 20.47 mg/kg DW
(Table 2). Lowest concentration of fluorides in
horse chestnut leaves was found in Cieszyn, that is,
the village furthest away from the emitter than that
of other areas (from 6.89 mg/kg DW in 2013 to
9.57 mg/kg DW in 2015).
Comparison of the median value of fluoride
content in horse chestnut leaves depending on the
distance from the emitter was performed. The median value of fluoride content in leaves collected at
a distance of 15-17 km and 36.6–67.5 km from the
emitter was found to be around 18.51-20.79 mg/kg
DW and 11.95 mg/kg DW to 15.07 mg/kg DW,
respectively. In contrast, the median value of fluoride content in horse chestnut leaves collected at the
point furthest away from the emitter was found to
be around 8.07 mg/kg DW (Figure 1). This phenomenon of decreasing content of fluoride in horse
chestnut leaves depending on the increasing distance from the emitter has been confirmed by other
authors, who have investigating the accumulation of
fluorides in various plant species [4, 6, 12, 14, 1721]. Gaseous fluoride is absorbed through stomata
of the leaves and is transported via transpiration
into the principal sites of accumulation at the tip
and leaf margins, where they can cause physiological, biochemical, and structural damage, and even
cell death, depending on the concentration in the

$ 
6+):1656.9)47315/91:-9
Place
Szczecin,
Piłsudskiego Str.
Szczecin,
Sowackiego Str.
Szczecin, Jarowita
Str.
Szczecin,
Narutowicza Str.
Krzymów
Gryfino
Czachowo
Buk
Batowo
Krajnik Dolny
Cieszyno
Konie

Distance from
emitter of fluoride
compounds (km)

Direction

16.40

S

15.00

S

16.81

S

17.03

S

67.52
36.58
62.13
15.52
64.48
63.00
98.46
64.98

SW
SW
NE
SW
SE
SW
E
E

Fluoride content was determined based on the
method described by Eyde [16]. Briefly, the dried
and ground samples were fused in nickel crucibles
with sodium hydroxide. Then, water, diluted hydrochloric acid, and citrate buffer were added to the
melt. For the potentiometric method, fluoride concentration was determined in the presence of
TISAB III buffer with an Orion Research ionselective electrode. The fluoride content was expressed in mg/kg DW.
The results were statistically analyzed using
one-way analysis of variance, which was performed
independently for each year of the study. Homogeneous groups were compared with Tukey honest
significant difference (HSD) post-hoc comparisons
(<0.05). The median, first, and third quadrilles of
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cell sap [22]. In addition to the direct uptake
through stomata, plants can incorporate fluoride
from contaminated soils [23]. However, in highly
polluted areas, direct absorption of airborne fluorides by the plant foliage normally masks any uptake via soil [20]. A previous study did not show
the relationship between fluoride content in soil and
distance from the emitter [13].
In Szczecin, the median value of fluoride content in horse chestnut leaves ranged from 17.11

mg/kg DW to 21.09 mg/kg DW (Figure 2). The
lowest value was recorded in the leaves collected
from Jarowita Street than that of other areas,
whereas the highest value was recorded in the
leaves collected from Słowackiego Street than that
of other areas. However, the median values of fluoride content in horse chestnut leaves depending on
the year of research showed that the values were
similar for each year (range: from 14.47 mg/kg DW
to 16.41 mg/kg DW) (Figure 3).



$ 
3;681,-+65:-5:150689-+0-9:5;:3-)<-9+633-+:-,159)47315/91:-9
Year

Place

2013
18.67±0.36b
22.83±0.93a
18.07±0.07b
18.33±0.12b
11.13±0.31d
14.58±0.45c
14.88±0.29c
22.88±0.25a
12.69±0.18d
12.34±0.32d
6.89±0.44e
12.34±0.13d

Szczecin, Piłsudskiego Str.
Szczecin, Słowackiego Str.
Szczecin, Jarowita Str.
Szczecin, Narutowicza Str.
Krzymów
Gryfino
Czachowo
Buk
Batowo
Krajnik Dolny
Cieszyno
Konie

2014
16.48±0.19b
21.84±0.41a
16.80±0.34b
20.96±0.37a
13.37±0.17c
16.30±0.29b
17.06±0.28b
21.09±0.55a
13.19±0.26c
13.04±0.46c
8.34±0.47d
12.09±0.17c

2015
19.63±0.53a
20.43±0.31a
14.70±0.19bc
14.59±0.07bc
13.49±0.36cd
15.27±0.28b
14.13±0.28c
20.13±0.36a
12.70±0.42de
13.52±0.23cd
9.57±0.56f
11.61±0.48e

2016
18.69±1.13b
18.92±0.84b
17.44±0.40c
18.12±0.10bc
13.86±0.24e
14.99±0.13d
15.37±0.53d
20.47±0.58a
14.41±0.40de
12.54±0.28f
7.99±0.33h
10.95±0.72g

The same letters for an enzyme in columns are assigned to the same homogeneous groups (HSD Tukey test)
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rides primarily accumulate in the leaves [6]. However, Divan et al. [24] found that the presence of
fluorides in the leaves does not always reflect the
atmospheric pollution, because plants can take it
from soil through the root system. Therefore, the
action of fluoride on a plant should be considered
from two points of view: as the effect of fluorides
contained in dust and industrial gases on the plant
and as the effect of fluoride during its collection
absorption by the root system [25]. However, according to the literature, plants accumulate fluorides
in their tissues primarily from the air [26].

The 3D diagram of fluoride content in horse
chestnut leaves indicates a clear correlation between
the decreases in fluoride content with increasing
distance from the emitter, regardless of the year of
sample collection (Figure 4). As already mentioned,
the decrease in the content of fluorides in the leaves
of various plant species along with the increase in
the distance from the emission sources has been
confirmed by many authors [14, 17-21]. In addition,
Kłódka et al. [12] state that the fluoride content is
always higher in the aboveground parts of plants
than underground parts. This is due to the fact that
in areas under the influence of the emission, fluo-
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The fluoride content in horse chestnut leaves
collected in 2013-2106 in the West Pomeranian
District (Poland) ranged from 6.89 mg/kg DW to
22.88 mg/kg DW. It changed both depending on the
year of the study and the date of research. The median values of fluoride content decreased as the
distance from the emission source increased. However, the year of samples collection did not significantly affect the fluoride content in horse chestnut
leaves. These results indicate the potential use of
horse chestnut leaves in the bioindication of fluoride content in the air.
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Histological changes in developing Testis in
normal and in those embryos exposed to Lead Acetate, by a single intraperitoneal injection at 10 day
of pregnancy, were compared. Seminiferous tubules
during prenatal life appear solid only acquire lumen
after birth. The toxic effect of Lead Acetate caused
reduction in number of Germ cells (Gonocytes) and
disorganization of tubular structure with degenerative changes occasionally. The differences were
minimized by time as seen in postnatal ages.

In the study reported in this article we followed Mogra et al. [8], in taking a single intraperitoneal injection on the 10th day of pregnancy and
studying histological changes in developing Testis
in 3 developmental stages: 16 day of gestation, 1
day after birth, and 2 weeks old neonates.


$"#$ #

Female Swiss albino mice of 8-12 weeks of
age and weighing 40-60 grams, were used in this
study. The animals were kept under condition of 25
°C and 12 h light and dark cycle. Food and water
were available ad-libitum. Animals were handled
and treated in accordance with National Health
Institute of Health Guide for the Care and Use of
Laboratory Animals.
For obtaining pregnancy 3-4 females and one
male were mixed at the end of the day. Females
were checked next morning for vaginal plug. In
case that occurs, this is considered as day 0 of gestation. Pregnant animals were divided into 3 main
groups, each with a control and experimental subgroups, as following:

(& "#
Lead acetate, Swiss mice, Testis, Seminiferous tubules,
Embryo, Gonocytes.
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The toxicity of Lead on Mammals including
human has been reported frequently in various
studies [1, 2]. Systems of the body are affected by
Lead and other heavy metals, mainly by increase in
free radicals [3], and due to interference with enzymes activities particularly those dealing with free
radicals. It was found that Lead toxicity has a great
effect on reproductive organs especially the testes
and ovaries in the adult [4, 5], in addition to liver
[6] and kidneys [7].
Mogra et al. [8] studied the general effect of
maternal Lead Acetate exposure on general development of mice and reported that administering
Lead Acetate before the 8th day of gestation leads to
failure of implantation. Giving the Lead Acetate at
8th day leads to reduction in number of pregnancy,
while administering Lead Acetate on day 10 of
pregnancy does not lead to gross abnormalities, but
may alter the histological structure and functional
parameters.
A study by Garu et al. [9] exposing pregnant
mice to Lead acetate in drinking water for the
whole period of pregnancy and studying developing
testes 7 day after birth showed some histological
changes, particularly changes in developing Spermatogonia and alteration in distribution of seminiferous tubules.

96<7 Pregnant mice receive i. p. injection of distilled water. Pregnant mice were scarified
at the 16th day of gestation. Uteri were removed and
put in Hank’s balance solution, and embryos were
examined under dissecting microscope to check for
presence of Testes. Testes can be recognized during
dissection of the embryo to be rostral to position of
urinary bladder. Testes were removed together with
surrounding tissues and fixed in 10% formalin.
96<7  This is the experimental group
were the pregnant mice receive a single i.p. injection of 0.3 ml of 0.6% of lead acetate in distilled
water, on day 10th of gestation. Pregnant animals
were sacrificed at the 16th day of gestation. Uteri
were removed and immersed in Hank’s balance
solution. Embryos were removed and dissected and
Testes were removed with some surrounding tissue
and fixed in 10% formalin
96<7 Pregnant mice receive i.p. injection of distilled water. New born or one day old
neonates, whose mothers were given i.p. injection
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Tissues were processed for light microscopy
according to Bancroft [10]. After fixation, dehydration by graded alcohol, cleared by Xylene and embedded paraffin. Blocks were sectioned at 5 um
thickness and stained with hematoxylin-eosin stain
and examined by Nikon-Eclipse light microscope.
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of distilled water, were scarified and examined.
Males were dissected to confirm the presence of
Testes. Testes can be recognized during dissection
of the embryo to be in a position infero-lateral to
urinary bladder. Testes were removed together with
surrounding tissues and fixed in 10% formalin
96<7 The pregnant mice receive a single i.p. injection of 0.3 ml of 0.6% of lead acetate in
distilled water, on day 10th of gestation. Newborns
at day 1 after birth were dissected under stereomicroscope. Testes were removed with some surrounding tissue and fixed in 10% formalin

96<7  This is a control group. Embryos
of 16 days of gestational age were extracted. The
Testes are still in lumbar region of the abdomen, at
a level superior to upper level of urinary bladder.
The testes are of small sizes, almost spherical in
shape. Tubules-cords are slightly curved. There is
no lumen. The center is filled with loosely arranged
large cells, each with a large rounded dark nucleus.
These represent the Gonocytes. The periphery is
made of more closely packed cells that form a continuous layer. The cells in this layer are of variable
sizes: small, triangular, and elongated. Basal lamina
is present outside the peripheral layer, with elongated peritubular (myoid) cells, forming an envelope
around the tubule. Inter-tubular spaces contain
abundant interstitial tissue and small blood vessels.
Some large cells, represent pre-cells of Leydig were
sometimes recognized (Figure 1, A&B).

96<7 Pregnant mice receive i.p. injection of distilled water at day 10 of pregnancy. Male
neonates of 2 weeks’ old were dissected under
stereo microscope from scrotum and fixed in 10%
formalin. Testes were removed together with surrounding tissues and fixed in 10% formalin.
96<7  This is the experimental group;
2weeks old male neonates, whose mothers have
received a single i.p. injection of .3 ml of .6% of
lead acetate in distilled water, on day 10th of gestation, were dissected under stereo microscope. Testes were removed together with surrounding tissues
and fixed in 10% formalin.
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96<7  In embryos of this experimental
group, the testes appear in normal position. Sections of the Testis show scattered tubules-cords,
most of them are curved, in deeper position they are
mostly straight. The parts of tubules close to the
capsule are coiled or appear in the shape of question mark but of reverse direction. The peripheral
epithelial layer is intact, but most of the cells are
small in size with few scattered large cells with
rounded nuclei (Gonocytes). In some tubules there
are signs of degenerating Gonocytes. The center of
the tubule shows shrinking matrix and few scattered
Gonocytes (large cells with large rounded nuclei).
The shrinkage of central matrix gives the impression of appearance of lumen. Basal lamina is mostly indistinctive and there are fewer elongated peritubular cells. There are wider spaces between the
tubule-cords, containing loose connective tissue and
mesenchymal cells (Figure 2: A& B).

In section the tubules appear curved forming,
in subcapsular region a figure of question mark, and
more straight in deeper position. The peripheral
cellular layer of the tubule is epithelial like, and
cells are close to each other as a continuous layer
with sometimes distinct basal lamina, around which
there are elongated cells representing the Myoid
cells. The cells in the peripheral layer are of variable sizes: small and large globular or triangular and
large elongated. The latter represent the pre-Sertoli
cells. In the center of the tubule there is a large
number of large eosinophilic cells with rounded
large nuclei (Gonocytes). These cells are embedded
in a matrix (the central matrix). Some similar large
cells are also seen in between the cells of the peripheral epithelium. Interstitial tissue is not condensed and contains few scattered large cells and
small blood vessels (Figure 3: A, B &C).
96<7  This group concerns control
(normal) new born, of 1 day of age, in which case
the mother has not been exposed to Lead Acetate.
The Testes have descended to a level at inferolateral positions of the urinary bladder.

96<7  This group concerns control
(normal) new born, of 1 day of age, in which case
the mother has not been exposed to Lead Acetate.
The Testes have descended to a level at inferolateral positions of the urinary bladder.
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In section the tubules appear curved forming,
large elongated. The latter represent the pre-Sertoli
in subcapsular region a figure of question mark, and
cells. In the center of the tubule there is a large
more straight in deeper position. The peripheral
number of large eosinophilic cells with rounded
cellular layer of the tubule is epithelial like, and
large nuclei (Gonocytes). These cells are embedded
cells are close to each other as a continuous layer
in a matrix (the central matrix). Some similar large
cells are also seen in between the cells of the pewith sometimes distinct basal lamina, around which
there are elongated cells representing the Myoid
ripheral epithelium. Interstitial tissue is not condensed and contains few scattered large cells and
cells. The cells in the peripheral layer are of variasmall blood vessels (Figure 3: A, B &C).
ble sizes: small and large globular or triangular and

2478

$#

! % 

 





!"  ! 


96<7 In this group, the mother was exposed to Lead Acetate at the 10th day of gestation.
The tubules are less organized compared to control.
The peripheral cell layer is irregular or interrupted.
The basal lamina is not distinctive in all areas.
Gonocytes in the center are scanty and some show
degenerative changes. The number of Gonocyte
seen in-between the peripheral cells is less than

what has been seen in the control. There is shrinking in the central matrix with irregular spaces. In
some areas cellular degeneration involves a whole
tubule or groups of tubules. Inter tubular spaces
contain interstitial tissue and blood vessels. In some
regions there signs of hemorrhage in these spaces
(Figure: 4).
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96<7 This is a control group in which
new born at age of 2weeks after birth. The Testis
have descended down into a position, just under the
abdominal wall inferior to position of the urinary
bladder. Seminferous tubules are curved with elongated deeper side. There are 3 important features in
this stage: (1) there is obvious continuous lumen.
(2) The wall of the tubule is continuous and multilayered, with various types of cells: Spermatogonia,
Sertoli cells, and to deeper side there secondary
generations of spermatogonia. Usually there are 2-4
layers of cells in the wall. The lumen contains no
Gonocytes or matrix. The basal lamina is distinctive
with outer layer of Myoid cells. (3) The tubules are
enlarged and of large number. The inter- tubular
spaces are reduced very much and interstitial tissue
is condensed. Interstitial cells of Leydig could be
recognized by their large size and eosinophilic
cytoplasm (Figure 5: A&B).

96<7  In experimental group of 2
weeks of age of young mice, the seminiferous tu-

bules are intact and of normal shape, with obvious
lumen. The wall consists of multilayers of cells.
The basal layer is compact and surrounded by thin
Myoid cells. There are more loose rounded cells
toward the luminal side. Interstitial tissue is scanty
(Figure 6: A&B).


#%## 

The toxic effects of Lead compounds on reproduction were extensively studied by various
authors [11]. In male, the effect on adult testis and
sperm quality was a subject for a number of studies
[12]. These studies were extended into the effect of
exposure during embryonic life on the reproductive
parameters in postnatal animals [13]. The studying
of the effect of exposure of the pregnant mother to
Lead Acetate on development of the Testis was
following variety of methods of administration,
length of period of exposure, and the dose used.
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Most studies followed the method of administering
the Lead Acetate with drinking water for the whole
length of pregnancy and studying changes in postnatal period [9]. The study of Mogra et al. [8]
showed that exposing the pregnant mice in early
stages leads to failure of implantation and pregnancy. Administering the Lead Acetate from day 10 of
pregnancy leads to no gross morphological abnormalities, but may causes histological and functional
changes in the testis.
Garu et al. [9] studied the histological alterations in seminiferous tubule of young mice, that had
exposed to lead Acetate during the whole embryonic period, through the drinking water of the pregnant mothers. They demonstrated specific changes
in seminiferous tubules of postnatal animals. In the
study reported here the mother was exposed to
single i.p. injection of Lead acetate solution at the
10th day of the pregnancy that is at the period of
organogenesis [14]. This period was considered as
the critical period and sensitive in development of
the organs [15]. The period of studying the results
extends from the embryonic stage, where the testis
has developed and started to descend caudally, and
tubule-cords are solid and lack the lumen, having
only one layer of peripheral epithelium, to newborn
stage and the two weeks of postnatal age where the
Testis has descended down in the inferior part of
pelvic region, close to abdominal wall and skin.
Results in group I-A, which is the embryonic
stage of 16-17 day of pregnancy showed the tubulecords without lumen, and having peripheral layer of
epithelium. The cells in this layer are mostly preSertoli cells. In the center there are large rounded
cells with large rounded nuclei in a matrix. These
are the primordial germ cells that are going to give
rise to pre-spermatogonia (Gonocytes). These cells
tending to insinuate themselves in between the cells
of the peripheral layer.
In group I-B, there appear variable degrees of
alterations that include the reduction in number of
Gonocytes seen in the center of the tubule. This
indicates that germ cells are most sensitive to the
effect of Lead Acetate toxicity. This is also what
was concluded from studies on adult Testis [16,
17]. Germ cells are sensitive to increase in ROS [3].
Free radicles increase the chance of DNA damage
[18].
Results of group II-A, that is of control newborn show the development and growth of seminiferous tubules. Tubules are still without lumen. The
center contains large number of Gonocytes. A
number of these cells invaded the peripheral epithelium. Leydig cells in the interstitial tissue can be
recognized as large polyhedral with esinophilic
cytoplasm. That indicates these cells are functioning at this stage and secreting Testosterone.
In the experimental group of this stage (group
II-B), the seminiferous tubules show some disorganization and sometimes signs of degeneration.

There is less number of Gonocytes in the center,
this is apparent from comparing figure 4 with figure3, and fewer cells of the Gonocyte present in the
epithelial wall.
After birth, normal changes in histology of
seminiferous tubule is characterized by presence of
the lumen, multi layered epithelial wall that is consisting of insinuated Gonocytes which become
smaller to form Spermatogonia and Sertoli cells.
Usually no Gonocytes are left in the lumen. In
experimental group III-B, the seminiferous tubules
acquire lumen like in the normal development, but
still some Gonocytes fail to insinuate themselves
between the cells of the peripheral epithelium, as
some of these cells remain to the luminal side away
from the peripheral epithelium.


 %# 
The study includes description of histological
changes in the Testis during development from the
period of prenatal stage of 16 day of pregnancy to 2
weeks of postnatal life. The effect of a single dose
of Lead Acetate injected intraperitoneally during
the critical period of organogenesis, produces alteration in specific histological features, especially the
germ cells and to some extent other types of cells.
These changes may lead to important functional
disorders.
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In this experimental study, effects of the traditional and no-tillage systems on grain yield, energy
consumption and carbon dioxide (CO2) emissions
were compared in winter wheat production in
Southeastern Anatolia region of Turkey. The CO2
emissions associated with direct fuel and lubricant
oil consumptions have estimated according to the
Intergovernmental Panel on Climate Change
(IPCC) approach. The fuel consumptions per hectare were determined as 50.96 L and 13.1 L under
traditional and no-tillage systems, respectively. The
use of traditional system released 145.57 kgCO2 per
hectare, while the no-tillage system released only
37.42 kgCO2 per hectare. Under traditional tillage
system the plowing (79.3 kgCO2/ha) had a great
influence on total CO2 emissions, accounting for
54.5 % of total CO2 emissions. The grain yield
(6017 kg/ha) under no-tillage system was 796 kg
per hectare lower than that of traditional tillage
system. The specific fuel consumptions (SFC) were
7.78 L/t and 2.26 L/t under traditional and notillage systems, respectively. While 1 liter fuel was
consumed to produce 441.83 kg grain under traditional tillage system, 128.6 kg grain was obtained
per L fossil fuel consumed under the no-tillage
system. Compared to traditional tillage system, 5.52
L less fossil fuel in the other word 204 MJ less
fossil energy was consumed to produce per ton of
grain wheat. Under no-tillage system to produce per
ton grain wheat 243.6% less CO2 was released
during tillage and sowing practices compared to
traditional tillage system.

calories [1]. Agriculture is responsible for 9% of
greenhouse gas emissions for 2014. Greenhouse gas
emissions from agriculture come from livestock
such as cows, agricultural soils, and rice production. While CO2 emissions come from a variety of
natural sources, human-related emissions are responsible for the increase that has occurred in the
atmosphere since the industrial revolution. Agricultural land use and land cover changes, account for
about 20 percent of annual global emissions of
carbon dioxide (CO2) covers. A significant portion
of CO2 emissions due to agricultural activity can be
reduced by conservation agriculture [2].
Tillage is a technological operation which requires considerable working time input and ample
fuel consumption [3]. Traditional deep ploughing is
the least efficient and most energy-intensive tillage
method [4]. The use of reduced tillage technologies
or no-tillage practically does not alter or ever so
often even improves soil chemical and physical
properties and crop yields are often similar to those
obtained using traditional tillage technologies.
Calculations of energy balance of the different
technologies showed that reduced tillage technologies are often superior not only in terms of lower
working time input and fuel consumption but also
in terms of being more environmentallysustainable, i.e. they produce lower greenhouse gas
emissions [5]. With reduced energy input intensity
one can cut down on crop production costs and
contribute to sustainable agricultural development.
A well balanced management of energy input intensity is one of the top priorities of contemporary
energy policy, since energy is a critical factor of
socio-economic development of any country [6],
which enables safeguarding of energy security,
economic competitiveness and environmental protection [7].
Filipović et al., [8], evaluated five different
tillage systems and their influence on fuel consumption, labor requirement and yield of maize and
winter wheat production. The compared tillage
systems were: 1. traditional tillage system (CT), 2.
reduced tillage system (RT), 3. conservation tillage
system I (CP), 4. conservation tillage system II
(CM), 5. no-tillage system (NT). The crop rotation
was maize ($ + 60 L.) – winter wheat (/(1("2+

(&!"
Wheat, Tillage, Energy consumption, CO2 emissions
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The agricultural sector is already a large contributor to global energy use and greenhouse gas
(GHG) emissions, and the environmental impact of
agriculture is likely to increase as our population
grows to nine billion and requires more protein and
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$01(32+ L.) – maize – winter wheat. Comparing
the fuel consumption to CT system, RT system
consumed 6.8% less, CP system 12.1% less, CM
system 27.4%less, while NT system consumed even
82.7% less fuel. The labor requirement showed that
RT system saved 7.6%, while CP system required
21.8% less, CM system 38.6% less labor, respectively. NT system saved 81.7% of labor in comparison to CT system. The highest yield of maize in the
first experimental year was achieved under CT
system and the lowest under RT system. In all others experimental years the highest yield of winter
wheat and maize was achieved under CM system,
while the lowest under RT system.
Plow used high energy as compared to cultivator and no-tillage, for the farmers who cannot afford much inputs energy cost, cultivator can be
recommended to grow maize crop successfully on
the basis of energy input-output. Further studies are
also recommended for the researchers to carry out
such similar studies in maize crop. Memon et al.,
[9], compared plow with cultivator and zero tillage
in order to seed bed preparation for maize cultivation. The results showed that the highest maize
grain yield (4380 kg/ha) was in plow as compared
to (3972 kg/ha) in cultivator, while the lowest yield
was in (3136 kg/ha) zero tillage. The maximum
energy input was observed with plow (12387
MJ/ha) followed by cultivator (11383 MJ/ha) and
the lowest energy input was found in zero tillage
(11301 MJ/ha). Shamabadi [10] evaluated traditional tillage (CT), tow reduced tillage (RT1and
RT2) and direct seeding (NT) for sunflower production. The highest energy consumption (12.3
GJ/ha) and carbon emissions (248 kg C-eq/ha and
155 kg C-eq/t) were related to the traditional method. The least energy input (9.12 GJ/ha) and carbon
emission (183.3 kg C-eq/ha and 118.6 kg C-eq/t),
were related to NT method. In conservation tillage,

=4<2>*<276;@;<.5
-1(** &$0601$+
/ #(1(-, *0601$+

*:,.4;
Parcels of
no-tillage
Parcels of
traditional
method

input energy and fuel consumption per hectare were
30% and 90% lower than traditional method, respectively, but there was no reduction in yield and
energy output.
Lately, the comprehensive studies have been
performed on energy use and environmental assessment in different cultivation methods and crop
management systems for wheat and other agricultural products [11−54]. Even though a lot of work is
done with concerning the mechanization applications on seed yield and quality characteristics of
crops and effects of tillage systems on soil properties and plant developments, the studies concerning
the assessment of traditional and conservation tillage systems in terms of fuel consumption-derived
CO2 emissions are limited. Therefore, the main
objectives of the present study were to investigate
the fuel consumption with the adoption of no-tillage
and the effect in crop yield and to evaluate CO2
emissions for winter wheat cultivation.
#!"#"
#244*0. *6- =4<2>*<276 :7,.;;.; The experiment was carried out on production plots of 210
m2 (25 m ×8.40 m) in Koruklu Talat Demiroren
Research Station belong to GAP Agricultural Research Station in Sanlıurfa province of Turkey (36°
42′ N and 38° 58′ E, altitude 410 m). The experiment was carried out in a randomized block trial
design with two subjects and three replications. The
traditional and no-tillage systems, given in Table 1,
have been tested for winter wheat production in the
present study. The soil texture of the experimental
parcels is clay and soil characteristics of the parcels
given in Table 2.
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Sowing machine into stubble
Moldboard plow + disc harrow + scrubber + sowing machine
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operation, the fuel tank of the tractor was filled
fully, and then refilled fully at the end of each operation to determine fuel consumption. The fuel energy input was estimated multiplying the total fuel
consumption with diesel fuel energy equivalent. 
The energy input related to lubricant oil (EIo)
which occurs due to the consumption of engine oil
in wheat cultivation was determined by considering
of consumed oil by the engine of tractor per hour,
during the process of wheat cultivation. The oil
consumption of the tractor engine per hour was
determined by depending on the highest power take
off (PTO) shaft power of the tractor, which can be
formulated as follows [24]:
(2)
  0.00059 ×   0.02169

The traditional method of preparing the seedbed is based on plough and rotary harrow. However, the main disadvantage of this method is represented by excessive field traffic, high energy cost,
time limits during soil preparation, and bad weather
in the spring. Under the traditional system, after the
soil tillage with the moldboard plow is done, the cut
pieces are disassembled with disc harrow. Later,
after the scrubber was passed, the sowing was done
and the water was given. In the no-tillage system,
the sowing was carried out with the sowing machine with stubble. In the sowing of wheat, the
rows were arranged to be 14 cm apart. In wheat
cultivation, the planting standard is set at 25 kg/da.
In fertilizing process, 6 kg/da P2O5 and 18 kg/da
nitrogenous fertilizer were given in all parcels.
After the first irrigation, herbicide was applied for
weed control in all parcels. In the wheat development period, water was applied 3 times in total and
the irrigation was completed. The tillage implements were operated with the four-wheel drive
tractors with the engine power of 75 kW whereas
planting and cultivation operations were performed
with a tractor of 50 kW. The ears of wheat plant
were harvested during the period of harvesting.
Yields were calculated according to the moisture
value of 14%.
The effective field capacity of each implement
was determined in the operation conditions. The
task times for the tillage systems were measured by
using a chronometer in order to obtain management
data of farm machineries used in seedbed preparation. Fuel energy input for each application was
calculated based on the fuel consumption in the
operation conditions. At the beginning of each
operation, the fuel tank of the tractor was filled
fully, and then refilled fully at the end of each operation to determine fuel consumption. The fuel energy input was estimated multiplying the total fuel
consumption with diesel fuel energy equivalent.
The lubricant consumption of the tractor was calculated depending on its power as follows [24]:
(1)
 = 0004 × 

where;  is the oil consumption of the farm
tractor per hour (L/h) and + 5 is the maximum
PTO shaft power of the tractor (kW).
The maximum PTO shaft power (HSPmax) of
the agricultural tractor that was used for the cultivation process of rapeseed was considered as 88% of
its rated power (RPT, kW) and determined as follows [23]:
(3)
  0.88 × 
The oil energy amount that consumed per unit
area in wheat cultivation process was calculated
depending on the amount of oil that consumed by
engine of the tractor per hour during the cultivation
process, the lower calorific value of consumed oil
and work efficiency of the tractor per area, which is
defined as:
(4)
    ×  ×
where; +-is oil consumption of tractor engine
per hour (L/h), - is the lower calorific value of
oil (MJ/L) and 11 is working time of the tractor per
cultivated area (h/ha).
During cultivation operations in the field, the
lower calorific value of engine oil (SAE 40) was
taken into account as 38.2 MJ/kg [55].

*4,=4*<276 .<17-7470@ $;.- /7: *:+76
27?2-. 52;;276; Fuel consumption data were
obtained from direct measurements of diesel fuel
used. The lubricant consumption of the tractor was
calculated based on equation (1). The CO2 default
emission factors depending on fuel type based on
lower heating values are from IPCC, 1996, Volume
2, Section 1 [49].
The methods for calculating CO2 emissions
recommended by the  /-1-"-*  -!(*$
2(#$     3   *"2* 1(,&  +(00(-,0
%/-+ -!(*$ -2/"$0 2(# ,"$ 1- " *"2* 1(-,
4-/)0'$$10were used in this study.The following
equation outlines the recommended approach to
calculating CO2 emissions based on fuel use (assuming data is first obtained in terms of mass or
volume).

where;  is the oil consumption of the tractor in L per hour and 1 is the power of the tractor
in kW.
*4,=4*<2767/=.4*6-=+:2,*6<2476
;=58<276 The tillage implements were operated
with the four-wheel drive tractors with the engine
power of 75 kW whereas planting and cultivation
operations were performed with a tractor of 50 kW.
The effective field capacity of each implement was
determined in the operation conditions. The task
times for the tillage systems were measured by
using a chronometer in order to obtain management
data of farm machineries used in seedbed preparation. Fuel energy input for each application was
calculated based on the fuel consumption in the
operation conditions. At the beginning of each
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(8)
= / 
where;  is the specific grain production
based on fuel consumption (kg/L),  is grain
production per hectares (kg/ha) and  is fuel consumption (L/ha).
The specific grain production based on energy
consumption (SGPE) is the ratio of grain yield
(kg/ha) to energy consumption per hectare (MJ/ha).
The SGPE is the inverse of the SEC and indicates
grain production (kg) per MegaJoule (MJ) of energy consumption.
= /  


(9)
where; 
  is the specific grain production
based on energy consumption (kg/MJ), is grain
production per hectare (kg/ha) and  is energy
consumption (MJ/ha).
The specific grain production based on CO2
emission (SGPCO2) is the ratio of grain production
(kg/ha) to CO2 emission per hectare (kgCO2/ha).
The SGPCO2 is inverse of the  and indicates
grain production (kg) per kg of CO2 emission.


(10)
 = /  
where;  is the specific grain production
based on energy consumption (kg/MJ), is grain
production (kg/ha) and   is the total CO2 emission per hectare (kgCO2/ha).

 $+(00(-,02$*20$#5$ 1(,&3 *2$5
+(00(-,% "1-/
($0$*! 0$#   $+(00(-,0  ($0$* 20$# 5
$ 1(,&3 *2$5+(00(-,% "1-/
($0$*! 0$#   $+(00(-,0  /'  5  
/5 )& /
($0$*! 0$# $+(00(-,0)& /' 
2!/(" ,1 -(*! 0$#   $+(00(-,0 (* 20$#
5$ 1(,&3 *2$5+(00(-,% "1-/
2!/(" ,1 -(*! 0$#   $+(00(-,0/'  5
  /5  )& /
2!/(" ,1 -(*! 0$#   $+(00(-,0 
)& /' 

*4,=4*<276.<17-7470@$;.-/7:<1."8.
,2/2, *:*5.<.:; #1. "8.,2/2, =.4 76;=58
<276 The specific fuel consumption (SFC) and
specific grain production (SGP) were defined to
analyze the relationship between fuel consumption
and grain production. The value of the specific fuel
consumption (SFC) indicates the amount of fuel
consumed (L) to produce the unit quantity (t) of
grain product. 
 =  / 
(5)
where;  is the specific fuel consumption
(L/t),  is fuel consumption (L/ha) and  is
production (t/ha).


!"$#""$""

=.4 76;=58<276 *6- *:+76 27?2-.
52;;276 Fuel consumption values according to
replications for the cultivation methods applied in
wheat production are given in Table 3. The fuel
consumption per hectare was determined as 50.96 L
for the traditional system and 13.1 L for the notillage system. The 1-test was applied to evaluate
the relationship between fuel consumption and
cultivation systems used in wheat production, and
the results are given in Table 4. When examined the
data on Table 4, different cultivation systems’ effects on fuel consumption values is statistically
excessively important (.<0.001). As a result of the
statistical analysis made, there was a difference in
the level of 0.001 importance among the cultivation
systems. According to the mean fuel consumption
values, the traditional tillage system consumes
more 37.86 L fuel per hectare than no-tillage system. 1-values on Table 3 show negative relation
between the fuel consumption and the cultivation
systems. Filipovic et al., [8] found that the fuel
consumptions in wheat cultivation were to be
49.52±12.05 L/ha and 5.91±1.33 L/ha for the traditional tillage and no-tillage systems, respectively. In
the present study, the fuel consumption value
(50.96 L/ha) determined for the traditional system
is approximately similar to their result
(49.52±12.05 L/ha). On the other hand, Köller [56]
reported that the fuel consumption was to be 13.40
L per hectare under the no-tillage system. The fuel

#1."8.,2/2,6.:0@76;=58<276The specific energy consumption () is the ratio of energy consumption per hectare (MJ/ha) to grain yield
(t/ha) and indicates energy consumption (MJ) per
ton of wheat. 
= / 
(6)
where;  is the specific energy consumption (MJ/t),  is energy consumption per hectares
(MJ/ha) and is grain production (t/ha).

#1."8.,2/2,*:+7627?2-.52;;276The
specific carbon dioxide emission (SCO2) was defined to analyze the relationship between CO2
emissions and wheat production. The  is the
ratio of total CO2 emissions per hectare (kgCO2/ha)
to grain yield (ton/ha) and indicates CO2 emissions
(kgCO2) per ton of grain. 
 =  / 
(7)
where;  is the specific carbon dioxide
emission (kgCO2/t),  is the total CO2 emission
per hectare (kgCO2/ha) and is grain production
(t/ha).
#1. "8.,2/2, :*26 :7-=,<276 The three
different specific grain productions (SGP) were
defined based on fuel and energy consumptions and
CO2 emissions per hectare. The specific grain production based on fuel consumption (SGPF) is the
ratio of grain yield per hectare (kg/ha) to fuel (diesel and lubricant oil) consumption (L/ha). The GPF
is the inverse of the SFC and indicates fuel consumption (L) per kg of grain.
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(136.18 kgCO2/ha) released 120.4 kgCO2 higher
per hectare compared to the no-tillage (15.78
kgCO2/ha) for winter wheat production in Croatia
conditions. They have reported that the use of the
reduced tillage and the no-tillage systems saved
35.3–42.9% and 87.8–88.1%, respectively, thus
reducing part of the CO2 emission for maize ($ 
+ 60 L.), wheat (/(1("2+ $01(32+ L.), soybean
(*6"(,$+ 5 L.) and barley (-/#$2+0 1(32+ L.)
production in Croatia conditions. Koga et al., [57]
reported that the total CO2 emissions from fuel
consumptions were to be 826.2 kgCO2 and 701.5
kgCO2 per hectare under traditional and the reduced
tillage systems, respectively, for winter wheat (/(1
("2+ $01(32+ L.) production in Japan conditions.
They have reported that under reduced tillage systems in which soil preparation in early spring was
reduced and plowing after harvesting was omitted,
47.5 L/ha of diesel oil equivalent to 125.4 kg
CO2/ha could be saved, regardless of crop species.
Consequently, total CO2 emissions could be reduced by 15–29%, respectively, in winter wheat
production.

consumption value (13.1 L/ha) determined for the
no-tillage system in the present study for wheat
cultivation is very convenient to him result (13.4
L/ha).
The change of the total fuel consumption (diesel and lubricant oil) and related CO2 emission for
the cultivation systems is given in Fig. 1. Lubricant
oil consumptions per hectare were 0.5184 L and
2.0184 L for the no-tillage and the traditional systems, respectively (Table 4). In this case, the total
fuel consumption (diesel + oil) per hectare was
determined as 13.62 L for the no-tillage system and
52.98 L for the traditional system. Thus, the total
fuel consumption for the traditional system was
about 39.36 L (289 %) higher per hectare than that
of the no-tillage system.
The use of the traditional system released
145.57 kgCO2 per hectare, while the no-tillage
system released only 37.42 kgCO2 per hectare (Fig.
1). If the traditional system is used for winter wheat
production, 108.15 kgCO2 higher per hectare was
released compared to the no-tillage system. Filipovic et al., [8] found that the traditional tillage

# 
<.;<:.;=4<;/7:/=.4,76;=58<276*,,7:-260<7,=4<2>*<2765.<17-;
=4<2>*<2765.<17-;
No-tillage
Traditional tillage

=.4,76;=58<2761*.*6
13.10
50.96

"<*6-*:--.>2*<276
0.56
0.38

>*4=.

>*4=.

-96.487

0.000**

# 
2.;.4*6-4=+:2,*6<724,76;=58<276;*6-,:78@2.4-;/7:,=4<2>*<276;@;<.5;
=4<2>*<276;@;<.5
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Sowing
machine
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Figure 2 shows the total fuel (diesel and lubricant oil) consumptions and related CO2 emissions
according to agricultural equipments for the traditional system. The traditional tillage system is
based on a high intensity of soil engagement and
inversion of the soil with plough. The almost 54.5%
of the total fuel consumption (28.86 L/ha) was
accounted to the ploughing under the traditional
tillage system for winter wheat production. Since
the plough was the most fuel consuming tillage
implement, under the traditional tillage system the
plowing (79.3 kgCO2/ha) had a great influence on
total CO2 emissions, accounting for 54.5 % of total
CO2 emissions. Filipovic et al., [8] found that the
fuel consumption with the ploughing was to be
28.16 ±6.53 L/ha for wheat cultivation. In the present study, the fuel consumption value (28.86 L/ha)
determined for soil tillage with the plough is very
close to their result (28.16 ±6.53 L/ha) for wheat
cultivation. However, Koga et al., [57] found that
the fuel consumption value was to be 29.8 L/ha for
soil tillage with the plough under the traditional
tillage system in winter wheat production.
Bowers [58] has reported that the average fuel
consumption under the ploughing is to be 17.49
±2.06 L/ha, the chisel ploughing 10.20±1.50 L/ha,
while the no-till planter requires 4.02 ±1.03 L/ha.
Comparing these data to other sources, wide variations can be expected due to soil types, field conditions, working depths, etc. On the other hand,
Köller [56] reported that the fuel consumption under the ploughing was 49.40 L/ha and under the
chisel ploughing 31.30 L/ha. The average fuel consumption depends on soil texture, tillage system
and differences within stubble crops (winter wheat,
barley) and row crops (maize, soybean). For this
reason, significant differences in fuel consumption
have reported under traditional tillage and no-tillage
systems.

The fuel consumptions under the traditional
tillage system were 8.42 L/ha and 8.21 L/ha with
the disc harrow and seeding practices, respectively.
Koga et al., [57] found that the fuel consumptions
values for seedbed preparation with rotary harrow
in winter wheat production were to be 41.3 L/ha
and 20.7 L/ha under the traditional and reduced
tillage systems, respectively. They reported that the
fuel consumptions for sowing and basal fertilization
with drill seeder were to be 6.7 L/ha under the traditional and reduced tillage systems. On the other
hand, Filipovic et al., [8] found that the fuel consumption with the disc harrow and planter for
wheat cultivation were to be 6.38±3.30 L/ha and
3.34±0.88 L/ha, respectively.
Figure 3 shows the total energy consumptions
related to diesel and lubricant oil consumptions
with the agricultural equipments under the traditional and no-tillage systems for winter wheat production. Under the traditional system, 2473.5 MJ of
fossil fuel (diesel+lubricant oil) energy was consumed per hectare, while the total energy consumption was 505.81 MJ/ha under the no-tillage system.
The total energy consumption under the no-tillage
system was 1967.7 MJ per hectare lower than that
of the traditional tillage system. Compared to the
no-tillage system, it is clear that about 5 times more
energy per hectare was consumed under the traditional system.
:*26 (2.4- The 1-test was applied to evaluate the relationship between grain yield and cultivation systems used in wheat production, and the
results are given in Table 5. Different tillage systems affect the yield parameters. 1-test results show
that tillage systems effects on yield values is statistically important (.<0.05). The traditional cultivation system affected mean yield values positively.
No-tillage system reduced the wheat yield values
more than 796 kg per hectare according to the traditional tillage system. 
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(SCO2) indicates the amount of CO2 released
(kgCO2) to produce the unit quantity (t) of grain
product. The lower value of the SCO2 means the
environmental sustainability of production is higher. If the traditional tillage system is used for winter
wheat production, 15.15 kg higher CO2 was released per ton grain compared to the no-tillage
system. Under the no-tillage system to produce per
ton grain 243.6% less CO2 was released during the
tillage and sowing practices compared to the traditional tillage system.
Figure 5 shows of change of the specific grain
productions under the traditional and no-tillage
systems. The specific grain production based on
fuel consumption (SGPF; kg/L) is the inverse of the
SFC and was defined as the ratio of the total
amount of harvested grain product (kg) to the total
amount of fossil fuel (L) consumed for seed bed
preparation and sowing practice. The SGPF indicates the amount of grain (kg) produced per litre
(L) fossil fuel consumed under the applied system.
The higher value of the SGPF means the efficiency
of fuel use in production system is higher. The
SGPF in winter wheat production were 128.60 kg/L
and 441.83 kg/L under the traditional tillage and the
no-tillage systems, respectively (Figure 5). Consid-

Figure 4 shows of change of the specific fuel
and energy consumptions and CO2 emissions under
the traditional and no-tillage systems. The specific
fuel consumption (SFC; L/t) was defined as the
ratio of the total amount fuel (L) consumed under
tillage system to the total amount of harvested grain
(t). The value of the SFC indicates the amount of
fuel consumed (L) to produce the unit quantity (t)
of grain product. The value of the specific energy
consumption (SEC) indicates the amount of energy
consumed (MJ) to produce the unit quantity (t) of
grain product. The lower values of the SFC and the
SEC mean the energy efficiency of production is
higher. The values of the SFC were 7.78 L/t and
2.26 L/t under the traditional and no-tillage systems, respectively (Figure 4). Taking into account
the SFC and SEC values, while 7.78 L fossil fuel
(diesel+lubricant) or 288.81 MJ fossil energy was
consumed to produce 1 ton grain wheat under the
traditional tillage system, only 2.26 L fossil fuel or
84.06 MJ fossil energy was consumed per ton
wheat production under the no-tillage system.
Compared to the traditional tillage system, 5.52 L
less fossil fuel in the other word 204 MJ less fossil
energy was consumed to produce per ton of wheat.
The value of the specific energy CO2 emission
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bed preparation and sowing practice. The SGPE
indicates the amount of grain (kg) produced per
megaJoule (MJ) fossil energy consumed under the
applied system. The higher value of the SGPE
means the efficiency of energy use in production
system is higher. The SGPE in winter wheat production were 3.47 kg/MJ and 11.90 kg/MJ under the
traditional tillage and the no-tillage systems, respectively (Fig.5). This means that 8.43 kg more
grain are obtained per MJ of fossil energy consumed under the no-tillage system compared to the
traditional tillage system.
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" Maxim, dormancy release, low temperature treatments, the germination rate, endogenous hormone
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This paper discussed the changes of endogenous hormones in the process of dormancy release
of  " Maxim. seeds treated at low temperatures, and laid a foundation for further exploring it’s dormancy release mechanism. The dynamic
changes of endogenous hormones at low temperatures were determined by high performance liquid
chromatography (HPLC). The results showed that:
(1) The germination rate was highest after treatment
for 60 d at 5°C. (2) The Indole acetic acid (IAA)
content showed “decrease-rise-decrease” at 5°C and
12°C, and “decrease-rise” at 10 °C and 15°C. The
IAA content was significant differences (p<0.01)
between 60 d and 20d, 40d. (3) The content of GA3
(Gibberellin A3) showed “decrease-rise” at 5 °C and
10 °C, and “decrease-rise-decrease” at 12 °C and 15
°C. The changes of GA3 content were consistent at
different temperatures from 0d to 40d, but was
extremely significant between 40d and 60d. (4)
Except for 12 °C, the ZR (trans-Zeatin-riboside)
content was significantly (p<0.01) different between 60d and 0d, 20d and 40d. (5) Overall, the
ABA (abscisic acid) content showed a downward
trend. The ABA content of the untreated seeds was
significantly different from which were treated at
5oC, 10oC, 12oC, and 15oC treatment for 20d, 40d
and 60d(p<0.01). (6) The germination rate was
significantly and negatively correlated with the
ABA content, but it was positively correlated with
the following hormone ratios: GA3/ABA, ZR/ABA,
(IAA+GA3)/ABA, (IAA+ZR)/ABA, (GA3+ZR)/
ABA, and (IAA+GA3+ZR)/ABA. It is concluded
that all the low temperatures had effects on the
dormancy release of the seeds. However, the seeds
from Xinyang tended to the dormancy characteristics of the warm-temperate plants, and the lower
temperature was conducive to dormancy release.
The endogenous hormonal responses in the seeds of
"Maxim. in Xinyang were sensitive and
varied. The content of ABA and the ratio of
GA3/ABA may be the key factors for the release
dormancy.



!&$"'&"!

 " Maxim is a deciduous tree
of the genus  of the family Flacourtiaceae. It
is native to tropical or subtropical. It’s oil content is
high and is called a “beautiful tree depot”. However, the natural germination rate is generally low,
and natural regeneration is difficult, resulting in a
decrease in natural populations and limiting their
development succession. Several studies have reported the methods to improve the germination rate,
for example, removing the waxy outer layer of
seeds [1], soaking and adding plant growth regulators [2], immersing in alkaline and straw ash water
[3], dewaxing [4], and low-temperature and wet
sand treatment [5]. Although the germination rate
of seeds can be improved via the above methods,
the result is not ideal. Wang [6] found that the seed
of"Maxim.possesses dormancy character.
Many factors affect seed dormancy [7], and
plant hormone is the most important endogenous
factor regulating seed dormancy, and is directly
involved in seed dormancy release [8-10]. ABA,
IAA, GA3 and ZR (trans-Zeatin-riboside) have
major roles in the regulation of dormancy release of
the seed. Changes in hormone content, as well as
interactions between different hormones, have a
great influence on seed dormancy and germination.
Different provenances of "Maxim.
seeds have different dormancy release effects by
different low temperature treatments [11]. However, there is a lack of works on endogenous changes
of "Maxim. seeds. Therefore, the aim of
this study was to investigate the changes in endogenous hormone content in seeds of  "
Maxim. fromXinyang, which is located in the transition zone from the northern subtropic to the warm
temperate. In the process of the dormancy release at
low temperatures treatments, the dynamic changes
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of plant endogenous hormones were explored, and
the relationship between the endogenous hormone
and the seed germination rate were analyzed. The
results provided an important information for the
mechanism of dormancy release of the seed of 
" Maxim. and the theoretical basis and
technical support for breeding.


&$%! &"%

,<0:4,5; The seeds of "Maxim.
were collected from Xinyang Kikungshan (114°5'E,
31°50'N) of Henan Province, which belongs to the
transition zone from the northern subtropic to the
warm temperate, with an average annual temperature of 12 °C, an extremely highest temperature of
39.6 °C, and an extremely lowest temperature of 17 °C. The ≥10 accumulated temperature is 4800
. Frost-free period average is 250 d. Average
rainfall is 1300 mm annually, and average sunshine
is 2100 h annually.

the germination rate of untreated seeds was 38.3%.
The germination rate treated at low temperatures
increased over time, indicating that the four kinds
of temperatures can effectively release dormancy.
The germination rate reached the maximum after 60
d treatment at all 4 low temperatures while the
germination rate was the highest (94.67%) at 5 °C.
The germination rate did not show significant difference between the 5 °C and 10 °C after 60 d
(p>0.05), but the difference was significant between
5 °C and 12 °C, as well as 5 °C and 15 °C (p<0.01).
The results indicated that the dormancy release of
seeds from Xinyang was not completely dependent
on the range of the low temperature. However, the
dormancy characteristic was partial to the plant
seeds in the warm temperate, and lower temperature
was conducive to dormancy release.

110.<8158?<0690:,<=:087<30.3,720;81
<30.87<07<81 ,@46%00/;In
the process of dormancy release (Fig.1), the IAA
content showed “decrease-rise-decrease” trend at
5°C, and 12°C, but “decrease-rise” trend at10°C
and 15°C. At low temperatures, the difference of
the IAA content was significant (0.01) between
60 d and 0d, 20d, 40d, but it was not significant
between 60 d and 0 d>0.05.

110.<8158?<0690:,<=:087<30.3,720;81
<30   .87<07< 81   ,@46 %00/;
The GA3 content showed “decrease-rise” trend at 5
°C and 10 °C, and “decrease-rise-decrease” at 12
°C and 15 °C. From 0d to 40 d, the changes of the
GA3 content at low temperatures were consistent
(Fig.2). The difference of the GA3 content between
40d and 60d was extremely significant at low temperatures (0.01).

0<38/; The wet seeds of "Maxim were put in artificial climate chambers (LRH250-GSI) at low temperatures (5 °C, 10 , 12 ,
15 ) for 60d. 0d treatment was the control (CK).
In the low-temperature treatment process, the dynamic changes of endogenous hormones were
measured every 20 days by To test the seeds germination rate, the seeds were sampled at 0 d, 20 d, 40
d, and 60 d, then placed in Petri dishes (100 seeds
per dish) and kept at variable temperature (15°C/
25°C, 12 h each). The number of germinated seeds
was counted every 5d. Each treatment was replicated three times.
,<, 9:8.0;;472. Excel, Origin and SPSS
were used to process and analyze the data.

110.<8158?<0690:,<=:087<30.3,720;81
<30 +$ .87<07< 81   ,@46 %00/;
The ZR content was “rise” at 5 °C, “decrease-rise”
at 12 oC, and “rise-decrease” at 10 °C, and15
°C(Fig.3). Except for 12 °C, the difference of the
ZR content was significant (p<0.01) between 60 d
and 0 d, 60 d and 20 d, 60 d and 40 d.

$%'&%

110.< 81 58?<0690:,<=:0 87 <30 ;00/ 20:
647,<487 :,<0 81  985A.,:9, ,@46 from
Xinyang.Based on the results showed in Table 1,



& 
&30/4110:07.081<30;00/20:647,<487:,<081 ,@46,<  ,1<0:58?<0690:,<=:0
<:0,<607<;
Treatment days (d)
Pre-chilling temperature () and GR
5
10
12
15
0d
38.3±0.4gH
38.3±0.4gH
38.3±0.4gH
38.3±0.4gH
20 d
79.3±0.2eF
71.7±0.8fG
72.0±1.3fG
68.7±1.1fG
40 d
90.0±0.6bBC
86.0±0.5cdCD
88.7±0.3bcBCD
83.3±2.7dDE
60 d
94.7±1.1aA
92.0±1.2abAB
89.3±0.8bcBC
89.0±1.6bcBC
Note: Different lowercase letters in the same column indicating significant difference (0.05), different capital letters indicate extremely significant difference (0.01). The same is true forTab.2-Tab.5 below. GR stands for the germination rate in
Tab. 1-5.
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'$ 
&30.3,720;81<30.87<07<81 ,@46;00/;1:86)47A,72,<58?<0690:,<=:0;

0d(CK)

'$ 
&30.3,720;81 .87<07<81 ,@46;00/;1:86)47A,72,<58?<0690:,<=:0;





'$
&30.3,720;81<30+$.87<07<81 ,@46;00/;1:86)47A,72,<58?<0690:,<=:0;
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Processing time

'$
&30:,<48.3,720;81 +$ 81 ,@46;00/;1:86)47A,72,<
58?<0690:,<=:0;

110.<8158?<0690:,<=:087<30.3,720;81
<30  .87<07< 81   ,@46 %00/;
The ABA content decreased at low temperatures. It
decreased rapidly at the first 20 d, then decreased
slightly in the next 40 d(Fig.4). The ABA content
of untreated seeds was significantly different from
the seeds treated at 5 °C, 10 °C, 12 °C, and 15 °C
(p<0.01), indicating that different low-temperature
treatments had a great influence on the ABA content.

110.<8158?<0690:,<=:087<30.3,720;81
 +$  81   ,@46
%00/; The ratio of (IAA+GA3+ZR)/ABA gradually
increased over time (Fig.5). The difference of the
ratio was not significant between 5 , 10 , and12
 (>0.05), but was significant ( < 0.01) between
15  and 5 , 10 , and12 .

The changes of the ratios were almost consistent with GA3/(ABA+IAA), ZR/(ABA+IAA),
(GA3+ZR)/(ABA+IAA), and the trends of the ratio
were almost the same as (IAA+ZR)/ABA,
(GA3+ZR)/ABA, (IAA+GA3)/ABA, ZR/ABA,
IAA/ABA and GA3/ABA(Fig.6).
&30 .8::05,<487 -0<?007 07/82078=; 38:
6870 ,7/<30 ;00/ 20:647,<487:,<0 ,< The
germination rate was positively correlated with the
IAA and ABA content, but it was correlated with
the ZR content. The germination rate was positively
correlated with the following ratios: GA3/ABA,
ZR/ABA, (IAA+GA3)/ABA, (IAA+GA3+ZR)/
ABA, (IAA+ZR)/ABA, (GA3+ZR)/ABA, ZR/
(ABA+IAA), GA3/ (ABA+IAA) and (GA3+ZR)/
(ABA+IAA) (Tab.2).
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&30.3,720;81<3007/82078=;38:6870:,<48;81 ,@46;00/;1:86)47A,72,<58?
<0690:,<=:0;
& 
&30.8::05,<487-0<?00707/82078=;38:6870.87<07<,7/<3020:647,<487:,<081
,@46,<
+$
$



 
IAA
1
ABA
.784**
1
-.254
.401
1
GA3
ZR
-.891**
-.962**
.180
1
GR
-.793**
-.971**
.338
.983**
1
Note: * * significant correlation at 0.01 level (bilateral) * significant correlation at 0.05 level (bilateral) the same
below (Tab.6-Tab.17)


& 
&30.8::05,<487-0<?007<30:,<488107/82078=;38:6870,7/<3020:647,<487:,<081
,@46,<
IAA/ABA
GA3/ABA
ZR/ABA

 

1
-.527
-.094

 

1
.894**
*

(IAA+GA3)/ABA

.351

.611

(IAA+ZR)/ABA

.917**

-.146

-.423

**

(GA3+ZR)/ABA
(IAA+GA3+ZR)/
ABA
GR

.231
.315

.993

.705*
.612*

+$ 


1
.897*
*

.310
.941*
*

.946*
*

.896
*

  


+$ 


 +$ 


 +$ 


$

1
.694*

1

*

-.028

1

.992**

.599*

.784**

1

.968**

.659*

.701*

.968**

.700

*
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1
.930**
.996**
.587*

GA3/(ABA+IAA)
ZR/(ABA+IAA)
(GA3+ZR)/(ABA+IAA)
GR

+$ 

 +$ 

$

1
.961**
.839**

1
.660*

1


&
&30.8::05,<487-0<?00707/82078=;38:6870.87<07<,7/<3020:647,<487:,<081
 ,@46,< 
+$
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IAA
1
ABA
-.327
1
GA3
.603*
.466
1
ZR
.401
-.682*
.965**
1
GR
-.549
-.962**
.293
.528
1

&
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IAA/ABA
GA3/ABA
ZR/ABA
(IAA+GA3)/ABA
(IAA+ZR)/ABA
(GA3+ZR)/ABA
(IAA+GA3+ZR)/ABA
GR

 

1
.826**
.175
.992**
.995**
.952**
.998**
.401

 


+$ 


 


+$


 +$


 +$ 


1
-.348
.890**
.772**
.925**
.853**
.826**

1
.064
.273
.035
.147
.700*

1
.976**
.975**
.997**
.757**

1
.933**
.990**
.878**

1
.969**
.710**

1
.809**

$

1


&
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  +$    +$ 
$
GA3/(IAA+ABA)
1
ZR/(GA3+ABA)
-.888**
1
.639*
-.213
1
(GA3+ZR)/(IAA+ABA)
.404
.330
.306
1
GR


ABA, (IAA+GA3+ZR)/ABA, GA3/(ABA+IAA)
&30 .8::05,<487 -0<?007 <30 07/82078=;
and (GA3+ZR)/(ABA+IAA) (Tab.9 and Tab.10).
38:6870 ,7/ <30 ;00/ 20:647,<487:,<0 ,< 

The ABA content was negatively correlated with
&30 .8::05,<487 -0<?007 <30 07/82078=;
the germination rate (Tab.5). The germination rate
was positively correlated with the following hor38:6870 ,7/ <30 ;00/ 20:647,<487:,<0 ,< 
As shown, the ABA and IAA content were negamone ratios: GA3/ABA, ZR/ABA, (IAA+GA3)/
ABA, (IAA+ZR)/ABA, GA3+ZR)/ABA and (IAA+
tively correlated with the germination rate at 15
GA3+ZR)/ABA (Tab.6, Tab.7).
(Tab.11), but they were positive correlated with the

GA3 content. The germination rate was positively
&30 .8::05,<487 -0<?007 <30 07/82078=;
correlated the following ratios: GA3/ABA,
ZR/ABA, (IAA+GA3)/ABA, (IAA+ZR)/ABA,
38:6870 ,7/ <30 ;00/ 20:647,<487:,<0 ,< 
(GA3+ZR)/ABA, (IAA+GA3+ZR)/ABA, GA3/
At 12, the ABA content were negatively correlat(ABA+IAA) and (GA3+ZR)/(ABA+IAA) (Tab.12
ed with the germination rate, but they were posiand Tab.13).
tively correlated with GA3 and ZR content (Tab.8).

The germination rate was positively correlated with
the following ratios: GA3/ABA, ZR/ABA,
(IAA+GA3)/ABA, (IAA+ZR)/ABA, (GA3+ZR)/
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IAA
1
ABA
.081
1
GA3
.505
.887**
1
ZR
-.457
.845**
.534
1
GR
-.212
-.957**
.718**
.959**
1
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IAA/ABA
GA3/ABA
ZR/ABA
(IAA+GA3)/ABA
(IAA+ZR)/ABA
(GA3+ZR)/ABA
(IAA+GA3+ZR)/ABA
GR

 


 


+$ 


  


+$ 


 +$ 


1
.871**
.443
.998**
1.000**
.928**
.999**
.487

1
.084
.899**
.862**
.980**
.892**
.846**

1
.405
.466
.282
.427
.794**

1
.997**
.947**
1.000**
.813**

1
.924**
.998**
.857**

1
.944**
.629*

 
+$ 


$

1
.825**

1
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  +$   +$ 
$
GA3/(ABA+IAA)
1
ZR/(ABA+IAA)
-.406
1
(GA3+ZR)/(ABA+IAA)
.967**
-.159
1
.075
.924**
1
GR
.875**

& 
&30.8::05,<487-0<?007<3007/82078=;38:6870.87<07<,7/<3020:647,<487:,<081
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+$
$



 
IAA
1
ABA
.894**
1
GA3
.580*
.882**
1
ZR
.108
.056
.083
1
GR
-.897**
-.977**
.856**
.265
1
& 
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IAA/ABA
GA3/ABA
ZR/ABA
(IAA+GA3)/ABA
(IAA+ZR)/ABA
(GA3+ZR)/ABA
(IAA+GA3+ZR)/
ABA
GR

 

1
.958**
.773**
.997**
1.000**
.951**
.996**

 


+$ 


  


+$ 


 +$
 

(IAA+GA3+ZR)/
ABA

1
.888**
.978**
.963**
.999**
.980**

1
.812**
.787**
.905**
.820**

1
.998**
.972**
1.000**

1
.957**
.997**

1
.975**

1

.396

.825**

.993**

.738**

.711**

.847**

.748**
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  +$   +$  $
GA3/(IAA+ABA)
1
ZR/(IAA+ABA)
.704*
1
(GA3+ZR)/(IAA+ABA)
.991**
.793**
1
.401
.599*
1
GR
.609*
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110.< 81  87 ;00/; /8:6,7.A :050,;0
The seed dormancy and node germination are conThe previous study indicates that seed germination
trolled by ABA [22]. It has been reported that
can be promoted by IAA. The increasing IAA conwhether seeds remain dormant or germinate detent helps increase germination rate [12]. However,
pends on their sensitivity to ABA, rather than their
some studies also show that an elevated IAA conABA content [23]. Changes in ABA signals can
tent can contribute to seed dormancy [13]. Whether
release seed dormancy to some extent [24]. Thus,
IAA promotes or inhibits dormancy depends on the
the content and function of ABA, as well as tissue
IAA concentration and the type of seed [14].
sensitivity to ABA, affect seed dormancy and gerSprouting in the ear of wheat was effectively inhibmination [25]. Under different temperature treatited by applying IAA solution to  
ments, the ABA content in the seeds of "
L. at the mature stage [15].  
Maxim. was significantly negatively correlated with
germination was promoted by IAA at a low concenthe germination rate, indicating that the reduction of
tration and inhibited by IAA at a high concentraABA would help to relieve dormancy of "
tion. The sensitivity to IAA vary from plant species
 Maxim seeds. These results are similar to those
to plant species [16]. Under high salt conditions,
for  [26], ""
exogenous IAA regulates germination of 
[27] and !(Pilger) Rehd [28], !
 seeds, and the inhibitory effect becomes stronger
" [29].
with increasing IAA concentrations [17]. The large

amount of IAA produced by transgenic 
110.< 81   87 ;00/; /8:6,7.A :050,;0
iaaM-OX strongly inhibit the germination of its
Gibberellin is one of growth hormones with the
seeds [18]. These studies indicate that auxin plays
function of releasing dormancy, which is conducive
an important role in regulating seed germination,
to activating the activity of enzymes related to meand mainly has an inhibitory effect [19]. In addition
tabolism in seeds, therefore seeds can germinate
to ABA, IAA is one of the most important horsuccessfully. This study indicated that GA3 could
mones in seed dormancy. Both induce and maintain
promote seed germination but it was not signifiseed dormancy [20]. In this study, the germination
rate was negatively correlated with the IAA content
cantly correlated with the germination rate at 5
and 10. However, the GA3 content was positively
at 5 and 15, indicating that a higher IAA content might inhibit the germination of seeds during
correlated with the germination rate at 12 and
the dormancy release process of " Max15, indicating that GA3 can promote the seed
im.
dormancy [30].


110.<81+$87;00/;/8:6,7.A:050,;0 ZR
110.< 81 /A7,64. -,5,7.0 87 ;00/; /8:
is an important form of cytokinin (CTK) transport
6,7.A :050,;0 Early genetic studies show that
in xylem. CTK can promote cell division, counterABA and GA3 inhibit each other's synthesis [31].
act the material that inhibits germination and reguABA and GA3 play decisive roles in the process of
lates the material and energy metabolism in the
seed dormancy and germination [32-33]. Whether
process of seed development. Yang [21] concluded
seed dormancy or germination depends on the relathat CTK mainly promotes the release of dormancy
tive content of ABA and GA3 [7]. At 5, the GA3
and subsequent germination by improving the biocontent showed a “decrease-rise-decrease” trend,
synthesis of ETH. The ZR content in "
and the germination rate was positively correlated
Maxim. seeds was very low, and the change of the
with the GA3/ABA ratio, indicating that the seed
ZR content varied markedly depending on temperagermination rate of  " Maxim. was afture. At 5, 10 and 12, the germination rate
fected by the co-operative actions of GA3 and ABA
was positively correlated with the ZR content. The
[34].
ZR content was increased in the low temperature
Similar to auxin, ABA has the effect of inhibtreatment, and therefore promoting dormancy reiting germination. When seeds germinating, ABA
lease.
was shown to inhibit hypocotyl elongation via en
hancement of the auxin signal [35]. Auxin interacts

with ABA in the regulation of seed germination and
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other developmental processes [36]. Auxin was
found to promote bud dormancy of 
" L. [37]; Under drought conditions,
however, plants reduced the growth of lateral roots
to resist drought, and ABA and auxin were antagonistic to each other [38], indicating that the relationship between auxin and ABA is not always
fixed. Their relationship may change in different
physiological processes. At different low temperatures, endogenous hormones in the seeds of "
 Maxim. played important and differential
synergistic effects.

[3] Wang, L.Y., Tao, C.F. (2002) The cultivation
techniques of " Maxim. Practical forestry technology. (9), 19-20.
[4] Zhou, J.B., Jiang, Y., Zhao, Z.R., Cai, M., Fu,
S.L., Fu, S.L. (2015) Improvement of seed
germination of  " by dewaxing
and low temperature treatment in moist sand.
Journal of Anhui Agricultural University. 42,
159-164.
[5] Tang, X.S., Ye, Y., An X.L., Tang, L. (2013)
Effect of Different Storage Methods on Seeds
Germination of". Seed. 12, 1620.
[6] Wang, Y.M., Wang, H.Y., Dai, L., Li, F., Liu, Z.
(2015) Effect of Different Low Temperature
Treatments on Breaking " Seed
Dormancy among 12 Provenances. Journal of
Shandong Agricultural University. 4, 51-56.
[7] Yu, M., Xu, H., Zhang, H., Zu, Y. (2016) Regulation of plant hormones on seed dormancy and
germination. Plant Physiology Communications. 52, 599-606.
[8] Chen, Q.L., Guo, Y.H., Jiang, Y., Tu, P. (2016)
Mechanism of fluridone-induced seed germination of cistanche tubulosa. Pakistan Journal of
Botany. 48, 971-976.
[9] Pawlowski, T.A., Staszak, A.M. (2016) Analysis of the embryo proteome of sycamore (
 L.) seeds reveals a distinct
class of proteins regulating dormancy release.
Journal of Plant Hysiology. 195, 9-22.
[10]Álvarez-Flórez, F., López-Cristoffanini, C.,
Jáuregui, O., Melgarejo, L.M., LópezCarbonell, M. (2017) Changes in ABA, IAA
and JA levels during calyx, fruit and leaves development in cape gooseberry plants ( "
  L.). Plant Physiology and Biochemistry. 115, 174-182.
[11] Wang, Y.M., Wang, H.Y., Dai, L., Li, F., Liu,
Z. (2015) Effect of Different Low Temperature Treatments on Breaking Idesia polycarpa
Seed Dormancy among 12 Provenances. Journal of Shandong Agricultural University.
46(1), 51-56.
[12]Li, B.Z., Wu, Y., Tian, R.H., Suo, L.D., Li, X.
(1998) Changes of Endogenous Plant hormones in the Seeds of  
during dormancy and Post-Maturation. Plant
physiology communications. 34, 254-256.
[13]Zhao, Y.H., Yang, S.L., Liu, H.Q. (2001) Dynamics of endogenous hormone in American
ginseng seed during morphological afterripening period and their regulation to embryo
development. Chinese Traditional and Herbal
Drugs 32(2), 159-162.
[14]Gao, W.Y., Li, Z.L., Xiao, P.G. (1996) The
changes of hormone in the process of breaking
dormancy in Firtillalria thunbergii Miq seed.
Chinese Traditional and Herbal Drugs 27(4),
231-232.

"!'%"!
Treatments at 5°C-15°C all had effects on the
dormancy release of  " Maxim. seeds
from the transition zone from the northern subtropical to the warm temperate. However, the dormancy
characteristics of  " Maxim. seeds from
Xinyang were favored to the dormancy characteristics of the warm-temperate plants, and the lower
temperature was conducive to dormancy release.
The endogenous hormones in the seeds of "
 Maxim. from Xinyang were sensitive to
different temperature treatments. The decrease in
ABA content at different temperatures facilitated
the dormancy release, while the dormancy release
of " Maxim. was dynamically balanced
by hormones such as GA3/ABA. Howeverthere
are differences in the synergy effects at different
temperatures.
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based on their own experience and pathological
section [2], while the invasiveness and heterogenicity of liver cancer are relatively significant, which
proceed along with peripheral vessels and tissues of
human body upon infiltration, thus even increasing
the judgment difficult on tumor margin. Therefore,
it is hard to thoroughly excise through operation,
causing the easy relapse and metastasis after operation, together with extremely poor prognosis, as
well as relapse rate in five years after operation
more than 70%. Moreover, frequently, it is easy to
excise some non-tumor tissues in the surgical operation. As one of most important organs in human
body, the liver functions are very complex, and the
excision of normal liver cell easily affects the postoperative metabolism, immunization and other
functions of the patients, causing the survival rate
in 5 years below 40%.

At current phase, the incidence situation of
liver cancer is not optimistic. In terms of liver cancer treatment, the first choice is the surgical treatment. But in the practical clinical operations, how
to make accurate identification on the tumor margin
is a problem very difficult to be solved by the medical circle. In recent years, the near-infrared fluorescence imaging technique is in relevantly frequent
development, which creates a chance and possibility for the further settlement of the problem. On the
basis of this clinical problem, a kind of new liver
cancer targeting near-infrared nanoprobe of high
sensitivity and high specificity can, combined with
near-infrared fluorescence imaging technique,
achieve the accurate identification of liver cancer
and tumor margin, so as to provide the solution for
this difficult problem.


+*"%&
Nanoprobe, Liver cancer, Near-infrared fluorescence
imaging, Targeting, Specificity, Sensitivity

!'%"('"!
Internationally, the liver cancer attacks severer
increasingly and now has become the cancer with
fatality rate ranked at the second place. World
Health Organization clearly pointed out relevant
data in the World Cancer Report 2014 [1] published
in 2014, and just in 2012, newly-increased people
with liver cancer in China takes more than 50%
worldwide, while the people died from liver cancer
also occupies more than a half of that worldwide.
Assuming that, keeping the current situation to
develop, it is expected that, within 2015-2030, the
people died from liver cancer in China will be more
than ten million, so that the emergent actions shall
be taken to improve the treatment effect.

(% 
#<9.1=><?/>?<1
Hence, in the practical clinical operation, how
to make accurate identification on tumor margin is
the problem hard to be solved by the medical circle
[3]. While in application of surgical operation for
excision of tumor, its key problem is how to identify the tumor margin. As for it, Chinese government
has approved the use of near-infrared fluorescence
dye – indocyanine green (ICG), mainly for imaging
in the liver cancer operation and the biopsy of tumor sentinel node [4]. However, as such indocyanine green cannot form the active targeting, how to
improve its imaging clinically is also an important
problem urgently to be solved. We try to synthesize
a kind of new probe to improve the imaging specificity with combination of near-infrared fluorescence imaging technique, to raise a solution for this
problem.

B:1<5718>-6 !1-<582<-<10 8-89:<9.1
At present, the method at first choice for treatment
of liver cancer clinically is the surgical operation,
for the reason that the operation can directly excise
the targeted focus. However, for the judgment on
the tumor location, the physicians mainly make

2506

$#

! %    





!"  ! 


The probe consists of three part: ligand identifying target in cancer cell, quantum dot able to be
motivated by near-infrared fluorescence, and linker
connecting above two.

shows the great imaging potential [8-13].

$?-8>?7 09>   &C8>41=5= -80 =>?0C 92
;?-8>?7 09> On account of gradually quicken
development of current imaging technique and
nanotechnology, one current research hotspot is the
application of molecular imaging probe in the biomedical field, including a typical nanotechnology:
quantum dot. In 2010, for the first time, the scientist
has published the paper and pointed out that, Ag2S
QDs near-infrared fluorescence has an excellent
emission property, and in China, some relevant
researchers also work out a kind of nanoprobe successfully with AG2S QDs, that is, Ag2S QDsIodinate Oil@DSPE-PEG2000-FA. Such probe is
of good biocompatibility, which can successfully
obtain good tumor targeting through its use in the
tumor-bearing mice, and also is a kind of new approach for targeted diagnosis and accurate judgment and identification on the tumor margin. Featured by good fluorescence imaging capacity, low
toxicity, high tumor intake and deep tumor penetrability, CuIns quantum dots show the strong nearinfrared (NIR) emission with 730 nm as center and
have the bright fluorescence and wide excitation
spectrum. On account of its unique specificity,
increasing attentions from the domestic circle are
paid to it in recent years.

53-80 Data show that, prepare 48 cell
blocks (30 of liver cancer and 18 of liver metastatic
cancer) through liver FNA (fine needle aspiration)
and label with glypican-3 (GPC-3). GPC-3 of about
97% patients with HCC can be immune to its expression. Through studies, it can be found that, the
sensitivity obtained from diagnosis on HCC with
GPC-3 is about 96.7%, and specificity can be up to
100% [5]. Another experience proves that, positive
rate of GPC-3 in liver cancer tissue is roughly equal
to 88.3%, while that of normal liver tissue is usually only 16.7% [6]. This series of experiences prove
that, GPC-3 can be taken as the new target of liver
cancer diagnosis.
Zhu et al, in the study, separated the polypeptide containing twelve amino acids out and signified by TJ12P1 [7], and found that the affinity of
corresponding GPC3 antibody can be 280.4±33.51
nM. It is worth noting that, TJ12P1 is of high specificity to GPC3 antibody, but does not fuse with
normal liver cell, so that the polypeptide can be
used for distinguishing the liver cancer tissue of the
patients and the normal adult liver tissue, which
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  B:1<5718>-6 =>1:= &C8>41=5= 92
?8&,8&;?-8>?7:958>Make CuI (0.2 mmol)
and zinc stearate (Zn(SA)2) (0.1 mmol), under the
magnetic stirring, and mix In(Ac)3 (0.2 mmol) and
OA (0.1 mmol) with 8.0 mL ODE and 1.0 mL DDT
in four-neck flask. Under argon protection and
magnetic stirring, heat the solution to 100 and
degas for 30min. Later, further heat it to the specific reaction temperature (210-290) under argon
atmosphere. After 60min, cool the reaction solution
to 150, and successively inject 2 mL sulfur precursor (0.1 M, in ODE/oleylamine, v / v 10/1) and
3mL zinc stearate solution (0.1 M, in ODE). After
reaction for 60min with temperature increased to
220, cool down to the room temperature, add the
cyclohexane in prepared CuInS/ZnS QD, add the
ethanol until it turns to turbid, and collect through
centrifugation (8000 rpm, 20 min). Implement more
than two times of purification with hexane/ethanol
(1/3) cosolvent through centrifugation, and disperse
ZCIS quantum dots obtained finally to the cyclohexane.


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

We synthesize CuInS quantum dots with
thermal synthesis method, and there is tiny swelling
(Left, Figure 3) at 460 nm around in its ultraviolet
absorption, showing the possible fluorescence
emission which is proved by subsequent experiences. Measure the fluorescence emission at 460 nm
and 600-800 nm strong fluorescence emission peak
(Right, Figure 3) can be obtained. Meanwhile, during the experience, the emission peak of quantum
dot and synthesis heating time are in close relation
(Figure 2). According to the Table 1, it can be obtained: Fluorescence intensity increases at first and
then decreases following the increase of heating
temperature, and increases at first and then decreases following the extension of heating time. From
the Table 2, it can be seen: Fluorescence wavelength shows a positive correlation with the heating
temperature, and such increase amplitude may
increase with the increase of heating time.
As the high fluorescence intensity cannot be
obtained at high penetrability (long wavelength),
we apply ZnS cladding to modify CuInS quantum
dot and finally obtain CuInS/ZnS quantum dot, and
Figure 5 Left is the contrast diagram of fluorescence intensities of quantum dot before and after
cladding. It is found that, fluorescence intensity of
quantum dot after ZnS cladding improves to a great
extent, together with a blue shit less than 20nm
which is the normal situation. Right figure in Figure
5 shows the scanning diagram of quantum dot under the electronic microscope. Through the analysis
on this diagram, it can be found that, the radius of
the quantum dot is roughly equal to 6nm, in roughly
consistence with our expectation, which also show
in even distribution, but without large-scale condensation.

#<9.1 =C8>41=5= As the synthesis of
CuInS/ZnS quantum point is supported by hightemperature oil phase system, to drive the following
extensive application of the quantum dot in biomedical field, relevant hydrophily modification
shall be made on it, with some steps facilitating its
functionalization. Exactly because of the existence
of above problems, we consider to synthesize the
hydrophilic quantum dot polyethylene glycol 1000
vitamin E succinate carboxylic group (tpgs) after

2508

$#

! %    





!"  ! 


10min. After the solution evaporation, disperse
these nanocrystals into the water again. Filter the
nanocrystal solution through 0.22-μmMCE injecting filter (Fisher Scientific). Wash the excess tpgs
with rotary filter (Millipore, 10K NMWL,
10000×g, 10 min) for multiple times, and then
disperse the nanocrystals in the water again for
further study.

modification, and then apply it in the fluorescence
living imaging. Its principle is use the interaction
between the hydrophobicity and Van Der Waals
force, and interaction (instead of replacement of
hydrophobic ligand) between the hydrophobic wake
of amphiphilic ligand and the hydrophobic ligand
on nanocrystal, and the nanocrystal micelles. Therefore, the carboxyl on the particle surface makes it
have good water solubility, change small in fluorescence intensity and keep relatively stable in PBS
solution within 24 h.
To connect TJ12P1 polypeptide to the quantum dot surface, the most direct method usually is
to connect the amidogen with polypeptide-linked N
segment to the carboxylation surface of quantum
dot through the carboxyamino reaction. Carboxyl
end on EDC/NHS activated quantum dot is used by
us, so that NH2- in the guanidine can have a neutralization reaction with carboxyl, that is, the carboxyl
loses a hydrogen ion, and accordingly, NH2- gets a
hydrogen ion. This is mainly because that the carbonyl in carboxyl induces the electron to be absorbed and OH oxygen electronegativity in carboxyl to be weakened, to decrease the binding capacity
on H, so as to achieve the connection of quantum
dot and polypeptide.

9881/>598 92 ;?-8>?7 09> A5>4 :96C:1:
>501 Dissolve CuInS/ZnS quantum dot (0.20 nmol)
into 2-(N-morpholino) ethyl sulfonic acid buffer
solution (MES buffer solution, 0.1 M, 150 μL, pH =
6.0). Add EDC (5.0 mg/mL, 50 μL) and Sulfo-NHS
(5.0 mg/mL, 50 μL) water solution into the quantum buffer solution, and apply the mild oscillation
incubation under room temperature for 1h. Take
phosphate-buffered saline (PBS buffer solution,
pH=7.4) as the elution buffer solution. Concentrate
the QD solution collected through the rotary filter
(10K NMWL, Millpore, 10000×g, 10 min) to 50μL,
and dissolve in the PBS buffer solution (250 μL, pH
7.4) again. Take TJ12P1 polypeptide into QD solution, and incubate under room temperature for 2h.
Transfer the mixture to the rotary filter (100K
NMWL, Millpore, 10000×g, 10 min) and concentrate to 50μL. And then add into the PBS buffer
solution (200 μL, pH 7.4) and mix again. Repeat
the washing step for 2 times to thoroughly eliminate
the free ligand. Finally, disperse the purified QD
(0.15 nmol) to PBS buffer solution (45 0μL, pH
7.4) again.

B:1<5718>-6 =>1:= #<1:-<->598 92 4C0<9
:4565/ ?8&,8& ;?-8>?7 09> Mix the hydrophobic nanoparticles (namely, CuInS/ZnS) (25
nmol) and modified tpgs (50nmol) in CHCL3 (5
mL). Mix the solution under the room temperature
and put overnight. Stir the obtained mixture for
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#<9.1 :1<29<7-8/1 -80 5>= :1<29<7-8/1
=>?0C Two obvious advantages of CuInS quantum
dot are: 1: There is fluorescence emission under
near-infrared condition; 2. There is no heavy metal
element. Therefore, in the application in fluorescence living imaging of biomedicine, the advantages of quantum dot are widely accepted. And
then, we also verify that the use of near-infrared
nanoprobe obtained through this method can be
effectively applied in the study of fluorescence
living imaging. Subsequent physicochemical, cell
and mice experience results show that, the probe
maintain the advantages including high fluorescence yield (7%, small particle diameter (20 nm
around)), high sensitivity, high specificity and low
toxicity, to provide certain solution for settlement
of difficult identification of tumor margin in human
operation.


"!(&"!
In recent years, the near-infrared fluorescence
imaging technique is in relevantly frequent development, which creates a chance and possibility for
the further settlement of the problem. On the basis
of this clinical problem, a kind of new liver cancer
targeting near-infrared nanoprobe of high sensitivity and high specificity can, combined with nearinfrared fluorescence imaging technique, achieve
the accurate identification of liver cancer and tumor
margin, so as to provide the solution for this difficult problem.
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necessitates the use of machinery and technologies
with more intricate applications [5].
With growing pressures to produce food for
growing populations globally, there is a need for
better understanding and quantifying its interlinkages with water and energy systems [6, 7, 8, 9].
Water assets vary around the world, even within
regions of a given country [10]. With regard to
quality, water can be categorized into three categories: blue, green, and grey. As a result of this classification, a map of water assets of 50 countries
around the world was drawn and virtual water flow
maps were created between countries. As sources of
irrigation, blue and green water have an important
role in agriculture. Blue water is defined as the
rivers, lakes, underground, and aquifer water. Green
water is accepted as rainfall water stored in the soil.
Grey water is defined as water that is somewhat
polluted, i.e. waste water, but which can be brought
to utilizable standards by processing [11]. Through
food trade, virtual water gets imported and exported: the export of water and the physical utilization
of water resources by the exporting country saves
water for the importing country [12]. In this sense,
on a global scale, Japan has 134 Gm3/year (80%
green, 9% blue, and 12% grey water). Mexico and
Italy follow at 83 and 54 Gm3/year, respectively, as
water saving countries [13].
Turkey, United States of America, India, Australia, Uzbekistan, and China, make up 49% of the
virtual global blue water export [13]. It has been
stated that these countries are, albeit partially, distressed when it comes to water [14, 15, 16]. In light
of this information, the sustainability and efficiency
of using limited water resources in the face of such
copious amounts of virtual water exports can be
questioned [13]. Moving from a global context to
the national level, countries need to identify policies, which would ensure the optimal use of existing natural resources as it plans for meeting food
demands of its future populations [17]. Accordingly, it is also needed to understand the regional and
transboundary impact of such policies [18, 19].

ABSTRACT
This study assesses the sustainability of crop
production system in Gediz Basin, Turkey and
develops forward-looking scenarios for optimal
utilization and sustainable allocation of its resources using the water, energy, and food (WEF)
Nexus holistic systems approach. Gediz basin data
for the year 2014 are used to analyze the current
situation and to develop future scenarios, including
climate change, urbanization, changes in water
sources, and technological developments in the
field of agricultural production. The study results
indicate that reduction in land availability as a consequence of urbanization and increased water scarcity due to climate change are inevitable. Moreover,
sustainably maintaining current levels of agricultural production requires that serious consideration be
given to the selection of drought resistant varieties
and new farming practices, such as direct planting
to reduce energy use and drip irrigation systems to
save water.

KEYWORDS:
Crop production, water requirement, fuel consumption,
climate change, land use, agricultural technologies

INTRODUCTION
Globally, agriculture accounts for about 70%
of water use [1]. Agriculture is also an important
input for energy production. With water and energy
as inputs, it is possible to manufacture bio-energy
products or to recycle energy through biomass [2,
3]. Thus, water, energy, and food resource systems
are tightly interconnected and interdependent [4].
As it is increasingly apparent through sudden
changes in weather patterns, rainfall amounts, and
temperature increases, climate change will continue
to affect agricultural production levels, bringing
forward risks that cannot be overlooked: increased
environmental awareness in agricultural operations
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The Gediz Basin covers 1.922 % of the total
area of Turkey and is part of the Aegean region and
Mediterranean rainfall regimes, which are characterized by hot dry summers and cool winters. The
average annual rainfall is about 500 mm, with extremes of 300 mm and 850 mm having occurred in
the past. The total agricultural land in the basin is
about 1774 km2.

The main objectives of this study were to
determine the sustainability of the current
agricultural system in the Gediz Basin, Turkey; and
develop sustainable allocation and forward-looking
scenarios for optimal utilization of its resources
using the WEF Nexus holistic system approach.

MATERIALS AND METHODS
Data. The basin produces a variety of field
crops, vegetables, and fruits; the list of crops and
the production and yield for each crop, fertilizer
needs, and financial values are provided from the
database of the Turkish Statistical Institute [20] and
tabulated in Table 1 for only top fifteen crops in
terms of the land that they are grown and water
consumption.

Gediz Basin. The Turkish Ministry of Food,
Agriculture, and Livestock identifies thirty distinct
basins, with lists of crops and cropping patterns for
each, based on soil and climate conditions, among
others. The Gediz basin includes 26 towns as depicted in Figure 1.

FIGURE 1
Gediz basin and its boundaries along with towns within the basin
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Financial
value
(TL/ton)

4709.1
10143.8
2530

Phosphorus
req. (kg/ha)

Gasoline
consumption
(L/ha)

Nitrogen req.
(kg/ha)

Irrigation req.
(m3/ha)

2.75
56.92
10.56

Seasonal
water req.
(m3/ha)

85380.0
745587.0
444066.8

Yield
(Tons/ha)

31057.4
13100.0
42049.2

Production
(Tons)

Potassium
req. (kg/ha)

Barley
Clover
Corn
Corn for
silage
Cotton
Potato
Tobacco
Vetch
Wheat
Tomato
Cherry
Fig
Olive
Raisins
Table
grape

Area grown
(ha)

Field crop

TABLE 1
Data for the top fifteen crops grown in the basin [20]

620
520
620
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TABLE 2
Energy consumption for different sources of water
Energy need for water (kWh/m3)
Groundwater
Surface water by GDSHW
Groundwater by Solar Energy Solar

0.4068
0.209
0.406

TABLE 3
Carbon emissions of different sources
Carbon emissions of different sources
Diesel gasoline*
0.002357 tons CO2/L or 778 g CO2/kWh
N, P and K fertilizers**
0.0026 tons/ kg
Hydroelectric power***
24 g CO2/kWh
Solar panel toproof***
32
CO2/kWh
* and *** [25, 26]; **: [24]

quantitative modeling approaches [28, 29]. Much
research in recent years has focused on modelling
based on WEF Nexus Concept. Most of them
focused on management of a single resource such
as water resources, energy systems or planning of
agricultural production, or two resources such as
water-energy nexus [30, 31, 32, 33, 34, 35]. There
are also some studies focused on modeling of
resource allocation on water, energy and food
resources [36, 37, 38, 39, 40, 41].
WEF Nexus based modeling can increase
consistency of decision-making that put forth
sustainable resource allocation policies. In previous
studies, WEF Nexus Tool 2.0 has been developed
as a common platform to evaluate scenarios that
aim to identify strategies for sustainable resource
allocation [36, 39]. The tool provides ability to
create variable scenarios under different conditions
of water, energy and food resources. Although the
analyses of resources produce outputs as
requirements-consumptions of resources and
Carbon emissions at the national level, basin level
scenarios are needed to be created to obtain region
specific interactions of resources.
Scenarios are created to represent different
variations of water and energy inputs for products
grown in the basin and are able to calculate the
following outputs for each scenario;
:DWHUUHTXLUHPHQWV
/DQGUHTXLUHPHQWV
(QHUJ\UHTXLUHPHQWV
&DUERQHPLVVLRQV
)LQDQFLDOFRVWV
For this purpose, a master excel sheet was
modified for each scenario by including possible
changes in land size resulting from urbanization,
water requirements affected by climate change
projections, expected changes in water portfolios
for agriculture (surface or ground water) and
technologies for pumping water from underground
sources. The WEF Nexus block diagram, with the
input-output entities calculated for the development

This study also uses data provided by recent
studies [21] which include the water requirements
for all crops grown in a basin neighbouring the
Gediz basin, which has the climatic and soil
conditions. The study includes seasonal water
requirements along with the irrigation amounts for
crops, vegetables, and fruits using two different
methods: Penman-Monteith and Blaney-Criddle.
Fuel consumption is the only energy input
considered, which reflects the reality of the main
energy source for agriculture in Turkey. Data for
tractor use or time (hr/ha)spent using tractors and
fuel consumption for each crop, vegetable and fruit,
are determined and tabulated along with the tractor
use for farming operations [22, 23].
Water in the basin is provided from two
sources; it is either pumped from deep wells, or
drawn from the General Directorate of State
Hydraulic Works (GDSHW). GDSHW delivers
surface water to farmers through concrete channels,
mostly by flow of gravity. The energy consumption
for different sources of water in the basin was
calculated for per cubic meter (Table2). Carbon
emission values are given in Table3 [24, 25, 26].
Water-Energy-Food (WEF) Nexus Concept
and Methodology. Water, energy, and food are
inextricably linked to one another which require a
methodology for studying the tradeoffs between
decisions made within the three resource systems.
Water is the most important input for agricultural
crop production, but is also needed to produce
energy. On the other hand, energy is required for
many agricultural operations in the field, including
the transport of agricultural goods, and pumping
ground and surface water. The lack or intensive use
of any of these sources triggers decline in the others
and may jeopardize their security. Hence, a certain
balance among the three should be insured to
maintain the security level of each [4, 27, 28].
Consequently, to improve our understanding of the
three interconnected resources, there is a need to
quantify their interlinkages through data-driven and
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FIGURE 2
WEF Nexus block diagram (left) and Input-output entities considered for the development of different
scenarios in the Gediz Basin

E= Total domestic energy needed for the scenario
(kJ)
E1 = Energy needed for either pumping or treating
water for irrigation (kJ)
E2 = Energy needed for tillage, harvest, fertilizer
production, and local transport (kJ)
Depending on the choice of water supply
source, whether conventional or non-conventional,
respective energy costs can be calculated (E1).
Whether surface or ground water pumping, treated,
waste, or desalinated water, each would have its
respective energy footprint depending on the domestically available plants and their efficiencies.
Depending on the amount of water needed for the
growth of the created food self-sufficiency scenario
and sources of water identified to secure those
needs, respective energy values can be calculated.
E1 =EGWe+ EGWs + ESW
(5)
EGW = Total energy needed for pumping water from
deep well pumps using electricity (kJ)
EGWe (kJ) = SGWE (kJ/m3 [>Įw x W (m3)] (6)
EGWs = Total energy needed for pumping water
from deep well pumps using solar energy (kJ)
EGWs (kJ) = SGWS (kJ/m3 [>Ȗwx W (m3)] (7)
ESW. = Total energy needed for pumping surface
water (kJ)
ESW (kJ)= SSW (kJ/m3 >įwx W (m3)]
(8)
where,
SGWE, SGWS and SSW are specific energy requirements in kJ per unit volume of water in m3 and, Įw,
Ȗw DQGįw are the coefficients in decimals
7KH VHFRQG SDUW RI ³HQHUJ\ FRVWV´ (2) is
calculated as the sum of the energy needed for
tillage, fertilizer production, harvesting and local
transport. This calculation is made for each crop
separately.
(9)
E2 = Efarming+ Etransport+ Efert.
where,
Efarming(kJ)=Total energy needed for farming operations
Efarming(kJ)= Total energy needed for local transport
and
Efert. T (kJ)  >(fert. (i) (kJ/kg) x FERT.(i)
(kg/ton) x DOMi(ton)]
(10)
where,

of different scenarios in the Gediz Basin are
depicted in Figure 2.
Water (W). Water requirement is a result of
crop production [42]: each crop requires a certain
amount of water, consisting of blue (provided by
irrigation) or green water (available water in the
soil) [43].
Wi= Li * (Ws- 10*Wa)
(1)
where;
Wi= amount of total water needed for a specific
crop (m3)
Li= Land allocated to the certain crop (ha)
Ws= Seasonal water requirement for the crop
(m3/ha)
Wa= Water available to the crop (mm)
The total amount of water (Wi) needed to
grow all crops in the basin is fulfilled from different
sources: surface, underground, or desalinated. In
this study, only surface and groundwater sources
are considered. The formulation of total amount of
water based on the water source equals the amount
needed for plant growth is formulated as below.
W= 6Wi= SW+ GW
(2)
where,
SW= Surface water (m3)
GW= Ground water (m3)
Land (L). Land is the total area in ha and the
sum of the land allocated to grow specific crops,
vegetables and fruits in the basin.
L =>'20i (ton) X Li(ha/ton) ]
(3)
where,
L = Total land needed to grow locally produced
food products.
DOMi= Production (tons)
Li = Land required to growth a unit amount of crop
(ha/ton)
Energy (E). Energy needed in the basin is for
farming operations in the field, transportation,
fertilizer use, and pumping water from different
sources [4, 44]. It is calculated as following;
E =E1 + E2
(4)
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hectare for each crop was obtained from a study
conducted in Turkey [45]. The data, in terms of
time spent per hectare using tractors, were updated
in accordance with the many technological
developments that have occurred, such as the use of
new equipment or machinery in farming operations
in the region, since the study was published.

Efert. T (kJ)=Total energy needed for producing the
required amount of fertilizer
Efert.(i) (kJ/kg) = Energy required for producing a
kg of fertilizer (depends on type of fertilizer)
FERT.(i) (kg/ton) = Amount of fertilizer applied per
ton of product (i) produced.
The total energy needed for farming is the sum
of the energy requirements for all crops in the
region and is calculated by finding the fuel
consumption to grow a given crop, for example
cotton, starting with soil tillage and ending with
harvest and transportation. Field operations vary
from one crop to another as each crop, vegetable
and fruit has its own characteristics that alter
farming operations. Vegetable and fruit production
in Turkey generally, and in the Gediz Basin
specifically, are mostly labor dependent; the
farming operations for field crops are mostly
mechanized. Fruits and vegetables are more labor
dependent and harvested by pickers or other special
harvesters. In this study, farming operations such as
tillage by plough, harrowing (seedbed preparation
equipment), planting or transplanting, spraying,
fertilizer distribution, hoeing and irrigation
operations, and harvesting for each crop, vegetable
and fruit are considered. In this respect, there are
different ways to calculate the fuel consumed by
tractors, which is based on the yearly use of tractors
for farming or transport operations, as in the
equation below.
Qavg = 0.223 .Ppto
(11)
where Oavgis: average diesel fuel consumption
and Pptois: rated pto power
This equation is valid for tractors such as
those used in the Gediz basin, which run between
700 and 1000 hours per year. The rated Power takeoff (Ppto) is a factor of tractor power and usually
assumed to be 80% of tractor power, considering
losses in transmission systems, etc.
Calculation of fuel consumption uses equation
(11), the time spent for growing a specific crop
must be known, so that the multiplication of time
spent in total per unit area will result in total fuel
consumption per unit land in liters.
Cg= Qavg .Tfarming . L
(12)
where,
Cg= Diesel fuel consumption for a specific crop (L)
Tfarming= Time spent per unit of land for farming
operations for a specific crop (h/ha)
L= Land allocated to specific crop (ha)
While the machinery parks of the farms in
towns of the Gediz basin are similar, average
tractor power varies from one town to another.
However, differences are not great: tractor power
distribution data obtained from the Turkish
Statistical Institute for the year 2014 were used to
calculate the fuel consumption. The rated Pto power
was matched with the crops grown in each town
and fuel consumption for each crop at a specific
town was calculated. The time spent (hours) per

Carbon footprint (C). Each of the mentioned
energies consumed, as noted above, have their
respective carbon footprints. Whether for energy
consumed to secure water for irrigation or for other
production and transportation practices, carbon is
emitted into the atmosphere [39]. The carbon emission calculations based on the activities are formulated as in the following:
C = C1 + C2
(13)
(14)
C1 = CGWe+ CGWs + CSW
C2 = Cfarming+ Ctransport+ Cfert
(15)
As parallel to energy consumption, carbon
emissions are quantified as the following,
C1 = CGWe+ CGWs + CSW= EGW(kJ) x (ton
CO2/kJ)+EGWs (kJ) x (ton CO2/kJ)+ESW(kJ) x (ton
CO2/kJ)
(16)
C2 = Etill. T (kJ) x (ton CO2/kJ)+Etransport (kJ) x
(17)
(ton CO2/kJ)+Efert. (kJ) x (ton CO2/kJ)
Financial Value. LFV(TL) =Ȉ>3URGi (ton) X
Prii (TL/ton) ]
(18)
Prodi (ton) = Total production of a product (i) locally.
Prii (TL/ton) = Selling market price of product (i).
LFV(TL) = Total value of production of locally
produced product
Sustainability Index. The sustainability of a
scenario to be developed in this study will be
GHILQHG E\ FDOFXODWLQJ LWV ³VXVWDLQDELOLW\ LQGH[´ DV
follows:
Water Index =WI = Wi /Wa
(19)
Land Index = LI = Li / La
(20)
Local Energy Index = EI = Ei /Ea
(21)
Local Carbon Index =CI = Ci /Ca
(22)
Financial Index = FI =Fi /Fa
(23)
Energy IMP Index = EIMP I = E IMPi /E IMPa
(24)
Carbon IMP Index = CIMP I = C IMPi / C
IMPa
(25)
Wi = The total water needed for scenario i
Li = The total land area needed for scenario i
Ei = The total local energy needed for scenario i
Ci = The total local carbon emitted by scenario i
Fi = The total finances for scenario I = Flocal +
Fimport (local and import)
E IMPi=The total local energy needed for scenario i
C IMPi=The total local carbon emitted by scenario
i
Wa = Total max acceptable water extracted and
produced by available water resources for agricultural production
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VHQVLWLYLW\ DQDO\VLV´ 7KH SDUDPHWHU UHODWLYH
sensitivity analysis determines the effect of
changing each input parameter on different outputs
and for this purpose, using the equation:
§ O  Ob · Pb
Sr ¨
¸
© Pb r'  Pb ¹ Ob
(28)
In this equation, Sr is the relative sensitivity
value, O the new output, Ob the output of base
scenario, P the new parameter value, and Pb the
base parameter vaOXH LQ EDVH VFHQDULR ³E´ LV WKH
EDVH DYHUDJH YDOXH DQG ǻ UHSUHVHQWV WKH FKDQJH LQ
parameter value from base [46].

La = Max acceptable/arable local land use
Ea = Max acceptable energy use = a cap could be
put on max energy generation and use for agricultural production. It is influenced by current capacities, and decision of upgrade.
Ca = Max acceptable carbon emissions = a cap put
by a government to cut carbon emitted
Fa = Max acceptable limits for expenditures to
supply food locally and through imports
E IMPa= Max energy consumed through transporting imported food products
C IMPa = Max carbon emitted through transporting
imported food products
Therefore, the scenario with the lowest score
would be most sustainable, as defined by the decision maker.
Scenario i: S.I. i = [WIi(100-IW) + LIi(100-IL)
+ EIi (100-IE) + CIi (100-IC) + FIi (100-IF) + EIMP
Ii (100-IEIMP) + CIMP Ii (100-ICIMP)] /100
(26)
IW + IL + IE + IC + IF + IEIMP + ICIMP = 100 (27)
IW = Importance factor assigned for the water
assessment parameter
IL = Importance factor assigned for the land
assessment parameter
IE = Importance factor assigned for the energy
assessment parameter
IC = Importance factor assigned for the carbon
assessment parameter
IF = Importance factor assigned for the financial
assessment parameter
IEIMP  ,PSRUWDQFH IDFWRU DVVLJQHG IRU µHQHUJ\ IRU
JOREDOWUDQVSRUW¶DVVHVVPHQWSDUDPHWHU
ICIMP  ,PSRUWDQFH IDFWRU DVVLJQHG IRU µFDUERQ
HPLVVLRQV GXH WR JOREDO WUDQVSRUW¶ DVVHVVPHQW
parameter
Crop related phenomena include land, water,
and fertilizer needs; energy used for farming
operations, transport and pumping water (from
surface or groundwater sources); and carbon
emissions, as obtained for the food production.
Hence, the effect of each crop on sources, energy,
and carbon emission is investigated separately and
XVLQJ D VSHFLDO DQDO\VLV FDOOHG ³SDUDPHWHU UHODWLYH

Development of Future Scenarios. Future
scenarios using the WEF Nexus concept were
created and then divided into two parts: near future
(present to the year 2020), and long term (years
2030, 2040 and 2050).
In the last two decades, the region survived
one drought and one rainy year: these were
considered the extremes and are assumed to happen
in the region in the future. The normal year data, in
terms of seasonal water and irrigation requirements,
were correlated to the data of extreme years, as
shown in Figure 3. For these scenarios, the water
requirement data of normal year were replaced
based on the regression models as shown in the
Figures.
In the long term scenarios, urbanization,
climate change, and technological developments
were considered. The trend in urbanization was
calculated based on the data released by the Turkish
Statistical Institute and the total land used for
agriculture data from 2000 thru 2014. It was found
that the land area for agriculture, as a general trend,
decreases annually in the basin. The changes in
local costs are depicted for near future and long
term scenarios. As seen from the Figure, local costs
go down as a natural result of reduction in land.
This also means that self-sufficiency in each crop
declines and the export of some crops from the
basin will be jeopardized (Figure 4).

FIGURE 3
Relationship between normal year seasonal water requirement with the coldest and hottest year (a)
Relationship between normal year water available to the plant and with the coldest and hottest year (b)
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FIGURE 4
Changes in land size (ha) (a) and changes in the cost of production (TL) (b) in the long term scenarios
TABLE 4
Codes and Explanations of the Scenarios
Scenario code

Explanation
This is the based scenario that included only normal years. The ratio of surface and groundwater
NFNSSE0
was 43 and 57%, respectively. No solar energy was considered in this scenario.
This scenario is the same as above, except the solar energy. It was considered that 5% of the
NFNSSE5
total is pumped using solar energy
The hottest season was considered, hence the water requirement data was set along with the
NFHSSE0
irrigation requirement for each crops. No solar energy was considered.
This is the same as scenario except the solar energy use. The level of solar energy to pump
NFHSSE5
groundwater was set to 5%.
NFCSSE0 and
The coldest season included a different set of data than the normal and hot season and was created
NFCSSE5
without and with 5% solar energy, as was the case in the above scenarios.
Solar energy use was not assumed in this scenario while the ratio of surface and groundwater was
43 and 57%, respectively. Rainy year data were used in terms of the seasonal water requirement
UCSSE0
and for irrigation purposes. The land size was reduced 3.52 % as compared to year 2014 which
was 613917.20 ha
Same as the above scenario except 5% of the water was assumed to be pumped from underground
UCSSE5
by using solar energy panels
In this scenario, the ratio of the surface water was increased to 53%, cold season data were
UCSSW53SE0
considered along with no use of solar energy
UCSSW53SE5
The same as above scenario except the solar energy use in irrigation water was assumed to be 5%
UHSSE0
Same as scenario UCSSE0 except hottest year seasonal water requirement data were considered
Same as above except the solar energy use for pumping water was considered at 5% level of the
UHSSE5
water used for irrigation
UHSSSW53SE0
Same as scenario 2030UCSSW53SE0except the surface water ratio was increased to 53%
UHSSSW53SE5
Same as above except 5% solar energy use was assigned
The four digit numbers in front of the scenario codes in figures refer to the year, NF refers to Near Future

developed in the study. Detailed information for
each scenario is given in Table 4.

This reduction was calculated to be 3.52, 6.22
and 8.92 % of the base year (2014), for the years
2030, 2040 and 2050, respectively. As in the near
future scenarios, extreme precipitation years were
considered since it is assumed that climate change
in the long term will be between these two
extremes. In some scenarios, the surface water use
ratio increased to 53%, since the General
Directorate of Hydraulics Works plans to put
forward some new projects in the region that will
increase the use of surface water. The increase from
43 to 53% was calculated based on the declared
numbers of the institute. Beyond that, urbanization,
climate change, and solar energy use rates were
assumed to increase over the long term. This was
added into scenarios as different percentages: 5% in
2030, 10% in 2040, and 15% in 2050. Including the
near future scenarios, a total of 45 scenarios were

RESULTS AND DISCUSSION
As of 2014, the total land used for plant production in the basin is calculated to be 613917.2 ha,
and the total water requirement is 1337.5 hm3. For
the WEF Nexus study, crops were divided into two
groups to allow crops that govern the land and
water needs to be easily analyzed and discussed
separately. After sorting the data, the top 15 crops,
accounting for 86.3 % of the land use and 79.4% of
total water, were separated from the other 80 crops,
vegetables, and fruits and then used for further
analysis using WEF Nexus concept. The relative
sensitivity analysis in this study was carried out
only for the year 2014 and for the top 15 crops, by
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FIGURE 5
Percent changes in water, land, energy, carbon emission and local cost as a result of increasing selfsufficiency in the top 15 crops from 10 thru 80 %

FIGURE 6
Percent changes in water use and land as a result of 20 increase in self-sufficiency of top fifteen crops,
average of 22 field crops, 38 vegetables and 20 fruits

a

c

b

d
FIGURE 7
Sustainability index comparison for the near future (a), 2030 (b), 2040 (c) and 2050 (d) scenarios
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change, increased surface water use in the basin
will help significantly increase ground water levels.
The studies conducted in the region indicate that the
groundwater pumping depth increases year by year
[47, 48].
A comparison among near future and long
term scenarios should be considered, along with the
changes in self-sufficiency values. For example, the
same scenarios in 2030, 2040 and 2050 seem to
reveal similar sustainability index values. However,
even though the sustainability index values are
similar, self-sufficiency declines if the time period
is extended from 2030 to 2050. Hence, it could be
said that changes in urbanization, along with
climate change (drought seasons), make each
scenario less sustainable as compared to the
sustainability of 2014. A decrease in selfsufficiency by years can be avoided by growing
drought resistant crop varieties and changing
farming practices, such as direct seeding
application, known as zero tillage. This application
will significantly reduce fuel consumption, which
in turn reduces carbon emission. Precision farming
practices, such as variable rate fertilizer
distribution, can also help to reduce the fertilizer
input costs in agricultural production and cause less
pollution in groundwater sources from consequent
reduction in chemical drainage. There is an
opportunity to reduce water use significantly in
agricultural production by employing drip irrigation
for many crop products in the region. It is believed
that this will help save significant amounts of water
in the basin.
Another issue with the basin is land
fragmentation, an unsolved phenomenon for the
entire country [23]. The number of parcels owned
by one farmer ranges between 4 and 25, while the
average land size is about 0.75 ha [22]. This
situation is considered to be an important obstacle
as it reduces efficiency in farming applications.
Based on the linear relationship in the WEF Nexus
study, it could be expected that the self-sufficiency
of each crop will decrease at the same rates that
land area is reduced, assuming the land reductions
are equally distributed across all crops in the basin.
On the other hand, the population growth in both
the basin and Turkey may enlarge the gap for the
country to feed its own people and result in reduced
self-sufficiency.

increasing the self-sufficiency from 10 to 80%. The
total changes can be seen in Figure 5.
The results are valuable in terms of crop
management in the basin. If any change occurs in
the future, changes in need for sources can readily
be obtained. Another schematic view of the top 15
crops and the average of the other vegetables and
fruits (total of 18 data) can be seen in Figure 6,
which is divided into four equal areas by
considering the ranges of the X and Y axis. As seen
from the Figure, most of the crops accumulate in
the regions of low land and water values, while
some extreme crops such as raisins, wheat, and
olives are out of the accumulated region.
The comparison of all near future scenarios
can only be made from the point of the
sustainability index, which requires importance
factors that should be assumed for the evaluations.
The sustainability index values were calculated for
the long term scenarios; the results are given in
Figures 7 for near future scenarios (a) and the years
2030 (b), 2040 (c) and 2050 (d). The calculations
were achieved separately for each year, and normal
season water requirements data was assumed to be
the base scenario. Figure was drawn based on the
importance factor of 0.3 for water and land while
the energy parameter was assumed to be 0.2. The
carbon and financial assessment parameters were
also kept at the same level (0.1). The lowest
sustainability indexes are obtained for the coldest
seasons, making more sustainable and favorable
scenarios. Normal season scenarios follow this
scenario, while the hot season scenario is less
favorable: the sustainability indexes are higher than
the other scenarios. These reductions in the land of
the basin, as stated in above, would be 3.52%,
6.22% and 8.92% for 2030, 2040 and 2050,
respectively. Based on the linear relationship
between land use and food production in this study,
it can be expected that the self-sufficiency of each
crop will decrease at the same rate as the land
reduces, assuming the land reductions will be
equally distributed in all crops in the basin.
On the other hand, the population growth in
both the basin, and in Turkey as a whole, will
HQODUJH WKH JDS LQ D FRXQWU\¶V DELOLW\ WR IHHG LWV
people and may result in a reduction in selfsufficiencies such that Turkey may become a food
importing country. The results tabulated in the
Tables above for these scenarios are discussed
below. The trend for each year is the same as other
years, and a rainy year is always a favorable year in
terms of water need. The increased precipitation in
such a year not only reduces the evapotranspiration
from the plants, but also reduces irrigation needs
and saving significant amounts of water. Increasing
the surface water use in all long term scenarios did
not change the sustainability index. This trend is the
same when solar energy use was increased in the
basin. Even though the sustainability index does not

CONCLUSIONS
The following can be concluded from the
study:
1. The source of energy for crop production
in the basin is petroleum, used for farming
operations, transport, pumping surface water and
fertilizer production. Solar energy seems to be an
appropriate source, especially for pumping
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vant statistical data by the end of year 2014, innocuously disposed sludge is about 56% by some
methods, such as, building materials, incineration,
compost and sanitary landfill. Incineration is the
most thorough reduction technique in many methods for disposition of sludge. This technique has the
advantages of making sludge volume reduce less
than 10% of the original sludge and obtaining the
stable inert slag for incineration products, thereby,
achieving the resourceful use of building materials.
Therefore, the technique truly realizes the stabilization, harmlessness and resourcefulness in sludge
treatment and disposal.
The pyrolysis reaction of sludge is very complex due to high water content, low heat value and a
large number of heat-degradable organic components [1]. If a certain amount of sludge is mixed
into coal, it will improve the pyrolysis characteristics of coal and catalytic the pyrolysis process of
coal [2]. However, water content of sludge cannot
reach below 60% by traditional concentration and
dewatering technology due to the high water content and the low percentage of solid content [3],
which directly affects the sludge drying and burning difficulty. Therefore, it is necessary to introduce
a variety of sludge drying techniques to achieve
more deep dehydration. Presently, the commonly
used technologies for sludge drying including traditional sludge drying, heat drying, microwave drying
and solar drying [4-7]. However, to the best of our
knowledge, there are few studies on the use of
chemical drying method and synthesized sludgederived fuel by addition of pulverized coal. More
importantly, sludge drying can remove water by
evaporation and diffusion processes, and the two
processes are continuous and alternate [8]. Based
on above all, in this paper, through adding of foaming agent (sodium lauryl sulfate, SDS), stabilizing
agent (acrylic acid) and drying agent (metal compound), pulverized coal and sludge particles can
sufficient contact, and further the change rule of
heat value was also researched. Moreover, the
structure characteristics and drying mechanism
were analyzed by X-ray diffraction and thermogravimetric techniques.




At present, incineration method is one of important means of sludge "four-disposal principles
(reduction, stabilization, harmlessness and resource), which is rarely applied in sludge landfill.
However, the existing problem is high water content of sludge resulting in high drying cost and
unsatisfactory burning effect. In this study, a foaming agent (sodium lauryl sulfate, SDS) was employed for micro-bubble drying of the sludge and
pulverized coal was added as the combustionsupporting material, further researching change of
water content and heat value in the process of
sludge foaming. The properties of sludge-derived
fuel were analyzed by X-ray diffraction and thermogravimetric techniques. The results show that
suitable introduction of foaming agent (SDS) improves the formation of micro-bubble structure of
sludge, enhances the water evaporation area in
interior of the sludge and facilitates the contact
between pulverized coal and sludge particles as
well as greatly promotes the heat of combustion for
sludge drying and mixture of coal and sludge.
Moreover, when SDS/sludge (g·g-1) is 0.25, water
content of dewatered sludge is decreased from
77.9% to 55.1% and low heat value of the sludgederived fuel increases by about 47%. In addition,
the result also shows that the weight loss ratio is
positively correlated with the low heat value of the
fuel, that is to say, the adding of SDS improves the
low heat value, thereby, promoting the reducing
quantity of the fuel in a certain control range of
temperature.


,*"%&
Sludge drying, Micro-bubble excitation, Thermogravimetric analysis, Drying mechanism
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According to statistics, till to the end of the
year 2015, it is estimated that 3830 urban sewage
treatment plants have been built in China with a
sewage treatment capacity of 1.62 million m3/d and
associated sludge exceeding 30 million tons in
every year (80% water content). According to rele-
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#5C=60.7.91052860.7;<:;2<>62=:3>52=7?142
Water
content/%
77.9

pH

Ash/%

Volatiles %

7.6

60.59

34.83

High heat value
Cal/g
1613

Low heat value
Cal/g
106.6

Organic matter
content/%
49.7

' 
#5C=60.7.91052860.7;<:;2<>62=:3>52;?7@2<6D210:.7
Coal samples
Anthracite
coking coal
Bituminous

Water content/%
1.9
1.4
1.2

Ash
32.61
44.28
28.17

Volatiles
10.16
12.61
9.52

'%&! '"&

High heat value Cal/g
5147
4281
6216

Low heat value Cal/g
4918
4084
6024

the sludge. The mixture were stirred fully for 5-15
min and the semi-finished sludge was obtained. In
here, the sludge drying agent was mixed by the
following mass ratio: MgO: CaSO4: Fe2(SO4)3 = 35: 2-5: 1-3.

'52 .11694 :3 ;?7@2<6D21 0:.7 The above
obtained semi-finished sludge was putted into the
low-speed agitator, subsequently the sludge with
30-50% of heat value supplement (pulverized coal)
was also introduced. Then they were stirred for 1020 min.

5.<.0>2<6D.>6:9 :3 =.8;72= The structures
of as-synthesized samples were characterized on a
DX-2700 bench top X-ray diffractometer (Dandong
fangyuan Instrument Co., Ltd.) using Cu-Kα radiation (40kV, 30mA). The scanning rate was 4° min-1
with a step of 0.06°. The thermogravimetric analysis (TGA-DSC) was performed on NETZSCH,
STA 449F3 using Pt crucible in static air atmosphere. The reaction process was carried out in the
range of 33-813 °C with a heating rate of 10
°C/min.

.>2<6.7=The sludge samples utilized in this
study were thick, which were collected from dehydrated sludge of sewage treatment plant in Hexi,
Taiyuan. Sodium lauryl sulfate was purchased from
Zhedong Chemical Plant in Shangyu City. Acrylic
acid was obtained by Tianjin Zhiyuan Chemical
Reagent Co., Ltd. The pulverized coals used (anthracite, bituminous, coking coal) were collected
from Liliu Coking Co., Ltd in Lvliang, Shanxi.
Calcium oxide, magnesium oxide, calcium sulfate,
iron sulfate (used as drying agent) were purchased
from Sinopharm Chemical Reagent Co., Ltd. Physical and chemical properties of the sludge and pulverized coal are shown in Table 1 and Table 2,
respectively.

#<2><2.>829> :3 >52 =7?142 The dewatered
sludge was firstly stirred by high-speed agitator and
the rotate speed is 240 r/min, thus the viscous
sludge was violently cut, which realized liquefaction of sludge and increase of fluidity. At the same
time, by means of the high-speed agitation, the
sludge particles and the stirring cutter can collided
and rubbed each other at a high speed, thus breaking up the sludge capillary water and squeezing out
the molecular water closely wrapped by sludge
fibers. Before the stirring, the addition of potassium
sodium tartrate (accounts for 1.2-1.6% of sludge
quality) to the sludge further improves fluidity of
the sludge.

60<:/?//72 2B06>.>6:9 ><2.>829> Different contents of SDS powder were added to the
tested sludge, and then quickly stirred (180 r/min)
to produce appropriate amount of micro-bubble in
the sludge colloids and build a mixture of microbubble sludge. In addition, acrylic acid was added
as a foam stabilizer in the process of micro-bubble
formation.

&7?142 0:916>6:9694 The obtained sludge
was putted into the mixed agitator, and then add
sludge drying agent and quicklime, where the adding quantity of the sludge drying agent and quicklime respectively were 5-20% and 1-5% relative to

%&('&!&(&&"!
205.96=8 9.7C=6= :3 860<:/?//72 1<C
694The main objective of sludge conditioning is to
improve solid-liquid separation of sludge. In this
study, a certain amount of SDS powder was added
before introducing the conditioner to the tested
sludge. It can be observed that the mixture continuously produced the micro-bubbles with a diameter
of less than 1mm and was accompanied by a certain
amount of water precipitation with increasing the
SDS powder contents. When the mass ratio of SDS
and sludge was 0.25, the micro-bubble structure of
mixture remained stable in the process of resting 20
to 30 min, that is to say, only a few micro-bubble
structure were broken. The water content of sludge
solid decreased from 77.9% to ca. 55.1%. After
that, the water content gradually becomed flat and
then increased slowly. The detailed procedure is
shown in Fig. 1.
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stabilizer in high-speed stirring can adequately
contact with water in the sludge, which effectively
enhances the pore number and evaporation area in
the sludge resulting in water rapidly evaporated in
the process of diffusion and precipitation. In addition, the drying agent can also make the sludge
rapidly produce solid-liquid separation phenomenon and form stable flocculated structure.

:8;:929> .9.7C=6= :3 =7?142 69 860<:
/?//721<C694To analysis the effect of SDS contents on the sludge, the X-ray diffraction was performed and the results are shown in Fig. 2. It can be
observed that the main substance in the two mixtures is SiO2 attributed to extensive existence in
nature and relatively stable properties. From Fig.
2a, the sample exists hydrate, namely, coordination
crystal water, which is transformed into water molecule and precipitate with the increase of SDS content (Fig. 2b). Moreover, existence of aluminum
salt (kaolinite) is related to the addition of aluminum-containing flocculant (introduced to sludge
before dehydration and fully mixed with sludge) in
the dehydration process of the sludge. The longtrain structure of surfactant can promote the formation of excellent adsorption bridging function

Relevant studies have shown that SDS is a
commonly used ionic detergent, which can disintegrate the cell membrane and bind the hydrophobic
part of the membrane protein and further separate it
from the membrane. In addition, high concentration
of SDS can also damage the non-covalent bonds of
the protein, such as, the ionic bond and hydrogen
bond. Moreover, surfactant can not only make large
molecules such as proteins and DNA on the surface
of the sludge separate from the sludge particles, but
also make these substances dissolve in water easily
and reduce the interstitial water between the sludge
particles, resulting in faster sedimentation rate of
the sludge and reduced volume of dewatered
sludge. Also, the combination of surfactant and
Mg2+ can effectively remove the water in sludge [910]. Furthermore, the addition of quicklime also
can effectively improve the drying rate of sludge.
When mass ratio of CaO and wet sludge was 10
g/kg, drying time of the sludge can be shortened by
ca. 18.2%. However, as mass of quicklime was
increased (exceeding 20 g/kg), the drying rate
changed slowly [11].
According to mentioned above, sludge drying
is carried out alternately by evaporation and diffusion, therefore, the introduction of SDS and foam

2525

$#

! %     





!"  ! 


the high heat value. The high and low heat values
of the tested samples were measured by coal assay
and shown in Fig. 3. It can be observed that maximum difference of high heat value between the
samples is 283 cal/g and each value is greater than
that of pure anthracite. However, the change of
low heat value is more obvious which presents
high before low and tends to be flat with the addition of SDS. Furthermore, sample 4 shows the
maximum high and low heat value. Compared
with the low heat value, it is about 47% higher
than that of the mixture of coal and sludge without
adding of the SDS.
According to the mentioned above, the adding of SDS can make bound water of the sludge
convert water molecule which is separated from
the sludge by evaporation. In addition, hydroxyl
silicates (kaolinite) of mixture will occur decomposition reaction in high temperature due to the
existence of SiO2 and Al2O3, and external hydroxyl (constitution water) and internal hydroxyl (interlayer water) are removed gradually, further
transformed into Al2O3·SiO2 [14-17]. The water in
the two parts forms steam, which has a certain influence on high heat value, and further verifying
that SDS has an excellent dehydrating effect on
the sludge.
For low heat value, the micro-bubble structure
constructed by the SDS on the mixture changes the
original chaotic state of sludge, thereby, increasing
the internal surface area and the contact amount of
oxygen. The micro-bubble structure is beneficial to
fully contact between the coal powder and sludge
particles in stirring, then forming a uniform mixed
fuel, which will have a positive effect on the improvement of low heat value. The introduction of
excessive SDS content results in the insufficient
dissolution, and the amount of micro-bubble and
low heat value gradually decrease.
(2) The changes of the low heat value for the
same SDS content and different coal sources were
investigated in the second set of experiment. And
content of each component is shown in Table 4.
The obtained heat value of each mixture by coal
assay is also presented in Fig. 4.
From Table 4, the heat values decrease in the
order of different coal resources (bituminous >
anthracite > coking coal), which is consistent with
that of sludge-derived fuel. More importantly, heat
value of the sludge-derived fuel is far larger than
that of the pure sludge (Fig. 4). It indicates that the
mixture can promote each other in the process of
pyrolysis. The heat value of coal determines heat
value of the derived fuel under the same mass for
each component.

between sludge floc, therefore, the adding of SDS
improved the settling property of the sludge [12]. In
addition, the added quicklime can easily absorb the
bound water and presents alkalinity. Subsequently,
the hydroxyl silicates reduced the adsorption hydration energy. Thus, the dissolution reaction can be
ignored and a relatively stable solid precipitation
was formed [13], which further promoted the solidliquid separation.

9.7C=6=:3>52=7?14212<6@213?27&69
860<:/?//72 2B06>.>6:9 '52 6937?2902 :3 &
:9 52.> @.7?2 Herein, two sets of tests were designed. The selected sludge samples were from the
product after pretreatment (water content is ca.
35%).
(1) The relationship between SDS content and
heat value of SDF was researched in the first set of
experiment. And the dosage of each component is
shown in Table 3.
' 
'521:=.42:32.050:8;:929>
Samples

Anthracite
(g)

Sludge (g)

SDS (g)

15

0

SDF2

50
50

15

1.5

SDF3

50

15

3

SDF4

50

15

3.75

SDF5

50

15

5

SDF6

50

15

7.5

SDF7

50

15

10

SDF8

50

15

15

SDF1


(% 
2.>@.7?2=:3>52&6916332<29>1:=.42=:3
&&

The different between high heat value and
low heat value is that water in fuel combustion
products is liquid or gas, that is to say, liquid water and vaporous water are high and low heat value, respectively. The low heat value is equal to the
condensation heat of water vapor deducted from
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Samples

Coal (g)

Sludge (g)

SDS (g)

SDF1
SDF2
SDF3

Anthracite 50
Coking coal

15
15
15

3.75
3.75
3.75

Bituminous 50

of the SDS (SDF1) increases rapidly the weight loss
ratio and rate of the fuel in the range of 200-250 .
The reason is that the combustion reaction releases
CO and CO2 as increasing the temperature due to
the melting point of SDS (ca. 200 ) leading to
decrease of the mass. Moreover, the weight loss
rate of SDF1 is higher than that of SDF2 in the
range of 450-690  (Fig. 5b), and the weight loss
ratio is also accord with the same rule in the range
of 550-650  (Fig. 5a).


(% 
:8;.<6=:9:352.>@.7?2:3&3:<16332<29>
0:.7=:?<02=

'52<8:4<.@682><60 .9.7C=6= :3 >52 12<6@21
3?27Heating rate is one of the main influence factors for biomass pyrolysis characteristics, and it has
important influence on yield and characteristics of
product. When the rate was in the range of 10-40
°C/ min, it can be considered that heating rate had
litter effect on the pyrolysis characteristics of
sludge [18]. The TG-DTG-DSC curves of the four
fuels were explored in the heating rate of 10 °C/min
under air atmosphere (Fig. 5, 6). It can be found
from TG-DTG that combustion process of the tested sludge is mainly divided into four stages, and the
weight loss ratio for each stage decreases in the
sequence: 2 > 3 > 1 > 4. The temperature range in
the first stage is 35-200 °C, corresponding to the
precipitation process of the free water and the combined water in the sludge. The second stage in the
range of 200-380 °C is attributed to the precipitation and combustion of volatile (organic matter),
and the weight loss ratio is about 30%, which is the
main control stage in the combustion process. Furthermore, the maximum combustion rate occurs at
around 280 °C. The temperature of 380-590 °C is
related to carbonization of unburned organic matter
and combustion of fixed carbon. The last stage in
the temperature of more than 590 °C is mainly due
to the precipitation and decomposition of inorganic
salts [19-20].
For other three fuels, the combustion process
is approximately the same, and the weight loss ratio
is the largest for combustion of pure coal, namely,
the reducing quantity is optimal. Compared to
without adding SDS fuel (SDF2), the introduction
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heat value of the SDF can increase by about 47%.
(5) The low heat value of fuel is positively
correlated with its weight loss ratio, namely, the
adding of SDS enhances the low heat value of
sludge-derived fuel and promotes the reducing
quantity of fuel in a certain control range of temperature.
!"* !'&
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From Fig.6, DSC curve of sludge pyrolysis exists two exothermic peaks, and the peak area of the
second peak is higher than that of the first peak.
Namely, heat release of the third stage is larger than
that of the second stage. The exothermic peaks for
other three fuels appear at ca. 590  and the exothermic peak of SDF1 is higher than that of SDF2,
which is consistent with the sequence of their
weight loss ratio and low heat value. In addition,
the low heat value of fuel is positively correlated
with its weight loss ratio (the fitting index is
0.9715) (Fig. 7).
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factors like environmental conditions, pH and plant
species [3]. Essential or nonessential metal ions in
high quantity directly affect metal-sensitive enzymatic system that leads to death of plant [4].
Among various heavy metals, Cd has been reported
to have intense and incessant effects on plant [5].
Due to water soluble ability, its uptake through
plants root system is quite easy. Cadmium affects
the plant metabolism by the production of reactive
oxygen species (ROS) [6] that results in oxidative
stress [7] which ultimately leads to genetic, physiological or biochemical disorders [8]. Cd has been
reported to have acute and persistent effects on sugarcane crop [5]. About 2% decrease in sugarcane
yield each year due to Cd stress has been reported
[9] in Pakistan. To solve the problem of Cd stress
that effect yield, use of different ameliorators in last
few years have emerged as an option. Among different ameliorants, Polyethylene glycol (PEG) has
been reported to minimize the effects of heavy metal stress. Field experiments need a complete crop
cycle and two year data, however    techniques provide an alternative option of study in
minimum possible time. In present study   
grown cells of sugarcane variety HSF-240 were
pre-treated with PEG and then brought under different concentrations of Cd stress.

Polyethylene glycol is considered as an important antioxidant which plays important role in
defence mechanisms of plants. The ameliorating
role of PEG against Cd stress under   conditions was studied in callus cultures of Saccharum
sp. (cvs. HSF 240). Callus induction and proliferation was carried out on MS medium supported with
2, 4-D and NAA either alone or in combination
with BAP and Kinetin. Cd stress (0.1-0.5 mM) was
applied to well proliferated calli. By increasing the
concentration of Cd stress, average weight of callus
was decreased and complete necrosis occurred at
0.5 mM after 30 days of Cd stress. Specific activities of catalases, peroxidises, PAL, total soluble
protein contents and total amino acid contents were
maximum at 0.4 mM of Cd. Well proliferated calli
were pre-treated with 1% PEG for 24 hours to combat the effect of Cd stress. PEG minimize the effect
of Cd stress on average callus weight, specific activities of catalases, peroxidises, PAL, total amino
acid contents, total soluble protein contents. At
higher concentration of Cd stress (0.4mM), PEG
failed to show ameliorating effect.


*("$%
Polyethylene glycol, Cadmium, Sugarcane callus,  
cultures, abiotic stress

&$%! &"%

#5,7< ,<0:4,5The explants of sugarcane variety, HSF-240 were obtained from Botanical Garden, Department of Botany, University of Sargodha. Explants were washed with running tap water
and were then surface sterilized with 75 % ethanol
for 5 minutes to avoid contamination as new whorl
of leaves are well wrapped inside old leaves and are
naturally sterilized therefore any further treatment
for sterilization was not required.

,55=; 7/=.<487 Explants were inoculated
on MS [10] medium supplemented with varying
concentration of auxins and cytokinins either alone
or in combination with each other for callus induction. Cultures were kept in growth room at 16 h


!&$"'&"!
Heavy metal stress has created major environmental issues because of their adverse biological
impact on environment and life. Once entered in the
soil, they deteriorate the quality of soil [1]. Different metals up to certain limit play a crucial part in
plant growth and development but after that they
become lethal and intrude with morphological,
physiological and biochemical processes of plant
that may result in stunted growth, changes in structure, reduced accumulation of dry matter and also
disturb the level of antioxidants [2]. The way heavy
metals effect plant growth depends upon certain
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weight of 0.25 g. By increase in concentration of
2, 4-D, rate of callus induction was increased. Best
results were obtained at 15 μM of 2, 4-D where
86% cultures exhibited callus induction with an
average callus weight of 0.98 g per culture vial
(Fig. 1, 2). Data presented in table 1 shows that
further increase in concentration of 2, 4-D in MS
medium became toxic and the rate of callus induction was decreased i.e. at 20 μM the rate of callus
induction was 68% with average callus weight of
0.55 g. Minimum result of callus induction was
recorded when 2, 4-D was used in combination with
BAP (5 μM 2, 4-D+10 μM BAP) i.e. 0.22gm after
55 days of inoculation. Demonstration of importance of 2, 4-D was carried out and it was reported that 2, 4-D proved to be best to induce callus
induction from newly formed leaves but at higher
concentration i.e. 3.5 mg/l [15].

60548:,<472 0110.< 81 # 87 .,55=;
2:8?<3=7/0:/;<:0;;Data presented in table 2
shows that in control, average weight of 70 days old
callus was 1.23 g. After 15 days of treatment with
0.1, 0.2, 0.3, 0.4 and 0.5 mM Cd, weight of callus
(70 days old) was decreased to 1.10gm, 0.80gm,
0.45gm, 0.25gm and 0.11gm respectively. However
in cultures pre-treated with PEG the weight of callus was 7.27%, 5% and 2.22% higher as compared
to cultures without pre-treatment under 0.1, 0.2 and
0.3mM Cd stress. At 0.4 and 0.5mM Cd stress,
PEG failed to combat the stress of Cd. 

light (from fluorescent light tubes) with light intensity of 2000-3000 lux and 8 h dark period.

,/64=6 ;<:0;; <:0,<607< ,7/ # 9:0
<:0,<607< In present investigation, in first set of
experiment    grown calli were subjected to
different concentrations of Cd stress ranging from
0.1-0.5mM while in other set of experiment  
grown cells were pre-treated with PEG and then
brought under same concentration of Cd stress. Data was compared to check the effect of PEG and
then biochemical investigation of these treatments
was carried out.

48.3064.,5 7,5A;4; Quantitative analysis
for total soluble proteins contents [11], total amino
acid contents [12], specific activity of PAL [13],
catalases and peroxidises [14] were studied both for
PEG treated and untreated calli under Cd stress.
$%'&%!%'%%"!

,55=; 47/=.<487 For callus induction, MS
medium was supplemented with different concentrations of 2, 4-D and NAA either alone or in combination with BAP and kinetin. Data was collected
after 55 days of inoculation. When 2, 4-D was used
alone at lower concentration i.e. 5 μM in MS medium, 54% callus induction was obtained after 55
days of callus induction with an average callus


& 
110.<81/4110:07<38:6870;87.,55=;2:8?<3,7/9:85410:,<487
%:

!8

0/4=6
.8698;4<487

01

MS + 2,4- D

02

MS + 2, 4-D
+ BAP

03

MS+NAA+
Kinetin

%  

87.
B 
5 µM 2,4- D
10 µM 2,4- D
15 µM 2,4- D
20 µM 2,4- D
5 μM 2, 4-D + 5 μM BAP
10 μM 2, 4-D+5 μM BAP
15 μM 2, 4-D+5 μM BAP
20 μM 2, 4-D+5 μM BAP
5 μM 2, 4-D+10 μM BAP
10 μM 2, 4-D+10 μM BAP
15 μM 2, 4-D+10 μM BAP
20 μM 2, 4-D+10 μM BAP
5 μM NAA+5 μM BAP
10 μM NAA+5 μM BAP
15 μM NAA+5 μM BAP
20 μM NAA+5 μM BAP
5 μM NAA+10 μM BAP
10 μM NAA+10 μM BAP
15 μM NAA+10 μM BAP
20 μM NAA+10 μM BAP


!881<0;<<=-0;
;38?472.,55=;
9:85410:,<487
5.4±0.8e
7.4±0.489bc
8.6±0.8a
6.8±0.74cd
5.8±0.74de
6.8±0.74cd
8.2±0.4ab
6.2±0.4cd
5.4±0.8e
7.2±0.74c
8.2±0.74ab
6.8±0.5cd
5.2±0.74e
6.8±0.74cd
5.4±0.48e
5.2±0.4e
5.4±0.48e
6.6±0.48cd
5.2±0.4e
5±0.63e
 

,2081.,55=;
9:85410:,<487

,55=;,20
,A;

:0;3?0423<81
.,55=;2

54
74
86
68
58
68
82
62
54
72
82
68
52
68
54
52
54
66
52
50

55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55


0.25±0.09ef
0.57±0.12cd
0.98±0.20a
0.79 ±0.08b
0.42±0.04de
0.54±0.14cd
0.77±0.20b
0.63±0.11bc
0.22±0.04f
0.42±0.08de
0.67±0.14bc
0.55 ±0.07cd
0.32±0.10ef
0.36±0.12ef
0.40±0.05def
0.30±0.09ef
0.24±0.06ef
0.30±0.10ef
0.35±0.07ef
0.26±0.06ef
 

Mean followed by different letters in the same column differ significantly at P=0.05 according to Duncan’s new multiple
range tests.
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& 
110.<819:0<:0,<607<81#85A0<3A50705A.85#87.,55=;2:8?<3,7/9:85410:,<487
/
.87.
6 

!881<0;<
<=-0;47
8.=5,<0/

Control
0.1
0.2
0.3
0.4
0.5

10
10
10
10
10
00

:0;3?0423<;81 /,A;85/.,55=;.=5<=:0;2
=7/0:/;<:0;;

:0;3?0423<;81/,A;85/.,55=;.=5<=:0;2
=7/0:/;<:0;;

(4<38=<
9:0<:0,<
607<81#

1<0:9:0
<:0,<607<81
#

47.:0,;0 
/0.:0,;0

(4<38=<
9:0<:0,<607<
81#

1<0:
9:0<:0,<607<
81#

47.:0,;0 
/0.:0,;0

1.23 ± 0.28a
1.10 ± 0.27a
0.80 ± 0.25ab
0.45 ± 0.10bc
0.25±0.05bc
0.11 ± 0.02c

1.242±0.55a
1.18±0.50a
0.84±0.30ab
0.46±0.22bc
0.24±0.06c
0.10±0.03c

0.81
7.27
5
2.22
-4
-9.09

1.25 ± 0.55a
1.08 ± 0.58a
0.77 ± 0.43ab
0.41 ± 0.23bc
0.22± 0.06bc
---

1.25±0.44a
1.14±0.29ab
0.81±0.31b
0.39±0.25c
0.21±0.07c
---

00
5.5
5.5
-4.8
-4.5
00

%



 

 





Mean followed by different letters in the same column differ significantly at P=0.05 according to Duncan’s new multiple
range tests.


& 
110.<819:0<:0,<607<81#85A0<3A50705A.85#87<8<,5,6478,.4/.87<07<;81.,55=;.=5<=:0;
/
87.
6 

Control
0.1
0.2
0.3
0.4
0.5
%

&8<,5,6478,.4/.87<07<;
81 /,A;85/.,55=;.=5<=:0;62 2.,55=;=7/0:/
;<:0;;
(4<38=<
9:0<:0,<607<81
#

1<0:
9:0<:0,<
607<81#

47.:0,;0 
/0.:0,;0,1<0:
9:0<:0,<607<

21.20±0.78e
30.25±0.83d
36.43±0.92b
40.94±0.84a
33.51±0.83c
20.07±0.51e


22.59±0.52c
35.02±0.54b
37.18±0.51a
42.23±0.88a
34.55±0.84b
22.40±0.80c
 

5.65
15.76
2.05
3.15
3.10
11.60


&8<,5,6478,.4/.87<07<;
81/,A;85/.,55=;.=5<=:0;62 2.,55=;=7/0:/
;<:0;;
(4<38=<
1<0:
47
9:0<:0,<
9:0<:0,<607<81
.:0,;0 /0.:0,;0
607<81
#
,1<0:9:0<:0,<607<
#
e
d
27.25±0.66
24.98±0.70 
3.65
33.83±0.95c
36.48±0.40b
7.83
43.53±0.74a
45.38±0.43a
4.24
36.49±0.96b
36.82±0.58b
0.90
30.7±0.70d
30.84±0.99c
0.45
00


 
 


Mean followed by different letters in the same column differ significantly at P=0.05 according to Duncan’s new multiple
range tests.

When the duration of Cd stress under  
conditions was prolonged to 30 days, it was noticed
that after 0.1, 0.2, 0.3, 0.4 mM stress of Cd, the
weight of the callus (85 days old) was 1.08 gm,
0.77 gm, 0.41 gm and 0.22 gm respectively (Fig. 3,
4). Complete necrosis occurred at 0.5mM stress of
Cd (Fig. 5). Pre-treatment of calli with PEG before
30 days of Cd stress resulted in better response of
callus growth i.e. calli pre-treated with PEG when
brought to 0.1 and 0.2mM stress of Cd resulted in
5.5% increase in callus weight as compared to untreated calli under Cd stress while at 0.3 and 0.4mM
concentration of Cd, pre-treatment of PEG failed to
show any better response on growth (Fig. 6, 7).
The reduced growth can be explained by the
fact that much of the available energy for cell or
tissue metabolism could have been used against
stress [16]. Stress/ toxicity generated by Cd disturbs
the physiological processes of plant which result in
the production of reactive oxygen species [17].
High concentration of Cd became toxic leading to
reduction of growth and necrosis of cells/ tissues
(Fig. 05). A group of scientists also figured out that
at higher stress of Cd under   conditions, rate
of callus growth and proliferation is drastically affected leading to its necrosis [18]. Raza et al. (2013)

reported that high level of Cd directly affects morphological attributes and growth pattern.
To combat the effect of Cd stress, certain osmoticums like salicylic acid (SA), ethylene (ET),
Polyethylene glycol etc. have been reported to be
used [19]. These play an important role in cell by
reprogramming the genetic machinery that results
in adequate defence reactions and an increase in
plant tolerance to minimize the biological damage
caused by the stress [20]. Such osmoticums are
widely utilized by cell in their metabolism for synthesis of certain proteins. These proteins activate
biological defence mechanism [21] by facilitating
cell division and expansion [22]. In present study,
pre-treatment of Polyethylene glycol resulted in less
necrosis and increased growth of callus (Table 2).
Successful demonstration regarding ameliorating
effect of PEG against heavy metal stress in tomato
has also been reported [23].

110.<81#9:0<:0,<607<87<8<,5,6478
,.4/.87<07<;Data presented in table 3 reflects the
effect of Cd stress on total amino acid contents of
sugarcane calli. In control total amino acid contents
were 21.20 mg/g of callus. As a result of 15 days of
Cd stress (0.1mM, 0.2mM, 0.3mM, 0.4mM and
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0.5mM concentration) total amino acid contents
were 30.25, 36.43, 40.94, 33.51 and 20.01 mg/g of
callus after 15 days of stress. A slight increase in
the total amino acid contents after Cd stress was
recorded when calli were pre-treated with PEG i.e.
15.76%, 2.05%, 3.15%, 3.10% and 11.60% higher
total amino acid contents after 0.1, 0.2, 0.3, 0.4 and
0.5mM stress of Cd.
After prolonged stress of 30 days, total amino
acid contents were 33.83, 43.53, 36.49, 30.7 mg/g
of callus at 0.1mM, 0.2mM, 0.3mM and 0.4mM of
Cd stress. In this case pre-treatment of PEG resulted
in an increase in total amino acid contents i.e. an
increase of 7.83%, 4.24%, 0.90% and 0.45% over
calli without pre-treatment after 0.1, 0.2, 0.3 and
0.4mM stress of Cd.
In present study, pre-treatment of PEG resulted in an increase of total amino acid contents (Table
3). PEG enhances the uptake of nitrate ions [24]
which are converted in to nitrite with the help of
nitrate reductase. Many other enzymes convert nitrite into ammonium ion. Ammonium ion is then
incorporated into α-ketoglutarate which forms glutamate or glutamine. Nitrate reductase performs
important role as it catalyzes the first step in the
amino acid synthetic metabolic pathway by up taking nitrate ions. Therefore, the pre-treatment of
PEG in present study might be the reason which
enhanced the uptake of nitrate ions that result in
increase of total amino acid contents.

110.< 81 # 9:0<:0,<607< 87 <8<,5 ;85=
-509:8<047.87<07<;It is obvious from table 4 that
in control, total soluble protein contents were 1.01
mg/g of tissue. After 15 days (70 days old calli) of
Cd stress i.e. 0.1mM, 0.2mM, 0.3mM, 0.4mM and
0.5mM concentration, total soluble protein contents
were 0.177, 0.143, 0.142, 0.140 and 0.153 mg/g of
tissue. Pre-treatment of PEG resulted an increase of
3.38%, 9.79%, 0.70%, 2.14% and 5.88% of total
soluble protein respectively.

In case of 30 days stress i.e. 85 days old calli,
similar trend of decrease in total soluble protein
contents was recorded as was after 15 days of Cd
stress i.e. 0.25, 0.17, 0.17 and 0.16 mg/g of tissue
after 0.1mM, 0.2mM, 0.3mM and 0.4mM of Cd
stress. Pre-treatment of PEG ameliorated effect of
Cd stress but upto certain limit i.e. at 0.1, 0.2 and
0.3mM stress of Cd, 6.8%, 70.58% and 29.41%
increase in total soluble proteins contents was recorded as compared to untreated calli. At higher
concentration of Cd i.e. 0.4mM, pre-treatment of
PEG failed to ameliorate the effects of Cd.
As far as total soluble protein contents in present study are concerned, they were found to be
increased after PEG treatment (Table 4). Pretreatment of PEG itself can also be a possible reason of increase in total soluble protein content. PEG
is a polymeric osmoticum which is relatively nontoxic and can be a source of osmotic stress [25].
Stressors can increase the total soluble protein contents by enhancement in the production of stress
related proteins [26]. The introduction of such proteins (generally referred to as stress proteins) could
have resulted in an increase in the overall quantity
of soluble protein contents in the plant tissue exposed to stress [27].
110.<81#9:0<:0,<607<87;90.414.,.
<4>4<A 81 9307A5,5,7470 ,66874=6 5A,;0 #
Data presented in Table 5 depicts the effects of 15
days stress of Cd for the specific activity of PAL. In
control, specific activity of PAL was 0.035
units/mg of proteins. Specific activity of PAL was
0.043, 0.056, 0.065, 0.070 and 0.065 units/mg of
proteins after 0.1mM, 0.2mM, 0.3mM, 0.4mM and
0.5mM stress of Cd. Pre-treatment of PEG resulted
in minimizing the stress of Cd i.e. an increase of
18.60%, 23.21%, 13.84%, 15.71% and 7.69% in
specific activity of PAL was recorded after 0.1, 0.2,
0.3, 0.4 and 0.5mM Cd stress.



&
110.<819:0<:0,<607<81#85A0<3A50705A.85#87<8<,5;85=-509:8<047;.87<07<;

/87.
6 

&8<,5;85=-509:8<047.87<07<;
81 /,A;85/.,55=;.=5<=:0;62 2.,55=;=7/0:/
;<:0;;

(4<38=<9:0
1<0:
47.:0,;0 
<:0,<607<81
9:0<:0,<607<
/0.:0,;0,1<0:
#
81#
<:0,<607<

Control
0.1
0.2
0.3
0.4
0.5

1.01±0.023a
0.177±0.004b
0.143±0.022b
0.142±0.027b
0.140±0.062b
0.153±0.028b

%

 

0.93±0.36a
0.183±0.037b
0.157±0.080b
0.143±0.06b
0.143±0.024b
0.162±0.030b
 

-4.34
3.38
9.79
0.70
2.14
5.88


&8<,5;85=-509:8<047.87<07<;
81/,A;85/.,55=;.=5<=:0;62 2.,55=;=7/0:/
;<:0;;

(4<38=<
1<0:
47.:0,;0 
9:0<:0,<607<81
9:0<:0,<607<
/0.:0,;0,1<0:
#
81#
<:0,<607<

0.69±0.19a
0.25±0.04b
0.17±0.014b
0.17±0.013b
0.16±0.069b
00
 

0.034±0.096a
0.267±0.04ab
0.29±0.16ab
0.22±0.10ab
0.12±0.05ab
00
 

-16.21
6.8
70.58
29.41
-27.27



Mean followed by different letters in the same column differ significantly at P=0.05 according to Duncan’s new multiple
range tests.
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&
110.<819:0<:0,<607<81#85A0<3A50705A.85#87;90.414.,.<4>4<A81#307A5,5,7470
,66874=65A,;081.,55=;
%90.414.,.<4>4<A81#81 /,A;85/.,55=;
%90.414.,.<4>4<A81#81/,A;85/.,55=;.=5
.=5<=:0;
<=:0;
/
=74<; 62819:8<047=7/0:/;<:0;;
=74<; 62819:8<047=7/0:/;<:0;;
87.
(4<38=<
1<0:
(4<38=<
1<0:
6 
47.:0,;0 
47.:0,;0 
9:0<:0,<607< 9:0<:0,<607<
9:0<:0,<607< 9:0<:0,<607<
/0.:0,;0
/0.:0,;0
81#
?4<3#
81#
?4<3#
Control
0.035±0.01c
0.047±0.004b
34.28
0.039±0.008b
0.039±0.005d
00
0.1
0.043±0.007bc
0.051±0.004b
18.60
0.048±0.005b
0.051±0.005c
6.25
0.2
0.056±0.01abc
0.069±0.01a
23.21
0.096±0.133a
0.10±0.027b
4.16
0.3
0.065±0.006abc 0.074±0.005ab
13.84
0.097±0.012a
0.099±0.003ab
2.06
0.4
0.070±0.19a
0.081±0.010ab
15.71
0.065±0.010ab
0.087±0.003a
33.84
0.5
0.065±0.11ab
0.070±0.007ab
7.69
00
00
00
%
 
 

 
 

Mean followed by different letters in the same column differ significantly at P=0.05 according to Duncan’s new multiple
range tests


&
110.<819:0<:0,<607<81#85A0<3A50705A.85#87;90.414.,.<4>4<A8190:8@4/,;0;81.,55=;.=5<=:0;
%90.414.,.<4>4<A8190:8@4/,;0;81 /,A;85/
%90.414.,.<4>4<A8190:8@4/,;0;81 /,A;85/.,5
.,55=;.=5<=:0;=74<; 62819:8<047=7/0:/
5=;.=5<=:0;=74<; 62819:8<047=7/0:/;<:0;;
/
;<:0;;
87.
(4<38=<
1<0:
(4<38=<
1<0:
6 
47.:0,;0 
47.:0,;0 
9:0<:0,<607<81 9:0<:0,<607<
9:0<:0,<607< 9:0<:0,<607<81
/0.:0,;0
/0.:0,;0
#
81#
81#
#
b
b
ab
b
Control
0.5 ±0.242
0.4±0.19 
-20
0.069 ±0.044
0.071±0.014
2.89
0.983
ab
ab
ab
1.04±0.07 
0.1
5.79
0.99 ±0.346
1.09±0.15
10.10
±0.282ab
1.413
1.423±0.40ab
0.2
0.70
1.43 ±0.405ab
1.77±0.14a
23.77
±0.288ab
1.566
1.676±0.18a
0.3
7.02
1.91 ±0.8a
2.05±0.45a
7.32
±0.251ab
a
a
a
a
1.863±0.53 
2.02
1.93±0.52
1.7±0.74
-11.91
0.4
1.826 ±0.036
0.5
1.9±0.575a
1.826±0.55a
-4.73
00
00
00
%
 
 

 
 

Mean followed by different letters in the same column differ significantly at P=0.05 according to Duncan’s new multiple
range test

As far as the specific activity of PAL after 30
days of Cd stress is concerned, it was increased
gradually up to 0.3mM concentration. At 0.4mM of
Cd stress, PAL activity was again decreased to
0.065 units/mg of protein. Pre-treatment of PEG
resulted in an increase of 6.25%, 4.16%, 2.06% and
33.84% in specific activity of PAL after 0.1, 0.2,
0.3 and 0.4mM Cd stress.
In present investigation, the specific activity of
PAL was also found to be increased by pretreatment of PEG (Table 5). Phenylalanine ammonia-lyase plays a key role in phenylpropanoid metabolism which produces secondary metabolites that
strengthens the defence of plants. As a result of
PAL activity, cinnamic acid is produced in phenylpropanoid pathway which provides entry point
for synthesis of certain valuable phenolic compounds that strengthen the defence system of plant
[28]. Osmoticums like PEG is capable of increasing
expression of stress related gene and inducing systemic acquired resistance (SAR) in plant against
different type of stresses that stimulate phenolic

production in plants [29]. In present study, pretreatment of PEG might have activated the gene
expression related to the specific activity of PAL,
enhancing phenolic metabolism to produce antioxidant phenolics and lignin precursors for the purpose
to reduce toxic effect of Cd.

110.<81#9:0<:0,<607<87;90.414.,.
<4>4<A8190:8@4/,;0;As far as the specific activity
of peroxidase after 15 days of Cd stress is concerned, in control it was 0.5 units/mg of proteins
while after 0.1mM, 0.2mM, 0.3mM, 0.4mM and
0.5mM stress of Cd, the specific activity of peroxidases was found to be 0.98, 1.41, 1.56, 1.82 and
1.91 units/mg of protein. When calli were pretreated with PEG and were then brought under 0.1,
0.2, 0.3 and 0.4mM stress of Cd, an increase of
5.79%, 0.70%, 7.02% and 2.02% in specific activity
of peroxidises was recorded. At higher concentration of Cd stress i.e. 0.5mM concentration, pretreatment of PEG failed to suppress the effect of Cd
stress (Table 6).
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When the stress of Cd was increased to 30
days (85 days old callus), specific activity of peroxidases was recorded as 0.99, 1.43, 1.91 and 1.93
units/mg of proteins after 0.1, 0.2, 0.3 and 0.4mM
stress of Cd. Pre-treatment of PEG resulted in better
response as compared to calli without its pretreatment. As a result of PEG pre-treatment, the
specific activity of peroxidases of Cd treated calli
was 10.10%, 23.77%, 7.32% higher as compared to
untreated calli at 0.1mM, 0.2mM and 0.3mM concentration respectively. However at higher concentration of Cd i.e. 0.4mM concentration, pretreatment of PEG did not affect the specific activity
of peroxidises.
Increase in the specific activity of peroxidises
was also recorded after pre-treatment of PEG, however at higher concentration, PEG failed to show
ameliorating effect i.e. 0.4 and 0.5mM Cd stress
(Table 6). Peroxidases (POD) are enzymes that
usually oxidize phenolic compounds (defence proteins) which play a crucial role against environmental stresses [30]. Being hydrogen peroxide (H2O2)
scavengers, peroxidase utilize phenolic compounds
to produce phenoxyl radicals by using H2O2 as electron donors [31]. Peroxidase participates in lignin
biosynthesis and might built up a physical barrier
against heavy metals toxicity and other stresses.
Increase in specific activity of peroxidases in any
kind of stress is often linked with regular incorporation of phenolic compounds within the cell [32]. In
present study, due to regular incorporation of phenolics in the cell, it can be suggested that the activity of peroxidases increased to oxidize the phenolic
compounds, rendering the toxic effect of Cd stress.

110.<81#9:0<:0,<607<87;90.414.,.
<4>4<A 81 .,<,5,;0; It is quite evident from table 7


that in 70 days old calli, the specific activity of
catalases was 4.94 units/ml of enzymes in control.
After treatment with 0.1, 0.2, 0.3, 0.4 and 0.5mM
stress of Cd, the activity of catalases was 5.26, 7.57,
7.90, 7.86 and 7.96 mg/g tissue. However when
calli were pre-treated with PEG before bringing
under Cd stress, the specific activity of catalases
was 7.93, 9.13, 8.5, 8.2 and 8.1 units/mg of proteins
which was 50.76%, 20.60%, 7.59%, 4.32% and
1.75% higher as compared calli without pretreatment of PEG.
When Cd stress (0.1-0.5) was prolonged to 30
days under    conditions, specific activity of
catalases was recorded 4.7, 4.26, 5.2 and 4.16 mg/g
tissue at 0.1mM, 0.2mM, 0.3mM and 0.4mM stress
of Cd. However after 30 days of pre-treatment with
PEG, specific activity of catalases of Cd treated
calli was 3.13%, 10.55% and 4.20% higher at
0.1mM, 0.2mM and 0.3mM concentration of Cd
while in case of 0.4mM stress, PEG failed to overcome the effect of Cd stress.
Prevention of oxidative damage to cells during
stress has been suggested as one of the mechanisms
of stress tolerance which can be attributed to enhanced catalase activity [33]. Possible reason of
enhanced catalase activity of Cd treated calli in the
present study (Table 7) could be the pretreatment of
PEG which resulted in the inhibition of several reactive oxygen species [34] by the activation of antioxidant enzymes. Therefore greater catalase activities in calli pre-treated with PEG can be correlated
with the ability of this enzyme to detoxify the damaging effects of hydrogen peroxide produced under
Cd stress. Keeping this in view, it can be suggested
that pre-treatment of PEG trigger few biochemical
changes leading to combat heavy metal stress.


&
110.<819:0<:0,<607<81#85A0<3A50705A.85#87;90.414.,.<4>4<A81.,<,5,;0;81.,55=;
%90.414.,.<4>4<A81.,<,5,;0;81/,A;85/
.,55=;.=5<=:0;=74<; 62819:8<047=7/0:
/;<:0;;
/87.
6 
(4<38=<
1<0:9:0
(4<38=<
1<0:9:0
47.:0,;0 
47.:0,;0 
9:0<:0,<
<:0,<607<81
9:0<:0,<607<
<:0,<607<
/0.:0,;0
/0.:0,;0
607<81#
#
81#
81#
a
b
c
b
Control
4.94±0.43
6.46±0.65 
30.76
4.56±0.40
4.73±0.43 
3.72
0.1
5.26±1.38a
7.93±0.37ab
50.76
5.10±1.003bc
5.26±0.52ab
3.13
0.2
7.57±0.43a
9.13±0.40a
20.60
6.63±0.29bc
7.33±1.50ab
10.55
a
ab
ab
0.3
7.90±1.14
8.5±1.11 
7.59
7.13±0.49
7.43±0.67ab
4.20
0.4
7.86±0.82a
8.2±0.67ab
4.32
8.9±1.01a
7.93±1.39a
-10.89
0.5
7.96±0.51a
8.1±0.41ab
1.75
00
00
00
%

 

 
 

Mean followed by different letters in the same column differ significantly at P=0.05 according to Duncan’s new multiple
range tests.
%90.414.,.<4>4<A81.,<,5,;0;81 /,A;85/.,55=;
.=5<=:0;=74<; 62819:8<047=7/0:/;<:0;;
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,55=;9:85410:,<48787 %60/4=6;=9950607<
0/?4<3 6 ;<:0;;81/,1<0:
/,A;81;=-.=5<=:0)

'$
!0.:8;4;81.,55=;,< 6 81/;<:0;;
,1<0: /,A;81;=-.=5<=:0

'$
#:85410:,<48781.,55=;9:0<:0,<0/?4<3#
,1<0:  6 ;<:0;;81/)

'$
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Field experiments were conducted to study the
influence of different concentrations of paclobutrazol on the agronomic traits, yield and quality of three
varieties   . The main results of the test
showed that soaking seeds with different concentrations of paclobutrazol promoted the number of roots
and the length of the whole plant, and inhibited the
diameter of the stem. The 20 mg/L treatment had the
largest increase in root number and whole plant
length, which were 39.27% and 20.30%, respectively.
The diameter of the stem decreased by 9.79% in 2
mg/L treatment. All the 13 agronomy traits showed
low concentration inhibition. The effects of soaking
seeds with paclobutrazol on the yield and yield components of three    varieties were different. Three    varieties had the highest
yield of Qian    No.1, followed by
Fengkang No.1. Compared with the control, soaking
seeds with different concentrations of paclobutrazol
promoted the number of roots and the length of the
whole plant, and inhibited the diameter of the stem.
The 20 mg/L treatment had the largest increase in
root number and whole plant length, which were
39.27% and 20.30%, respectively. Soaking seeds
with paclobutrazol improves the quality of three
   varieties. Compared with the control,
soaking seeds with different concentrations of paclobutrazol mainly increased the quality of  
  by increasing the content of   
extract and total saponins; the contents of extracts of
0.2mg/L, 2mg/L and 20mg/L treatments increased
8.53% and 5.14 %, 5.71% respectively, the total saponin content increased 10.79%, 20.38%, 15.58%, respectively.



"(&#)(#"

      is sweet, slightly
bitter, spleen and lung meridian, and has the functions of replenishing qi, strengthening spleen, promoting fluid and moistening lung. It mainly treats
spleen deficiency, body fatigue, loss of appetite,
weakness after illness, thirsty from sweat, dry lung
and cough [1].        contains polysaccharides, saponins, cyclic peptides, essential oils, phospholipids, fatty acids, sterols, trace
elements and amino acids [2].
Paclobutrazol, also known as chloroprazole, is
a highly effective plant growth retardant, whose
physiological function of Paclobutrazol is mainly to
hinder the biosynthesis of gibberellin and accelerate
the decomposition of auxin in vivo, thus delaying
and inhibiting plant growth. The previous research
showed that Paclobutrazol increased the growth of
       root enlargement [3];
The dry matter, protein, starch and saponin contents
of yam tubers treated with Paclobutrazol were increased by 7.02%, 3.71%, 4.87% and 0.009% respectively, while the soluble sugar content was
slightly decreased by 0.37% [4, 5].
As a common Chinese medicinal material,
      has a large market demand, and the wild       resources are limited. Through this study, we can select the best varieties of      
  and the combination of seed soaking concentration of Paclobutrazol to provide scientific and
technical support for the stable, high-yield, highquality and efficient planting of    
   in the cultivation technology. In terms of
theoretical value, the effect of Seed Soaking with
Paclobutrazol on yield and quality of three varieties
of       was clarified to provide scientific theoretical basis for rational and effective utilization of Paclobutrazol in cultivation of
     .






,+#&'
     , seeding rate, paclobutrazol,
agronomic traits, yield, quality
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E=2?6:2;A.9 $<@6A6<; The basic fertility of
the soil plough layer in the experimental plot was determined by referring to "Agrochemical Analysis of
Soil" edited by Bao Shidan [6]. The results showed
that the available nitrogen was 114.44 mg/kg, the
available phosphorus was 55.41 mg/kg, the available
potassium was 123.92 mg/kg, the organic matter
content was 33.44 g/kg, and the pH was 4.89.

Paclobutrazol solution for 1 hour, drying the surface
water of       and then sowing.

2A2?:6;.A6<; <3 .4?<;<:60 05.?.0A2?@ <3
&.16E=@2B1<46;@2;4The agronomic characters of
      were observed in June
2017, the root diameter and stem diameter were
measured with digital vernier calipers, and the root
weight, total biomass, underground biomass and
aboveground biomass of      
  were weighed with an electronic balance with
a precision of 0.01g after low temperature drying.

,6291.;1F62910<:=<;2;A@<3&.16E=@2B1<
46;@2;4 In July 2017, we harvested 1 m2 
      tuber roots, removed impurities, washed, marked, dried the root surface moisture, weighed fresh weight, baked at 55 C to constant
weight, weighed, calculated drying rate, converted
into hectare yield; measured the root weight per unit
area, root number per unit area, single root weight.

2A2?:6;.A6<; <3 >B.96AF 6;12E <3 &.16E
=@2B1<46;@2;4According to the Chinese Pharmacopoeia (2015 Edition), the contents of water, ash
and extract of       were determined. The content of polysaccharides in Radix
heterophylla was determined by phenol sulfuric acid
method [7]. The content of total saponins in 
      was determined by vanillinglacial acetic acid and sulfuric acid method [8].

.A. @A.A6@A60.9 .;.9F@6@ The experimental
data were sorted out by Excel table and analyzed by
DPS. The agronomic characters, yield and quality of
different factors, different levels and combinations
of        were analyzed and
compared by Duncan's new complex range method.


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

E=2?6:2;A.9!.A2?6.9@Three varieties were
selected for this research, Feng Kang No. 1, main
cultivar and Qian       No.1.
!.6; &2.42;A@ 15% Paclobutrazol Wettable
Powder (Sichuan Guoguang Agricultural and Chemical Co., Ltd.), Ethanol, Concentrated Sulfuric Acid,
Steamed Phenol, Concentrated Sulfuric Acid, Chloroform, n-Butanol, Glacial Acetic Acid, Vanillin Aldehyde, Deionized Water for Experimental Water.

!.6; 6;@A?B:2;A@ electronic balance with
precision of 0.01g and 0.0001g, Petri dish, electrothermal blast drying box (101-1AB, Tianjin Tester
Instruments Co., Ltd.), porcelain crucible, vacuum
silica gel dryer, muffle furnace (x-12-10, Tianjin
Tester Instruments Co., Ltd.), enzyme labeling instrument (Thermo Multiskan FC), etc.
E=2?6:2;A.92@64; E=2?6:2;A12@64;
<3@<.86;4@221D6A5$.09</BA?.G<9In the experiment of two factors (A) and concentration of Paclobutrazol (C), factor A was determined by three levels: Fengkang No. 1, Main variety A2 and Qian
      A3. The three levels of
factor C were 0.2mg/L as C1, 2mg/L as C2 and 20
mg/L as C3. The seeding amount of each variety was
525kg/hm2, and no Paclobutrazol was used as control C. A total of 12 levels of combinations, 3 replicates, completely randomized design, the plot area
10m2. In 2017, the experiment was carried out at
Liupanshui Walnut Flat Experimental station.

<:=<@6A6<; 12A2?:6;.A6<; Eighteen agronomic characters, yield and three yield components
were determined, i.e. root weight per unit area, root
number per unit area and root weight per block, were
determined. The content of water, ash, extract, polysaccharide and total saponin in    
   were determined.

E=2?6:2;A.9!2A5<1@6291=9.;A6;4:.;
.42:2;A      was planted
on ridges with a width of 0.85 m and a thickness of
7 cm. N 185 kg/hm2, P2O5 260 kg/hm 2 and K2O 100
kg/hm2 were applied as base fertilizer. Paclobutrazol
soaking test, the root of      
was soaked in different concentrations of

3320A@<3 @<.86;4 @221@ D6A5 $.09</BA?.G<9
<;4?<;<:60(?.6A@<3 C.?62A62@<3 
  Table 1 showed that different
concentrations of Paclobutrazol have certain effects
on agronomic traits of      ,
and different concentrations of Paclobutrazol have
different effects on agronomic traits of   
    . Compared with the control, the
number of seed roots increased with the increase of
seed soaking concentration. The number of seed
roots increased by 6.43%, 26.67% and 39.27% in 0.2
mg/L treatment, 2 mg/L treatment and 20 mg/L treatment respectively. The plant height increased by
20.30% in the treatment of 20mg/L, and the diameter
of stem decreased by 9.79% in the treatment of
2mg/L. Soaking seeds with Paclobutrazol inhibited
most of the agronomic traits of    
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   at low concentrations. With the inthat the effect of 0.2mg/L treatment on reducing sincrease of the concentration of paclobutrazol, the ingle root weight is greater than that of 2mg/L treathibiting effect was weakened or the phenomena of
ment and 20mg/L treatment, and the effect of 2mg/L
high concentration promoted. The number of sub
treatment is similar to that of 20mg/L treatment.
roots increased by 20mg/L was the largest, followed
Soaking seeds with different concentrations of
by 2mg/L processing, and the number of sub roots in
Paclobutrazol had no significant difference in yield,
0.2mg/L processing was not significant.
root weight per unit area and root number per unit
From Table 2, it can be seen that seed soaking
area. 0.2mg/L treatment, 2mg/L treatment and
with Paclobutrazol has certain effects on the agro20mg/L treatment decreased the yield and root
nomic characters of       ,
weight per unit area of      a
and has certain regularity. The effect of Seed Soakby 44.76%, 34.51% and 39.66% respectively. The
root number per unit area of     
ing with Paclobutrazol on Agronomic Traits of 
  was reduced by 573/m2, 505/m2 and 555/m2,
       was inhibited at low con32.32%, 28.48% and 31.30% respectively. The sincentration, weakened with the increase of concentragle root weight of       was
tion, or promoted at high concentration. The treatreduced by 0.0166g/a, 0.0079g/a and 0.0115g/a,
ments of 0.2mg/L, 2mg/L and 20mg/L reduced the
16.12%, 7.67% and 11.17% respectively (Table 3).
leaf number of Fengkang No. 1 by 20.50%, 12.95%
Table 4 shows that the yield, root weight per
and 5.61%, respectively. The leaf number of main
unit area and root number per unit area of the main
cultivars decreased by 12.46%, increased by 8.27%,
cultivars treated with 2mg/L and 20mg/L were sigincreased by 37.01%, decreased by 61.67%, 48.13%,
nificantly higher than those of the control. The yield
26.51%, and increased by 35.73%, 15.81% and
of 2mg/L treatment was increased by 124.22% and
9.65% respectively. The number of underground
the root number per unit area increased by 115.33%.
stem nodes decreased by 30.04%, 36.50%, 12.22%,
The yield of 20mg/L treatment and the increase of
11.36%, 1.59%, 2.27% and 5.76%, 19.60% and
root area per unit area were 19.05%, and the root
27.95% respectively.
number per unit area increased by 15.62%. Feng

Kang No.1 and Qian No.1 Radix pseudo ginseng
3320A@<3 @<.86;4 @221@ D6A5 $.09</BA?.G<9
were inhibited by Paclobutrazol.
<; ,6291 .;1 F6291 0<:=<;2;A@ <3  C.?62A62@ <3
  The results showed


(  
!B9A6=920<:=.?6@<;@<3.4?<;<:6005.?.0A2?@<316332?2;A$.09</BA?.G<90<;02;A?.A6<;@6;

4?<;<:60A?.6A@

C0

$.09</BA?.G<90<;02;A?.A6<;
C1
C2

"B:/2?<3/?.;052@<3:.6;
1.47±0.63b
1.18±0.68b
@A2:
6?@A<?12?/?.;056;4;B:/2?
5.11±3.08a
3.58±1.80b
"B:/2?<392.C2@
73.87±37.71a
48.40±20.13b
"B:/2?<3B;12?4?<B;1@A2:
3..22±0.82a
2.20±0.99b
;<12@
"B:/2?<3.2?6.9@A2:;<12@
4.67±0.95ab
3.95±1.26c
"B:/2?<3@B/?<<A@
11.51±6.54b
12.25±8.04b
"B:/2?<32;9.?421?<<A@
8.29±5.13a
5.65±4.95b
+5<92=9.;A92;4A50:
21.58±4.46b
22.32±4.95b
2;4A5<3B;12?4?<B;1@A2:
5.98±2.01ab
4.94±1.66c
0:
'A2:92;4A50:
6.27±1.35b
5.57±1.66c
4.78±0.87a
4.67±1.12a
2.C292;4A50:
2.C2D61A50:
2.76±0.75ab
2.42±0.64c
6.:2A2?<32E=.;121?<<A
3.84±1.43a
2.56±1.42b
::
'A2:16.:2A2?::
2.35±0.45a
2.12±0.71b
'D2996;4D2645A<3?<<A@4
0.79±0.62ab
0.51±0.42c
(<A.9/6<:.@@4
3.15±1.67ab
2.11±1.20c
);12?4?<B;1/6<:.@@4
1.15±0.72ab
0.81±0.49c
/<C24?<B;1/6<:.@@4
2.00±1.16ab
1.30±0.88c
Note: Different letter represent significant difference of two treatments.
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C3

1.52±1.09b

1.94±1.34a

4.85±2.65a
62.97±29.14a

5.00±2.94a
72.19±28.50a

2.27±0.84b

2.48±0.81b

4.24±1.09bc
14.58±9.63ab
6.82±4.22ab
22.45±4.04b

4.77±1.12a
16.03±10.39a
8.23±5.18a
25.96±5.79a

5.25±1.89bc

6.20±1.80a

6.63±1.65ab
4.56±1.20a
2.47±0.55bc

7.04±1.63a
4.72±0.88a
2.85±0.82a

3.62±0.81a

3.66±0.97a

2.07±0.64b
0.62±0.41bc
2.76±1.70bc
0.96±0.49bc
1.79±1.41bc

2.13±0.74b
0.92±0.84a
3.73±1.98a
1.32±0.91a
2.41±1.32a

$#
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!B9A6=920<:=.?6@<;<3$.09</BA?.G<9@221@<.86;40<;02;A?.A6<;.;10<:/6;.A6<;@<3
C.?62A62@<;A52.4?<;<:60A?.6A@
2C29
"B:/2?<3
"B:/2?<3
6?@A<?12?
"B:/2?<3
0<:
B;12?4?<B;1 .2?6.9@A2:
/?.;056;4
92.C2@
/6;.
@A2:;<12@
;<12@
;B:/2?
A6<;
  
3.73±2.58c
61.87±27.72bcde
3.47±0.64a
4.73±0.96ab
  
4.07±2.19bc
49.20±23.06e
3.27±0.46ab
4.80±1.52ab
  
4.64±2.47bc
53.86±22.47de
2.79±0.80bc
4.29±0.83ab
  
3.03±1.57c
58.40±16.62bcde
2.50±1.18cde
4.80±1.40ab
  
3.80±2.27c
55.60±28.60cde
3.47±0.99a
4.87±1.25ab
  
3.20±1.61c
48.67±18.62e
1.33±0.49g
3.13±0.52c
  
4.10±3.14bc
60.20±30.04bcde
1.80±0.79fg
4.10±1.60b
  
4.45±2.07bc
76.18±34.32bcd
2.55±0.52cd
5.18±0.98a
  
7.80±2.54a
104.13±37.27a
2.73±0.59bc
4.40±0.51ab
  
3.40±1.35c
46.80±19.62e
1.90±0.57efg
3.90±0.74bc
  
6.00±2.18ab
80.22±32.73bc
2.00±0.50def
4.33±0.87ab
  
7.30±3.50a
81.60±28.17b
2.40±0.70cdef 4.30±0.82ab
2C29
Enlarged
Underground
Leaf length
Leaf width
0<:
seed root distem length
/6;.
(cm)
(cm)
ameter (mm)
(cm)
A6<;
  
6.86±1.93a
4.35±0.86cde
2.67±0.99ab
4.12±1.51ab
   5.51±1.44abcd
5.11±1.04abc
2.76±0.63ab
2.57±0.53c
  
6.08±1.83abc
4.38±0.97cde
2.53±0.50bcd 3.32±0.90bc
  
4.94±1.34cde
4.25±0.64de
2.50±0.51bcd
3.81±1.18b
   5.53±1.51abcd
4.91±0.87bcd
2.97±0.71ab
2.50±0.56c
  
3.65±1.28e
3.83±0.96e
1.97±0.48d
1.68±1.37d
  
4.15±1.68de
3.63±0.62e
2.01±0.35cd
4.04±0.75ab
  
6.98±2.11a
5.13±0.92abc
2.90±0.52ab
3.45±0.97b
   5.54±2.34abcd
5.10±0.74abc
2.64±0.47ab
4.89±0.81a
  
6.02±1.25abc
5.28±0.60ab
2.57±0.49abc
3.87±1.50b
  
5.18±1.71bcd
5.87±0.88a
2.90±0.43ab
3.63±0.52b
  
6.60±1.18ab
4.75±0.88bcd
3.16±1.20a
3.75±0.78b
Note: Different letter represent significant difference of two treatments.

"B:/2?<3
@B/?<<A@

"B:/2?<3
2;9.?421?<<A@

8.20±4.44cd
16.33±7.13ab
13.00±10.25bcd
8.50±8.57cd
11.67±5.85bcd
6.27±4.65d
9.40±5.64cd
17.64±9.96ab
14.67±7.61bc
15.10±8.44bc
22.78±7.12a
21.80±8.55a

6.33±4.30cdef
10.13±3.74ab
8.00±3.53abcde
4.40±5.34efg
6.87±3.40bcdef
1.27±1.22g
3.90±3.07fg
10.27±3.98ab
11.67±5.84a
5.50±4.09def
8.22±5.02abcd
9.80±4.37abc

Stem diameter
(mm)

Whole plant
length (cm)

2.49±0.43ab
2.39±0.48abc
2.46±0.46abc
1.39±0.30d
2.08±0.45c
1.43±0.44d
1.28±0.29d
2.24±0.62bc
2.46±0.38abc
2.77±0.40a
2.32±0.28bc
2.76±0.49a

20.07±3.31de
23.75±3.79bcd
22.29±2.68bcd
30.10±5.20a
23.48±5.62bcd
24.53±4.91bc
24.80±5.10bc
25.67±4.29b
21.20±3.67cd
16.91±1.50e
20.09±3.34de
22.14±5.37bcd


(  
!B9A6=920<:=.?6@<;@<3F6291.;1F62910<:=<;2;A@<3 6;16332?2;A@221
@<.86;40<;02;A?.A6<;@<3$.09</BA?.G<9
$.09</BA?.G<9
,269@
&<<AAB/2?D2645A
"B:/2?<3?<<AAB/2?@
0<;02;A?.A6<;
84 5: 
4 : 
 : 
 
1844.97±1221.12aA
184.50±122.11aA
1773±1200aA
 
1019.17±493.67bB
101.92±49.37bB
1200±601bB
 
1208.19±415.96bB
120.82±41.59bB
1268±425bB
 
1113.33±436.78bB
111.33±43.68bB
1218±487bB
Note: Different letter represent significant difference of two treatments.

'6;492?<<AAB/2?
D2645A4
0.1030±0.0151aA
0.0864±0.0050cC
0.0951±0.0056bB
0.0915±0.0034bBC

( 
!B9A6=960.A20<:=.?6@<;A./92<3@221@<.86;40<;02;A?.A6<;<3$.09</BA?.G<9.;1F6291.;1F62910<:=<
;2;A@<3 .AC.?6<B@ 2C29@
2C29
0<:/6;.A6<;
  
  
  
  
  
  
  
  
  
  
  
  

,6291
 84 5: 
1598.17±85.73bB
1082.38±89.77bcdBCDE
905.39±121.40cdeBCDE
1044.01±89.44bcdBCDE
614.52±36.66deDE
456.09±133.02eE
1377.86±533.69bcBCD
731.60±114.30deCDE
3322.22±565.75aA
1519.03±304.53bBC
1341.33±430.39bcBCD
1564.39±459.44bB

&<<AAB/2?D2645A
4 : 
159.82±8.57bB
108.24±8.98bcdBCDE
90.54±12.14cdeBCDE
104.40±8.94bcdBCDE
61.45±3.67deDE
45.61±13.30eE
137.79±53.37bcBCD
73.16±11.43deCDE
332.22±56.58aA
151.90±30.45bBC
134.13±43.04bcBCD
156.44±45.95bB

Note: Different letter represent significant difference of two treatments.
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"B:/2?<3?<<A
AB/2?@ : 
1350±82bcdBCDE
1313±65bcdBCDE
979±178cdeBCDE
1167±94bcdBCDE
698±67deDE
503±164eE
1503±566bcBCD
807±141deCDE
3272±613aA
1782±395bB
1322±399bcdBCDE
1682±583bBC

'6;492?<<AAB/2?D2645A
4
0.1188±0.0125aA
0.0823±0.0028dC
0.0930±0.0044bcBC
0.0895±0.0005cdBC
0.0884±0.0071cdBC
0.0915±0.0045cdBC
0.0913±0.0045cdBC
0.0909±0.0018cdBC
0.1018±0.0023bB
0.0855±0.0024cdC
0.1011±0.0020bB
0.0942±0.0051bcBC
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3320A<3@<.86;4@2210<;02;A?.A6<;<3$.09</BA?.G<9<;>B.96AF<3 
$.09</BA?.G<9
0<;02;A?.A6<;

:<6@AB?2
0<;A2;A

.@50<;A2;A

"2A0<;A2;A<3
2EA?.0A

C0
5.31±0.32dC
3.64±0.29a
43.96±1.90bB
C1
6.94±1.05bAB
3.44±0.39a
47.71±2.06aA
C2
6.72±0.40cB
3.35±0.23a
46.22±2.21aA
C3
7.21±0.57aA
3.39±0.64a
46.47±1.69aA
Note: Different letter represent significant difference of two treatments.

"2A0<;A2;A<3
$<9F@.005.?612@

10.20±0.57a
9.54±1.97a
9.72±1.27a
10.52±1.25a

(<A.9@.=<;6;
0<;A2;A
4.17±0.49bB
4.62±1.12aAB
5.02±0.99aA
4.82±0.79aA


( 
<:=.?6@<;<3A52>B.96AF<3&.16E=@2B1<46;@2;4/F0<:/6;.A6<;<3'<.86;4D6A5$.09</BA?.G<9.;1
C.?6<B@92C29@<3 0<:/6;.A6<;
2C29
:<6@AB?2
.@50<;A2;A
"2A0<;A2;A<3
0<:/6
0<;A2;A
2EA?.0A

;.A6<;
A1C0
5.14±0.18fE
3.71±0.12abAB
43.01±2.09eC
A1C1
5.88±0.10eD
3.18±0.52bABC
45.63±1.19bcdeABC
A1C2
7.14±0.36bB
3.32±0.11bABC
47.28±0.60abcAB
A1C3
7.05±0.06bcB
3.56±0.33abAB
45.40±1.81cdeABC
A2C0
5.16±0.34fE
3.50±0.22abAB
45.74±0.74bcdeABC
A2C1
6.71±0.11cdBC
3.63±0.32abAB
48.94±1.21aA
A2C2
6.40±0.25dC
3.56±0.19abAB
47.55±2.21abcAB
A2C3
7.90±0.18aA
3.97±0.03aA
46.37±0.80abcdABC
A3C0
5.63±0.22eDE
3.71±0.47abAB
43.14±1.54eC
A3C1
8.24±0.16aA
3.51±0.25abAB
48.57±2.08abA
A3C2
6.62±0.04dBC
3.17±0.21bBC
43.83±1.19deBC
A3C3
6.68±0.29cdBC
2.64±0.42cC
47.64±1.95abcAB
Note: Different letter represent significant difference of two treatments.

"2A0<;A2;A<3
$<9F@.005.?612@

9.82±0.07abAB
10.20±0.84aAB
8.74±1.44abAB
10.36±2.21aAB
10.03±0.61abAB
7.79±2.73bB
9.84±1.04abAB
10.09±0.33abAB
10.75±0.48aAB
10.64±0.51aAB
10.58±0.83aAB
11.10±0.67aA

(<A.9@.=<;6;
0<;A2;A
3.84±0.28efDE
3.44±0.90fE
3.90±0.39efDE
4.11±0.49defCDE
4.76±0.28cdBCD
4.67±0.05cdeBCD
5.10±0.30bcABC
5.49±0.51abcAB
3.91±0.10efDE
5.76±0.40abAB
6.07±0.36aA
4.86±0.73cdBCD


3320A <3 @<.86;4 @221@ D6A5 $.09</BA?.G<9
<;A52>B.96AF<3 C.?62A62@<3 
 Table 5 shows that Paclobutrazol treatment at different concentrations increased water
content, extract content and total saponin content of
      in varying degrees, and
water content increased by 30.70%, 26.55% and
35.78% in 0.2 mg/L treatment, 2 mg/L treatment and
20 mg/L treatment, the content of extract increased
by 8.53%, 5.14%, 5.71%, the total saponin content
increased by 10.79%, 20.38%, 15.58%. To sum up,
Paclobutrazol can improve the quality of   
     by increasing the content of extracts and total saponins of      
 .
According to Table 6, the quality of Paclobutrazol treatment of three varieties was higher than
that of the control. Among them, the contents of extracts of three treatments of main variety, 2 mg/L
treatment of Fengkang 1, 0.2 mg/L treatment and 20
mg/L treatment of Qian Paclobutrazol No.1 were
48.94%, 47.55%, 46.37%, 47.28%, 48.57%, 47.64%
more than control. The contents of total saponins
were the highest in the 20 mg/L treatment of main
cultivar, 0.2 mg/L treatment and 2 mg/L of Qian
Paclobutrazol No.1, which were 5.49%, 5.76% and
6.07% respectively. The comprehensive analysis
showed that the quality of 20 mg/L treatment of Qian
Paclobutrazol No.1 was the best, followed by 20
mg/L treatment of main cultivar and 0.2 mg/L treatment of Qian Paclobutrazol No.1.

#" )'#"'
Soaking seeds with Paclobutrazol had certain
effects on the agronomic characters, yield and quality of the three varieties. Soaking seeds with Paclobutrazol could improve the quality of the three varieties in the range of 0.2-20 mg/L. Soaking seeds with
2 mg/L and 20 mg/L Paclobutrazol solution could
improve the yield and quality of the main varieties.
After soaking seed with Paclobutrazol, shortening the number of stem nodes and the number of underground stem nodes increased the number of roots
of      . Soaking seeds with
Paclobutrazol promoted the whole plant length and
reduced stem diameter of      
 .


"#+ !"('
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conventional treatment methods to help recover from
various illnesses [3-5]. Though plants are effective
in the prevention or treatment of many diseases, the
simultaneous application of plants and drugs may reduce or increase the efficacy of drugs, or they may
cause serious side effects [6].
#!!"$#!L. (saffron) is a plant belonging
to the Iris family (Iridaceae) with a strong aroma and
coloring properties. It is a perennial, bulbous plant
with a blue–purple flower. The stigmas and styles of
its flower are used as a spice [7]. This therapeutic
plant has been used in alternative medicine since ancient times because of a wide range of curative properties including anti-inflammatory, sedative, cardioprotective, diaphoretic, aphrodisiac, diuretic, stomachic, antiseptic, expectorant, decongestant, antispasmodic and pain relief effects [8]. According to
the phytochemical analysis, saffron contains anthocyanin, carotenoid (crocin, crocetin, &-carotene, 'carotene, lycopene and zeaxanthin), monoterpene aldehyde (safranal, picrocrocin), isophorone, and flavonoid (kaempferol, taxifolin and naringenin) compounds [9-11]. Saffron and/or its components have
many beneficial effects on health, including antigenotoxic, anticarcinogenic, antioxidative, anti-inflammatory, immunoprotective, antihyperglycemic, antiischemic, antihypertensive, antidepressant, neuroprotective and anti-obesity properties [12-24].
Doxorubicin, a chemotherapeutic drug, is commonly used to treat various types of cancer including
lymphoma, myeloma, sarcoma and carcinoma [25].
The active mechanism of doxorubicin affects normal
cells as well as cancerous cells [26]. Doxorubicin
causes genotoxicity and cytotoxicity in cells by
mechanisms including intercalating into DNA base
pairs, generating free radicals, inhibiting topoisomerase II activity and stopping DNA and RNA synthesis. It binds to DNA by entering between base
pairs. This causes structural degradation of genetic
material and inhibition of RNA synthesis. Reactive
oxygen species (ROS) generated as a result of doxorubicin-induced redox reactions, cause genotoxicity
via damage to cellular DNA and other macromolecules in the cell, and this can cause serious side effects like cardiotoxicity and can impact the immune
system [27-31]. The progress of these side effects

#!!"$#! L. (saffron) is a medicinal plant
that has been used for the prevention and treatment
of various diseases since ancient times. Saffron also
has a distinctive aroma and is used as a food coloring, in addition to its therapeutic effects. In this study
the genotoxic and antigenotoxic impacts of saffron
were evaluated using the somatic mutation and recombination test (SMART). Doxorubicin, a chemotherapeutic drug, was used as a genotoxic agent to
evaluate the antigenotoxic activity of saffron.
Transheterozygous larvae obtained from a standard
cross between flare ( ) and multiple wing hair
(%) mutant strains of
! !"
were treated with the test materials. Saffron extract
was applied at three different concentrations (1,5 and
10 mg/mL) to evaluate any genotoxic effect. In the
antigenotoxic assessment, each dose of the saffron
extract was co-administered with doxorubicin
(0.125 mg/mL). The data obtained from our study indicated that the ethanol extract of saffron did not
show any genotoxic effect but instead exerted a powerful protective effect against the genotoxic effect of
doxorubicin that was dose dependent.
$"
Antigenotoxicity, doxorubicin, !!" ,
mutation,saffron, SMART assay

 
The therapeutic effects of plants were discovered in ancient times and they have been used in the
treatment of various diseases since then. Although
there are advanced modern medical techniques,
nowadays people tend to choose herbal treatment
methods more frequently. Herbal medicine has many
advantages compared to modern medicine, such as
being cheaper, being easier to administer and resulting in fewer side effects [1]. According to World
Health Organization (WHO) data, 80% of the
world’s population use herbal remedies [2]. People
use herbal healing methods in combination with
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spots occur only due to mutation and only % single spots can be observed on the wings. In this study
MH wings were subjected to evaluation.

depends on repeated doses of large amounts of doxorubicin, limiting its use.
In view of this, the somatic mutation and recombination test (SMART) was used to investigate
the antigenotoxic effect of saffron on any genotoxicity caused by doxorubicin. SMART is an  $$
genotoxicity assay allowing the detection of mutational or recombinational changes occurring in the
imaginal discs of
! !" [32].
This assay has been used to observe the mutagenic
and recombinogenic effects of a wide variety of
agents such as food dyes, insecticides, nanoparticles,
plant compounds, UV light, and drugs [33-38].

4)%60)165 In treatments, the procedure described by Graf et al. [32] was followed, with 1 to 3day-old virgin   females mated with % males.
Eggs derived from this cross were collected over an
8 hour period in vials containing instant !
medium. Afterwards the third instar (72 ± 4 hours)
transheterozygous larvae were collected by washing
out the medium with tap water. Larvae were placed
in vials containing instantmedium (1.5 g) hydrated
with test solution (5 mL). One hundred larvae were
treated in each experimental group and three replications were performed. Saffron extract was separately
applied as three different doses to evaluate its genotoxic effect. Each dose of the extract was applied in
combination with doxorubicin to evaluate antigenotoxic activity. Larvae were treated with distilled water in the negative control group and with doxorubicin in the positive control group. Fly stocks were
maintained, and experiments were conducted at
25 ± 1oC and 40 to 60% humidity. Emerging individuals carrying the MH genotype with phenotypically
wild-type wings were selected from each application
group and collected in vials contain 70% ethanol
then stored at +4°C until the wings were permanently
mounted.



)560%6)4-%/5Saffron samples were obtained
from local producers in Safranbolu in March 2014.
The samples were ground in a porcelain mortar and
extracted with ethanol (w/v; 1:10) on a horizontal
shaker (125 rpm) at room temperature for 24 hours.
Then, the extractions were filtered, and ethanol was
removed using a rotary evaporator (Buchi Rotavapor
R-210). Lyophilized extracts were stored in dark bottles at +4°C until used. An 0.125 mg/mL amount of
doxorubicin (Santa Cruz Biotechnology Inc., CA,
USA) was used as a positive control. The dose of the
doxorubicin was determined according to a previous
study [39]. Distilled water was used as a negative
control. Doxorubicin and the lyophilized saffron extract were dissolved in distilled water just before
treatment. Formula 4-24® (Instant ! medium, Carolina Biological Supply Cooperation, Burlington, NC, USA) was used as the medium for all
treatments in the study.

-'425'23-'%1%/;5)5The wings of individuals were picked up using forceps then fixed on slides
with Entellan (Merck) and analyzed for different
types of mutant clones under a light microscope with
10×40 magnification. Forty pairs of wings were examined in each application group and mutant clones
were scored as single small, single large and twin
spots, as previously described [32].

6%6-56-'%/ %1%/;5-5 In each experimental
group, the frequencies of each of the type of mutant
spots were compared pair-wise (negative control
versus saffron extract; positive control (doxorubicin)
versus doxorubicin plus saffron extract), and then
analyzed using the conditional binomial test at a 5%
significance level [41]. The data obtained was evaluated using a multiple decision procedure and the results were determined to be negative, positive or inconclusive [42]. In co-treatments, the inhibition percentage (IP) was computed by the following formula:
IP = [(doxorubicin alone-saffron extract plus
doxorubicin)/doxorubicin alone] ×100] [43].


 

64%-15%1('4255)5 The marker   )
and #"% !%) strains of !
!" were used in the experiments.
Lindsley and Zimm [40] gave detailed information
about these strains in their work. Third instar
transheterozygous larvae were obtained from a
standard (ST) cross between virgin      
 females and % %% males. Two
different types of progeny can be produced from a
standard cross: marked transheterozygous (MH) and
balancer-heterozygous
(BH)
types.
MH
(%++ ) individuals have phenotypically normal wings. In the MH genotype, spots occur due to
somatic recombination or mutation, and both single
spots (  or %), or twin spots (  and %), can
be observed on the wings. Deletions, point mutations, chromosome aberrations or recombination between   and % genes can produce single spots,
while recombination between the   gene and the
centromere of chromosome 3 generate twin spots
[32]. BH flies (%/ ) have phenotypically
serrated wings. In the BH genotype, recombination
is suppressed by the  balancer chromosome, so

In this study the genotoxic and antigenotoxic
effects of saffron extract were determined with the
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)1262:-'-6;6)564)57/652&6%-1)(-10%4.)(64%15,)6)42<;+275342+)1;64)%6)(5)3%4%6)/;9-6,
(2:247&-'-1%1(5%**421):64%'6
Treatment
(mg/mL)
Dw
Dxr
0.125
SE
1
5
10

80

Small single spots
(1-2 cells)
(=2)
No
Fr
D
7
0.09

Large single spots
(>2 cells)
(=5)
No
Fr
D
3
0.04

80

122

1.53

+

52

0.65

80
80
80

7
9
6

0.09
0.11
0.08

i
i
i

4
6
4

0.05
0.08
0.05

N

Twin spots (=5)
No
1

Fr
0.01

D

+

19

0.24

i
i
i

1
0
0

0.01
0.00
0.00

Total % spots (=2)
No
11

Fr
0.14

D

+

183

2.29

i
i
i

11
13
9

0.14
0.16
0.11

Total spots (=2)

F

No
11

Fr
0.14

D

+

193

2.41

+

9.38

i
i
-

12
15
10

0.15
0.19
0.13

i
i
i

0.56
0.67
0.46

0.56

N: Number of wings, F: Frequency of clone formation per 105 cells, Dw: distilled water, Dxr: doxorubicin, SE: saffron extract,
No: number, Fr: frequency, D: statictical diagnosis according to Frei and Würgler (1988); +: positive, -: negative, i: inconclusive, m: multiplication factor; probability levels α=β= 0.05.


 
16-+)1262:-'-6;6)564)57/652&6%-1)(-10%4.)(64%15,)6)42<;+275342+)1;%*6)4'264)%60)16
9-6,(2:247&-'-1%1(5%**421):64%'6
Treatment
(mg/mL)
Dw
Dxr
0.125
Dxr
0.125
0.125
0.125

SE
1
5
10

Large single spots
(>2 cells)
(=5)
No
Fr
D
3
0.04

No
1

Fr
0.01

D

80

Small single
spots (1-2
cells) (=2)
No
Fr
D
7
0.09

80

122

1.53

+

52

0.65

+

19

0.24

80
80
80

15
10
9

0.19
0.13
0.11

-

27
8
7

0.34
0.10
0.09

-

1
2
2

0.01
0.03
0.03

N

Total % spots
(=2)

Twin spots
(=5)

No
11

Fr
0.14

D

+

183

2.29

-

23
16
14

0.29
0.20
0.18

Total spots
(=2)

F

No
11

Fr
0.14

D

+

193

2.41

+

9.38

-

43
20
18

0.54
0.25
0.23

-

1.18
0.82
0.72

I%

0.56

77.59
89.63
90.46

N: Number of wings, F: Frequency of clone formation per 105 cells, Dw: distilled water, Dxr: doxorubicin, SE: saffron extract,
No: number, Fr: frequency, D: statictical diagnosis according to Frei and Würgler (1988); +: positive, -: negative, i: inconclusive, m: multiplication factor; probability levels α=β= 0.05.

SMART assay using an ST cross. The genotoxicity
test results are summarized in Table 1.
The saffron extract was applied at three different concentrations (1, 5 and 10 mg/mL) to evaluate
its genotoxic effect. It was observed that the mutant
spot numbers were the same or exhibited very little
difference between the saffron-treated groups and
the negative control group. Statistical analysis revealed that the differences between the results were
insignificant (Table 1). The genotoxicity assay
showed that the saffron extract did not exhibit any
toxic effects at the doses used.
The positive control doxorubicin was applied at
0.125 mg/mL and showed a powerful genotoxic effect, as expected. It was observed that the frequencies of all mutant spots in the doxorubicin-treated
group were significantly higher than in the negative
control group (Table 1). It was seen that the small
single spot type was the most frequently induced mutant clone after the doxorubicin treatment.
In co-treatments, 1, 5 and 10 mg/mL doses of
saffron extract were applied in combination with
0.125 mg/mL of doxorubicin and the antigenotoxic
potential of the saffron extract was evaluated. Antigenotoxicity studies showed that the saffron extract
modified the genotoxic effect of the doxorubicin.
The simultaneous application of saffron extract and

doxorubicin produced antigenotoxic effects by inhibiting the mutant clone formation at all the tested
dose levels. The calculated inhibition percentages
were 77.59 %, 89.63 % and 90.46 % at 1, 5 and
10 mg/mL doses, respectively (Table 2). These results indicated that the saffron treatment showed a
powerful protective effect against the genotoxic effect of doxorubicin, and that its protective effect was
increased depending on the dose.


 
Cancer is one of the most common diseases in
the world. WHO estimated that global cancer rates
could reach 15 million by 2020. Chemotherapy, radiotherapy and surgical methods applied in modern
cancer therapy may not always produce effective results, and cancer cells may develop resistance to
these treatment methods over time [2]. Chemotherapy is one of the basic methods in cancer treatment,
but chemotherapy drugs can affect normal cells as
well as cancerous cells and cause serious side effects
[44]. In recent years, a number of studies have been
conducted to reduce or prevent the side effects of
these drugs using herbs and herbal components as an
adjuvant in patients and animals. These studies
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demonstrated that clinical use of herbal medicines
can be efficient at chemoprevention to counter the
adverse effects of chemotherapeutic agents [45-48].
It is thought that medicinal plants are effective in the
treatment and prevention of cancer by enhancing the
body’s resistance to diseases by supporting the immune system, preventing or reducing the side effects
of modern treatment methods, and providing nutritional and physiological support as well as containing anticancer compounds [49].
Doxorubicin is a highly effective and commonly used chemotherapeutic agent in the treatment
of multiple cancer types [25]. It is known that elevated levels of ROS are generated as a result of using
doxorubicin [50]. ROS are byproducts of normal
metabolic activities in aerobic organisms and necessary for the regulation of cellular functions, the formation of cellular responses to infectious agents, the
regulation of cell-signaling pathways, and physiological and biosynthetic processes. While ROS are
necessary and useful in organisms at low amounts,
they have harmfull effects at high concentrations
[51-53].
Antioxidants are substances that can destroy
ROS and remove their harmful effects [54]. Excess
levels of ROS are neutralized by non-enzymatic (carotenoid, flavonoid, glutathione and thiol) or enzymatic (superoxide dismutase, catalase and glutathione peroxidase) antioxidants and are kept at low levels in the cell [52]. When ROS are accumulated or
the amount of antioxidants decreases in the cell, oxidative stress is produced when the balance between
ROS and antioxidants is disrupted. Oxidative stress
may lead to diabetes, aging, arteriosclerosis, neurodegenerative diseases and cancer by inducing abnormalities in the structure and function of macromolecules such as DNA, RNA and lipids [54-56].
Doxorubicin is highly effective against a wide
range of cancers, but clinical use of this drug is limited by increased doxorubicin-induced ROS generation. Therefore some studies have been conducted on
lowering the doxorubicin-induced ROS level with
various herbs or herbal compounds. In these studies,
it has been experimentally demonstrated that doxorubicin-induced genotoxicity can be reduced by dietary intake of antioxidants and antioxidant-rich
plants [39, 57, 58].
In this study, the effect of administering the saffron extract orally to combat doxorubicin-induced
genotoxicity was tested on the !
!" . According to our results, the saffron extract
alone did not show any genotoxic effect, and it provided protection against the genotoxicity of doxorubicin at the doses tested. The results of our study corroborate previous findings demonstrating the antigenotoxic effects of saffron. It has been shown that
the ingestion of aqueous saffron extract inhibited
genotoxicity of some anti-tumor drugs (mitomycin
C, cisplatin and cyclophosphamide) and urethan in
mice [59]. Saffron, and its component crocin, also

inhibited methyl methanesulfonate (MMS)-induced
DNA damage in mice [12]. Sadeghnia et al. [15] reported that safranal had a protective effect against
quinolinic acid (QA)-mediated excitotoxicity in rats.
Lipid peroxidation and DNA damage induced by QA
were significantly reduced, and the changes in hippocampal thiol redox and antioxidant status were
prevented by administering safranal. It was suggested that safranal may be used in the prevention
and treatment of neurodegenerative disorders.
In our study, we found that saffron extract
showed a strong dose-dependent antigenotoxic effect against the genotoxicity of doxorubicin. On the
basis of data obtained from previous studies, it can
be suggested that saffron may cause an antigenotoxic
effect on doxorubicin-induced genotoxicity by eliminating ROS. Premkumar et al. [13] detected that saffron causes an increase in enzymatic (catalase, glutathione peroxidase, glutathione S-transferase and
superoxide dismutase) and non-enzymatic (glutathione) antioxidant levels, and a reduction in lipid peroxidation in Swiss albino mice treated with genotoxic agents. Makhlouf et al. [60] showed that saffron provided a strong protection against electrolysis-induced free radicals in the organs (liver, kidneys, lung and heart) of a hamster. It was indicated
that saffron decreased the lipid peroxidation level induced by superoxide dismutase, and the activity was
dose dependent. In another study, saffron extract and
its compounds –safranal and crocin – showed high
radical scavenging activity against DPPH radicals
[14] It was also shown that saffron enhanced survival
rates by reducing H2O2-induced oxidative stress in
bacteria and yeast [9].
Experimental studies showed that dietary phytochemicals can play an effective role in preventing
diseases caused by ROS [61, 62]. Antioxidants play
an important role in the formation of anticancer activities in medicinal plants [63]. Antioxidant intake
from diet or supplements has been shown to reduce
the risk of developing cancer [64,65]. It has been reported that the relationship between nutrition and
mortality can reach up to 70% in colorectal cancer
[66].
Previously, $$ and $"  anticancer properties have been detected in saffron, and its promising effects in cancer treatment have been noted. It
has been shown that saffron has a selective cytotoxic
effect on cancer cells and exerts its anticarcinogenic
effect by different mechanisms, such as inducing
apoptosis, preventing cell proliferation, inhibiting
angiogenesis, and blocking the gene expression and
synthesis of proteins [67-70].
Saffron has anticarcinogenic, antigenotoxic,
antioxidant and immunoprotective effects, and it has
many more beneficial effects for health. Moreover,
studies have demonstrated that the toxic effect of saffron on living organisms is quiet low. It has been reported that oral intake of saffron extract at concentrations from 0.1 to 5 g/kg is non-toxic in mice. In
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another study, the LD50 value of saffron to be administered orally in mice was calculated to be 20.7 gr/kg
[71]. Modaghegh et al. [72] reported that oral intake
of saffron tablets in the range from 200 to
400 mg/day causes insignificant biochemical and hematological parameter changes in healthy adults.
In addition to its therapeutic effects, saffron has
traditionally been used as a spice in certain national
cuisines because of its coloring and aromatic qualities [7, 49]. Saffron has powerful coloring effects.
Crocetin and crocin carotenoids are the main compounds responsible for the color of the saffron [73],
and it can color 100.000 times its own weight of liquids [74]. It can be suggested that saffron can be
added as a food coloring agent to ready-to-eat foods.
Dietary intake of saffron can provide prevention
against genotoxic and carcinogenic agents, and support the immune system.
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Doxorubicin is a chemotherapeutic agent that
has genotoxic effects on normal cells as well as cancer cells. Saffron is a medicinal plant with an antigenotoxic effect. It is also a promising cancer chemopreventative agent due to its strong and selective
toxic effect on cancer cells.
The detoxification systems that are naturally
present in organisms deactivate genotoxic agents
through various mechanisms; however, these systems may be deficient when organisms are frequently exposed to these agents over a long period
of time. In addition to detoxification systems, antigenotoxic substances, taken in through nutrition, can
prevent the harmful effects of genotoxins.
Based on the results of this study, saffron extract can strongly counter the genotoxic effect of
doxorubicin on the healthy cells of ! In
conclusion, saffron extract can be used as adjuvant
against doxorubicin-induced genotoxicity. Co-administering saffron with doxorubicin can provide a
protective effect for normal cells. We can also suggest that saffron can be used as a food additive because of its strong aromatic and coloring qualities.
Saffron can provide antigenotoxic, antioxidant and
anticarcinogenic protection against possible genotoxins that people are exposed to in their daily life,
so it can be possible to prevent or delay genotoxininduced diseases.
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EFFECT OF APPLICATION OF SHEEP MANURE AND ITS
BIOCHAR ON CARBON EMISSIONS IN SALT AFFECTED
CALCAREOUS SOIL IN SANLIURFA REGION SE TURKEY
Erdal Sakin*, Ibrahim Halil Yanardag
Department of Soil Science and Plant Nutrition, Agriculture Faculty of Harran University, Osmanbey Campus, Sanliurfa, Turkey

ABSTRACT

INTRODUCTION

The terrestrial carbon (C) cycle is a very important part of the global C cycle. Researches have
been carried out aimed at reduction of the increasing C emissions and soil salinity that result from
intense human activity, in recent years. Organic
matter that has been transformed into biochar is
more resistant to decomposition and disintegration
activity of microorganisms. Therefore, source of
organic matter is becoming important in terms of
reduction of C emission. The effects of application
of sheep manure (SM) and sheep manure biochar
(SMBC) on the C dynamics of the calcareous soils
with different soil salinity level has been examined
in this study. For this aim, soil samples were taken
from the Harran Plain and measured by applying
different salt concentrations (EC=0, 4, 8, 12 and 16
dS m-1) in laboratory conditions. At the end of the
study, amount of CO2-C flux from the soils was
compared with the control group, a reduction was
observed in both treatments (SM and SMBC), the
greatest reduction being observed in SMBC. While
reductions of 15.62% (EC=4 dS m-1), 19.5% (EC=8
dS m-1), 40.15% (EC=12 dS m-1) and 48.43%
(EC=16 dS m-1) were observed in samples with SM,
the corresponding reductions in samples with
SMBC were observed as 21.76%, 52.94%, 58.82%
and 67.64% respectively at the end of the first
month of the study. As a result, CO2 efflux was
decreased in line with increasing EC values. However, this situation is considered not to be dependent only on the increase in amount of saline in the
soil, but at the same time to be related to the biochar
added to the soil. When comparing the effect of SM
and SMBC treatments to carbon - storage of soil,
SMBC resulted in lower carbon emissions. Since
SM undergoes a normal process and is mineralized,
more CO2 is released. Therefore, in cases where
organic waste is added to soil, converting this to
biochar first will be of great importance both for the
soil and for atmospheric CO2.

Salinity is one of the most effective limiting
factors in global food safety. According to the latest
data, approximately 1128 million hectares (Mha) of
areas are affected by salinity on a global scale [1].
In the past, when the effects of salinity on the physical and chemical properties of soil were examined,
the losses occurring in soils, the carbon emissions,
the structure of soils and the plant health aspects
were not properly studied [2]. Due to the low biomass production capacity of agricultural areas affected by salinization, the reduction in biomass
access to soil results in inadequate accumulation of
organic matter [3]. For this reason, the effect of
salinity on carbon dynamics of soils affected by
salinity are two - sided, namely in the form of (i)
the effect of carbon losses in high and sloping areas
where especially secondary salinization is observed,
(ii) the effect of increased sodicity and sodic soils
on carbon dynamics [4].
Animal manure treatments improve the physical, chemical and biological soil properties [5-7]
that improve the sustainability and ensure the aeration of degraded soils. Application of organic matter (such as green manures, compost, and food
processing wastes, etc.) can both ameliorate and
increase the C stocks and fertility of saline soils.
These effects vary depending on the amount of
carbon present in the soil as well as on the type and
amount of material applied [8]. Gong et al. [9] determined that organic amendments are widely used
in agricultural ecosystems due to their positive roles
in reducing climate change by way of bonding
carbon to the soil and in increasing soil fertility. Li
et al. [9] stated that the general response of CO2
emissions in the soil to organic amendments remains unclear and is made up of a complex process.
Biochar is a C-rich organic material produced
during slow exothermic thermal decomposition of
ELRPDVVDWWHPSHUDWXUHV&XQGHU]HURRUORZ
oxygen conditions which described as black gold
for agricultural cultivation. Biochar could remain
between 100-1000 years in the soil, is formed from
persistent carbon [3], storing carbon in the soil and
thereby reducing global greenhouse gases [10].
Since biochar either reduces the uptake of Na+ or
facilitates its removal from plant, and can be re-
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sium, Calcium and Magnesium Equivalent) are
taken as an index of comparable quantity of these
cations extracted with NaCl solution [18] and
measured by AAS (AAnalyst-800 AAS, Perkin
Elmer Precisely). To determine the water content of
the soil samples, an 800 g soil sample was placed in
9.6 L plant pots with holes in the bottom and sealed
with filters, saturated, and covered with plastic,
after which it was left for 72 hours and its soil water
content was determined. Next, 500 g of soil was
placed in 2 L plastic containers and sheep manure
(SM) and sheep manure biochar (SMBC) were
added at a rate of 5 g C kg and mixed. Throughout
the study, the soil samples were kept at 50% soil
water content with different EC values (EC= 0 dS
m-1, EC= 4 dS m-1, EC= 8 dS m-1, EC= 12 dS m-1
and EC= 16 dS m-1). To prepare the saline solution,
NaCl salt was used. The soil samples were incubated under laboratory conditions at a constant heat of
24.0±2.0 °C over a 14-week period. The samples
were changed once a week. At sample-changing
times, all samples were aired for 30 minutes.
The CO2 emitted from the soil samples was
measured with the soda-lime method [19] in the
following way:

duced the negative effects of salinization in terms of
plant and soil [11].
Malik and Azam [12] determined that while
soil salinity increases, the amount of CO2 cumulatively reduced in their 90-day incubation studies.
They stated that at low salinity (0.5 dS m-1) had no
effect on CO2 emissions. However, when the
amount of soil CO2 is compared with the control at
2 dS m-1 salinity level, an output about twice as
much as the control soil has been detected.
Most of the studies conducted on the organic
carbon dynamics of soils have been made using
salt-free and problem-free soils. Although the arid
and semi-arid areas affected by salinity in Turkey
are large, there is little information regarding levels
of carbon emissions of soils affected by salinity.
For this reason, there is a great need for work to be
done on this subject in our country.
The aim of this study is to observe the effect
on carbon dynamics of applying sheep manure
(SM) and sheep manure biochar (SMBC) to calcareous soils at different salt concentrations and to
compare the effect of organic matter source on the
CO2 emission with different soil salinity concentration.

ECO2 = (SLad-SLin)*WC / (A*t)
Here, ECO2 is the total amount of CO 2 emitted
during incubation (g CO2 m-2 day-1); SLad is the
CO2-adsorbed amount of soda lime (g), SLin is the
amount of soda lime at the initial (g); A is the area
(m2); t is the incubation time (time spent in the
field); and WC is the water correction coefficient
(1.69).

MATERIALS AND METHODS
The study area is located at (37°10''17'N and
39°00''14'E and altitude 490 m) Harran Plain, 1 km
west of Gulveren village, which is situated 20 km
HDVW RI ùDQOÕXUID 6RXWK (DVW 7XUNH\  7KH VRLO
samples were taken at depths of 0-5 cm on the. The
soils are classified as Calcic Vertisol (IUSS, 2007)
with AC horizon, clayey and calcareous soils
formed from the parent material of limestone. The
soils are slightly alkaline, with low salinity, and low
organic carbon content (Table 1). In the region,
summers are dry and hot, while the winters are mild
with low precipitation. In some years the rainfall is
insufficient for agricultural production. The mean
annual rainfall is 448.11 mm, while a highest mean
annual temperature of 41.12 °C has been seen in
July and a lowest of 2.41 °C has been observed in
February. A highest mean annual relative humidity
of 92.32% and a lowest of 33.29% have been recorded.
The soil samples collected from the site were
dried in air, ground and passed through a 2-mm
sieved in a laboratory condition. Soil organic C
(SOC) was determined by potassium dichromate
oxidation and calcium carbonate equivalent (CaCO3), pH values, cation exchangeable capacity
(CEC), electrical conductivity (EC, Crisol-31 EC
meter, GLP Inc.) were determined by Method of
Anne [13], described by Duchaufour [14], Bernard
Calcimeter Method; as described Duchaufour [14];
Peech [15]; Chapman [16]; Bower and Wilcox [17],
respectively. Exchangeable cations (Sodium, Potas-

TABLE 1
Some physicochemical properties of soil in the
test area
Soil Reaction (pH 1:2.5)
Electrical Conductivity (μscm-1)
Calcareousness (CaCO3 %)
Organic Carbon (%)
Exchangeable cation (cmol kg-1)
Calcium
Potassium
Magnesium
Sodium
Cation Exchange Capacity (CEC, cmol kg-1)
Soil fractions (%)
Sand
Silt
Clay

7.30
72.6
30.6
0.74
31.0
1.08
3.00
2.09
37.2
15.0
40.0
45.0

RESULTS AND DISCUSSIONS
In line with the increased EC values in both
treatments, a decrease in the amount of CO 2-C
emitted from the soil was observed when compared
with the control group. It was shown that this decrease was greater in soils treated with SMBC. -

2554

© by PSP

Volume 28 ± No. 4/2019 pages 2553-2560

The results showed that CO2±C emissions in soils
treated with SM was decreased compared with the
control group (0.95 g CO2-C kg-1) while EC values
increased. This decrease was 0.85 (EC=4 dS m-1),
0.55 (EC=8 dS m-1), 0.51 (EC=12 dS m-1) and 0.48
g CO2-C kg-1 (EC=16 dS m-1) (Fig. 2a). When the
amount of CO2-C emitted in soils treated with
SMBC was compared with the control group (0.32
g CO2-C kg-1), however, a decrease was observed
with 0.23, 0.21, 0.20 and 0.14 g CO2-C kg-1 according to the corresponding EC values, respectively
(Fig. 1b).
The amount of CO2-C from SM and SMBC
was decreased as EC values increased at the end of
one month of the study. When the result compared
with the control groups, this decrease was 15.62%
(EC=4 dS m-1), 19.5% (EC=8 dS m-1), 40.15%
(EC=12 dS m-1) and 48.43% (EC=16 dS m-1) for
SM, whereas it was 21.76%, 52.94%, 58.82% and
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67.64% respectively in SMBC. In the final week
of the study, EC application did not show a significant difference within the SM and control group
(P>0.05). Artiola et al. [20] stated that the reduction
was 40% in the end of first month for their incubation study. It has been noted in previous studies that
biochar applications slow down the decomposition
time of organic carbon and have a positive effect on
the storage of carbon in the soil due to it resistant to
decomposition [21].
Organic matter that has been transformed into
biochar is more resistant to decomposition and
disintegration activity of microorganisms. Since
farm manure that is not subjected to any kind of
thermal procedure in decompose and disintegrate
process over a long period, it could have a higher
level of easily biodegradable carbon, and this may
result in a higher CO2 efflux [22].

FIGURE 1
Evaluation of CO2 emissions with application of a. Manure and b. Biochar
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,QWKHVWXG\FRQGXFWHGE\<DQDUGD÷HWDO[22]
on Entisol, Alfisol and Mollisol soils treated with
farm manure, pig slurry and biochar, it was determined that CO2 emissions were higher in soils
treated with farm manure. However, the lowest CO2
emissions were obtained with BC applications. At
the same time, they stated that there were higher
rates of labile carbon in farm manure and pig slurry,
and that because of this CO2 emissions for these
treatments were high. In addition, Woolf et al. [23]
stated that when biochar was added to soil over a
long period, the soil could store more carbon compared to other organic waste and that therefore, this
would be beneficial for reducing global climate
change. The findings obtained and views put forward in the studies carried out on this subject are
such as to support the findings of our study.
Examining the effect of salt on the carbon dynamics of soil, it was revealed that compared with
the control group, the amount of CO2-C treated with
SM and SMBC was lower (Fig. 1a, b). The lowest
emissions were observed in samples treated with
SMBC. Also, our study was observed that when
soil salinity was increased, the amount of CO2±C
emitted from soil decreased.
As a results, soils treated with SMBC has low
CO2-C emissions, due to high salt adsorption capacity of BC, together with decomposition of organic
matter, ensure enhancement of the soil structure by
combining the cations with the clay minerals in the
soil. In addition, soil organic compounds are directly affected by these enhancements. Sodium, which
has a high adsorption capacity of soil solution,
results in the withdrawal of other elements from the
affected area by adsorption to the clay surface [23,
24]. Thomas et al. [11] stated that since biochar
either reduces the uptake of Na+ in plants or facilitates its distribution, moreover may be reduce the
negative effects of salinization. Akhtar et al. [26]
reported that salinity stress of plants was limited
with biochar application.
In this study, CO2±C emissions were more
rapid during the first weeks, then decreasing and
stabilizing. On a weekly basis, the highest efflux
was measured in the first week (Fig. 2a, b). It is
considered that in the first weeks, since the air-dry
soil was brought to 50% field capacity, the biodegradable carbon in the manure was easily degraded
by microorganisms, resulting in higher emissions.
Then, in next weeks, with the reduction in labile C,
the slow degradation by the more recalcitrant form
of carbon that remained resulted in lower emissions.
The CO2±C emission of soil was 0.31 g CO2-C
kg-1 with SMBC application, and it decreased in
67.05% when compared the control groups with BC
applications at EC = 0 level, and it was ranged 0.95
g CO2-C kg-1 for SM in the first week of the study.
The comparison of cumulative values showed a
decrease of 42.56% at the fourth week, while the
decrease had become 62.16% at the final week
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(14th week) of the study. Setia et al. [27], following 49-day incubation in salt-free soil, found that
cumulative CO2-C emissions of soils treated with
wheat residue were significantly higher compared
to the control group. Artiola et al. [20] studied
CO2±C emissions of alkaline soils (silty sandy texture) with 2% and 4% of biochar application over 4
months. At the end of the first month of the study, a
40% of CO2±C emissions reduction was recorded.
Again, at the end of the fourth month, it was determined that the cumulative CO2±C emissions ratio
was 31% lower in BC application when compared
control group. Also, they reported that biochar
reduced the bulk density of the soil, and increased
soil-water content.
The amount of CO2 emitted from the soils was
decreased with increasing salt concentrations in
both treatments. However, this reduction was higher
in SMBC (Fig 2a, b). Accordingly, in the first week
of the study, CO2-C emissions was ranged between
0.24 g CO2-C kg-1 (25%), 0.21 g CO2-C kg-1
(33.25%), 0.20 g CO2-C kg-1 (35.71%) and 0.14 g
CO2-C kg-1 (53.57%) in the 4, 8, 12 and 16 dS m-1
of EC levels respectively. The cumulative reductions were 20%, 34.78%, 48.64% and 66.03% respectively at corresponding EC levels at the end of
the study.
The series of decreases was observed with
SMBC application at 4th week, which 15.44%,
44.63%, 51.22% and 61.78% at the 4, 8, 12 and 16
dS m-1 of EC levels respectively. It was revealed
that with SMBC application, high range of recalcitrant C remains in the soil for longer and results in
lower CO2 emissions when compared with normal
animal manure. Moreover, with increased EC values, CO2 emission was decreased and this decrease
was lower in SMBC when compared with other
applications. The CO2±C emission was higher at
EC=0 dSm-1 level in both treatments. It is considered that this situation is normal for healthy soils,
since living conditions in this soil are ideal for soil
creatures. However, this situation disappears in
saline soils when salinity level increases. Since
salty soils are saturated with water, activity of organisms decreases and so CO2±C is reduced[28-30].
Seti et al. [27] determined that cumulative
CO2-C values was decreased of 51% in the siltyloamy soils and 56% in the sandy-loamy soils at
EC= 5 dS m-1 level. In the further stage of the experiment, while reductions was 31%, 21% and 15%
at EC= 6.0, 7.0 and 8.0 dS m-1 respectively in
sandy-loamy soils, there were decreases of 42%,
38% and 27% at the corresponding salinity levels in
silty-loamy soils. Cumulative CO2-C efflux increased sharply over time in control group soils
[27]. Salinity decreases C mineralization due to its
different negative effects on microorganisms in the
soil. The negative effect of salinity on soil respiration was understood in previously conducted studies [31].
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FIGURE 2
Cumulative CO2-C emissions with application of a. Manure and b. Biochar
TABLE 2
Repeated measures analysis of variance (ANOVA) for CO2 emissions
Soil Salinity
Source of Variation
0 dS m-1
4 dS m-1
8 dS m-1
12 dS m-1
16 dS m-1
a
Treatment
78.8*
56.9*
170.7*
218.3*
169.2*
Time a
28.6*
20.8*
34.8*
39.0*
20.3*
Treatment X Time a
10.3*
7.1*
8.3*
10.6*
6.1*
a
Significant at: *P<0.001
With regard to time, however, at 8 and 12 dS m-1
The results of variance analysis (ANOVA)
salinity levels, carbon emissions were found to be
that was made in relation to the effects of salinity,
higher relation than those of the control group.
time, treatment and treatment-time interaction on
Repeated ANOVA shows that soil CO2-C emissions
carbon emissions are given in Table 2. In the study,
reacted significantly to sheep manure and its biothe all salinity levels were statistically significantly
char according to time factors and different rates of
interacted with treatment, time and treatment-time
interaction based on carbon emissions of soil
soil salinity. Besides these, interactions between
(P<0.001). For treatment groups at 8, 12 and 16 dS
incubation period and soil salinity were found to be
m-1 salinity levels, carbon emissions were found to
significant (p<0.001) (Table 2).
be higher relation than those of the control group.
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TABLE 3
Linear regression analysis (Y=mX+b) of CO2-C emissions and soil salinity.
X
b
m
r2
Eb
-1
0 dS m
0.492
43.15
0.99
0.99
4 dS m-1
0.595
23.78
0.98
0.98
8 dS m-1
0.686
16.85
0.96
0.96
12 dS m-1
0.886
18.20
0.96
0.97
16 dS m-1
1.372
14.48
0.95
0.95

Fc
1862*
565*
283*
331*
210*

a

CO2 respiration
Standardized Coefficient
c
P<0.001
b

biochar addition to the soil could help decreasing
negative affect of salinity and with this founding
biochar has two side soil improvement one of increase long term C sequestration and the other decrease negative affect of salinity in terms of plant
and soil system.
The majority of studies about organic carbon
dynamics of soils have been made on salt-free and
problem-free soils. Although in many country, large
areas affected by salinity in arid or semi-arid such
as Turkey, there is little information regarding levels of CO2-C emissions of soils affected by salinity.
Therefore, there is a great need for further research
on a wider scale on this matter in our country.

Regression analysis results showing the relationship between carbon emissions and salinity are
given in Table 3. The linear relationship (Y=mX+b)
between salinity levels and carbon emission was
found to be highly significant (r2=0.95-0.99;
P<0.001). The regression equation coefficient (b)
increases according to salinity level, whereas the
regression coefficient (m) decreases. A linear model
was obtained between carbon emissions and salt
concentrations. Analysis results show correlations
with carbon emissions of r2=0.99 in the 0 dS m-1
control group, r2=0.98 in 4 dS m-1 salinized soil,
r2=0.96 in 8 dS m-1 salinized soil, r2=0.97 in 12 dS
m-1 salinized soil and r2=0.95 in 16 dS m-1 salinized
soil. The carbon emissions can be estimated with
regression coefficients determined for different
salinity levels given in Table 3.

REFERENCES
[1] Wicke, B., Smeets, E., Dornburg, V., Vashev,
B., Gaiser, T., Turkenburg, W. and Faaij, A.
(2011) The global technical and economic potential of bioenergy from salt-affected soils.
Energy Environ. Sci. 4, 2669±2681.
[2] Jeffery, S., Verheijen, F.G.A., Van Der Velde,
M. and Bastos, A.C. (2011) A quantitative review of the effects of biochar application to
soils on crop productivity using meta-analysis.
Agric. Ecosyst. Environ. 144, 175±187.
[3] Cheng, C.H., Lehmann, J., Thies, J.E. and
Burton, S.D. (2008) Stability of black carbon in
soils across a climatic gradient. J. Geophys.
Res. 113, 20-27.
[4] Wong, V.N.L., Greene, R.S.B., Murphy, B.W,
and Dalal, R.S. (2004) Mann Carbon Dynamics
in Salt-Affected Soils. In: Regolith 2004,
(Roach, I.C. ed). CRC LEME, 407-410,
[5] Boysan-Canal, S., Bozkurt, M.A. and Kipcak,
S. (2018) The effects of organic amentmnets on
cadium uptake of spinach (spinacia oleracea L.)
and plant growth under cadmium toxicity.
Fresen. Environ. Bull. 27, 3174-3179.
[6] Belliturk, K., Hinisli, N., Adiloglu, A. (2017)
The effect of vermicompost, sheep manure, and
cow manure on nutrition content of curly lettuce (Lactuva Sativa var.). Fresen. Environ.
Bull. 26, 116-1120.

CONCLUSIONS
Examination of the effects of SM and SMBC
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normal process and is mineralized, more CO2-C is
emitted due to its high labile C content. It was observed in this study that in the short term, since
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resistant to decomposition, and remains in the soil
for a long period, it provides carbon storage in the
soil. It was revealed that biochar reduces degradation-disintegration of OC in the soil and has a powerful effect on storage of carbon in the soil.
Organic sources are added to soil is very important in terms of soil and for atmospheric CO 2-C
sequestration. It is argued that biochar produced for
use as a soil enhancer has the potential to balance
CO2 emissions and is a strategy for reducing climate
change. The potential for biochar to reduce climate
change, and its long-term complex effect on carbon
storage because it is a highly stable material, have
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help long terms C cycle.
As a result, CO2±C emissions decreased in line
with increased EC values. It is considered that this
situation depends only on the increased amount of
salt in the soil, however, this study observed that
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AND IONIC ZINC AND MAGNESIUM ON WHEAT PLANTS
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1HDUO\RIWKHZRUOG¶VSRSXODWLRQVXIIHUHGIURP
zinc deficiency [7] ,which mostly results in inadequate dietary intake of Zn [8]. Inorganic (ZnO,
ZnSO4) and chelated sources of Zn (Zn-EDTA,
glycine-chelated Biomin Zn) are the most commonly used zinc fertilizer [9]. Foliar Zn application
alone or with soil application is the common way of
fertilizing [10], for which Zn could mobile in phloem [9]. However, high level of zinc, as heavy metal
particles, could lead to soil pollution and toxicity to
plant cells [11]. Mg2SO4 and Mg(NO3)2 are commonly used Mg fertilizer. Soil and water pollution
could also result in high concentration of Mg.
Nanoparticles (NPs) are nanosized particles
(smaller than 100 nm) that could be manufactured
by a coprecipitation method, a vapor deposition
process and a Sol-gel method. Due to their size and
diverse morphology, NPs can be easily dispersed
into the environment, where they interact with both
biotic and abiotic components [12]. Researches
have find that certain NPs could lead to damages to
some human cells and heart [13, 14]. Methods are
found to reduce the NPs, but the majority of NPs
are in the environment at present[15].On the other
hand, the unique physical, chemical, magnetic and
optical characteristics also lead to wide applications
of NPs in medicine, agriculture, chemistry, environment and food industries [16-19]. However, the
impact of nanoparticles on environment and human
is an elusive problem now and needs further study.
ZnO NPs are one of the most widely used nanoscale metal oxides with photocatalyzing and
photo-oxidizing abilities. ZnO NPs are also added
in sunscreens and sun care products owing to their
excellent UV absorption and reflective properties
[20]. ZnO NPs are also used as pesticides and fungicides, because of their antibacterial activity with
various particle sizes [21] and ability to kill fungi.
Similarly, MgO NPs can also be applied as antimicrobial agents [22] and cancer treatment agents
[23] owing to their antimicrobial activity. ZnO and
MgO NPs, owning to their surface effect, may be
the alternative of their bulk counterpart as a new
type of fertilizer [24]. Since ZnO and MgO NPs
have such wide range of applications in many aspects, these nanoparticles can be easily released
into the environment through precipitation, irriga-

ABSTRACT
Due to special properties, ZnO and MgO nanoparticles (NPs) have wide applications in various
fields and can be easily dispersed into air and soil.
Plants contacts soil directly and are also an important source of food. Hence, studies on phototoxicity of ZnO NPs and MgO NPs to plants are needed. In this study, wheat plants were exposed to ZnO
NPs, MgO NPs and ionic Zn, Mg at concentration
of 50 and 200 mg/L dissolved in water. Growth
parameters, Zn and Mg accumulation, total protein,
soluble sugar and antioxidant system were determined after 4 days of treatment. Results showed
that ionic Zn and Mg reduced the shoot and root
length and also lead to increments of total proteins,
soluble sugars and antioxidant enzyme activity. 200
mg/L Mg2+ increased chlorophyll contents by 29%.
200 mg/L Mg2+ and ZnO NPs also increased root
activity. In other words, Zn and Mg oxide nanoparticles exhibited less physiology toxicity than ionic
Zn and Mg of the same concentration.

KEYWORDS:
ZnO nanoparticles; MgO nanoparticles; Ionic Zn; Ionic
Mg; Phytotoxicity.

INTRODUCTION
Zinc (Zn) and magnesium (Mg) are essential
micronutrients for plants. They usually exist as a
part or a cofactor of enzymes [1]. Zinc is involved
in plant structure and function [2]. Zinc is required
for the activity of dehydrogenases, aldolases, isomerases, transphosphorylases, RNA and DNA
polymerases, and is also involved in the synthesis
of tryptophan, cell division, maintenance of membrane structure and photosynthesis, and acts as a
regulatory cofactor in protein synthesis [3]. Mg is a
contributor to ATPase, RNA polymerase, protein
kinase, and other enzymes [4] and stabilizes the
structure of DNA and RNA [5]. In plants, Mg is
essential in synthetic of chlorophyll [6]. Zinc also
plays a crucial role in metabolization of auxin.
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ZnO NPs and MgO NPs are both 100 nm. The
NPs were characterized by TEM. Fig. S1 shows the
TEM images of ZnO NPs and MgO NPs.

tion, and sludge disposal[25]. Furthermore, we
should evaluate whether they are safe before we
apply them to agriculture, cosmetics and other industries. Researches on the potential toxicity of
these NPs in ecology are need. In some experiments, high level of NPs does present phytotoxicity
on plants [26]. Other studies found that ZnO NPs
and MgO NPs showed their toxicity by inducing
reactive oxygen species (ROS) activities [27, 28].
Wheat is one of the most important grain
crops and provides nutrition and energy to many of
the world population, especially in the developing
countries [29]. China produced most wheat in the
world every year [30]. And Wheat and its products
are the important source of Zn supplied in foods in
China [31]. In order to evaluate safety of MgO and
ZnO NPs, wheat plants were exposed to Mg2+,
Zn2+, MgO and ZnO NPs at 50 and 200 mg/L respectively. Fresh and dry biomass, root and shoot
length and chlorophyll content were measured to
evaluate plant growth. Total soluble proteins and
soluble sugars were measured to evaluate the activity of plant cells. Total soluble protein is involved in
many intracellular reactions. The soluble sugar is
main substance to provide energy. Root activity
was measured to evaluate the vitality of roots. Besides, we measured ROS indexes to find out whether MgO and ZnO NPs activate the antioxidant system of wheat. SOD, CAT and POD are three key
enzymes in plant antioxidant defense system. MDA
is an indicator of lipid peroxidation of plant cells.
APX and anthocyanin are also substances to scavenge some oxides. Besides, we determined Zn and
Mg accumulation in wheat roots and leaves. In our
study, we compared these indexes between ionic
Zn, Mg and nanosized ZnO, MgO, and between
low and high levels of ZnO, MgO NPs. We find
that generally ZnO and MgO NPs shows less toxicity than their bulk counterpart, but NPs at high concentration still have phytotoxicity to some extent.

FIGURE S1
TEM images of ZnO NPs (a) and MgO NPs (b).
Preparation of particle suspension. ZnO
NPs and MgO NPs (50, 200 mg/L) were suspended
in deionized water and sonicated (Ultrasonic
Cleanser KQ2200B, 100 W, 40 kHz, Kun Shan
Ultrasonic Instruments Co., Ltd., China) for 36
hours. Solutions of Zn2+ and Mg2+ were prepared
from ZnSO4·7H2O and MgSO4·7H2O also in deionized water.

MATERIALS AND METHODS
Experiment design. Wheat plants were treated by 50, 200 mg/L ZnO NPs, MgO NPs, Zn 2+ and
Mg2+ using hydroponics. We also used ionic Zn and
Mg for comparison. The Zn or Mg content of Zn2+
and Mg2+ group was equivalent to Zn or Mg content
of ZnO NPs and MgO NPs groups. It is noteworthy
that the concentration of Zn2+ and Mg2+ was not
actually 50 or 200 mg/L. In this study, the concentration of Zn2+ and Mg2+ was described as 50 and
200 mg/L for convenience.

Plant growth and treatments. Wheat seeds
were soaked in deionized water for 4 h, and then
wrapped by wet gauze and put in an incubator in
the dark at 30ºC for 24 h. After germination, seeds
were dispersed on a clean plate in the same condition for another 24 h. And then seedlings were put
on a filter paper for 3 days in a growth chamber at
28/18ºC with a 16/8 light/dark photoperiod; the
light intensity was 2000 lx. Then, plants were allocated in boxes filled with 2.5 L deionized water.
After growing for 2 days, deionized water was
changed to 1/4 Hoagland nutrient solution and grew
for 2 days before treatment. There was a vent board
in each box to pump air into the container for 30

Characterization of nanoparticles. The ZnO
NPs and MgO used in our study were bought from
Macklin Inc. (Shanghai, China). Mean diameters of
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Catalase (CAT) was determined as described by
Aebi [36]. A volume of 0.4 mL of enzyme extraction, 2.0 mL deionized water, 0.6 mL of 0.1% H 2O2
and 3.0 mL 100 mM PBS (pH 7.8) were added to a
tube with a lid and mixed by hand. The absorbance
was measured at 240 nm every 30 s for 270 s.
Malondialdehyde (MDA) was measured by Thiobarbituric Acid (TBA) method. A volume of 1mL
enzyme extraction and 2.0 mL of 0.6% thiobarbituric acid (TBA) were added to a centrifuge tube and
boiled at 100ºC in water bath for 15 min. After fast
cooling to ambient temperature, the mixture was
centrifuged at 4000 rpm for 10 min. The absorbance was measured at 450, 532 and 600 nm [37].
Ascorbate peroxidase (APX) was determined as
described by Saruyama and Tanida [38]. The APX
reaction mixture was prepared by adding 7.445 mg
EDTA-Na2 into 50 mL of PBS (pH7.0). The reaction mixture contained 2.4 mL APX reaction mixture, 0.6mL of enzyme extraction, 2.4 mL deionL]HG ZDWHU  ȝ/  +2O2 DQG  ȝ/ $6$ 7KH
absorbance was measured at 290 nm every 10 s for
90 s.

min every 3 h. After 2 days, 1/4 Hoagland nutrient
solution was replaced by NPs suspensions (nZnO/MgO) and controls (DW, ZnSO4·7H2O, and
MgSO4·7H2O) with 1/4 Hoagland nutrient solution
for 4 days before experiment.
Preparation of enzyme extraction. Plant
roots were washed in 130 mg/L EDTA-Na2 before
ground to wash down metal particles attached to
root surface. 0.3 g root and 0.3 g leave tissues were
ground separately in pH7.8 phosphate buffered
solution (PBS) followed by centrifugation at 4000
r/min for 10 min. Enzyme extraction was the supernatant and added PBS (pH7.8) to 10 mL. Each
sample was replicated three times for statistical
significance.
Protein and soluble sugar contents. The protein content was determined by a Bradford method
[32]. 100 mg Coomassie Brilliant Blue G-250 was
dissolved in 50 mL of 95% ethanol and 100 mL of
85% (w/v) H3PO4, and then was added to 1000 mL
with deionized water. 0.5 mL of enzyme extraction,
and 0.5 mL of PBS (pH 7.8) were added to 5 mL of
Coomassie Brilliant Blue G-250 solution prepared
before. After 5 min of staining, absorbance of the
supernatant was measured at 595 nm by a UV752N spectrophotometer (Shanghai Precision Scientific Instrument Co., Ltd, China). The sugar content was measured by using the anthrone method
[33]. 0.2 mL of enzyme extraction was added to 5
mL anthrone solution (0.2g anthrone dissolved in
100 mL of 98% sulfuric acid) in a tube. The mixture was heated at 100ºC in water bath for 15 min
and then the absorbance was measured at 630 nm.

Chlorophyll contents. To determined Chlorophyll content, 100 mg fresh leaves were added
into 9 mL 95% ethanol until leaves were completely bleached. Then the light absorption of the supernatant was measured at 649 and 665 nm [39]. The
chlorophyll content can be calculated by the formula:
Chla = 13.95A665 - 6.8A649; Chlb = 24.96A649 7.32A665; total chlorophyll = Chla + Chlb (1)
Anthocyanin contents. 50 mg samples were
ground in 1:1 (v/v) HCl in methanol and added the
same solution to 10 ml then stood for 30 min. The
absorbance of the supernatant was measured at 530
and 657 nm by spectrophotometer. The final anthocyanin concentration was determined by the formula,
$QWKRF\DQLQ FRQFHQWUDWLRQ  $í
A657)/M (2)

Antioxidant system activities. Superoxide
dismutase (SOD) was analyzed using the nitro blue
tetrazolium (NBT) method [34]. 3.5 mL of PBS
(pH 7.8), 0.5 mL of 100 mM EDTA-Na2, 0.5 mL of
130 mM methionine, 0.2 mL distilled water, 0.3 mL
of enzyme extraction, 0.5 mL of 750 mM NBT, and
0.5 mL of 20 mM lactochrome were added to a
glass tube. Then, samples were exposed to the light
for 20 min. The reference solution prepared in deionized water rather than enzyme extraction was
put in dark. The absorbance was measured at 560
nm. Peroxidase (POD) was determined by a guaiacol method. POD reaction mixture was prepared by
the following procedures. 28 mL guaiacol was
heated and dissolved in 50 mL of 100 mM PBS (pH
7.8), and after completely dissolving and cooling to
ambient temperature, 19 mL of 30% H2O2 was
added. The reaction system contained 0.1mL of
enzyme extraction, 0.9 mL of 100 mM PBS (pH
7.8), and 3 mL of POD reaction mixture. The mixture was mixed by hand and the absorbance at every 30 s was measured at 470 nm for 270 s [35].

Root activity. Root activity was determined
by the reported method [40] 150 mg roots were cut
and soaked in 1.5 ml 0.4% 2,3,5-Triphenyl-2Htetrazolium chloride (TTC) solution and 1.5ml PH
6.89 PBS in the dark at 37 ºC for 2 h. Then 2 ml 1
mol/L H2SO4 was added to stop the reaction. Took
out all the supernatant with burettes and then added
6 ml methanol. The samples were put in an incubator in the dark at 37 ºC for 7 h before the supernatant was examined light absorption at 485 nm.
Zn and Mg contents. Wheat plants were collected and washed in 130mg/L EDTA-Na2 to remove metal particles attached to the root surface.
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treatment. Fig. S2 displayed the dry and fresh
biomass of wheat plants with these different treatments. No significant changes of the dry biomass
were observed at all treatments (Fig. S2a and b).
Fresh weight showed no apparent differences after
Mg2+ and MgO NPs treatments (Fig. S2c). However, the fresh biomass was significantly reduced
under 200 mg/L ZnO NP exposure compared to the
control group (Fig. S2d).
Fig. 1 showed the shoot and root length of
wheat plants. The photos of plant growth (Fig. S3,
S4) are available in Supplementary Material.
Treatment results showed that Mg2+ and MgO NPs
did not obviously alter the root length of wheat
(Fig. 1a) and Zn2+ (50 or 200 mg/L) and ZnO NPs
(50 mg/L) reduced the root length by 32.1%, 41.2%
and 17.5% respectively (Fig. 1b). 200 mg/L ZnO
NPs significantly reduced the root length by 45.9%
compared to the control (Fig. 1b). Compared to the
control, Mg2+ at 200 mg/L reduced the shoot length
by 33.9% while the other Mg group showed no
significant changes. ZnO NPs at 50 mg/L increased
the shoot length, while Zn2+ at 50 mg/L and ZnO

Then fresh wheat plants were dried at 60 ºC with a
dry oven for 48 h. 100 mg dried root and shoot
tissues were digested in 3 mL HNO3 in boiling
water bath for 2 h. 0.5 mL of 30 % H2O2 was added
and tissues were digested at 100 ºC for 0.5 h. Zn
and Mg concentrations were determined by Avanta
M atomic absorption spectrophotometer (GBC,
Australia).
Statistical analysis. All data were expressed
as mean ± standard errors (SE) with three replications. Data were analyzed using the SPSS statistic
22 software. The data were performed with oneZD\ $129$ IROORZHG E\ 'XQFDQ¶ V PXOWLSOH
FRPSDULVRQWHVWV S %DUJUDSKVLQWKLVDUWL
cle were made by the Origin 75 software.

RESULTS
Effects of metal ions and NPs on the plant
growth. To compare the effects of NPs on the
wheat growth, the wheat plants were treated with
Mg2+, MgO NPs, Zn2+ and ZnO NPs after 4 days of

FIGURE S2
Dry weight of wheat plants treated with 50 and 200 mg/L of (a) Mg2+, MgO NPs and (b) Zn2+, ZnO NPs
for 4 days. Fresh weight of wheat plants treated with 50 and 200 mg/L of (c) Mg2+, MgO NPs and (d)
Zn2+, ZnO NPs after 4 days of treatment. Values represent the mean value ± standard deviation of 3 replications. Letters represent statistically significant differences between the treatments compared to the
control group at p OHYHOV
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concentration of treatments, Mg and Zn content in
roots treated with Mg2+ and Zn2+ were lower compared with treatment with MgO and ZnO NPs. In
shoots, the content of Mg increased in the order of
0 (control), Mg2+, 50 mg/L MgO NPs and 200 mg/L
MgO NPs. There was no significant difference
between 50 and 200 mg/L Mg2+. Opposite to Mg,
Zn content in shoots treated with ZnO NPs was
higher compared with Zn2+ treatment. No significant diversity was observed between low and high
concentrations of ionic Zn and ZnO NPs. The Mg
and Zn content in roots treated with 200 mg/L metal ions were higher than that with 50 mg/L, while
there was no difference in shoots.

NPs at 200 mg/L imposed reduction at the shoot
length statistically (Fig. 1d). 200 mg/L ZnO NPs
reduced fresh biomass, the root and shoot length.
Compared to the shoot length after treatment with
50 mg/L Mg2+, Zn2+, MgO and ZnO NPs, it could
be easily found that ionic Mg and Zn imposed significant reduction while their nanosized counterpart
did not.
Zn and Mg uptake. Generally, the content of
Mg and Zn in roots is higher than the content in
shoots. Treatment with 200 mg/L MgO NPs
showed the highest Mg concentration in both roots
and shoots. Mg and Zn contents in roots were increased as the concentration of treatments increased. Meanwhile, even exposed to the same

FIGURE 1
Root length of wheat plants treated with 50 and 200 mg/L of (a) Mg2+, MgO NPs and (b) Zn2+, ZnO NPs
for 4 days. Shoot length of wheat plants treated with 50 and 200 mg/L of (c) Mg 2+, MgO NPs and (d) Zn2+,
ZnO NPs after 4 days of treatment. Values represent the mean value ± standard deviation of 3 replications.
Letters represent statistically significant differences between the treatments compared to the control
group at p OHYHO

2565

© by PSP

Volume 28 ± No. 4/2019 pages 2561-2574

Fresenius Environmental Bulletin

FIGURE S3
Photos of leaves of wheat plants after 4 days treated with (a) 0(control), (b) 50mg/L Mg 2+, (c) 200mg/L
Mg2+, (d) 50mg/L MgO NPs, (e) 200mg/L MgO NPs, (f) 50mg/L Zn 2+, (g) 200mg/L Zn 2+, (h) 50mg/L ZnO
NPs, (i) 200mg/L ZnO NPs.

FIGURE S4
Photos of roots of wheat plants after 4 days treated with (a) 0(control), (b) 50mg/L Mg 2+, (c) 200mg/L
Mg2+, (d) 50mg/L MgO NPs, (e) 200mg/L MgO NPs, (f) 50mg/L Zn2+, (g) 200mg/L Zn 2+, (h) 50mg/L ZnO
NPs, (i) 200mg/L ZnO NPs.
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FIGURE 2
Zn and Mg contents of roots and leaves of wheat plants treated with 50 and 200 mg/L of (a) Mg2+, MgO
NPs and (b) Zn2+, ZnO NPs for 4 days. Values represent the mean value ± standard deviation of 3 replications. Letters represent statistically significant differences between the treatments compared to the control
group at p OHYHOV

FIGURE 3
Protein contents of roots and leaves of wheat plants treated with (a) Mg2+, MgO NPs and (b) Zn2+, ZnO
NPs for 4 days. Soluble sugar contents of roots and leaves of wheat plants treated with (c) Mg2+, MgO NPs
and (d) Zn2+, ZnO NPs for 4 days. Values represent the mean value ± standard deviation of 3 replications.
Letters represent statistically significant differences between the treatments compared to the control
group at p OHYHOV
Effects of metal ions and NPs on protein
and sugar contents. Treatment with Mg2+ at 200
mg/L and Zn2+ at 50 mg/L caused a statistical increase in total protein contents in both the root and
leaf (Fig. 3a and b). 200 mg/L ZnO NPs also increased protein contents in roots. 200 mg/L MgO
and 50 or 200 mg/L ZnO NPs increased soluble

sugar contents in roots, while no apparent changes
were found in plants treated with 200 mg/L Mg2+.
In accordance with protein contents, the soluble
sugar contents in roots and shoots were at a high
level at 200 mg/L Mg2+ (Fig. 3c). In shoots, sugar
contents were increased after treatment with 50 and
200 mg/L Zn2+(Fig. 3d).
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FIGURE 4
Chlorophyll contents of leaves of wheat plants treated with (a) Mg2+, MgO NPs and (b) Zn2+, ZnO NPs for
4 days. Root activity of wheat plants treated with (c) Mg2+, MgO NPs and (d) Zn2+, ZnO NPs for 4 days.
Values represent the mean value ± standard deviation of 3 replications. Letters represent statistically
significant differences between the treatments compared to the control group at p OHYHOV
ments. In leaves, SOD activity under MgO and ZnO
NPs was even lower than the control. There was no
significant change of CAT activity in leaves. 200
mg/L Mg2+ NPs increased CAT activity in roots by
149.8% (Fig. 5b and c). A slight increase in CAT
activity after Zn2+ treatment was also observed,
while 50 mg/L ZnO NPs reduced CAT activity in
roots. NPs also showed less toxicity to CAT activity. To our surprise, CAT activity in roots at 200
mg/L ZnO NPs increased. The high level of ZnO
NPs may stimulate synthesis of H2O2 and activate
CAT. An increase in POD activity was observed in
both roots and leaves after 200 mg/L Zn2+ and Mg2+
treatment (Fig. 5e-f). However, MgO and ZnO NPs
at 50 mg/L slightly reduced POD activity in roots.
POD activity after MgO and ZnO NP treatment was
lower than that after Mg2+ and Zn2+ treatment,
which is consistent with SOD and CAT activity.
These confirm the former conclusion that MgO and
ZnO NPs are less toxicity than ionic Mg and Zn.

Effects of metal ions and NPs on Chlorophyll contents and root activity. Mg2+ at 200
mg/L imposed a significant increase in Chlorophyll
contents in leaves of wheat plants (Fig. 4a). However, chlorophyll contents did not have significant
differences between ionic Zn and ZnO NPs treatments (Fig. 4b). An increase in root activity was
observed in almost all treatments (Fig. 4). Root
activity of plants after treatments of 200 mg/L Mg2+
was higher than that of MgO NPs, while in Zn
treatments, 200 mg/L ZnO NPs group owned the
highest root activity. Notably, root activity of
200mg/L MgO and ZnO NPs is higher than it of 50
mg/L MgO and ZnO NPs.
Effects of metal ions and NPs on Antioxidant system activities. 200 mg/L Mg2+ increased
SOD in leaves, while 50 and 200 mg/L Zn2+ also
increased SOD activity in roots and leaves (Fig. 5a
and b). Meanwhile, plants exposed to MgO and
ZnO NPs had lower SOD activity than ionic treat-
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FIGURE 5
Activity of CAT of leaves and roots of wheat plants treated with (a) Mg2+, MgO NPs and (b) Zn2+, ZnO
NPs for 4 days. SOD of leaves and roots of wheat plants treated with (c) Mg2+, MgO NPs and (d) Zn2+,
ZnO NPs for 4 days. POD of leaves and roots of wheat plants treated with (e) Mg2+, MgO NPs and (f)
Zn2+, ZnO NPs for 4 days. Values represent the mean value ± standard deviation of 3 replications. Letters
represent statistically significant differences between the treatments compared to the control group at p 
0.05 levels.
DISCUSSION

The MDA content was significantly increased
in roots at 50 mg/L MgO NPs and 50, 200 mg/L
ZnO NPs (Fig. 6a-b). ZnO NPs at the lower concentration imposed a significant decrease in MDA
contents of roots, while an increase was observed in
plants exposed to higher concentration of ZnO NPs
(Fig. 6b). In roots, there was an increase in APX
activity in wheat plants at 50 mg/L Mg2+ and Zn2+
(Fig. 6c-d). However, increasing was not observed
in 200 mg/L Mg2+ and Zn2+. Significant increment
of APX activity in leaves was also observed in
plants treated with 200 mg/L MgO NPs (Fig. 6c).
No significant impact on anthocyanin contents in
leaves were presented at all treatments. There was a
significant decline of 78.7%, 76.7%, 84.3%, and
72.1% in anthocyanin contents in roots of wheat
plants exposed to 50, 200 mg/L MgO NPs and 50,
200 mg/L ZnO NPs.

In this study, we compared the physiology effects of ZnO NPs, MgO NPs, ionic Zn and Mg at
50 and 200 mg/L on wheat plants growing in water.
Plant growth, protein and sugar content, antioxidant
enzyme activity and other parameters were investigated. 200 mg/L ZnO NP significantly reduced the
fresh weight of wheat plants. It has been reported
that nanoparticles show phytotoxicity as the concentration increases [26]. Mg2+ and MgO NPs did
not alter root length of wheat plants. Root length
was only reduced by 200 mg/L ZnO NPs. It could
be inferred that ZnO NPs imposed negative effects
on roots and might hinder the absorption of water.
Similar results of root elongation reduction were
observed in Arabidopsis thaliana [41]. Extensive
vacuolation, loss of nuclear organization, ruptured
plasma membrane, and shrinkage of the protoplast
were
observed
in
Allium
root
cells

2569

© by PSP

Volume 28 ± No. 4/2019 pages 2561-2574

Fresenius Environmental Bulletin

FIGURE 6
MDA contents of leaves and roots of wheat plants treated with (a) Mg2+, MgO NPs and (b) Zn2+, ZnO
NPs for 4 days. APX activity of leaves and roots of wheat plants treated with (c) Mg2+, MgO NPs and (d)
Zn2+, ZnO NPs for 4 days. anthocyanin contents of leaves and roots of wheat plants treated with (e) Mg2+,
MgO NPs and (f) Zn2+, ZnO NPs for 4 days. Values represent the mean value ± standard deviation of 3
replications. Letters represent statistically significant differences between the treatments compared to the
control group at p OHYHO
aerial part of plants. We also observed higher Mg
and Zn content in roots treated with MgO and ZnO
NPs than that with Mg2+ and Zn2+. This might be
explained by the high specific surface area, and
unusual surface properties of NPs, which makes
NPs attach to the surface of roots [26]. ZnO NPs
aggregating was observed with soil clay mineral
under electron microprobe [44]. The absorption and
aggregation elevated the concentration of NPs
around roots. The content of Mg in leaves was
higher with Mg2+ treatments than MgO NPs treatments, which was opposite to Zn treatments. The
uptake of nutrition elements is influenced by various factors, such as the ability of plants to uptake
elements and competition between elements. We
could infer that partial MgO NPs were transported
to shoots as the molecule. The study indicated that
NPs could be absorbed and translocated to aerial
part of plants [45].
The soluble protein is an important substance
involved in plant growth activity. Most of crucial
enzymes, such as antioxidant enzymes and metabolic enzymes, are soluble proteins. Sugar is the
major substance that supplies energy in cells, which

exposed to ZnO NPs [26]. As for shoot length, only
200 mg/L Mg2+ of Mg treatments imposed reduction at the shoot length, while Zn2+ at 50 mg/L and
ZnO NPs at 200 mg/L reduced the shoot length.
The simultaneous reduction of fresh biomass, the
root and shoot length caused by 200 mg/L ZnO NPs
showed the phytotoxicity of high concentration of
ZnO NPs. They could be transported to leaves by
vessels like their bulk counterpart. However, how
they function in plants, are still unclear, which
might be converted to ionic Zn in cells or exist as
NPs. Some publications indicated that NPs could be
up taken and transported to aerial parts of plants
[42]. 50 mg/L Mg2+, Zn2+ showed significantly
reduction of shoot length while MgO and ZnO NPs
did not. Ionic treatments showed higher toxicity
than the NPs, which might be owing to the fact that
ionic Zn and Mg are totally soluble for plants but
NPs exist as molecules [43].
Zn and Mg content of roots and leaves revealed the uptake and translocation in wheat plants.
Higher Zn and Mg contents of roots than leaves
may be because mineral elements including Mg and
Zn are up taken by roots and transported to the
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Zn decreased plant size, produced yellow leaves,
implied lower cell activity and higher H2O2 accumulation while ZnO NPs did not show these effects
[43].
Our results indicate that ionic Mg and Zn increase SOD, POD, CAT activity and MgO and ZnO
NPs slightly increase or even reduce activity of
these antioxidant enzymes. Changes of antioxidant
defense system illustrate that Zn or Mg particles
interacted with cellular components that lead to
oxidative damages to plant cells. However, further
study is needed to figure out the specific mechanism of the reactions.
MDA content is an indicator to lipid peroxidation of plant cells [54]. 50 mg/L MgO NPs and 50,
200 mg/L ZnO NPs increased MDA content in
roots of wheat plants, which mean the existence of
lipid peroxidation in root cells. Surprisingly, reduction in MDA contents of leaves was observed. Zinc
is involved in membrane structure, which may be
why Zn shows lower toxicity than Mg even at the
same concentration [55, 56]. APX is one of the
important antioxidant enzymes in eliminating ROS,
and especially is the crucial enzyme cleaning hydrogen peroxide in chloroplast [55]. The increase in
APX activity in roots of wheat plants was observed
in 50 mg/L Mg2+ and Zn2+, not in 200 mg/L. Lower
contents of ionic Mg and Zn induce the antioxidant
responses of plant roots. But high concentration of
Mg2+ and Zn2+ may damage the regulation of the
antioxidant reactions, which lead to the phenomenon. High level of MgO NPs also increased APX
activity in leaves. As stated before, high level of
NPs show more toxicity in plants. Leaves do not
contact the solution directly, which might be the
reason why only high levels of NPs rise APX activity in leaves. Anthocyanin content can also eliminate ROS produced by plant cells [57]. We observed sharp decreasing of anthocyanin contents in
roots exposed to MgO and ZnO NPs. The decreasing of anthocyanin contents in roots represented
that NPs may affect the synthesis of anthocyanin
contents, which required further studies.
In this study, we compared the physiology effects of ZnO NPs, MgO NPs, ionic Zn and Mg at
50 and 200 mg.L-1 on wheat plants growing in water. Results showed that the high level of ZnO NPs
imposed negative effects on wheat plants growth by
reducing fresh biomass, shoot and root lengths.
Besides, protein contents, sugar contents, CAT
activity, MDA and APX were increased by
200mg.L-1 ZnO NPs. The high level of ZnO NPs
presented phytotoxicity to wheat plants, but MgO
NPs did not. NP efficiency is related to species and
concentration. However, generally ZnO and ZnO
NPs have lower toxicity than Zn2+ and Mg2+ since
Zn2+ and Mg2+ cause increments on protein and
sugar contents, SOD, CAT and POD. We find that

is also involved in cell structure, signal transduction
and stress resistance [46-48]. 200 mg/L Mg2+ increased protein and sugar contents in both roots and
shoots. Sugar contents in shoots were increased
after treatment with 50 and 200 mg/L Zn2+. Ions
showed more toxicity than NPs. This may be due to
the fact that ions are totally soluble while NPs exist
mainly as molecules.
Chlorophyll contents reflect leave growth status of in plant [49]. 200 mg/L Mg2+ significantly
increased the chlorophyll contents in leaves of
wheat plants while no changes were observed in Zn
treatments. Mg2+ is an essential component of chlorophyll, and therefore, high concentration of Mg2+
may promote the synthesis of chlorophyll [6]. Dehydrogenase activity is an indicator of root vitality
and reflects physiological condition of plant tissues
[50]. Almost all treatments imposed increasing in
root activity. However, root activity of MgO and
ZnO NPs at 200mg/L is higher than it at 50 mg/L,
which was consistent with the Mg and Zn content
in roots. The high level of NPs increased root activity of wheat plants. Moreover, plants exposed to
200 mg/L ZnO NPs had relatively shorter root
lengths [51]. This may be because the high level of
NPs activated the defendant system in roots and
induced stress reactions, therefore, the root activity
was increased to eliminate the stress. By comparison of the effect of ZnO NPs and soluble zinc
(ZnCl2) at the same concentration, much lower
toxicity of soluble zinc was observed [41]. This
suggested that the toxicity of NPs cannot be simply
explained by releasing of ions, and the NPs themselves contributed to the toxicity.
SOD, CAT, POD are three crucial enzymes of
plant antioxidant defense system. SOD can convert
O2- to H2O2 and constitutes the first line of defense
against ROS [52]. CAT can prevent the accumulation of toxic levels of H2O2 [53], while POD can
scavenge other peroxides [26].These enzymes were
activated to scavenge the peroxides and relieve the
damages when plants are in adversity. SOD activity
in roots was increased by 50, 200 mg/L Zn2+ treatments. Also, 200 mg/L Mg2+ increased SOD in
leaves, while the same increasing was not observed
in MgO or ZnO NPs treatments. 200 mg/L Mg 2+
NPs also increased CAT activity in roots. Therefore, MgO and ZnO NPs induced less free radicals
than Mg2+ and Zn2+. NPs exhibited less physiological toxicity than equivalent ions, which is concurred
with previous explanation that ionic particles were
easier for plants to take in than NPs, which shows
more toxicity than NPs [51].
POD activity was increased by nearly all
treatments, which indicated that NPs owned toxicity to some extent. However, POD activity of ions
treatments was higher than NPs treatments. Study
on alfalfa plants observed similar results that ionic
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[7] Stein, A.J. (2010) Global impacts of human
malnutrition. Plant and Soil. 335(1-2), 133-54.
[8] Zhang, Y.Q., Sun, Y.X., Ye, Y.L., Karim,
M.R., Xue, Y.F., Yan, P., Meng, Q.F., Cui, Z.
L., Cakmak, I. and Zhang, F.S. (2012) Zinc
biofortification of wheat through fertilizer applications in different locations of China. Field
Crops Research. 125(1), 1-7.
[9] Haslett, B.S., Reid, R.J., Rengel, Z. (2001)
Zinc Mobility in Wheat: Uptake and Distribution of Zinc Applied to Leaves or Roots. Annals of Botany. 87(3), 379-86.
[10] Cakmak, I. (2008) Enrichment of cereal grains
with zinc: Agronomic or genetic biofortification? Plant and Soil. 302(1-2), 1-17.
[11] White, C.L. (1993) Zinc in Soils and Plants
Springer Netherlands.
[12] Marusenko, Y., Shipp, J., Hamilton, G. A.,
Morgan, J. L. L., Keebaugh, M., Hill, H., Dutta,
A., Zhuo, X., Upadhyay, N., Hutchings, J.
(2013) Bioavailability of nanoparticulate hematite to Arabidopsis thaliana. Environmental
Pollution. 174(5),150-6.
[13] Demir, E., Turna, F., Burgucu, D., Kiliç, Z.,
%XUXQND\D(.HVPH]g<HúLO= Akarsu,
M. and Kaya, B. (2013) Genotoxicity of different nano-sizes and ions of silica nanoparticles.
Fresen. Environ. Bull. 22, 2901-9.
[14] %DOOÕ(d|PHOHNR÷OXh<DOÕQ6%DWWDO'
2FDNR÷OX.6|÷W)<DPDQ67UNVHYHQ
d+ (UR÷OX 3 DQG .DUDJO ø (2016) Toxic
effects of silica nanoparticles on heart: Electrophysiological, biochemical, histological and
genotoxic study. Fresen. Environ. Bull. 25,
370-2.
[15] Zhang, J., Xin, S., Li, F. (2013) Removal of
SiO2 nanoparticles from aqueous phase by using polymer aluminum chloride (PAC). Fresen.
Environ. Bull. 22, 890-4.
[16] 2¶&DUUROO'., Sleep, B., Krol, M., Boparai, H.
and Kocur, C. (2013) Nanoscale zero valent
iron and bimetallic particles for contaminated
site remediation. Advances in Water Resources.
51(1), 104-22.
[17] Noubactep, C., Car, S., Crane, R. (2012) Nanoscale Metallic Iron for Environmental Remediation: Prospects and Limitations. Water
Air and Soil Pollution. 223(3), 1363-82.
[18] Klaine, S.J., Alvarez, P.J.J., Batley, G.E., Fernandes, T.F., Handy, R.D., Lyon, D.Y., Mahendra, S., Mclaughlin, M.J. and Lead, J.R.
(2008) Nanomaterials in the environment: Behavior, fate, bioavailability, and effects. Environmental Toxicology and Chemistry. 27(9),
1825.

Zn, Mg ionic and ZnO and MgO NPs changes morphology and biochemistry of wheat plants by activating the antioxidant system. As stated before,
ZnO and MgO NPs are also less toxicity than Zn2+
and Mg2+ in the perspective of antioxidant system.
Antioxidant enzymes like SOD, CAT and POD
were upregulated under stress, while contents of
other antioxidants like MDA, APX and antioxidant
also changed to eliminate the effects that ROS
brought to wheat plants. However, which kind of
NPs and the concentration of them are things that
need to be considered. Further research is needed to
elucidate the mechanism of Zn and Mg oxide nanoparticles translocating and affecting the physiology
of wheat plants.
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long-termly affected by forest fires [13]. That is
why forest fires can be recognized as an important
disturbance in forest ecosystems due to affecting
the vegetation, soil and nutrient cycles [11].
Fires affect soil and vegetation by different regime components which are fire frequency, size,
intensity, seasonality, type and severity [14]. Another researcher included fuel loading (i.e. live and
dead materials), fire climate, slope, topography, soil
texture and moisture, soil organic content, and time
since last burned and area burned [15]. Fires are
natural phenomenon that they regulate ecosystem
productivity and diversity by increasing mineralization of nutrients in organic matter, promoting fast
growing early successional species [16-18].
Two types of fires can be classified into: (i)
prescribed (controlled) fires and (ii) wildfires [19].
Both fires have similar features about their effects.
The effects can be direct and indirect. Direct effects
VKRZWKHIROORZLQJIHDWXUHV³ L ORVVRIYHJHWDWLRQ
(ii)combustion of the organic horizon, (iii) increasing soil heating, (iv) loss of elements (nitrogen and
carbon to the atmosphere), (v) deposition of charFRDODQGDVK´ [15, 20].
Forest fires affect many physical, chemical,
mineralogical and biological soil properties [13, 19,
21-23]. Indirect effect of fire can be summarized as
L  ³DOWHUHG VRLO PRLVWXUH DQG S+ LL  DORQJ ZLWK
increased erosion and (iii) physical and chemical
HIIHFWV RI FKDUFKRDO GHSRVLWLRQ´ > -26]. Also,
fire may influence soil nutrient status via nutrient
addition (direct effect) and changing soil environment (indirect effect) [27]. Fire can affect many soil
properties such as minimize or destroy soil structure
and soil organic matter and decreased porosity
which changes result increased hydrophobicity
(water repellency) [21]. Similar results were found
by DeBano et al. [17].
It is clear that differentiation of aboveground
structure can directly influence belowground systems by different symptoms. Those are followed: (i)
changing nutrient inputs (affecting soil and litter,
micro- and macro-flora and fauna), (ii) elevating
soil temperature due to increased soil heating, and
(iii) changing evapotranspiration rates [15]. During
forest fires large amount of CO2 are released to the
atmosphere [2]. For that reason forest fires concern

ABSTRACT
Forest fires change many features in forest
ecosystems such as soil properties. This study investigated the effects of forest fire on soil physical
(clay, sand, silt, bulk density, field capacity, wilting
point and plant available water) and soil chemical
(organic matter, CaCO3, pH, EC and agregat stability index) parameters in newly fired ecocsystem,
Cankiri, Turkey. Sand and bulk density being soil
physical parameters showed best description in
order to negative effect of forest fires and were
significantly important (P<0.05 and P<0.01, respectively). In all soil chemical parameters, only EC
parameters was significantly important (P<0.05) for
reflecting forest fire. Severity of fire can be classified as low and high intensity. In this study, having
low intensity fire in research area decreased the
negative effects of forest fire.

KEYWORDS:
Forest fires, soil properties, low intensity fire

INTRODUCTION
Forest ecosystems globally cover more than
4.1 billion hectares [1]. It is estimated that between
530 and 555x106 ha are globally influenced by fire
every year [2]. Based on annual fire budgets, annually burned 10-15x106 ha of boreal and temperate
forest, 20-40x106 ha of tropical and subtropical
savannas, woodlands and open forests are lost [3].
Fire is absolutely the main disturbance in Mediterranean basin [4-6]. Fire also is critically significant
disturbance in Turkey [7]. In Turkey, 15 million ha
of forestlands were burned between 1937 and 2004
[7].
Forest fires are basically environmental issues
which can be recognized as a global phenomenon
[2,8]. It is clear that fires influence more land area
than any other natural disturbance [9]. Fire affects
whole ecosystem including flora, fauna, atmosphere
and soil [10]. Also forest fires influence vegetation
[11] and combustion causes limitation or destroy
forest floor [12]. Actually, soil and vegetation are
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pension by methods of U.S. Salinity Laboratory
Staff [34]. Soil organic matter was analyzed using
Walkey-Black method [35]. CaCO3 content was
determined by Scheibler calcimetre using method of
dD÷ODU>@6RLODQDO\VHVZHUHUHSHDWHGE\WZLFH

as a global warming parameter because of emmission of CO2 [28]. About 95 % of fires are originated
from human induced fires in Mediterranean basin
[28]. Basically, forest fires can affect changes in
soil quality, especially in the surface horizon [29].
After fire, rehabilitation of soil quality takes too
long time [29].
The objectives of this study were summarized
as: (i) to determine the effects of wildfire on soil
physical parameters, (ii) to determine the effects of
wildfire on soil chemical paramaters, (iii) to evaluate whether soil parameters is more informative in
all other parameters.

Statistical analyses. Statistical analyses were
evaluated by Excel Program including explanatory
statistics, correlation and t-test in both burned and
unburned samples.

RESULTS AND DISCUSSION
Some physical and chemical properties of soil
samples are given in Table 1. Clay and silt content,
bulk density, plant available water, pH, aggregate
stability index decreased in burned sites whereas
sand content, field capacity, wilting point, organic
matter, CaCO3 content, EC increased in burned
sites.

MATERIAL AND METHODS
Study Area. The study area was located in
dDQNÕUÕ 7XUNH\ o 49'03"N; 32o43'24"E). Research area was chosen to define surface fire-effects
on soil properties in scots pine and black pine
stands which is located in the borders of Ilgaz,
dDQNÕUÕ 7XUNH\ $QQXDO DYHUDJH WHPSHUDWXUH LV
11.1oC and annual precipitation ranges 400 to 500
mm. Fire area was burned in October, 2012. Ten
months after fire, soil samples were taken.

TABLE 1
Some properties in burned and unburned sites in
research areas.
Soil properties
Clay (%)
Sand (%)
Silt (%)
Bulk density (g.cm-3)
Field capacity (%)
Wilting point
Plant available water
Organic matter (%)
CaCO3 (%)
pH
EC (dS cm-1)
Aggregate
stability
index

Soil Sampling and Soil analyses. Soil samples were collected from burned and unburned sites
from 0-20 cm depth. Totally 70 samples were taken
in both sites. Soil samples which were used for
physical and chemical analysis, were air dried,
ground to 2 mm, placed in plastic bags and securely
stored.
Soil texture (sand, silt and clay %) was analyzed by hydrometer method as described by Gee
and Bauder [30]. Soil bulk density was determined
by method described by Blake and Hartge [31].
Field capacity and wilting point were analyzed
using methods of Cassel and Nielson [32]. Aggregation index was determined by method described
by Kemper and Rosenau [33]. pH and Electrical
conductivity were measured 1:2.5 soil: water sus-

Burned
28.00
54.03
17.97
1.31
32.54
15.38
17.16
8.07
2.70
6.68
0.06
2.26

Unburned
29.70
51.56
18.75
1.43
30.57
15.36
15.21
7.40
2.28
6.79
0.04
2.35

Explanatory statistical analyses are given in
Table 2 and 3 respectively in burned and unburned
results. t-test results are given in Table 4.

TABLE 2
Explanatory statistical analyses in burned sites.
Soil properties
Clay (%)
Sand (%)
Silt (%)
Bulk density (g.cm-3)
Field capacity (%)
Wilting point (%)
Plant available water
Organic matter (%)
CaCO3 (%)
pH
EC (ds.cm-1)
Aggregate stability
index

Sample
number
35
35
35
35
35
35
35
35
35
35
35
35

Arithmetical
mean
28.00
54.03
17.97
1.31
32.54
15.38
17.16
8.07
2.70
6.68
0.06
2.26

Standard
variation
4.83
6.52
2.87
0.21
17.65
7.93
16.60
2.24
2.00
0.45
0.04
1.88

Maximum

Minimum

Skewness

Kurtosis

37.70
68.20
22.50
1.70
90.49
43.87
79.59
11.61
13.46
7.70
0.17
7.15

18.95
42.30
11.25
1.00
12.19
3.82
0.75
3.59
0.87
5.80
0.01
0.29

0.40
0.14
-0.64
0.20
1.59
2.27
2.11
-0.43
4.78
0.16
1.33
0.69

-0.46
-0.67
-0.20
-1.07
2.73
2.27
5.53
-1.00
26.31
0.21
1.89
-0.45
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Variation
coefficient
17.26
12.06
15.98
16.06
54.25
51.57
96.76
27.74
74.04
6.68
58.21
83.13
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TABLE 3
Explanatory statistical analyses in unburned sites.
Soil properties
Clay (%)
Sand (%)
Silt (%)
Bulk density(g.cm-3)
Field capacity (%)
Wilting point (%)
Plant available
water
Organic matter (%)
CaCO3 (%)
pH
EC (ds.cm-1)
Aggregate stability
index

Sample
number
35
35
35
35
35
35
35
35
35
35
35
35

Arithmetical
mean
29.70
51.56
18.75
1.43
30.57
15.36
15.21
7.40
2.28
6.79
0.04
2.35

Standard
variation
4.51
6.32
3.11
0.23
13.46
6.32
12.19
2.79
1.18
0.32
0.02
2.03

Maximum

Minimum

Skewness

Kurtosis

43.00
65.70
25.00
1.75
61.12
33.59
47.95
12.71
7.27
7.40
0.15
6.46

21.80
40.00
12.50
1.00
16.02
6.16
0.16
2.06
0.35
6.30
0.01
0.38

0.68
0.07
-0.07
-0.39
1.34
0.98
1.21
-0.04
2.10
0.34
2.28
0.65

0.94
-0.61
-0.28
-1.13
0.84
1.23
0.78
-1.00
8.37
-0.93
8.59
-1.08

Variation
coefficient
15.20
12.27
16.60
16.40
44.03
41.15
80.14
37.72
52.00
4.68
55.24
86.35

TABLE 4
t-test and P-value in burned and unburned areas.
Soil properties
Clay (%)
Sand (%)
Silt (%)
Bulk density (g.cm-3)
Field capacity (%)
Wilting point (%)
Plant available water
Organic matter (%)
CaCO3 (%)
pH
EC (ds.cm-1)
Aggregate stability index

Burned (mean)
28.00
54.03
17.97
1.31
32.54
15.38
17.16
8.07
2.70
6.68
0.06
2.26

Unburned (mean)
29.70
51.56
18.75
1.43
30.57
15.36
15.21
7.40
2.28
6.79
0.04
2.35

t-test
-1.85
2.29
-1.5
-2.9
0.547
0.017
0.541
1.202
0.980
-1.27
2.4
-0.174

P-value
0.072
0.028*
0.142
0.005**
0.588
0.987
0.592
0.238
0.334
0.212
0.022*
0.853

organic matter by forest fire intensity. Compare to
slightly or moderately burned soil, in severely
burned soil showed the most noticeable soil parameters as soil colour and texture [47]. Generally, soil
colour changes via forest fire. Redder hue can be
seen after fires due to Fe-oxides transformation and
complete removal of organic matter [19, 47]. This
appearance was not observed in the research area in
this study.
Soil texture also changes dramatically after
forest fires. Generally the most sensitive textural
fraction is clay [48]. Ulery and Graham [47] indicated that less clay content was found in reddened
soil layers in burned soil compared to unburned
soils. Also, blackened layers and sand-size aggregates formed in surface soil in forest fires [13].
Besides blackened layers and sand-size aggregations, coarser textures appeared after forest fires
because of a greater proportion of sand [13]. When
soil temperature reaches about 400oC, clay hydration and clay lattice structure start to collapse [48].
Actually, sand were found statistically important
change in this study. Clay showed some differentiation but not significantly important.
In this study, EC parameter showed significantly increase in burned sites compared to unburned sites. Hernandez et al. [49] found that 9
months after fire higher EC values were found in
burned soils compared to unburned soils. These
similar results were found and supported.

Sand and EC content were found significantly
(P<0.05) increased in burned sites. However, bulk
density was found significantly (P<0.01) decreased
in burned sites compared to unburned sites.

DISCUSSION
Fires absolutely cause physical, chemical and
biological changes in soil properties and diverse
effects to environment [15, 37, 38, 39-43]. However, Berber et al. [44] found that surface fires have
limited effect on soil properties. Infect, forest fires
influence both vegetation and soil [13]. Forest fires
destroy forest flora and change soil properties
which affect runoff and erosion [45]. In this study,
soil properties were influenced by fire and the most
effective parameters were sand (P<0.05), bulk density (P<0.01) and EC (P<0.05). There is a differentiation in all other properties but this difference is
not statistically significant.
Forest fire changes soils by several features:
(i) loss or reduction of soil structure, (ii) loss or
reduction of soil organic matter, (iii) lowered porosity and (iv) increased pH [19,23]. In this study, soil
organic matter content show close results and not
significantly important. Actually soil organic matter
is combusted by fires as a result of reducing the
depth of or eliminating surface organic horizons
[46]. It can be explain not come out loss of soil
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changes depending on soil type which has different
trends [68]. In general, low intensity fires do not
produce important alterations in aggregate stability
with some exceptional cases [68]. After having low
intensity fires, litter and soil organic matter are
combusted and final result which is higher nutrient
storage in plant tissues [13]. In contrast, high intensity fires following steps occur. These are (i) complete loss of soil organic matter, (ii) volatilization
of N, P, S, K and (iii) kill of microbes [13]. Moreover, some organic compounds are formed by intense forest fire and these compounds with property
of hydrophobic which results into high water repellent soils [13].
To summarize all information about fire severity, our results showed less negative effects on soil
parameters because of having low intensity fire.

Chemical properties such as soil pH also affects due to burning of soil. Tufekcioglu et al. [50]
found soil pH was significantly higher level in
burned soils than unburned soils. Similar results
were found by many scientists [38, 47, 51-53].
Many scientists indicated that soil pH is generally
higher levels in burned soils due to forest fires [18,
50, 54]. Certini [19] underlined that significant
increase occurs only at higher temperatures (400500oC). After forest fires, ash formation may increase soil pH due to high pH of ash [55,56]. Soil
pH especially rise in 0-10 cm soil layer whereas no
significant increase in 10-30 cm soil layer [57].
Because of organic acids denaturation, soil
KHDWLQJ FDXVHV ³LQH[RUDEO\´ LQFUHDVH LQ soil pH
[19]. Ulery et al. [47] indicated that after burning,
topsoil pH could increase almost three units. However, in this study there is decrease in soil pH but
not significantly important.
Due to forest fires, bulk density of forest soils
significantly increased [18,19]. Bulk density increases with ash depth [58]. However, in this study,
bulk density was found significantly (P<0.01) decreased in burned sites compared to unburned sites.
Because of destroy of forest vegetation cover
after forest fire, it could be observed in increase of
runoff and soil erosion rates [59-61]. Another
ZRUGVZHFDQVD\³IRUHVWILUHGHVWUR\WKHYHJHWDWLRQ
cover and alter soil properties that influence runoff
DQGHURVLRQ´>@
The time is generally needed to pass for forest
fire adverse effect. Kutiel and Naveh [62] found
that almost 14 months required negligible effect in
between burned and unburned soils. Choromanska
and Deluca [63] indicated that decline of C and N
mineralization after fire did not recover after 9
months of a study period. Similarly, Ekinci et al.
[64] negative effects after fire on soils could be
continued after 8 years. They underlined another
study recovery of soil quality is very slow after fire
[29]. Kavdir et al. [29] concluded that forest fires
can change soil quality basically in the surface
horizon. After 12 years, soil quality was recovered
by itself in fire location [29]. In this study soil samples were taken about ten months later after fire.
The impacts of forest fires on soil quality depends on the fire severities and the type of fire [15].
Similarly, entire effects depend on several factor
such as intensity and duration of the fire, soil type,
soil moisture content, precipitation events and history of post fire duration and intensity [60, 61].
Certini [19] suggested that fire severity consists of
intensity and duration. Duration can be defined as
³WKH OHQJWK RI WLPH EXUQLQJ RFFXUV DW D SDUWLFXODU
SRLQW´>@,QWHQVLW\RIILUHFDQEHKLJKRUORZ,Q
moderately and low intensity fires, the temperatures
will be reached to 400oC and 500oC. Whereas in
high intensity fires, the temperatures will be
reached to 675oC [15].
Generally, high severity fires cause significant

CONCLUSION
Every year many forest areas are affected by
forest fires. Selecting refractive soil parameters
after forest fire should be good in order to evaluate
effects of forest fires. Sand and bulk density as soil
physical parameters were more informative parameters for evaluating fire effect and were significantly important (P<0.05 and P0.01, respectively).
Only EC parameters was significantly important
(P<0.05) in soil chemical parameters for reflecting
forest fire. Having low intensity fire in research
area decreased the negative effects of forest fire.
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EGG AND CHICK QUALITY CHARACTERISTICS OF MEAT
TYPE JAPANESE QUAIL (COTURNIX COTURNIX JAPONICA)
LINE BY CANONICAL CORRELATION ANALYSIS
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future yield performance of the flock [1-4]. Environmental and genetic factors affecting egg quality traits
in poultry have been elucidated in many researches
[5-13]. The relationship between egg and chick is
mostly explained by genetic and phenotypic correlations between the physical properties of the egg and
the chick weight [11, 14-16]. Despite these measurements, which do not harm the embryo developing in
the egg, are biologically friendly ways of determining the coherence between the egg and the chick, the
information revealed from these relationships are rather limited. Thus, advanced statistical approaches
can help to extract more detailed information in such
researches.
In statistical methods, Pearson correlation coefficients are commonly used as a statistical tool to
delineate the linear relationship among the properties. In cases where the prerequisite of normal distribution is not met, methods such as Spearman rank or
Kendal-Tau correlations may be used. Multiple correlation coefficients are efficient tool to scale the relationships between the characteristics and multiple
independent variables with a dependent variable.
However, if there are multiple-dependent and -independent variables in any case, canonical correlation
analysis can be preferred to explore the relations.
The canonical correlation analysis, which is a multivariate analysis technique, has been used by various
researchers for revealing additional information in
the analysis of biological properties [17-20]. Therefore, in this study, egg and chick quality traits of
meat type Japanese quail (Coturnix coturnix japonica) line were investigated by using canonical correlation analysis.

ABSTRACT
Canonical correlation analysis is a multivariate
analysis technique used to determine the relationships between two data sets with more than one variable. The use of canonical correlation analysis in biological studies about revealing the relations of
quantitative characteristics can provide additional
information to the investigator. In this study, total of
146 meat type female quails were used. 13 eggs were
collected from each of 15-week-old and pedigreeraised quails. Four of these eggs were used for egg
quality characteristics, 5 for chick quality characteristics analysis and 4 for egg protein analysis. The egg
quality characteristics that are discussed in the research are; egg weight (EW), shape index (SI), shell
weight (SW), albumen weight (AW), yolk weight
(YW), albumen density (AD), yolk density (YD),
and egg crude protein (CP) content. Chick quality
features are; hatching weight (HW), daily chick
weight (CW) and chick length (CL). As a result of
the research, high canonical correlations (0.907) between egg quality characteristics and chick quality
characteristics were determined. When egg quality
characteristics are supposed as independent variables (X) and chick quality characteristics dependent
variables (Y), 82.30% of the total variation in the Y
variable set can be explained by the X variable set.
This suggests that egg quality characteristics are
likely to be determinants of chick quality characteristics. In the formation of the canonical variables in
the egg quality traits set, the albumen weight had the
highest contribution as the original values whereas
in chick quality traits set, chick weight had the highest additive value.

MATERIALS AND METHODS
KEYWORDS:
Canonical correlation, quail, egg quality, chick quality

The material of the study was obtained from the
population of Japanese quail in the poultry breeding
unit of the Faculty of Agricultural Sciences and
Technologies at Isparta University of Applied Sciences. A total of 146 female and male quails were
randomly selected from this population at the age of
4 weeks. These quails were placed on individual
compartment cages according to 1:1 sex ratio.

INTRODUCTION
The egg quality characteristics are of factors
determining the hatching performance and the quality of the chicks in breeding flocks and also the
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Thirteen fertilized eggs from these families in individual cages were taken at the age of 15 weeks. Four
of these eggs were used for egg quality characteristics, 4 for egg protein analysis and 5 of them were
hatched for determining the chick quality characteristics.
The quails had been fed with a ration containing 3100 kcal / kg metabolic energy and 24% crude
protein during the entire experimental period. Adlibitum feeding and unlimited water were provided
in the study.
According to the canonical correlation analysis, two sets of variables were formed. In one of these
variable sets there comprised the egg quality characteristics (X) and the other consisted of the chick
quality characteristics (Y). The egg quality characteristics set (X) had the following variables: egg
weight (EW), shape index (SI), shell weight (SW),
albumin weight (AW), yolk weight (YW) albumin
density (AD), yolk density (YD) and egg crude protein content (HP) whereas the set of chick quality
characteristics (Y) were: hatching weight (HW),
daily chick weight (CW) and length (CH).
Egg weight, egg shell weight, albumin weight,
yolk weight, hatching weight and daily chick weight
characteristics were accurately determined with a
balance having 0.01 g precision. The egg width and
height were carefully measured by means of a digital
calliper at 0.01 mm precision.
The following equation was used to determine
the shape index (SI):
SI (%) = ((egg width (mm)/egg length (mm)) x 100
Daily chick weight and length (CH) measurements were made 24 hours after hatching.

Fresenius Environmental Bulletin

CP (%) = (0.1 * 0.014 * 6.25 * (Vs-Vc) * 100) /
sample weight (g)
where 0.014 is a constant related to molecular
weight of nitrogen, 6.25 is conversion factor of nitrogen to CP, Vs volume of HCl standard solution in
mL, and Vc volume of standard solution used for the
control in mL.
Statistical analysis. The canonical correlation
analysis used the CANCORR procedure of the SAS
computer program to identify and measure canonical
relationships between egg and chick quality feature
sets [22]. Both between-group and within-group
Pearson correlation coefficients of the entire data-set
are calculated in the first step of the canonical correlation analysis. Then, the linear combinations of variable sets are defined as follows [23, 24]:
ܷ ൌ ܽଵ ܺଵ  ܽଶ ܺଶ   ڮ ܽ ܺ
ܸ ൌ ܾଵ ܻଵ  ܾଶ ܻଶ   ڮ ܾ ܺ
where ܽ and ܾ are canonical coefficients,
ܷ and ܸ are the nth pair of canonical variants. The
canonical correlations between the canonical variable pair are finally calculated by using the formula
given below:
ݎ ൌ ܿݒሺܷ ǡ ܸ ሻȀඥݎܽݒሺܷ ሻ ݎܽݒ כሺܸ ሻ
The correlations calculated as above are called
canonical weights or canonical structure [25].
By dividing the sum of squares of canonical
weights by the number of variables (p and q) in the
sets, the explained variance of that set ܷ௫ଶ ܸ݁ݒ௬ଶ can
be obtained [19] as given below:

ଶ
Ȁ
ܷ௫ଶ ൌ σୀଵ ܽ
and

ܷ௬ଶ ൌ σୀଵ ܾଶ Ȁݍ

Density analysis. The eggs were broken and
the albumin and yolk were separately weighed. At
the end of this process, each of albumin and yolk was
placed in separate containers and mixed until homogenized. Then analytical amount of samples were
taken to determine the density by using the digital
refractometer device (0.1% precision, 0-85% Brix
measurement range, Hanna HI96801) which quantifies the amount of solids dissolved in liquids.

RESULTS AND DISCUSSION
The descriptive statistics regarding the egg and
chick quality traits were given in Table 1.
The correlation matrices among the original
variables of the data-set were shown in Table 2. The
correlation between the egg quality and chick quality
variable groups are high, the largest one was 0.86 between hatching weight and egg weight. There are
comparatively larger within-set correlations as high
as 0.94 between egg weight and yolk weight, and
0.84 between hatching weight and chick weight parameters.
The correlation coefficients between the EW,
SI, AW and YW variables included in the egg quality trait set were in accordance with the reported significance levels in the literature [10, 26-28]. In the
study, the correlations between AD and YD variables and other egg characteristics from egg quality
characteristics were generally markedly different,
the way of the relation is opposite in this study, and
incompatible with the values reported by Zita et al.
[29].

Protein analysis. Homogenised 4 eggs obtained from each of the individual female quail were
frozen at -20°C in polypropylene containers until the
analysis. The samples were thawed and re-homogenized by a mixer just before the analysis. Scopes of
1.000 g aliquot was taken and put on the ashless filter
paper. The samples were then digested with concentrated H2SO4 along with catalyser mixture as described in the conventional Kjeldahl method [21].
Then the ammonium concentration of the digests
was steam distilled and the distillates were titrated
by absolutely 0.1 equivalent/L HCl standard solution. Triplicates of the control without any sample
were also carried out. The amount of crude protein
(CP) was quantified from the equation given below:
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As Table 3 shows, three canonical correlations
are 0.907, 0.523 and 0.321. The first two of these caQRQLFDOFRUUHODWLRQVDUHVLJQLILFDQW S whereas
ݎଷ canonical coefficient (0.321) was not found to be
significant (p>0.05). Therefore, these two canonical
correlation coefficients have revealed that chick
quality traits sets were largely functioned by eggs
quality features.

Sets

Egg quality
traits set
(X)

Chick quality
traits set
(Y)

EW
SI
SW
AW
YW
AD
YD
CP
HW
CW
CL

The canonical coefficients and standardized
canonical coefficients for the first canonical correlation was considered to be very determinant, therefore
only these data were presented in Table 4. Because
variables cannot be measured in the same units, it is
a better way to interpret standardized coefficients instead of raw coefficients [22].

TABLE 1
Descriptive statistics of variables
Traits
݊
ܺത േ ܵݐௗ௩
584
12.6 ± 1.16
Egg weight (g)
Shape index (%)
584
78.3 ± 4.47
Shell weight (g)
584
1.41 ± 0.15
Albumen weight (g)
584
6.80 ± 0.79
584
3.82 ± 0.46
Yolk weight (g)
Albumen density (%)
584
16.3 ± 0.72
584
50.1 ± 1.50
Yolk density (%)
Crude protein (%)
143
11.3 ± 1.71
Hatching weight (g)
730
9.50±0.88
Daily chick weight (g)
730
11.1±1.09
Chick length (g)
730
11.9±0.44

Traits
EW
1
-0.34**
0.65**
0.79**
0.94**
0.08
0.29**
0.05
0.86**
0.73**
0.52**
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SI
1
-0.21*
-0.27**
-0.32**
-0.04
0.02
-0.09
-0.24**
-0.19*
-0.20*

Min.
9.23
65.9
1.03
1.14
2.56
14.3
42.5
6.87
6.50
6.95
10.4

TABLE 2
Correlations among the original variables
Egg quality
traits set (X)
SW
AW
YW
AD
YD
CP

1
0.46**
0.53**
0.04
0.11
-0.04
0.49**
0.45**
0.37**

1
0.58**
0.09
0.02
0.004
0.82**
0.66**
0.49**

1
0.05
0.39**
0.08
0.67**
0.67**
0.47**

1
0.05
0.17
-0.04
0.06
0.09

1
0.23*
0.38**
0.27**
0.09

1
0.04
0.07
-0.04

Max.
15.4
127.0
2.21
8.91
4.95
18.7
53.8
13.7
11.8
13.9
14.1

CV (%)
9.19
5.71
10.4
11.6
11.9
4.41
2.99
15.1
9.29
9.82
3.73

Chick quality
traits set (Y)
HW
CW
CL

1
0.84**
0.59**

1
0.79**

1

* and ** donate significant correlations at p0.05 and p0.01, respectively.

TABLE 3
Canonical correlations and multivariate statistics
Adjusted canonical
Squared
Canonical
Canonical
Likelihood
F
correlation
canonical correlation
variable pairs correlation
ratio
Value
2
(ݎ േ ݏ௫ҧ )
(R )
ݎଵ
0.907
0.897േ0.02
0.8230
0.1153
9.92
ݎଶ
0.523
0.462േ0.08
0.2739
0.6513
2.56
ݎଷ
0.321
0.255േ0.10
0.1030
0.8970
1.46
Multivariate statistics and F approximations
Statistic
Value
F Value
Pr > F
:LONV¶/DPEGD
0.115
9.92
<0.0001
3LOODL¶V7UDFH
1.200
6.22
<0.0001
5.140
15.62
<0.0001
Hotelling-Lawley Trace
5R\¶V*UHDWHVW5RRW
4.648
44.16
<0.0001
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Pr > F
<0.0001
0.0025
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Parameters
EW
SI
SW
AW
YW
AD
YD
CP
HW
CW
CL

TABLE 4
Coefficients of the first canonical variable pair
Raw canonical for the egg traits
Raw canonical coef.
Standardized canonical coef.
0.201
0.1769
-0.016
-0.0464
1.126
0.1302
1.002
0.5994
0.618
0.1968
0.170
0.1002
-0.005
-0.0043
-0.027
-0.0463
Raw canonical for the chick traits
1.346
1.0676
-0.198
-0.1604
0.352
0.1134

relationships between the canonical variable ܸଵ and
the raw data-set in the group of Y variables which it
was derived were found to be high (0.997, 0.799 and
0.562).
In some cases, it may be a more accurate approach to examine the correlations between the canonical variable and the original (raw) variables in
its own set [30]. This analysis, which constitutes a
procedure of canonical correlation analysis, is called
the canonical structure analysis. The canonical structure analysis is readily obtainable for X and Y sets.
However, since Y variable set is a function of X variable set, only canonical structure analysis of Y variable set was examined here. The canonical structure
analysis results were presented in Table 6.
The first canonical variable in Y variable set
explained a very large part of the variance in this set
(77.51%). The cumulative rates of three canonical
variables can explain all of the 100% variance. On
the other hand, 63.79% of the variance in the Y variable set can be explained by the variables in the X
variable set or egg variable set. The cumulative rates
of three canonical variables were 69.36%. In this
case, it can be said that the variance of the quality
characteristics of the chicks that formed the Y variable set was largely explained by the egg quality characteristics set. In order to determine the predictive
power of the canonical variables of a set of variables
by the original values of the variables in the other
set, the squared multiple correlations are used [31,
17]. Therefore, as the chick characteristics were a result of the egg, the predictive power of the X set canonical variables (ܷଵ and ܷଶ ) and the variation of the
original values in the Y set were shown in Table 7.
Accordingly, the canonical variables (ܷଵ and
ܷଶ ) obtained from the X set explained 81.79% of the
variance in HW from the variables in the Y set. This
is a fairly high value. However, a decrease in the explained variance of one-day chick weight (CW) was

The standardized coefficients are the coefficient which shows the amount of change in the canonical variable for each unit of change in the standard deviation of the original variable [17]. In this
case, the equation of ܷଵ and ܸଵ canonical variables
will be as follows:
ܷଵ ൌ ͲǤͳ ܹܧെ ͲǤͲͶܵ ܫ ͲǤͳ͵Ͳܹܵ
 ͲǤͷͻͻ ܹܣ ͲǤͳͻܻܹ
 ͲǤͳͲͲ ܦܣെ ͲǤͲͲͶ͵ܻܦ
െ ͲǤͲͶܲܥ
ܸଵ ൌ ͳǤͲͺ ܹܪെ ͲǤͳͲ ܹܥ ͲǤͳͳ͵ܮܥ
The canonical coefficients of SI, YD and HP in
the first canonical equation (ܷଵ ) for egg propertiesset variables are negatively marked and low value.
In contrast, EW, SW, AW, YW and AD canonical
coefficients were found to be positive. In these variables, it can be said that the suppressor variable was
AW. Variables other than CW were positive when
the first canonical variable equation (ܸଵ ) was created
for the chick quality feature set. It can be said that
the suppressor variable for this set was HW.
The values of canonical loads between the raw
variables in the canonical variables are given in Table 5.
TABLE 5
Correlations between variable sets and their
canonical variables
X Variable set
Traits
ܷଵ
EW
0.988
SI
-0.301
SW
0.525
YW
0.956
AW
0.714
YD
0.308
AD
0.008
CP
0.031

Fresenius Environmental Bulletin

Y Variable set
Traits
ܸଵ
HW
0.997
CW
0.799
CL
0.562

The highest correlation between the canonical
variable ܷଵ and its related the X variable set was determined between EW, YW and AW properties. The
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TABLE 6
Canonical redundancy analysis
Canonical variCumulative
Proportion
Proportion
Canonical R2
able number
proportion
ܸଵ
0.1406
0.1406
0.8229
0.1157
ܸଵ
0.0545
0.1951
0.2739
0.0149
0.0656
0.2607
0.1030
0.0068
ܸଵ
Raw Variance of the Y explained by their own
The opposite
canonical Variables
canonical variables
ܸଵ
0.7751
0.7751
0.8229
0.6379
ܸଶ
0.1902
0.9653
0.2739
0.0521
ܸଷ
0.0347
1.000
0.1030
0.0036

Cumulative
proportion
0.1157
0.1307
0.1374

0.6379
0.6900
0.6936

TABLE 7
Squared multiple correlations of canonical variables
Variables
ܷଵ
ܷଶ
HW
0.8179
0.8180
CW
0.5247
0.6147
CP
0.2602
0.3884

REFERENCES

somehow apparent as the X-set canonical variables
have been revealed. This showed that the effect of
the egg properties on chick weight continues to decrease with time. As a matter of fact, the correlation
coefficients [32-34] between egg weight and chick
weekly weights revealed this situation. Egg quality
characteristics in X set canonical variables explained
26.02% of the variation of chick length trait. This
value was lower than the value obtained from HW
and CW properties.

[1] Altan, Ö., 2÷X]øDQG$NEDú< (1998) Effects
of selection for high body weight and age of hen
on egg characteristics in Japanese quail
(Coturnix coturnix japonica). Turkish Journal
of Veterinary and Animal Science. 22, 467-473
(in Turkish).
[2] Iqbal, J., Khan, S.H., Mukhtar, N., Ahmed, T.
and Pasha, R.A. (2016) Effects of egg size
(weight) and age on hatching performance and
chick quality of broiler breeder. Journal of Applied Animal Research. 44(1), 54-64.
[3] Ulmer-Franco, A.M., Fasenko, G.M. and 2¶'HD
Christopher, E.E. (2010) Hatching egg characteristics, chick quality, and broiler performance
at 2 breeder flock ages and from 3 egg weights.
Poultry Science. 89, 2735-2742.
[4] 7DVNÕQ$, Karadauvut, U., Cayan, H., Genc, S.
and Coskun, I. (2015) Determination of small
variation effects of egg weight and shape index
on fertility and hatching rates in Japanese quail
(Coturnix coturnix japonica). Journal of Selçuk
University Natural and Applied Science. 4(2),
73-83.
[5] Scott, T.A. and Silversides, F.G. (2000) The effect of storage and strain of hen on egg quality.
Poultry Science. 79, 1725-1729.
[6] Zhang, L.C., Ning, Z.H., Xu, G.Y., Hou, Z.C.
and Yang N. (2005) Heritabilities and genetic
and phenotypic correlations of egg quality traits
in brown-egg dwarf layers. Poultry Science. 84,
1209-1213.
[7] Daikwo, S.I., Dim, N.I. and Momoh, O.M.
(2013) Inheritance of egg quality traits in the
Japanese quail. International Journal of Poultry
Science. 12(3), 153-156.

CONCLUSIONS
Results of this study indicated that by using canonical correlation analysis tool it was possible to
determine the chick quality traits from the egg quality traits to great extent (82.3%). SW, YW and AW
properties in egg quality feature set can able to explain the variance in the Y variables set at considerably acceptable rates. This can be treated as an indication that egg quality characteristics are of operational factors on chick quality characteristics. In the
formation of canonical variables in the egg quality
feature set, the original values of the egg white
weight had the highest contribution whereas in chick
quality feature set, chick weight had the highest contribution. Despite the canonical variables obtained
from the chick quality feature set explained whole
variance in the raw variable set, the ܸଵ canonical variable obtained from this set explained only 77.51%
of the variance in the original variables.

2586

© by PSP

Volume 28 ± No. 4/2019 pages 2582-2588

[8] Chimezie, V.O., Fayeye, T.R., Ayorinde, K.L.
and Adebunmi, A. (2017) Phenotypic correlations between egg quality traits in three varieties
of Japanese quail. Agrosearch. 17(1), 44-53.
[9] Narinc, D., Aygun, A., Karaman, E. and Aksoy,
T. (2015) Egg shell quality in Japanese quail:
characteristics, heritabilities and genetic and
phenotypic relationships. Animal. 9(7), 10911096.
[10] Sato, K., Ida, N. and Ino, T. (1989) Genetic parameters of egg characteristics in Japanese
quail. Jikken Dobutsu. 38(1), 55-59.
[11] Silva, L.P., Ribeiro, J.C., Crispim, A.C., Silva,
F.G., Bonafé, C.M., Silva, F.F. and Torres, R.A.
(2013) Genetic parameters of body weight and
egg traits in meat-type quail. Livestock Science.
153, 27±32.
[12] Karabayir, A., Ogutcu, M. and Arifoglu, N.
(2018) Influence of disinfectant added to drinking water on quail growth performance and egg
quality. Fresen. Environ. Bull. 27, 3051-3058.
[13] Dogan, S.C., Baylan, M., Erdogan, Z., Akpinar,
G.C., Kucukgul, A. and Duzguner, V. (2016)
Performance, egg quality and serum parameters
of Japanese quails fed diet supplemented with
Spirulina platensis. Fresen. Environ. Bull. 25,
5857-5862.
[14] Saatci, M., Omed, H. and Ap Dewi, I. (2006)
Genetic parameters from univariate and bivariate analyses of egg and weight traits in Japanese
quail. Poultry Science. 85, 185-190.
[15] Sefton, A.E. and Siegel, P.B. (1974) Body
weight relationships of newly hatched Japanese
quail. Poultry Science. 53(3), 1254±1256.
[16] Lotfi, E., Zerehdaran, S. and Raoufi, Z. (2012)
Genetic properties of egg quality traits and their
correlations with performance traits in Japanese
quail. British Poultry Science. 53, 585-591.
[17] Keskin, S. and Özsoy, A.N. (2004) Canonical
correlation analysis and its an application. Journal of Agricultural Sciences. 10(1), 57-71 (in
Turkish).
[18] Takma, Ç., Gevrekçi, Y., Özsoy, A.N. and
Çevik, M. (2017) Canonical correlation analysis
on egg production traits of quails. Süleyman Demirel University Journal of the Faculty of Agriculture. 12(1), 92-99.
[19] Ribeiro, J.C., Silva, L.P., Caetano, G.C.,
Crispim, A.C., Pacheco, R.O. and Torres, R.A.
(2016) Canonical correlation analysis applied to
production and reproduction traits of meat type
quails. Ciência Rural. 47(7), 1289-1294.
[20] Keskin, I. and Dag, B. (2009) Investigation of
relationship amongst milk and wool yield traits
of Awassi sheep by using canonical correlation
analysis. Journal of Animal and Veterinary.
8(3), 464-468.
[21] AOAC - Association of Official Analytical
Chemists. (1990) Official methods of analysis.
15th ed. Washington D.C., 1078p.

Fresenius Environmental Bulletin

[22] SAS Institute Inc, (2002) SAS/STAT uVHU¶V
guide. Version 9.1, Cary, North Carolina, USA.
[23] Kendall, M.G. (1980) Multivariate analysis.
Charles Griffin and Company, LTD, London.
210p.
[24] Johnson, R.A. and Wichern, D.W. (2002) Applied multivariate statistical analysis. PrenticeHall, Inc., Upper Saddle, New Jersey, 792p.
[25] Özdamar, K. (2013) Statistical data analysis
with package programmes. Volume 2. Nisan
Kitabevi, (VNLúHKLU7XUNH\ 474p (in Turkish).
[26] Sari, M., Tilki, M. and Saatci, M. (2016) Genetic parameters of egg quality traits in longterm pedigree recorded Japanese quail. Poultry
Science. 951, 743±1749.
[27] Alkan, S., Karabag, K., Galic, A. and Balcioglu,
M.S. (2008) Effects of genotype and egg weight
on hatchability traits and hatching weight in Japanese quail. South African Journal of Animal
Science. 38(3), 231-237.
[28] Narinc, D., Aygun, A., Karaman, E. and Aksoy,
T. (2015) Egg shell quality in Japanese quail:
characteristics, heritabilities and genetic and
phenotypic relationships. Animal. 9(7), 10911096.
[29] Zita, L., Ledvinka, Z. and Klesalová, L. (2013)
The effect of the age of Japanese quails on certain egg quality traits and their relationships.
Veterinarski Arhiv. 83(2), 223-232.
[30] Sharma, S. (1996) Applied multivariate techniques. John Wiley and Sons, Inc., New York,
USA, 493p.
[31] Çankaya, S. (2005) Canonical correlation analysis and its application on animal science. PhD
Thesis. Cukurova University Institute of Natural
and Applied Sciences, Adana (in Turkish).
[32] 6DUÕ, M., Saatci, M. and Tilki, M. (2010) Estimation of genetic parameters for live weights
characteristics using REML procedures in Japanese quails (Coturnix coturnix japonica). Journal of the Faculty of Veterinary Medicine.
16(5), 729-733 (in Turkish).
[33] Sezer, M., Berberoglu, E. and Ulutas, Z. (2006)
Genetic association between sexual maturity
and weekly live-weights in laying-type Japanese
quail. South African Journal of Animal Science.
36(2), 142-148.
[34] Resende, R.O., Martins, E.N., Georg, P.C.,
Paiva, E., Conti, A.C.M., Santos, A.I., Sakaguti,
E.S. and Murakami, A.E. (2005) Variance components for body weight in Japanese quails
(Coturnix japonica). Brazilian Journal of Poultry Science. 7(1), 23-25.

2587

© by PSP

Volume 28 ± No. 4/2019 pages 2582-2588

Received:
Accepted:

10.10.2018
18.02.2019

CORRESPONDING AUTHOR
Abdullah Nuri Ozsoy
Isparta University of Applied Sciences,
Faculty of Agricultural Sciences and Technologies,
Department of Animal Sciences,
32260, Isparta ± Turkey
e-mail: abdullahozsoy@yahoo.com

2588

Fresenius Environmental Bulletin

#"

  $ 









  !






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

,/3,9'(;:?:89(-(#:-,1*05.2:


Faculty of Forestry, Department of Forest Engineering, Artvin Coruh University, Artvin, 08100, Turkey



"#!#

resources and associated aquatic life by increasing
the activity of the toxic algal blooms [2]. These environmental changes may play significant role on the
integrity of the landscape ecology, and prevent the
socioeconomic and agricultural development in
many countries over the long term [3]. One of the
main driving factors for these environmental
changes is alteration of natural land-uses to agricultural practices such as land cultivation in steep areas,
improper soil tillage, and excessive grazing over the
last century. Extensive agricultural practices, for instance, have been performed by ancient human settler in Mesopotamia and Anatolia for centuries. As a
result, 80% of the Turkey’s fertile agriculture areas
are exposed to severe erosion today [4]. According
to the report by the Turkey’s National Action Program for Combating Desertification, about one billion tons of soil is washed away from terrestrial areas
to rivers and seas each year [5]. Particularly fragile
ecosystems such as arid and semi-arid areas, mountain passes, and transition zones are more susceptible
to erosion processes due to high climatic heterogeneity, harsh and rugged topography, and loose geologic formation [6, 7].
Coruh River basin as being the particular one
(21100 km2), located in the transition zone between
Eastern Black Sea and Northeastern Anatolia, is one
of the most erosion-prone regions in Turkey. Average 5.8 million m3 of soil is transported from the basin to Black Sea in each year via water-induced erosion annually. In addition to surface soil loss by the
water runoff in a basin, natural disasters such as
flood, landslide, and avalanche that are also contributing vast amount of soils into the river system during winter time [8]. Coruh River, 426 km long and
average annual flow of 6.3 billion m3 yr-1, as the fastest flowing river in Turkey has also important hydropower potential that providing a contribution of
3.67% to total runoff of Turkey [9, 10, 11]. In order
to use this high hydropower potential, 16 dams and
162 regulators were planned along the river and its
tributaries. Muratlı, Borçka, Deriner, Artvin, Arkun,
and Gullubag dams and hydropower plants have
completed and started producing electricity, but a
few are still in construction progress as of 2018.
These dams and regulators will produce

Integrating Revised Universal Soil Loss Equation (RUSLE) model and geospatial technologies to
estimate surface soil erosion losses has gained popularity among the researchers across the world. Yet,
assessing the soil erosion risk for arid and semi-arid
continental mountainous watersheds requires more
challenges to cope with. The purpose of this study is
to assess potential surface soil erosion risk areas for
Uzundere sub-watershed in Erzurum, Turkey using
RUSLE model and 50 cm pan-sharpened
WorldView-2 imagery within GIS and remote sensing framework. The sub-factors of RUSLE were estimated using meteorological data for rainfall erosivity (R-factor), 5-m DEM for slope length and
steepness (LS-factor), NDVI for land cover and crop
management (C-factor), and soil samples collected
in 35 sampling plots (20x20 m) for soil erodibility
(K-factor). It was found that 25.38 tons of soil per
hectare was washed away from the Uzundere subwatershed each year. It was also categorized that of
the total study area 44.5% was under very low (0-5 t
ha-1 yr-1), 10.3% low (5-10), 13.6% moderate (1020), 17.2% high (20-50), and 14.5% very high (> 50)
risk category. It can be concluded that despite the
low average annual rainfall (585 mm yr-1), a very
steep topography and high slope length with a few
vegetation cover were the main contributors of the
high surface soil losses from the study area.

'&!"
Sheet and rill erosion, RUSLE and GIS, WorldView-2
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One of the most crucial environmental issues in
the world is soil erosion that adversely affects the
natural resources, agricultural productions, biodiversity, and many other ecosystem services through topsoil loss or by reducing soil fertility [1]. High
amounts of sedimentation generated by the surface
soil erosion generally reduce the quality of water
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9.56% of Turkey’s total hydropower energy of 163
billion KWh as of 2015. Due to the ongoing intensive erosion process in the basin, there is severe risk
of quick deposition into the dam reservoirs. Indeed,
soil and other deposited material fill up the reservoirs
restrict the economic lifespan of these dams.
In order to extent lifespan of these dams and to
improve livelihood of the villagers, the Coruh River
Watershed Rehabilitation Project has been initiated
by the Ministry of Forestry and Water Affairs with
the collaboration of Japan International Cooperation
Agency (JICA) in 2012. The purpose of the sevenyear program is not only for protecting top soil and
water resources, but also for taking actions to prevent natural disasters such as avalanches, landslides,
flooding and most importantly enhancing the welfare of local population affected by land degradation
and dam constructions in the basin. The project, at
the first stage, focuses 12 pilot sub-watersheds including Uzundere sub-watershed that is considered
to have the roughest terrain and to be the most
sparsely vegetated one in the region.
Accurate prediction of surface (sheet and rill)
soil loss by a spatial modelling within Uzundere subwatersheds is crucial due to selecting suitable location for the appropriate erosion control practices.
Although many studies have been carried out to predict surface soil losses using Universal Soil Loss
Equation (USLE) within Geographic Information
System (GIS) and Remote Sensing (RS) framework
in Turkey, most of them used coarse cartographic
materials or satellite images with low spatial resolution [4, 7, 12]. Among the others the most commonly

used model for the surface soil erosion is the Revised
Universal Soil Loss Equation (RUSLE ver. 2.0) [13],
due to its practical application and modest data requirements [14, 15]. RUSLE can be used to estimate
soil losses for each alternative management case
along with a topography, soil type and precipitation
data. Moreover, it can easily be combined with GIS,
RS and geostatistics techniques [16, 17]. Thus, advanced analysis of individual erosion factors such as
rainfall, soil type, slope, vegetation cover and erosion control practices can be successfully performed
by dividing the area into small cells [18]. In this way,
soil loss in a given area can be estimated and soil loss
maps with erosion risk categorization can be produced.
The main objective of this study is to estimate
potential surface soil losses of the Uzundere sub-watershed within Coruh River basin in Erzurum, Turkey with the spatial assessment of the high erosion
risk areas using RUSLE methodology and a 50 cm
pan-sharpened WorldView-2 imagery.
#!"#"

"9:+> (7,( Uzundere sub-watershed is the
study area within the Coruh watershed located in Erzurum Province, Turkey. It stretches from north latitudes 40°26'36" to 40°46'44" and east longitudes of
41°30'46" to 41°46'29" and covers an area of 31114
ha (Fig. 1). The region has mountainous terrain that
ranges from 540 m to 3046 m with a mean elevation
of 1678 m above the mean sea level and very steep
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slopes that range from 0% to 578% (mean slope:
58%). The climate is continental (semi-arid) climate
with 8.3 °C average temperature [19]. Average annual precipitation is about 537 mm per year. Almost
40% of the area is occupied by grassland followed
by degraded (37%) and productive (18%) forest and
agricultural land use (5%). Dominant tree species of
the productive forests is scots pine *-3117+4'120*1
L. The degraded forest species include juniper 3
-*/'0311/, sumac )31&.0*%0*% and other bushy
vegetation. The dominant bedrock type is limestone
[20]. Soil type in the forested areas of the region is
brown forest soil, generally shallow and has a texture
of sandy loam which is well drained with moderate
permeability. Therefore, productive vegetation
cover with greater than 10% crown closure presents
a very small proportion in the area.

 4 9   :')$:%

- ;;

(2)

&

where *(mm) is the average monthly precipitation and (mm) is the average annual total precipitation. The average annual total precipitation for the
Tortum Weather Station was 476 mm yr-1. This calculated R-factor value is only valid for the location
of the Tortum Weather Station located at the elevation of 1572 m. Because of that, the new R-factor
values need to be calculated for the entire sub-watershed. Eq.3 by [22] was used to calculate these new
R-factor values and then were interpolated to all subwatershed using a spatial model in the Spatial Analyst extension tool in ArcGIS 10.2.
-'512%2*.--'512%2*.- 
(3)
where Rnew is the new calculated R-factor value
for given cell, Rstation is the calculated mean R-factor
value of meteorology station, Pnew is the calculated
new annual precipitation value for given cell and
Pstation is the recorded annual precipitation value of
meteorology station.

(9(8,98(4+03(.,67,675*,8804. The digital forest inventory maps used for estimating vegetation cover in this study were provided by the Turkish
General Directorate of Forestry. The 5-m Digital Elevation Model (DEM) data, used for estimating
Slope Length and Steepness (LS) Factor, obtained
from the Turkish Mapping Agency (General Command of Mapping). WorldView-2 satellite data at a
spatial resolution of 50 cm (pan-sharpened) acquired
in June 2011 were used in this study for calculating
Normalized Difference Vegetation Index (NDVI)
values and estimating C-factor values of Uzundere
sub-watershed. The geometrical adjustments and
topographical corrections were applied to the
WorldView-2 satellite imagery and digital aerial imagery in ERDAS Imagine software using the 5-m
DEM data.

"502,75+0)0209>-(*957 K-factor is the resistance of the soil against runoff and degradation
depending upon its natural attributes. It is calculated
with 4 parameters; texture, structure, organic matter
(OM), and permeability. For this purpose, 35 soil
core samples were randomly taken in the depth of 015 cm from the study area [23]. The soil core samples from 0-15 cm depth were used to calculate texture, structure, organic matter (OM), and permeability of the sampling plots. The percent of OM content
was determined by using [24]’s wet burning method.
The percent sand, silt and clay rates in these samples
were analyzed at the soil laboratory using [25]’s hydrometer method. Afterwards the K-factor was calculated using [26] and [27];
 4  5 3  2

5+,2897:*9:7, GIS based and remote sensing supported RUSLE method was used for this
study to estimate annual soil loss for each pixel in
Uzundere sub-watershed. The RUSLE equation is
expressed as [13];
      
(1)
where A is the mean soil loss (t ha-1 yr-1), R is
the rainfall-runoff erosivity factor (MJ mm ha-1 h-1
yr-1), K is the soil erodibility factor (t.h MJ-1 mm-1),
LS is the slope length-steepness factor (dimensionless), C is the land cover and crop management factor (dimensionless) and P is the support practices
factor (dimensionless). The following sub-sections
describe the generation of the RUSLE factors R, K,
LS, C and P maps.

!(04-(227:45--,7580;09>!-(*957R-factor
is the potential erosivity effect of a specific rainfall’s
kinetic energy and its intensity on soil. The available
monthly and yearly rainfall data of 42 years (19702011) collected from Tortum meteorology station
that is located in the study area at 1572 m elevation
were used for calculating R-factor using the following widely used equation as expressed in [21]:
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 4 3 !' , 3 *%'+ 3  * ("
(5)
where OM is the organic matter content in percent, fclay is the clay, fsilt is the silt and fsand is the sand
content in friction. Then, large soil group maps for
the study area obtained from the General Directorate
of Rural Services was updated according to the lab
results of these soil samples.
"256, 2,4.9/ (4+ 89,,64,88" -(*957 According to the [13]; the topography contributes to
soil erosion with two factors: slope length (L) and
slope steepness (S). The LS-factor is obtained by
multiplying the L-factor and S-factor. The amount of
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soil loss increases when the slope steepness and
length increases [21]. Combined LS factor was calculated for the study area by using 5 m resolution
Digital Elevation Model (DEM) with the following
equation [28];
  "+.5$%&&3,3+%2*.- 6 &'++$1*8' 
(6)
 #  6"1*-1+./'  #  
where  is the combined slope length and
steepness factor, (+.5 %&&3,3+%2*.- is the accumulated upslope contributing area for a given cell, &'++
1*8' is the size of a pixel (for this study 50 cm), and
1*-1+./' is the slope degree value in sin and  
is the conversion factor. With this equation, the LSfactor map was produced in ArcGIS 10.2 software
using Spatial Analyst Tool.

using the Sediment Delivery Ratio equation which
was adopted from Boyce [33] as shown in Eq. 8 and
9 below:
(8)
 69 
where A is the area of study site in km2. Using
the SDR value from Equation (8), SY value was calculated using the following formula by [21]:
!:
(9)
where, SY=sediment yield (ton ha−1 yr−1),
SDR= sediment delivery ratio, and SE= annual potential soil loss (A) (ton ha−1 yr−1). Each pixel of annual potential soil loss map was multiplied with SDR
in order to obtain the SY map of Uzundere sub-watershed.

(4+ *5;,7(4+ *756 3(4(.,3,49  -(*
957 C-factor represents the effects of land uses and
land cover types on soil loss in RUSLE equation and
plays an effective protection role against erosion.
The C-factor calculation is based on the soil-loss-ratio (SLR) and the only factor that can be changed
over time but it is difficult to identify these changes
with the SLR method. Therefore, many researchers
have developed C-factor estimating methods using
Normalized Difference Vegetation Index (NDVI)
[29-31]. These methods use different regression
models to correlate between NDVI values of imagery and C-factor values measured in the field. The
details of these methods can be seen in a recent study
by Vatandaslar and Yavuz [32]. Based on these,
NDVI map of Uzundere sub-watershed was produced using a 50-cm-resolution WorldView-2 satellite image acquired in July 2011. Finally, the following regression model was used for mapping C-factor
values pixel-by-pixel;
%&2.0         :
(7)

   

":66579 67(*90*,8   -(*957 P-factor represents the erosion rate with a specific conservation
practice (terraces, vegetation cover, etc.) to the corresponding erosion rate with up and down slope tillage [13]. Because there was no conservation practices in the study area, P-factor values were assigned
to 1 for all pixels.

!"$#""$""

!(04-(22(4+7:45--,7580;09>!-(*957 The
R-factor values for the years between 1970 and 2011
in the study area were found to be in the range of
0.00 - 1312 MJ.mm ha-1 hr-1 yr-1 with an average
value of 359.76 MJ.mm ha-1 hr-1 yr-1 (Table 1). Generally, north and southeast sections of the sub-watershed had the higher R-factor values than those of the
other sections (Fig. 2A). The ranges of high R-factors values at these specific areas of the watershed
were due to great increase in elevation (Fig. 1). However, despite low precipitation and low average Rfactor value from the entire sub-watershed, field observations showed that soil erosion by the rain effects in flush occurred after every heavy storm can
substantially increase the amount of surface soil
losses. As a result, the stream and gully beds were
filled of sediments and in some cases opened a new
scour for bank erosion potential. Similar conclusions
reached by the other studies; Bayramin et al. [6] indicated that climatic characteristics of the semi-arid
regions with extreme rainfall events and hardly succeeding vegetative season together with the high
topographic inclination increased the potential risk
of erosion. Study by Tufekcioglu [34] carried out in
the neighboring Oltu sub-watershed within the
Coruh River basin revealed that rill and interrill erosion were the dominant pathways of sediment
transport that usually takes play during a single
storm event in this semi-arid watershed.

",+03,49 ,20;,7> !(905 "! (4+ ",+0
3,49 '0,2+ "' Sediment Yield was calculated

# 
,8*70690;,89(90890*85-!$"-(*95787,8:298-57$?:4+,7,8:)<(9,78/,+043,970*":4098
"502758054(*9578
Rainfall Erosivity (R)
(MJ.mm ha-1 hr-1 yr-1)
Slope Length and Steepness (LS)
Soil Erodibility (K) (ton.hr MJ-1 mm-1)
Land Cover and Crop Management (C)
Conservation Practices (P)
Annual Soil Loss (A) (ton ha-1 yr-1)

304

3(=

3,(4

89+,;

;(75-*5,-

0.00

1312.12

359.76

241.52

0.67

0.00
0.02
0.00
1.00
0.00

8290.90
0.26
1.00
1.00
4442.84

16.23
0.13
0.35
1.00
25.38

24.39
0.02
0.28
56.08

1.50
0.17
0.78
0.00
2.21
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"502 ,75+0)0209>  -(*957 The descriptive
portion of the soil loss from the area was generated
statistics of the K-factor obtained from laboratory
via the rill-interrill and gully erosion.
analysis for the study area were shown in Table 1.

Spatial distribution of the K-factor values within the
(4+ *5;,7(4+ *756 3(4(.,3,49  -(*
sub-watershed showed rather homogenous pattern
957 The NDVI image indicated lack of the vegeta(Fig. 2C). The average K value was 0.13 ton h MJ-1
tion cover for the high slope and hill top areas and
mm-1 with a standard deviation of 0.02 ton h MJ-1
only riparian areas in the floodplain were vegetated
mm-1 (Table 1, Fig. 2C). Most of the study area
with agricultural crops where irrigation was the main
(90.52%) was under the easily erodible soil type
problem for the farmers and landowners. The results
(0.21-0.40 ton h MJ-1 mm-1). The light colored volby the C-factor map showed an average C-factor
canic turf spots, sparsely distributed through the area
value of 0.35 (dimensionless) with a standard devia(1.6%) were the main contributor to high erosion potion of 0.28 for the entire study area. The highest Ctential. K-factor values in these susceptible areas
factor values were in the central west parts of the
were in the range of 0.4 and 0.6 ton h MJ-1 mm-1.
study area generally characterized by bare soil surface (Fig 2D).
"256,2,4.9/(4+89,,64,88"-(*957 The
degree of slopes between 30 and 40 is being most
",+03,49+,20;,7>7(905"!(4+8,+03,49
important gradient for soil erosion along with in>0,2+ According to the Eq.8, sediment delivery ratio
creasing elevation [35]. The DEM data showed that
was found to be 0.301 for the Uzundere sub-waterelevation ranges between 540 and 3046 m in the subshed. Each pixel of annual potential soil loss map
was multiplied with SDR in order to obtain the sediwatershed. These values with the tough topography
ment yield (soil loss) map (Fig. 3).
formed the high slope rates especially in the north

and east parts of the area. The slope steepness ranges
8903(9,+85022588(4+7081(88,883,49 The
from 0% on the flat surfaces near the streams to
average annual surface soil loss that was estimated
578% on the reels of very sharp terrain throughout
from the product of rainfall erosivity (R), slope
the study area. The average slope length and steeplength and steepness (LS), cover and crop manageness (LS) factor was 16.23 (dimensionless) with a
ment (C) and soil erodibility (K) factors for the entire
standard deviation of 24.39 (Table 1), and its spatial
Uzundere sub-watersheds was 25.38 ton ha-1 yr-1
distribution was given in Fig. 2B. Field observations
(Table 1). According to the soil loss rate standard
and the satellite imagery used in this study showed
used by other researchers [21, 33], estimated soil loss
that such steepness caused many rill and gully forin this study was divided into five different risk catmation after the event-base storm throughout the
egories including very low, low, moderate, high and
study area. This would indicate that significant
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with Uzundere sub-watersheds. Turkish General Directorate of Combating Desertification and Erosion
(CDE) reported 26.02 t ha-1 yr-1 potential average
soil erosion amount for the entire Coruh watershed
[38, 39]. This value produced an average of about
4.95 t ha-1 yr-1 sediment yield (SY) when multiplied
with SDR of the 20000 km2 watershed. Another report by the State Hydraulic Works (SHW) and General Directorate of Renewable Energy (RE) [39],
eight observation points using sediment stations
across the Coruh River produced an average of 3.79
t ha-1 yr-1 sediment yield. The computed mean surface soil erosion loss rate (25.38 t ha-1 yr-1) for the
study area was much higher than the mean soil erosion rates for the entire Coruh River watershed. The
main reasons for the significant soil losses from the
Uzundere sub-watershed were sparsely distributed
least vegetation cover and toughest terrain with
many rills and gullies. Primary reason of such a poor
vegetative cover was directly related to low rainfall
amount throughout the year and lack of soil formation due greater rates of erosion in this particular
watershed.
Study by Perovic et al. [40] was conducted in a
hilly mountainous terrain of south-eastern part of
Serbia (River Nisava basin) showed similar characteristics with Uzundere sub-watershed in terms of topography and climatology. The River Nisava basin
study noted a very likely average soil loss estimate
(27 t ha-1 yr-1) with this study. Study with similar watershed characteristics (mountainous and 

very high (Table 2). Using this categorization, nearly
half of the study area dominated by the low and very
low erosion potential (57.7%) while the combined
high and very high erosion risks areas covered more
than one-third of the study area (37.2%). This would
show that Uzundere sub-watershed is one of the most
erosion-prone one within the Coruh River Basin.
Obviously these results are attributed to the insufficient vegetative cover on the very tough terrain with
an average slope of 58%, despite the low annual rainfall but the contribution of the very heavy downpours
in the summer, and a highly erodible volcanic turf
bed rock (Fig. 4). The annual potential soil loss and
sediment yield map can be seen in Fig. 3. Most of
the high and very high potential soil loss areas were
found in east and southeast of the sub-watershed
where high sloped lands coincide with areas of bare
soil surface. The results showed that an average soil
loss from the Uzundere sub-watershed was four
times higher than that of Turkey’s average soil loss
rate (approximately 6 t ha-1 yr-1) [36] and three times
higher than that of Italy’s average soil loss (8.46
t ha-1 yr-1) which was the highest amongst European
countries [37].
This study is the first one to estimates potential
surface soil loss from the Uzundere sub-watershed
characterized with a hilly terrain with less vegetative
cover and semi-arid condition with a few storm
events during a year. The results from the study were
compared with the results from the other neighboring sub-watersheds of Coruh River Basin and with
some other basins showing similar characteristics

$! 
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"502758054!081(9,.570,8
Very Low
Low
Moderate
High
Very High

"502588954/( >,(7 
0-5
5-10
10-20
20-50
>50

7,(5;,7,+
44.45
10.25
13.59
17.22
14.49

$! 
.,4,7(2;0,<5-9/,89:+>(7,(<07,*(.,80228,758054*54975267(*90*,8(4+,75+,+8:7-(*,8
(4+75:./9,77(044,(707(?20%022(.,

the lower basin is in flat areas. Higher rate of soil
loss as 24 t ha-1 yr-1 was also found at the River Lebna
Watershed in the northeast of Tunisia in the Cap Bon
region. In the region the elevation ranges from 631
m at the highest to 100 m at the central lowest zone
and the average rainfall is around 450 mm [43].

semi-arid) by Arekhi et al. [41] conducted at the
Gham Gardalan watershed in the southeast of Ilam
Province in the western Iran found average soil loss
of 19 t ha-1 yr-1. Another study by Irvem et al. [42]
conducted at the Seyhan River Basin in southern
Turkey found soil loss rate of 16.4 t ha-1 yr-1. Climatic condition in the Seyhan River Basin characterized as semi-arid with 600 mm precipitation. The upper part of the basin defined as mountainous while
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Rill and interrill erosion are the most important
pathways of soil movement and associated land degradation. In this study, the rate of surface soil erosion
was estimated using the most known RUSLE methodology coupled with GIS and remote sensing technologies. Results indicated that the rate of the soil
erosion in the study area is extremely high. The computed potential annual surface soil loss (25.38 t ha-1
yr-1) for the study area was much higher than the
mean soil loss for the entire Coruh River Watershed
(3.79 ton ha-1 yr-1). More than one-third (31.71 %) of
the Uzundere sub-watershed is under high (20-50 t
ha-1 yr-1) and very high (>50 t ha-1 yr-1) erosion risk
categories. Areas of high erosion potential were located at high elevation belt with mostly southern aspects in the east part of the study area. These results
were attributed to the very high slopes (mean: 58%,
max: 578%), tough terrain with lesser vegetative
cover and a volcanic turf bed rock that can produce
very high amount of erosive material during the
down-poured storm events.
We recommend that the agricultural and grazing activities on the high elevation and upper part of
the study areas are strongly reduced or controlled.
Erosion control practices planned by the Turkish
General Directorate of Combating Desertification
and Erosion should focus on the high and very high
erosion risk areas of the watershed to reduce risk of
potential soil losses. The implementation of wirecage, dry-stone sills on the stream and gully channels
are highly recommended to reduce soil movement.
Finally, it is important to state that use of GIS and
RS techniques in very mountainous areas were a low
cost and easy to implement tools for modelling surface soil erosion and finding high soil loss potential
areas spatially.
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tion, especially red meat, is widespread in many
societies. Meat and meat-based products are usually
cooked before eating. The cooking process destroys
pathogenic or spoilage microorganism and improves digestion, taste, color, flavor, and texture of
meat. Despite its nutrition values and acceptable
flavor, cooked meat could be a source of carcinogenic compounds depending on the cooking process. Some carcinogenic compounds such as
acrylamide (ACR), heterocyclic amines and polycyclic aromatic hydrocarbons are formed at a higher
temperature during the cooking process [2]. Due to
the relationship between the increase in the incidence of chronic diseases such as cancer and cardiovascular diseases, and food-borne risks, widespread researches have been carried out in foodstuffs [1]. In many research, the interaction between
higher meat consumption and some cancer risk is
expressed. Most of the research is epidemiological
and therefore only information concerning exposure
of the carcinogenic compounds related to the diet is
ensured [2].
Harmful effects of toxic chemical contaminants such as ACR in foodstuffs create a major
health problem in humans [3]. The presence of
toxic chemical contaminants in foodstuffs has an
important effect in terms of food safety which is
important for human health [2]. ACR exists in
many kinds of foods. Several cooking processes
such as frying, grilling, and roasting are able to
increase significantly the amount of ACR content.
The interaction between amino acids especially free
asparagine and reducing sugars such as glucose and
fructose cause Maillard reaction which is responsible for the flavor and color of the cooked foods [3].
Maillard reaction products present several effects
on a human; while melanoidins have healthpromoting effects, ACR, furans, and advanced
glycations end products have potentially harmful
effects [4, 5]. ACR is produced during thermal
processing at 120 0C or higher temperatures by
Maillard reaction [6]. Most consumed foodstuffs
like coffee, high in starch, potato products, and
cereal products may contain large amounts of ACR
[3, 7]. The vast majority of consumers may be in

ABSTRACT
Meat is a concentrated food source required
for optimal human growth. Besides higher biological value proteins, meat has generally rich in micronutrients such as ferrous, selenium, zinc and
vitamin B12. Despite its nutrition values and acceptable flavor, cooked meat could be a source of
carcinogenic compounds depending on cooking.
Acrylamide is produced during thermal processing
at 120 qC or higher temperatures by Maillard reaction. The purpose of the study is to determine the
content of acrylamide in meat-based food products
by using a room temperature phosphorescent quantum dots. Water-soluble L-cysteine capped Mndoped ZnS quantum dots (QDs) were quenched
efficiently by acrylamide. The developed method
was applied successfully to the quantitative determination of acrylamide in meat products. Direct
determination of acrylamide concentration has been
done according to the changing of room temperature phosphorescence (RTP) intensity of QDs. The
linearity of the method was achieved between 2-20
μg/mL and the limit of detection was 0.42 μg/mL.
Acrylamide was determined in meat samples in the
range of 24.6-ȝJNJ$FFRUGLQJWRWKHUHVXOWV
the developed method was sensitive, selective, fast,
cheap, and not time-consuming, has low detection
limit and was successfully used for determination of
acrylamide in meat-based foodstuffs.

KEYWORDS:
Acrylamide, Meat analysis, Quantum dot, Room temperature phosphorescence.

INTRODUCTION
Meat, which known as a concentrated food
source required for optimal growth and evolution of
human, is a great source of important nutrients such
as proteins, iron, zinc, vitamin A and B, and lipid
[1]. Meat is classified as red meat, white meat, fish
meat, and processed meat. Higher meat consump-
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contact with or consume an amount of ACR that
cannot be ignored. On the other hand, the
occurrence rate of ACR contact or ingestion is
uncertain [8]. ACR is metabolized by the liver to
glycidamide, which is a reactive genotoxic epoxide.
According to the classical detoxification scheme,
ACR and glycidamide are conjugated with glutathione and excreted in the urine as mercapturic acid
[9]. Owing to the urinary excretion at first 24 hours
is approximately 50%, and then 90% within 7 days,
ACR metabolites may be evaluated as a biomarker
for the exposure [10].
International Agency for Research on Cancer
(IARC) labeled the ACR as a probably carcinogenic
to human (Group 2A) [11, 12]. ACR exposure
could cause neurotoxicity in human and animals,
developmental reproductive toxicity, genotoxicity
and carcinogenicity in rodents [11]. Occupational
exposure of the ACR in humans have mainly resulted in neurotoxicity [13-15]. Exposure levels of
ACR by occupational is higher than the diet exposure levels [14].
Rapid and sensitive detection of ACR in food
is a major issue for food safety due to the toxicity of
ACR [16]. Recently, several analytical methods
such as enzyme-linked immunosorbent analysis
(ELISA), high-performance liquid chromatography
(HPLC), liquid chromatography with mass spectrometry-mass spectrometry (LC-MS-MS) and gas
chromatography with mass spectrometry (GC-MS)
are improved in order to determine the ACR [1720].
The quantum dots (QDs), semiconductor nanoparticles, have a spherical shape and their diameters are in the between 2 to 10 nm. At such small
sizes, chemical and optical behaviors are different
from the bulk form because of their quantum confinement effect. Because of this, these particles
have many advantages including a broad excitation
range with sharp emission bands, high quantum
yield, long phosphorescence lifetime, good photo
and chemical stability. In addition, the emission
wavelength is adjusted with the changing of diameter [21]. Because of the advantages of QDs, they
have been widely used for the analyses of pharmaceuticals [22, 23], nucleic acids [24], food additives
[25] and etc.
Room temperature phosphorescence (RTP)
turn-off sensor for selective determination of ACR
in a different type of meat samples was presented in
this article. The mechanism of this system based on
quenching of RTP signal of L-cysteine-capped Mndoped ZnS QDs by adding of ACR. The developed
method needs no detailed sample preparation steps,
therefore, it is time consuming, economic, avoids
the interference coming from chemicals, sensitive,
and selective.

Fresenius Environmental Bulletin

MATERIALS AND METHODS
Materials. ZnSO4, MnCl2, Na2S, and Lcysteine and ACR were obtained from Merck
(Darmstadt, Germany). For the preparation of the
standard ACR stock solution, 5.0 mg ACR was
accurately weighed and dissolved in deionized
water in a 10.0 mL volumetric flask and then adjusted to volume with the same solution. The final
concentration of the stock solution was 500 μg/mL,
which was stored at 5 °C. Phosphate buffer (0.02
M, pH 7.4) was used as a solution for the preparation of standards solutions of ACR. The analytical
grade reagents were used in whole experiments.
Phosphate buffer (0.02 M, pH 7.4) used for all
dilutions was prepared with deionized water and pH
was adjusted using sodium hydroxide (5 M).
Deionized water (18.2 M:. cm, Simplicity,
Milli-Q Millipore water purification system) was
used for the preparation of all aqueous solutions.
The used commercial foodstuffs of chicken
burger, chicken doner, nuggets, beef burger, and
meat doner were obtained from different firms in
Ankara, Turkey, and kept under cool, dry conditions.
Apparatus. A Varian Cary Eclipse spectrofluorimeter with a 10 × 10 mm quartz cuvette was
used for the phosphorescence measurements. Excitation wavelength and slit widths were 290 nm and
10 nm, respectively. Xenon flash lamp was used as
the light source.
In order to pH adjustment, measurements were
done by using a combined pH electrode with an
Orion model 720 A pH meter. Nuve NF 800R
(Turkey) refrigerated type centrifuge, J.P. Selecta
(Spain) type sonicator, and vortex (Firlabo, Lyon,
France) were used for sample preparation throughout the study. Samples were filtered using 0.45 μm
filters (Sartorius, Goettingen, Germany). All experiments were done at room temperature.
Synthesis of the L-cysteine capped Mndoped ZnS QDs. L-cysteine capped Mn-doped ZnS
QDs were synthesized in aqueous solution as per a
published method with minor modification [26].
The specific method as follows. In the first step, 50
mL of 0.02 M L-cysteine, 5 mL of 0.1 M ZnSO4,
and 1.5 mL of 0.01 M MnCl2 were added to a threeneck flask. With a pH meter, the mixture was adjusted to pH 11 with 1 M NaOH. At room temperature, the mixture was stirring for 30 min and the air
was removed with argon gas. After the mixing step,
5 mL of 0.1 M Na2S were rapidly added to the
solution to allow nucleation of the nanoparticles.
The mixture was stirred for 20 min, and then the
solution was aged at 50 qC under open air for 2 h to
form the L-cysteine capped Mn-doped ZnS QDs.
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diameter of synthesized QDs [25].
'E (r) = Eg (r) + h2/8r2 (1/me*+ 1/mh*) [1]
where 'E is the emission energy, Eg is band
gap energy, r is the radius, h is Planck constant, me*
is the effective mass of the excited electron, and mh*
is the effective mass of excited hole. The diameter
of the prepared Mn-doped ZnS QDs was calculated
at around 4 nm.
Spectral characterizations of QDs were evaluated by using UV-vis and phosphorimetric technique. The two maxima at 209 and 290 nm were
observed (Fig. 1) in the absorption spectra. The
phosphorescence spectra showed that the maximum
excitation and emission peaks occurred at 290 nm
and 590 nm, respectively (Fig. 1). This orange
emission band was attributed to the 4T1- 6A1 transition of the Mn2+ impurity incorporated into the ZnS
host lattice [28]. This orange emission was not
observed before aging, however, the QDs were
heated at 50 qC under open air for 2 h, the emission
at 590 nm occurred.
The quinine reagent was used as a reference
standard in order to determine the quantum yield
(PL-QY) of synthesized QDs, and it was found as
20.2%. The stability of prepared L-cysteine caped
Mn-doped ZnS QDs was showed that QDs and their
signals were stable at least 6 months in water without remarkable precipitation in the darkness at 4qC.

Sample extraction. The sample preparation
procedure for the analysis of ACR was performed
with modification according to the method described by Kaplan et al. [27]. One gram of each
sample was weighed accurately to Falcon flask and
5 mL n-hexane was added. These mixtures were
vortexed well for 2 min and then obtained solutions
were centrifuged (4100 rpm, 15 min, -5qC). After
centrifugation, hexane layer was removed and 0.1
mL Carrez I (15 g of K4[Fe(CN)6] in 100 ml water),
0.1 mL Carrez II (30 g of ZnSO4 in 100 ml water),
and 9.8 mL 0.2 mM acetic acid were added to the
pellets. These mixtures were then vortexed well for
2 min and then obtained solutions were centrifuged
(4100 rpm, 15 min, -5qC). After these steps, the
supernatant fluid was collected and filtered through
a 0.45 μm filter.
Mn-doped ZnS QDs as RTP probe for
ACR. To study the effects of ACR on the RTP
signal of L-cysteine capped Mn-doped ZnS QDs,
the assay solutions containing 100 PL of QDs and
varying concentrations of ACR (2-20 Pg/mL) were
prepared in 0.02 M, pH 7.4 phosphate buffer. Phosphorimetric measurements were carried out 2 min
after the reactions with the excitation wavelength of
290 nm. The assay based on the determination of
quenched phosphorescence intensity of QDs.

Optimum conditions of reactions. Some experimental conditions such as pH and reaction time
have a great effect on the RTP intensity of QDs.
Hence, to provide that the L-cysteine capped Mndoped QDs are stable and detect ACR correctly and
rapidly, these conditions were optimized.

RESULTS AND DISCUSSION
Characterization of the Mn-doped ZnS
QDs. Prior studies show that L-cysteine caped Mndoped ZnS QDs which prepared mentioned above
have a spherical shape and nearly uniform size.
Brus Equation [1] was also used to determine the

FIGURE 1
The absorption (line) and phosphorescence (dash line) spectra of Mn-doped ZnS QDs.
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The effect of pH (5-9) on the RTP intensity of
QDs in the presence and absence of ACR was examined. As shown Fig. 2, in the range of 5-7, the
RTP intensity of QDs is very weak, which increased with the increase of the pH value. The
phosphorescence intensity of QDs reached a maximum value at pH 7.4 and was stable between pH
7.4-8.0. When the pH was changed from 8.0 to 9.2,
the intensity decreased significantly. The quenched
phosphorescence intensity was also shown similar
behavior with changing of pH value. Thus pH 7.4
was selected as an optimum value.
In order to investigate the effect of time on
RTP intensity, the time interval of 0-7 min was
tried. Phosphorescence intensity of QDs was
quenched rapidly with the addition of ACR and
reaction was stable after 2 min. Therefore, two min
was selected for the analyze time (Fig. 3).
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Selectivity of the method. In order to show
the potential application of QDs for detecting of
ACR in different food samples, the responses of the
QDs towards some ingredients such as ions (K +,
Na+, Ca2+, Mg2+), amino acids and proteins (Lcysteine, dopamine, cholesterol, creatinine, and Lcystine) which may affect the phosphorescence
intensity were tested. The results indicated that only
ACR had a phosphorescence quenching effect on
the QDs and other interferences had a very low
effect on quenching. Quenching of the RTP emission due to the addition of ACR was unaffected by
500-fold of ions and 100-fold of amino acids and
proteins. These results showed that the proposed
method more selective to ACR than other substituent coming from food samples.

FIGURE 2
Effect of the pH on the RTP intensity of QDs (xx) and the quenched RTP intensity of QDs ()

FIGURE 3
Effect of the reaction time on the quenched RTP intensity of QDs (0 s is RTP signal of QDs only).
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FIGURE 4
Effect of ACR concentrations on the RTP intensity of QDs.
The concentrations of ACR were 0, 2, 4, 6, 8, 12, 16, 20 Pg/mL (top to bottom).

FIGURE 5
Stern-Volmer (a) and Lineweaver-Burk (b) plots for the RTP quenching effect of ACR on QDs.
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system was dynamic and KSV was found to be
3.0u104 /M which means ACR-QDs interaction was
moderate. Obtained results show that developed
method allow using as a probe for the determination
of ACR in food samples.

Response mechanism. The presence of ACR
caused gradually quenching of the phosphorescence
emission of QDs (Fig. 4) because of the forming of
QDs-ACR complex results of the interaction between ACR and L-cysteine.
Quenching mechanism is generally described
as dynamic and static quenchings [29]. For quenching with these mechanisms, phosphorescent molecule and the quencher have to interact. If the
quencher and phosphorescent molecule contact in
the ground state and form a new unphosphorescent
complex, this quenching system called static
quenching. Besides that, in the static quenching, the
lifetime of RTP does not change. However, for
dynamic quenching, the decreasing of intensity and
lifetime was observed due to the interaction of
molecules at an excited state. The static quenching
can be described by Lineweaver-Burk equation (Eq.
2) while dynamic quenching can be described by
Stern-Volmer equation (Eq. 3)
[2]
1/(P0 ± P)= 1/P0 + KLB/(P0 [Q])
P0 / P= 1 + KSV [Q]
[3]
where P0 and P are the phosphorescence intensities of QDs in the absence and presence of the
quencher, respectively, [Q] is the concentration of
the quencher, KLB and KSV are the static and dynamic quenching constants, respectively. KLB is determined by the linear relationship between 1/(P 0-P)
and [Q] and KSV can be determined by linear regression of a plot of P0 / P against [Q].
As shown in Fig. 5, the plot of Stern-9ROPHU¶V
was linear while Lineweaver-Burk was not. The
linear curve was P0 / P= 0.03 [Q] + 0.91 with a
regression coefficient of r = 0.991 in the concentration range of 28-280 nM. Accordingly obtained
results, RTP quenching mechanism of ACR-QDs

Validation parameters of the L-cysteine
Mn-doped ZnS QDs for the RTP analysis of
ACR. As indicated in Fig. 4, under the optimal
conditions, the quenching RTP intensity of QDs
was sensitive to ACR and linearly increased with
ACR concentration from 2 to 20 μg/mL. In this
concentration range, the linear regression was 'P=
20.13 C + 1.92 (r= 0.998) where 'P and C were
quenched RTP intensity and concentration of ACR
(μg/mL) respectively. The analytical data for the
calibration graph are listed in Table 1.
Limit of detection (LOD) and limit of quantification (LOQ) values were indicated the sensitivity
of the method. LOD and LOQ were calculated from
the equations of LOD= 3s/m and LOQ=10s/m
where s is the standard deviation for five replicates
and m is the slope of the calibration curve. LOD
and LOQ values were calculated as 0.42 μg/mL and
1.39 μg/mL, respectively (Table 1). The obtained
values explained that the proposed method has
enough sensitivity for the determination of ACR in
the meat-based food samples.
System repeatability was determined by five
replicates on the same day (intra-day precision) and
measurement of RTP intensity. Inter-day precision
was assessed by the assay of similar concentration
sample on different days. The results summarized in
Table 1 indicated a high degree of precisions of the
proposed method.

TABLE 1
Statistical Evaluation of Calibration Data for Quantitative Determination of ACR
Linearity range (μg/mL)
Slope
Intercept
Correlation coefficient
SE of slope
SE of intercept
LOD (μg/mL)
LOQ (μg/mL)
Inter-day precision* (RSD %)
Intra-day precision* (RSD %)
*
Mean of the five experiments
SE is the standard error

Sample
Chicken burger
Chicken doner
Nugget
Beef burger
Meat doner

2-20
20.13
1.92
0.998
0.38
0.12
0.42
1.39
0.25
0.39

TABLE 2
Results of Samples and Recovery Analysis of ACR
Sample value
RSD (%)
(Pg/kg)
24.6
0.45
34.7
1.02
71.3
0.39
29.6
0.76
31.3
0.57
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Recovery (%)
100.1
98.7
99.9
99.6
100.6
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TABLE 3
ACR Levels using Different Methods in Meat-Based Food Products.
Samples

Method

Hamburger

GC-MS

Minced meat, meat balls,
chicken nugets

LC-MS/MS

Bacon
Fried chicken

LC-MS/MS

Linearity
range
150±5000
Pg/kg
34-3750
Pg/kg
34-3750
Pg/kg

GC-ECD

LOD

ACR levels

Recovery
(%)

References

25 Pg/kg

<LOD

82.9-104.2

[30]

34 Pg/kg

ND-<LOQ

98-109

[31]

150
Pg/kg

ND-<150
Pg/kg
164-225
Pg/kg
0.044-0.925
mg/kg

98-109

[31]

87-97

[32]

-

[33]

-

0.1 Pg/kg
15 μg/L

Chicken products

HPLC-UV

45-2000
Pg/kg

Chicken, fish and beef bouillon

LC-MS/MS

8-3600 Pg/kg

-

<10 Pg/kg

95±6

[34]

Hamburger and meat patty

GC-MS

120-1200
Pg/kg

10 μg/L

<10-16 Pg/kg
<10-203
Pg/kg

107

[35]

5-100 μg/L

0.5 μg/L

23-250 Pg/kg



[27]

10-5000
Pg/kg
5-500 Pg/kg
150-1000
Pg/kg

10 Pg/kg

15-41 Pg/kg

99.5

[36]

5 Pg/kg

14-23 Pg/kg
<50 Pg/kg
159 Pg/kg
24.6-71.3
Pg/kg

98

[36]

79-85

[37]

99.8

This
method

Grilled beef and chicken meat
patty
Fried beef meat and chicken
minced meat
Hamburger

HPLC-MS
LC-MS/MS
GC-MS

Meat samples

GC-MS

Chicken and meat products

QDs
phosphorescence

2-20 μg/mL

25 Pg/kg
0.42
μg/mL

ND: not detected
LOD: Limit of detection

the developed method is not only an
environmentally friendly method (Green chemistry)
but also has enough sensitivity, wide linear range,
low relative standard deviation, and high recovery
percentage. When it is compared to the chromatographic methods, it was seen that the proposed
method was sensitive enough to determine ACR in
meat-based food samples.

Recovery studies were performed by spiking
pre-analyzed samples with appropriate amounts of
the stock solution of ACR in order to find out the
accuracy of the developed method and evaluate the
possible interferences of the other substances coming from the samples. Recovery values were calculated as 98.7-100.6% (Table 2). These results explained that the developed method can be used for
the analysis of ACR in food samples without potential interferences.

CONCLUSION
Determination of ACR in food samples. In
the present work, the application of the developed
method for the determination of ACR in food samples such as chicken burger, chicken doner, nugget,
beef burger, and meat doner was presented. No
interfering peaks were observed from any of the
ingredients of the assayed samples. Calibration
graphs were constructed by measuring the quenched
RTP intensity obtained at mentioned concentrations
under the optimized conditions. Table 2 summarizes the calculated sample values of ACR.
Although ACR is mostly determined in highstarch foods such as potato chips, bread, and cookies, there have been a few reports on ACR detection
in meat-based food products using different methods (Table 3). These methods generally based on
chromatographic techniques such as HPLC, LCMS, and GC-MS. However, though they are sensitive methods, they need qualify operator, highquality chemicals, time and cost. On the contrary,

Water-soluble L-cysteine capped Mn-doped
ZnS QDs which possess good phosphorescent
properties have been synthesized. The QDs were
quenched effectively by ACR. The Stern-Volmer
plot indicated that the quenching mechanism was
dynamic. The developed method avoids interferences such as some cations and amino acids. In
addition, lower LOD value showed the method
sensitivity. The proposed method was used for the
quantitative determination of ACR as successfully
in different meat-based food samples. Concentrations of ACR could be directly determined according to the changing of RTP intensity of QDs. The
results indicated that the proposed method was
sensitive, selective, fast, cheap, not timeconsuming, and has a low detection limit.
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(COP21) China promised that carbon-dioxide emission in China will climb to a peak in 2030, and the
ratio of per unit of GDP over carbon-dioxide emission in 2030 will cut down by 60% to 65% in comparison with 2005. Therefore, studies on key economic factors of contributing the emission growth
of carbon-dioxide are helpful for the policies and
actions in carbon emission reduction [1-3].
Environmentally extended input-output analysis (EEIO) have rapidly become one of the main
research methods in industrial ecology. EEIO analysis was proposed by Leontief W [4], in which
monetary transaction among economic sectors is
used to represent the relationship between the production process of products and service and the
emission to environment. EEIO analysis had been
applied to evaluate the environmental impact by
production and consumption. For example, the
assessment of the environmental and economic
impacts of greenhouse gas emissions ensuing from
the consumption of food and nonalcoholic beverages in the in the EU food supply chain [5]; the use of
the Bioeconomic Input-Output model to account for
the energy embodied in human labour [6]; the analysis of Sustainability assessment of U.S. final consumption and investments based on triple-bottomline input–output method [7].
Decomposing analysis is the common method
used to find the impact factors which lead to the
increase of carbon emission. There are two main
kinds of decomposition methods: index decomposition analysis (IDA) and structural decomposition
analysis (SDA). Generally SDA is used to decompose the environmentally extended input-output, for
example, energy consumptions, carbon-dioxide
emissions and other pollutant emissions and demand for sources.
Structural decomposition analysis analyses the
components of change over time [8]. The basic
components included are the environmental intensity, production technology and the size and composition of final demand.
Yuan and Xu [9] provide a computation on
both the China’s aggregate CO2 emission volume
and the emission of each sector over the period of
2002-2007, based on the input-output analysis. The
changes in emission are analyzed in terms of five
different factors. Among the five factors studied in
the paper, it is found that emission intensity and

Based on the structural decomposition analysis
and EORA database, the influence of four driving
factors on the change of carbon dioxide emission in
China during 1980-2013 was analyzed. The results
show that the effect of carbon emission intensity
has the greatest contribution to mitigation of carbon
dioxide emission increase, and the final demand
expanding and the input-output structure effect
contribute the most to the growth of carbon dioxide
emissions. From the perspective of changing trends,
the total amount of carbon dioxide emissions and
four factors can be divided into three stages: 19801986, 1986-2001 and then 2001-2013, which tend
to fluctuation from stable state in early years. From
the view of sector level, gas production, cement
products, electricity and construction sectors are the
main causes of carbon dioxide emissions growth
during 2001-2013. With the increase of the use of
clean energy, technological change, old plants
closeness and improvement of the industrial structure of the final demand are the main ways to reduce carbon dioxide emissions.


*("$%
Carbon-dioxide Emissions, Environmentally extended
Input-output, Structural Decomposition Analysis

!&$"'&"!
With the rapid growth of China’s economic
development and increase of domestic consumption, energy use, greenhouse gas emissions and
environment problems are becoming increasingly
alarmed. According to the reports by the World
Bank, CO2 emissions of China exceeded European
Union since 2003, and was greater than United
States since 2006, and become the largest carbondioxide emitter. From 1980 to 2013, the carbondioxide emissions of China had increased from 1.47
billion tons to 10.25 billion tons, and reached a
proportion of 28.6 percent of the total emission in
the world. In recent years, it has been a wide consensus in decreasing emission of carbon-dioxide,
energy conservation and environmental protection.
At the UN Climate Change Conference Paris 2015
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analysis. The matrix of environmental flows is
divided by the industry output to obtain unit emission/resource intensities:

domestic need are the main reasons for the decrease
in emission, while production technology, trade
structure and scale effect are the more significant
causes to the increase in emission.
Nie et al. [10] undertakes a structural decomposition analysis to decompose the changes in CO2
emissions from 1997 to 2010 into the following six
driving forces: emission coefficient, energy intensity, Leontief, sectoral structure, demand allocation
and final demand effects. The results show that
declines in energy intensity had a decrease impact
on CO2 emissions. The most important driver behind the steady increase in CO2 emissions is the
large increase in final demand. A further analysis at
the sectoral level revealed differences and fluctuations in sectors 3.
These studies had made contributions in China’s carbon emissions. However, most of these
studies based on the input-output table database
issued by National Bureau of Statistics of PRC,
which only issue China Input-Output Table data
every five years and since 2000 there are only three
years input-output data, i.e., 2002, 2007, 2012,
issued by China National Bureau of Statistics.
Moreover, the environment account data were not
included in the input-output table, and need to be
collected from other resources. As a result, inputoutput data issued by Chinese government maybe
not so accurate with the reality that not suitable for
studying the carbon-dioxide emissions year by year.
In addition, present studies paid more attention to
the whole economy and industries, instead of recognising the key factors for proposing actions to
reduce emission.
This paper based on the environmentally extended input-output model and EORA database,
analyze the changes of carbon-dioxide emissions in
China and factors which affect the emissions, and
identify the key factors which have influences on
the emissions. Based on the analysis results, we
also proposed some actions expected to reduce the
emissions.

(2)
where =emission or resource use intensity
(environmental flow-by-industry);  is emission or
resource use matrix (environmental flow-byindustry). The hat symbol ^ denotes a diagonal
vector.
These intensities can then be used similar to
the value added to give the environmental flows
associated with a given technology and final demand:
(3)
where  is overall emissions caused by the final demand;  is environmental multiplier matrix.
%=;>.=>;,6 0.97:9<4=498 8,6B<4< There
are some techniques that are used for decomposing
the development in emission indicators at the sector
levels. Structural decomposition analysis (SDA) is
one of the techniques, for example, to analyze the
demand and technological driving forces of energy
use, CO2 emission and various other pollutant and
resources.
Structural decomposition analysis (SDA)
analyses the components of change over time. The
decomposition analysis is based on equation (3),
and given
be the input-output
structural effect, which reflects the relationship
between sectors of production, and the final deconsists of the structure of final
mand
and the total amount of final demand
demand
(scalar) . Then the equation (3) can be changed to
the following equation:
(4)
Since the input-output model is linear, the effect of changes from report time 0 to  can be expressed as differences:

)#$ !&

&309;0=4.,6 -,.52;9>8/ 8:>=9>=:>=
9/06 The fundamental equation of the Leontief
model (consisting of N economic sectors) links an
exogenous
final demand vector  with an
total output vector  via

(5)
where the
symbol denotes the changes
over time. Our studies is based on the decomposition techniques proposed by Dietzenbacher & Los
[11], which has been found to involve few calculations and yield estimates close to the average value
of the full set of decompositions. According to this
method, changes of emissions can be expressed as:

(1)
where  is a matrix indicating sector intermediate technical coefficients;
is the Leontief inverts matrix.
When emissions, resource use or other sustainability indicators are known, they can be included in an environmentally extended input-output

(6)
we finally obtain the final decomposition
equation by calculating the average of the two-polar
decompositions.
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(7)

(8)

Industries

Final
Demand

Total
output

Industries

Technology
matrix  (industry-by-industry

Industry
final demand
B

Industry
output A

Value added

Value added ?

Total output

Industry output A

(9)
(10)
(11)
From equations above, the four decomposed
factors which influence the carbon-dioxide emissions consists of the emission intensity (
)), Leontief effect (
final demand (

)), demand allocation (

Table 1 gives the input-output table structure
of EORA MRIO database. According to the declaration of EORA website, the country tables published by EORA database use their native/national
classification systems if one is available. The China
input-output tables include 123 products, primary
input and final demand blocks, imports and exports
itemized by partner, and environmental satellite
accounts.
There are some points in EORA database need
to be mentioned here. Generally, all of data in input-output table are positive, especially for intermediate coefficient. However, in EORA database
there are some negative number sometimes in China input-output table, for example the primary inputs and a few of final demand items of some industries, which were the consequences of inventory
changes, and this phenomenon is not happen in
intermediate matrix. Furthermore, in WIOD dataset,
even in intermediate matrix there are still a few
negative numbers, and it is difficult to explain in
physical world. Moreover, negative numbers are
hard to interpret in building network model and
cannot deal with this case.

) and

) effects.

,=,.9660.=498 Our construction of CION is
based on the Eora multi-region input-output table
(MRIO) database [12,13]. Its main advantage over
WIOD database is that Eora provides a time series
of high resolution IO tables with matching environmental and social satellite accounts, and continuous coverage for the period 1970-2013 at the time
of writing while WIOD dataset only cover data for
the period from 2000. By contrast, China InputOutput Table made by National Bureau of Statistics
of the People’s Republic of China (NBSPRC) issue
per five years, and the most recent data released in
2012, and data of environmental accounts is not
included in input-output table.
Considering the history of China from 1970 to
1980 which during this time developing economy
was not the first place for Chinese government, we
studied the emission of China since 1980 when the
economic growth of China became significant in
the world.

'$ 
88>,6" 074<<498.3,820<91348,1;97  =9
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/>;482 =30 :0;49/  
 Figure 1 shows the
annual changes of total CO2 emission in China each
year from 1980 to 2013. Through the duration from
1980 to 2013 the carbon-dioxide emissions increased 9.35 billion tons. Before 2001 the emission
increased slowly each year even during the financial crisis in Southeast Asia from 1996 to 1997 the
total emission in China decreased. Since 2002 the
augment of CO2 emission rise significantly until
recent year.
Table 2 shows the results of structural decomposition analysis from 1980 to 2013. During these
years, augment of CO2 emission each year mainly
caused by the increase of final demand, which contribute the increment of 1269.6 million tons (281%)
of emission for 2013. The second factor for the
increment of emission is Leontief effect, which
contribute the growth of more than 2643 million
tons during the years from 1980 to 2013, and about
28.3%. Emission intensity is the main factor of
cutting emissions which reduce 789.9 million tons
of CO2 in 2013 and reached -175.7% total deduction since 2000.


Figure 2 shows the tendency of total carbondioxide emission changes and decomposition details from 1980 to 2013 of China. According to the
change mode the curves shows in the figure 2, we
divide the history of emission changes into three
stages: the first stage is from 1980 to 1986 which
the increases of carbon-dioxide emission are stable
in this duration, the second stage is from 1987 to
2001 which each factor fluctuated obviously, and
the third stage is after 2002 which each factor fluctuated significantly and total increases of emission
are high.
Table 3 shows the details of carbon-dioxide
emissions grouped by the three stages, and decomposition of factors during the whole duration from
1980 to 2013. Notice that the value of each factor
of 1980-2013 does not equal the sum of three stages
because factor changes of each stage does not had a
non-linear relationship with the changes in total
duration according to the equations (6) to (10).
According to the analysis results in table 3 we find
that the main factor leading to the increase of carbon-dioxide emission after 1980 is final demand,
and then Leontief effect also contributes a lot in the
emission increase. However, emission intensity
becomes the only factor which lead to decrease the
emission.


& 
%=;>.=>;,6/0.97:9<4=498;0<>6=<19;" 074<<498<48348,19;=30:0;49/91  
>84=7466498=98<91" 
Factors
Demand
Structure
Final demand
Leontief effect
Emission
intensity
Total emission
changes
Factors
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158.6

171.6

84.6

132.1

183.3

157.5

99.4

7.5

103.0

183.9

19911992

19921993

19931994

19941995

19951996

19961997

19971998

19981999

19992000

20002001

20012002

Demand
Structure
Final demand

63.9

-2.8

10.2

21.4

78.0

53.0

-140.3

-0.9

9.9

-11.2

2.5

678.5

693.2

-211.4

1053.0

519.5

538.7

315.9

268.3

506.7

290.0

Leontief effect

-166.4

99.0

-96.5

-99.2

387.5

-169.8

624.1

-42.3

-121.0

68.4

368.1
146.1

-420.8

-650.9

555.6

-788.0

-986.8

-271.3

-883.8

-265.7

-368.5

-263.0

210.4

155.3

138.6

257.8

187.2

-1.8

150.6

-84.1

-40.5

27.1

84.2

434.9

20022003

20032004

20042005

20052006

20062007

20072008

20082009

20092010

20102011

20112012

20122013

1.0

21.7

126.8

-85.6

99.5

15.7

-66.9

42.6

28.9

-15.8

Emission
intensity
Total emission
changes
Factors
Demand
Structure
Final demand

648.3

1073.5

1272.7

1115.1

1826.8

1840.4

478.7

1657.1

2078.9

447.9

Leontief effect
Emission
intensity
Total emission
changes

-44.9

-117.7

854.2

205.4

1328.1

187.5

425.2

-195.3

-153.4

-302.6

189.4

28.3

-1724.6

-677.1

-2789.4

-1485.1

-403.1

-738.7

-1036.5

189.8

793.9

1005.8

529.1

557.7

465.0

558.5

433.8

765.8

917.8

319.4
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Factors
Demand Structure
Final demand
Leontief effect
Emission intensity
Total emission changes

1980-1986
9.3
-20.5
-12.3
715.6
692.0

1986-2001
0.3
6820.9
1257.5
-6653.0
1425.7

2001-2013
263.3
15187.5
3820.6
-12039.2
7232.2

'$ 
,;-98/49A4/0074<<498.3,820<34<=9;B91348,1;97  =9
In the first stage (from 1980 to 1986), the total
increase of carbon-dioxide emission contribute
7.4% of the emission through our study duration of
1980-2013, and present stable state in the emission
increase. Each factor including emission intensity
effect, Leontief effect, demand structure effect and
final demand effect, fluctuate lightly. In fact, the
economy of China in this duration was small and
just started growth with shifting from planned
economy to market economy.
In the second stage (from 1986 to 2001), factors fluctuate obviously and total increases of carbon-dioxide emission reach 1.43 billion tons, and
contribute 15.2% of the total emission throughout
the study duration. Emission intensity effect and
final demand effect are the most volatile two factors, and emission intensity effect is negative during
each year except for 1989-1990 and 1993-1994, and
final demand effect always be positive. That is to
say, emission intensity effect is a moderating force
on the carbon emission because in this stage emission per unit decreased, and enlarged emission
increases by final demand effect illustrate that domestic consumption growth led to the increase of
emission. Meanwhile, the China economy developed rapidly and started to focus on the adjustment
of industrial structure and trading structure, so that
slow down the augment of emission. However, the
development of economy still came at the expense
of excessive energy consumption and environment



1980-2013
166.7
33796.1
12168.9
-36781.8
9349.9



pollution in this stage.
In the third stage (from 2001 to 2013), factors
fluctuate significantly and total increases of emission came to 7.23 million tons, and contribute
77.4% of the total emission throughout the study
duration. After the peak of annual increment of
emission in 2004, China kept controlling the carbon-dioxide emission, and only in 2010 and 2011
there is an obvious expanding and soon afterwards
the increase of emission has slumped to the lowest
since 2003. In this stage the carbon emission intensity effect stay reduction and shows that carbon
emission per unit value added decreased. Whereas
factor final demand increased significantly and it
was approximately induced by the rapid swell of
domestic consumption in the context of economy
growth. The factor Leontief effect continued to
increase in 2004-2009 and this phenomena shows
in carbon emission product structure is more important than technical progress. While this factor
decreased after 2009 shows that technical progress
led to the decrease of emission.
% 91 <>-<0.=9;< />;482 =30 :0;49/ 91

. Until now we just analyzed the total
emission with SDA, and next we consider analysis
the emission of each industries provided by the
database, so that find the dominant influenced industries in the four factors: emission intensity effect, demand allocation effect, final demand effect
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 098=401 0110.= Leontief effect (inputoutput structural effect) is the second factor leading
to the increase of carbon-dioxide emissions during
2001-2013. This effect increased 3.82 billion tons
of carbon-dioxide emission, which contribute to
52.8% of total emissions.
Leontief inverse matrix represents inputoutput structure and had been studied by a lot of
scholars. Oosterhaven [14] defined the sum of columns of Leontief reverse matrix as multiplier effect, and be used to recognize the key sectors of
economy. Afrasiabi and Casler [15] found the
changes in the of Leontief inverse matrix comprise
technological change and product mix change. As a
driving force behind the changes in the Leontief
inverse, technological change can cause a decrease
in the intermediate output thereby decreasing the
total output, and changes of product mix can either
increase or decrease total output [16].
The Leontief effect of 109 industries had been
increased during 2001-2013, and 14 industries
decreased. Table 5 list top 5 increase and decrease
industries respectively in Leontief effect. Ferrous
ore mining ranks the first place in the increase list
and give 3.92% share of effect. The second and
third places are other non-metallic mineral products, and agriculture, forestry, animal husbandry
and fishing machinery, which contribute 2.37% and
2.13% respectively. Among these industries, effects
by product structure are larger than technological
changes, and variety of product structure tended to
the input-intensive industries, and causing the increase of carbon-dioxide emissions. Whereas the
Leontief effect of industry crop cultivation decreased by 0.13 and contribute 0.29%, and following industries are livestock and livestock products
and real estate. These industries implemented emission decrease by technological changes.

and Leontief effect. We only consider the third
stage because the first stage and second stage are
long ago and no valuable today.
 74<<49848=08<4=B 0110.=Emission intensity effect is the dominant factor slowing down the
emission during 2001 to 2013. This factor decrease
more than 12 billion tons of carbon-dioxide emission, which comprise -166.5%.
Only one sector scrap and waste have been an
increase in emission intensity from 2000 to 2013,
and other 121 industries decreased their emission
intensity. Table 3 list the top largest 10 in emission
intensity decrease during 2001-2013. Gas production and supply rank first in the decrease of emission intensity, which occupy 17.8% of total decrease of emission intensity, and cut 4.94 and 23.4
t/1,000 dollar of carbon-dioxide emission in 2001
and 2013 respectively. Following sectors are cement and cement asbestos products and electricity
and steam production and supply which contribute
the reduction of 11.8% and 10.2 respectively, and
the fourth to tenth place are transports.
Therefore, the dominant sectors in the reduction of emission intensity during 2001-2013 are gas
production, cement related products, electricity and
steam production and supply, etc. which are energy-intensive, and carbon-dioxide emissions related
to production activities have effectively reduced
because of large-scale uses of clean energy and
promotion of increasing efficiency of energy use .
The results shows that the policies of promoting
energy usage effectiveness made by Chinese government have been successful during decade years.
Furthermore, compared to the developed countries
the value of emission intensity is still high and there
still are a lot of things to be improved for Chinese
government.


& 
&9: <0.=9;<48=30/0.;0,<091074<<49848=08<4=B/>;482
Rank
1
2
3
4
5

Sector
Gas production and supply
Cement and cement asbestos products
Electricity and steam production and supply
Air passenger transport
Air freight transport



Rank
-15.68
-10.39
-8.96
-4.57
-3.42

6
7
8
9
10

>84== 

/966,;

Sector
Domestic public transport
Highway freight and passangers transport
Railway freight transport
Railway passenger transport
Water freight and passangers transport

-2.25
-2.16
-1.97
-1.67
-1.48


&
&9:48.;0,<0,8//0.;0,<048/><=;40<48098=4010110.=/>;482
Rank

4

Industries of increasing
Ferrous ore mining
Other non-metallic mineral products
Agriculture, forestry, animal husbandry
and fishing machinery
Steel-processing

5

Alloy iron smelting

1
2
3

Rank





1.70
1.03

1
2

Industries of decreasing
Crop cultivation
Livestock and livestock products

-0.13
-0.11

0.92

3

Real estate

-0.09

0.89

4

0.83

5

Wholesale and retail trade
-0.08
Technical services for agriculture,
-0.07
forestry, livestock and fishing
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&9: 48.;0,<048/><=;40<48/07,8/,669.,=498/>;482
Rank

industry





Rank

1
2
3

Construction
Other special industrial equipment
Health services

2.41%
0.71%
0.42%

6
7
8

4

Motor vehicles

0.31%

9

5

Other general industrial machinery

0.27%

10

Communication equipment
0.25%
Instruments, meters and other measuring equipment 0.18%
Business services
0.18%
Agriculture, forestry, animal husbandry and fishing
0.14%
machinery
Furniture and products of wood, bamboo, cane,
0.12%
palm, straw, etc.



&
&9: 48.;0,<048/><=;40<48148,6/07,8//>;482
Rank

industry

1
2
3
4
5

Construction
Public administration and other sectors
Educational services
Communication equipment
Real estate





Rank
1712
485
332
269
269

6
7
8
9
10

Wholesale and retail trade
Crop cultivation
Livestock and livestock products
Health services
Other special industrial equipment
Unit: 100 million dollars

257
255
239
239
228



of emission, a total of 210%. During this period
final demand increased to 957 billion dollars from
155 billion dollars in China by an average annual
growth rate of 16.38%. With the acceleration of the
economic development, consumption increased
rapidly along with the improved living standards,
therefore, the rapid development of economy is the
main driver of carbon emission augment after 2001
in China.
Except re-import and re-export final demand
effect of all other industries increased during 20012013. Table 7 list top 10 industries in the emissions
by final demand effect, and all these top 10 industries contributed 53.5% of emission increase by
final demand effect. Construction was the highest
industry in the effect and had a more than 171 billion dollars increase, which account for 21.36% of
total emission increase. In fact construction is a
pillar industry by Chinese government since middle
of 1990s and often rank the first place in total outputs during last decade, and social demands for this
industry have rise rapidly.

So technological changes contributed small in
carbon-dioxide emission during 2001-2013. Variety
of input-output structure (Leontief inverse matrix)
produced more intermediate input demands which
are carbon emission intensity, and Leontief effect
led to a trend of positive variation in carbon emission intensity. Therefore, technological changes
should be encouraged to improve production procedure and promote product efficiency. Furthermore,
closing obsolete low-tech old factory is another
alternative strategy.
07,8/,669.,=4980110.=The demand allocation effect is the minimum factor influencing
carbon emission in all four driver factors, and contribute 263 million tons of emission during 20012013, and occupy 3.6% of total emission. 
Sixty eight of 123 industries increased in demand allocation effect during 2001-2013. Table 6
list top 10 industries in the increase of demand
allocation effect. Some industries which are high
carbon emission raised their proportion in demand
allocation effect, such as construction, motor vehicles. Construction is the top industry in carbon
emission increase by demand allocation effect, and
the absolute increase reached 2.41% during 20012013. Some industries reduced their proportion in
demand allocation effect, for example, public administration and other sectors, crop cultivation,
bring down their proportion with 0.80% and 0.73%
respectively, and be the highest decrease industries.
Analysis results show that the demand allocation effect increased the carbon-dioxide emissions,
especially for some carbon intensive industries
which argument the carbon emissions by swelling
the proportion in the structure allocation.

"!'%"!%
This paper analyzed the driver factors of carbon-dioxide emission increase during 1980-2013 in
China, and based on the structural decomposition
analysis (SDA), changes of carbon-dioxide emission had been studied by four driver factors: emission intensity effect, Leontief effect, demand allocation effect and final demand effect. By the analysis of SDA, key industries of leading to the changes
of carbon-dioxide emissions were identified and
some useful policies can be made by our study
results. Some key points by our studies conclude
following:
1) Final demand effect brought about 9.35 billion tons of the carbon-dioxide emission increase

 48,6 /07,8/ Final demand is the most
important factor for the carbon-dioxide emission
during 2001-2013, and contribute 15.19 billion tons
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during 1980-2013, and final demand effect and
Leontief effect are the main driver of emission
increase. While emission intensity effect contributed maximum in slowing down the increase of emission.
2) From the perspective of changing trends,
the total amount of carbon dioxide emissions and
four factors can be divided into three stages: 19801986, 1986-2001 and then 2001-2013, which tend
to fluctuation from stable state in early years.
3) During 2001-2013 factors fluctuate significantly and total increases of emission came to 7.23
million tons, and contribute 77.4% of the total
emission throughout the study duration. In this
period the dominant industries in the emission reduction by emission intensity are energy-intensive,
such as gas production, cement related products,
electricity and transportation. While Leontief effect
analysis shows that technological changes had contributed too little, and China economy still go ahead
with input-intensive style. The demand allocation
effect is the minimum factor influencing carbon
emission in all four driver factors. Final demand is
the most important factor for the carbon-dioxide
emission during this period, and almost all industries led to the emission increase by final demand,
in addition construction contributed a lot in this
aspect.
4) To decrease the emission increase there are
some alternative methods including the use of clean
energy and promotion of increasing efficiency of
energy use, encouraging technological changes,
improving demand allocation structure. Moreover,
closing obsolete low-tech old factory is another
alternative strategy.
!"( !&%
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level of breeding process, “the reaching point” is
determined. Then, many various programs are
organized according to the quality of the data [3].
Correctly estimation of the given parameters
depends on correct recording of performance of
each animal and an increase on animal numbers
used in yield control [4, 5]. Best Linear Unbiased
Prediction (BLUP) is widely used on animal models
about genetic evaluation of animals [6]. This
method uses an animal’s information of every
relatives known and by that way it highens the hit
rate or correctness of the prediction [7, 8]. The
success of any breeding program is determined
according to genetic improvement seen on
populations of subsequent generations [9].
Determination of a genetic structure in a population
has a close relationship with the methods used to
calculate the predicted breeding value [8]. Thus, in
this study, the variance component, genetic
parameters, and breeding values of milk yield and
progeny traits were predicted by using
MTDFREML program by utilizing yield and
lactation records of Holstein Friesian dairy cattle
taken from Cattle Breeders Association of Turkey
located in 10 cities for the period of 1992 - 2012,
and the genetic trend was determined with the
analysis of breeding values according to years.

In this study, 194408 lactation and
reproductive records of Holstein Friesian dairy
cattle for the period of 1992-2012, which were
taken from 23752 farms of Cattle Breeders
Association of Turkey located in 10 cities, were
evaluated. Variance components, breeding values,
heritability, and repeatability of 305-day milk yield
(305 DMY), lactation length (LL), dry period (DP),
and calving interval (CI) were calculated by using
MTDFREML. The effects of the factors (year of
birth, lactation number, calving month, location,
and calving age) that were thought to affect those
traits (305 DMY, LL, DP, and CI) were evaluated.
The heritability of 305 DMY, LL, DP, and CI was
estimated as 0.22; 0.01; 0.01; and <0.01
respectively. Genetic trend for 305 DMY was also
estimated as 7.44 kg/year. The estimated breeding
values showed irregular fluctuations, but also the
genetic trend increased in recent years. As a result,
the estimated variance components, genetic
parameters and breeding values could be used as
selection criteria to increase the success of the
selection in breeding studies for Holstein cattle
population in Turkey.


'&!"
Holstein Friesian, heritability, variance components,
breeding values, genetic trend

#!"#"

(9,70(2 In this study, including at least one
province from each geographical region, 10 cities
were chosen (Ankara, Antalya, Aydın, Balıkesir,
Burdur, Erzurum, Tekirdag, Sanliurfa, Tokat, and
Samsun). Yield records of Holstein Friesian dairy
cattle of 23752 farms located in those cities were
examined. Milk and reproductive records (birth
date, calving date, 305-day milk yield (305 DMY),
lactation length (LL), lactation number, calving age
(CA), calving interval (CI), and dry period (DP))
were used in the present study. The data were
obtained from a private farm, which is a member of
the Cattle Breeders Association of Turkey. The
relevant records covered the period from 1992 to
2012 and lactation number of 1-9.


#!$#
Aiming to increase the yield taken from unit
animal, animal breeding researches need to be
examined [1]. Some parameters are needed in order
to get successful results and provide the
continuation of animal breeding [2]. At the first
level, “present circumstances” are determined.
Then, variation should be determined in terms of
yield or yields about the subject. The rate of this
variation is required to be determined based on rates
of genotype or environment. If the genotype has
high percentage, it needs to be determined which
type of gene effects are important. At the second
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403(2
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%

#7(098
 '
114881
98067
4224
 
6010±3.48
25.50


114881
98067
4224
 


50278
45075
2399
 

 
45976
41355
2351
 

364.3±0,18
22.27

416.6±0.27
18.38

61.8±0.07
28.72

5;(70(9,

114891
98074
4226
 
27,795±0,01

305 (DMY): 305-Day Milk Yield, LL: Lactation Length, DP: Dry Period, CI: Calving Interval, CA: Calving Age, CV:
Coefficient of Variation

7,6(7(9054 5- 9/, (9( -57 4(2<=04.
Firstly, in the lactation and year groups, the animals
whose numbers was less than 100, which gave a
stillbirth, dismissed birth, and left from the herd
because of the reasons such as illness and disability
were excluded from the evaluation during the data
preparation. The animals whose lactation length
was longer than 600 days and shorter than 220 days,
those whose calving age was younger than 20
months and older than 45 months for first lactation
and the subsequent lactations, and those except for
the ones with 12 months added to previous lowest
level and 14 months added to the highest level were
excluded from the analysis. Besides, the data
concerning calving interval which was below 300
days and above 675 days were not used [10]. As a
conclusion, in this study, 194408 lactation records
among yield records of Holstein Friesian dairy
cattle taken from 23752 farms were evaluated.
Table 1 summarizes the data numbers used in these
evaluations and descriptive statistics.

"9(90890*(2 4(2<8,8 First, the analysis of
variance (General Linear Model, ANOVA) was
used to determine the effect of calving age, calving
month, calving year, city, and lactation number on
305 DMY, LL, CA, and DP. Minitab Version 14
and Step-Down Procedure were used in the
analyses (p<0.10).
At the second stage, genotypic and phenotypic
parameters were determined by using the Animal
Model MTDFREML including the direct effect of
the animal as well as the fixed factors considered as
important in preliminary analyses [11]. At the third
stage, the breeding values of the animals were
predicted and genetic trend was calculated with the
Best Linear Unbiased Prediction (BLUP).

ai : effect of i. calving year (i: 1-20; 19922012),
cj : effect of j. calving month (j: 1-12;
January - December),
dk : effect of k. city (k: 1-10; Ankara,
Antalya, Aydin, Balikesir, Burdur, Erzurum,
Samsun, Tekirdag, Tokat, Sanliurfa),
fl : effect of l. lactation number (l: 1-9; 1-9),
byx : regression coefficient of Y according to
X (linear effect),
Xijklm
: m. calving age (covariate),



: mean of the population calving

age
eijklm

: error (random residual effect).

In addition to direct effect of animal and
environmental factors which had significant effects,
the permanent environmental factor belonging to
the animal was added to the mathematical model
(Model 2) as a random factor. Variance
components, genetic parameters and mathematic
model used on breeding value prediction were
given below.
Model 2:
where
Yijklmno= Fijkl+am+Pn+eijklmno
Yijklmno
: observed values for traits,
Fijklm
: (fixed factors): explained in
Model 1.
am : additive genetic effect of animal
Pn : environmental effect of animal
eijklmno
: random residual error.
In Model 3, the variance components, genetic
parameters, and matrix form of mathematic model
used on breeding value prediction were given.
Model 3: y=Xb+Za+Wc+e
Where
y : observation vector,
X : pattern matrix for fixed factors,
b : vector of fixed effects,
Z : pattern matrix for random factors,
a : vector of random effects,
W : pattern matrix for environmental factor,
c : vector of environmental effects,
e : vector of random residual effect
Matrix form of Model 3 is given below.

Mathematical models of the environmental
factors were given.
Model 1:
Yijklm=µ+ai+cj+dk+ fl +byx(Xijklm-  )+eijklm
where;
Yijklm
: i. calving age, j. calving month,
k. city, l. lactation number m. observation value of
the cattle (305-day milk yield, lactation length, dry
period, calving interval),
µ : population mean,
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were assessed. Traits of 305 DMY, LL, and CI were
the parameters used to determine the economic
yield levels of production units and also for
breeding process. A production with a high income
and a successful herd managing are based on DP,
one of the traits of progeny yield.

,4,90* #7,4+ (4+ 7,,+04. %(2:,8 -57
021 (4+ 75.,4< '0,2+ #7(098 Figure 1 shows
the predicted average breeding value belonging to
305 DMY. The 24-year breeding values of Holstein
Friesian Dairy Cattle varied between -1184 and 112
kg. While the highest breeding value belonging to
cattle calving in the year of 2000 was determined as
112 kg, the lowest breeding value was determined
as -1184 kg in 1988. For the Holstein Friesian
Dairy Cattle, the genetic trend based on 305 DMY
was determined as 7.44 kg/year. 

and

⎡  ⎤ ⎡ σ 
⎢
 ⎢⎢  ⎥⎥ = ⎢ 0
⎢⎣  ⎥⎦ ⎢⎣ 0
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2 shows variance components, heritability and
repeatability of 305 DMY, LL, DP and CI. Using
several traits for dairy breeding is important in
terms of reliability of the study. For this purpose,
the mostly studied milk yield traits such as 305
DMY, LL, CI and the DP, one of the progeny traits
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0.22
0.01
0.01
<0.01

0.018
0.004
0.070
0.070

0.78
0.99
0.98
0.98

0.22
0.01
0.02
0.01

σ 2 :additive genetic variance, σ 2 : permanent environmental effect variance, σ 2 : residual variance (error), σ 2 :

2 :

2 :

2 :

phenotypic variance,
heritability,
rate of permanent environmental variance,
residual error,
repeatability, 305 DMY : 305-day milk yield, LL: Lactation length, DP: Dry period, CI: Calving Interval
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,709()0209< (4+ !,6,(9()0209< -57  
' It was seen that there was similar to the
national and international studies on one of milk
yield traits, the 305 DMY (6010 kg) (Keskin and
Boztepe 2011. [12] (5997 kg), Sahin and Ulutas
2011. [13] (6055 kg), Duru et al. 2012. [14] (6010
kg), Galic and Kumlu 2012. [15] (6100 kg),
Zavadilova and Zink 2013. [16] (5870 kg)). Also, it
was found to be high on the studies seperately
conducted on different cities or enterprises
throughout Turkey (Akman and Kumlu 2004 [1]
(5772 kg), Javed et al. 2004. [17] (3391 kg), Oudah
and Zainab 2010. [18] (2737 kg) Hossein-Zadeeh
2012. [19] (5093 kg), Katok and Yanar 2012. [20]
(3408 kg) and Kaygısız 2013. [21] (5319 kg)). It
was thought that mean 305 DMY of the study
showed a recent increase about the milk yield in
Turkey.
In the study, the heritability of 305 DMY
among milk yield traits was found to be 0.22 in the
Holstein Friesian Dairy Cattle. The results of the
present study were found to be close to the values
of previous studies [14, 16, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30]. However, the heritability predicted
for 305 DMY was lower than the values reported
[15, 19, 31, 32]. Also, the heritability predicted for
305 DMY was higher than the values reported by
[18, 30, 33, 34, 35, 36, 37, 38]. In terms of the
desired traits during the breeding process, the
heritability is required to be high. The heritability
(0.22) of the 305 DMY observed in the study was
average as is in many other international studies.
High heritability calculated in terms of the studied
traits will increase the rate of genotype to be
transformed to next generation. By this way, the
selection superiority will increase. Therefore, the
use of 305 DMY as selection criterion as well as
LL, DP and CI were required in the study in order
to increase the yield.
In the study, the repeatability of 305 DMY of
Holstein Friesian was found to be 0.2202, which
was also close to the values reported by [14, 32].
However, it was lower than the values determined
by [1, 7, 21, 31, 33, 37, 39, 40, 41, 42] and higher
than those determined by [25]. All these effects on
repeatability were associated with the inclusion of
effect of the fixed environment into the model
during the calculation of breeding value. Inclusion
of the permanent environment effect to the model
provided correct calculation of breeding values
[40].

,709()0209<(4+!,6,(9()0209<-57In the
study, it was calculated that the heritability was
0.009 and repeatability was 0.01 for LL. These
values were lower than the results obtained in
similar studies [18, 35, 37, 43]. As it was expected,
the heritability and repeatability belonging to LL

were different and this was considered to be
associated with high population number and thus,
as the lactation prolonged, number of variation
increased. In this case, it was considered that the
environmental factors affecting these traits
improved more.

,709()0209<(4+!,6,(9()0209<-57 In the
study, the heritability and repeatability calculated as
0.01 and 0.0164 for dry period among Holstein
Friesian dairy cattle’s yield records, were lower
than similar related studies [5, 44, 45, 46, 47, 48,
49]. Generally, on the herds of which the milk yield
high may include low rates on progeny yields. In
this case, initially, the influencing environmental
factors, caring and breeding circumstances, and
herd managements had to be improved. Genotypic
structure can transmit to individuals, who will
create the next generation, only as much as the
degree of heritability For this reason, it was
considered that along with individual data, the data
of the relatives should be benefited from.

,709()0209<(4+!,6,(9()0209<-57. In the
study, it was calculated that heritability and
repeatability for calving interval were 0.01 and
0.0017 and were similar with some values in some
studies similar [22, 29, 30, 35, 41, 49, 50, 51, 52,
53, 54]. Low heritability of CI affects negatively the
selection success to be carried out by taking those
traits into consideration. The incidence is reported
to be low in the selection to be performed based on
phenotypes of animals with low rate of heritability
[55].

7,,+04. %(2:, (4+ ,4,90* #7,4+ 5-  
'In the study, the genetic trend of 305 DMY
of Holstein Friesian was determined as 7.44
kg/year. The results obtained in the study were
similar with the values calculated by Kunaka et al.,
2001. [56] as (8.36 kg/year), Dikmen 2004. [39] as
(1.2 kg/year), Kunaka and Makuza 2005. [57] as (8
kg/year), Bakir and Kaygısız 2009. [58] as (7.99
kg/year) and Yousefi-Golverdi et al., 2012 [27] as
(6.79 kg/year).
The genetic trend of 7.44 kg/year found for
305 DMY in Holstein Friesian was found to be
higher than the values found by Katok and Yanar
2012. [20] as (3.73 kg/year), Sahin et al., 2012. [37]
as (-2.46 kg/year), Hossein-Zadeh 2012. [19] as
(5.97 kg/year) and Yousefi-Golverdi et al., 2012.
[27] as (6.79 kg/year). However, the results of the
study were lower than the values determined by
Boligon et al., 2005. [59] as (9.25 kg/ year),
Farhangfar and Rezaee 2006. [60] as (11 kg/ year),
Naeemipour et al., 2006. [61] as (9 kg/ year), Bakır
et al., 2009. [58] as (13.42 kg/ year), Oudah and
Zainab 2010. [18] as (9.06 kg/ year), and
Yaeghoobi et al., 2011. [24] as (19.61 kg/year).
Also, the genetic trend was found to be quite lower
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not be obtained as expected from the study. Because, the observation values included a wide variation. It is thought that this result can be achieved
only with a low number of production units which
are well-managed, have the predetermined exact
goals and are determined in accordance with all
breeding and improvement strategies.
A similar result was obtained on a study conducted by Kumlu and Akman 1999 about Holstein
Friesian Dairy Cattle for the period of 1987-1994.
In these evaluations, consideration of the breeding
values calculated with best linear unbiased prediction method instead of selection made based on
phenotypic values of Jersey, Holstein Friesian and
Brown Swiss Cattle will increase the success of the
selection. The application of BLUP method on
herd, the realization of selection and filtering based
on analyses with BLUP, and recording of animal
data as much as possible can provide a constant
progress on genetic structure of herd.

by the values reported by Khorshidie et al., 2012.
[34] as (52.54 kg/year) and Ramatsoma et al., 2014.
[62] as (24 kg/year). In terms of 305 DMY, the
genetic trend was observed to be positive and high
in some international studies. In order to achieve
these increases in Turkey, it has been tried to show
that the progeny control and breeding practices
applied together with the breeder organizations
should be made more carefully.
For this purpose, it is thought that the core
herd breeding systems can be constructed in Cattle
Breeders Association of Turkey and biotechnological advancements can be used as integrated in traditional breeding methods during selection of male
and female cattle to be used as breeding. It needs
attention whether or not the used semen is obtained
from healthy bulls, is high quality, has a known
breeding value and is tried
In this study, it was observed that mean breeding value on Holstein Friesian dairy cattle were
negative in some years and were positive in some
years. In addition to low genotypic progression
value determined on Holstein Friesian, it was observed that there was a fluctuating change instead of
ever increasing genotypic trend in following years.
It was considered that animals having low genotypic structure were chosen as breeding animal in this
period. In next periods, this case may be resulted
from the usage of cattle whose breeding values are
unknown. In case of not knowing or calculating the
breeding values of females during the selection of
cattle as breeding, it can be concluded that different
criteria (based on phenotypic data) were used instead of pedigree records.
Also, estrous problems, progeny source and
progeny quality can be regarded as reasons for not
reaching the desired results at breeding values.
Thus, width of production unit may cause low
breeding values. The data of the study showed that
the highest breeding value was calculated as 2475
kg/year in a large-scale production unit no:
1540005 located in Burdur city. The lowest breeding value was predicted as -670kg/year in a smallscale production unit no: 630007 in Sanliurfa city.
A similar case was observed in the studies by
[9,39,52] and it was stated that the low level of
genetic trend was associated with the selection
made based on low level of phenotypic values.
In the breeding studies based on selection, as
the values of animals chosen as breeding have been
determined to be higher than average of the herd
and an improvement has been sought in the genetic
structure of the herd [3]. Furthermore, it was expected that the studied traits of breeding animals
chosen as the parent of next generation transmitted
its progeny as the heritability to breeding animals
[55]. As a result, it was expected that mean breeding values may increase annually based on breed in
a period, evaluated yields and birth dates of
grouped animals [40]. However, these results could

$"
Breeding values about the traits in breeding
studies were calculated and these values were given
attention so as to improve the necessary traits of
genetic structure of the herd. Regarding the selection of animals going to be chosen as breeding, it is
considered that the success can be improved on the
selection to be applied by using biotechnological
methods which can be integrated in breeding programs as well as breeding values determined based
on phenotypic data in selection of breeding animals
in farm members from Cattle Breeders Association
of Turkey.


&#"
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Water pollution is an important factor that
plagues urban development and affects human settlements. This study takes Lake Nanhu in Wuhan,
China as an example to discuss the water quality improvement of typical urban park lakes. Based on the
monitoring results of the water quality in the lake
and the quantitative analysis of the pollutant sources
in the basin, the engineering measures under various
scenarios are proposed as well as the corresponding
pollutant reduction. The results show that the total
nitrogen (TN) environment capacity of the lake is
315.2 t/a and the total phosphorus (TP) environment
capacity is 21.01 t/a, which are calculated by Dillon
model. Under the circumstance of the tail water from
sewage treatment plant transferring from Lake
Nanhu to the Yangtze River, 60% of TN from sediment release and domestic sewage interception are
controlled, 67.3% from surface runoff pollution are
reduced, the TN emission can be controlled below
the water environment capacity and its concentration
can reach 1.5mg/L. When the tail water from sewage
treatment plant transferring from the lake to river,
75% of TP from domestic sewage and sediment release are controlled, and the reduction rate of TP
from surface runoff pollution is 87%, the TP emission can be controlled below the water environment
capacity and its concentration can reach 0.1 mg/L.
After then, the environment and ecology of the lake
can be improved. The feasibility plan of water quality improvement in this lake obtained in this paper
can provide experience and case reference for the
treatment of the same urban park-type lakes.

quality of the lake has decreased significantly and its
ecosystem has been degraded. Water environment
and ecological security have become one of the major environmental issues that constrain the sustainable development of global and regional economy [2,
3].
Researchers have accumulated a lot of valuable
experience in the long-term exploration of lake pollution and treatment [4-6]. In the treatment of Lake
Biwa Ko [7], Lake Kasumigaura [8] and Lake
Aberka [9], a series of ecological restoration techniques were adopted (such as capturing sand sac and
biological manipulation to achieve phosphorus removal and nitrogen removal) to improve lake water
transparency and reducing nutrient cycling. At the
same time, to reduce the algae biomass and improve
water quality by reducing the feeding pressure of fish
on zooplankton [10]. The management of lakes requires the development of a scientific plan. Governance of the $   # !
 !  in Japan has established a
phased governance goal for lakes [11]. There have
been serious blue-green algae pollution in Lake Veluwe in the Netherlands, the lake is muddy, the flora
and fauna are drastically reduced, and the lake ecology has been seriously damaged. In the early stages
of the project, two sewage treatment plants were
built around Lake Veluwe to reduce the input of exogenous phosphorus. However, only reducing the
external input cannot quickly restore the lake ecology. In order to reduce the release of internal phosphorus, the lake is diluted in the winter [12]. After
the implementation of sewage interception and diversion dilution project in Lake Moses in the United
States and Lake Bled in Slovenia, the eutrophication
of lake has fundamentally improved [13-14]. The
treatment measures of Lake Trummen in Sweden
[15] are mainly the dredging of sediments in the
whole lake. In the process of urban park lake treatment, the sediments that contaminated by heavy metals in the surface are usually placed in depressions,
and then covered with deep uncontaminated sediments. The remaining sediments are constructed in
the southern part of the lake to increase the storage
of oxygen in the lake and to reduce frequent deaths
of fish [16]. The single sediment-dredging project
cannot achieve the goal of continuous improvement 

+)!$%
Water quality improvement, Urban lakes, Environment capacity
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In the past half century, many lakes in the world
have suffered from excessive nitrogen, phosphorus
and other pollution loads, and the irrational human
activities have affected these lakes [1]. The water
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and internal pollution source: 1. point source pollution mainly comes from the sewage treatment plant,
which is located in the north of this lake. The average
daily discharge of tail water from the sewage treatment plant is up to 300,000 cubic meters. The overflowing domestic sewage around this lake is also an
important part of point source pollution. 2. Nonpoint source pollution is mainly based on initial rain.
At present, there is still a mixed flow of rain and sewage in the confluence area of Lake Nanhu. The low
rate of small flow and large section causes the deposition of pollutants in the rainwater pipeline. When
heavy rain occurs, it is discharged into the water with
the convergence of rainwater. 3. Internal pollution
mainly comes from lake sediments. The organic matter, TN and TP in the sediments of Lake Nanhu have
a significant negative impact on the water quality.

in the water environment. Lake Finjasjon has undergone more than 40 years of treatment. Through the
sediment-dredging project, regulating the structure
of the food chain and constructing artificial wetlands, the water quality is gradually improved [1718].
The development of Chinese economy in recent
years has been accompanied by serious environmental pollution [19, 20]. As a typical inland city in
China, Wuhan is also facing the same serious problems of water pollution. Lake Nanhu in this study is
located in the concentrated construction area and belongs to the typical urban park lake. At present, the
water quality of this lake has been inferior to Level
V in #! "!% !   "
!
 
(TN≤2.0mg/L;
TP≤0.2mg/L), which has lost its function as water in
urban parks. This paper proposes a feasible plan for
improving the water quality of this lake through
quantitative analysis to restore the function of its water.

984>9<482 91 >30 A->0< ;?-64>C In August
2017, the monitoring of the water quality for Lake
Nanhu was carried out. The monitoring project included eight items, which are temperature, pH, dissolved oxygen, transparency, COD, ammonia nitrogen, TN and TP. According to the size of the water
area and the shape of the lake, 15 monitoring points
are set. The monitoring points of Lake Nanhu are
shown in Figure 2, and the results are shown in Table
1.
It can be seen from Table 1 that the TN and TP
in the typical pollutants are of the highest surpassing
times, so it is necessary to carry out the pollution
sources of TN and TP in Lake Nanhu.

"!'&! %&&'%   '

<401 !@0<@40A Lake Nanhu, a freshwater
lake formed by river siltation, is located in the main
urban area of Wuhan, southeast of the Yangtze
River. The geographic coordinates of the lake are
114°22′12.46′′N, 30°29′36.37′′W. The current location of it is shown in Figure 1. The water area of this
lake is 7.67 km2, the east-west span is about 7.9km,
and the north-south span is about 4.2km. Catchment
area of the basin is 37.44 km2 and the water surface
rate is 20.5%. The lake has a normal water level of
18.65m and a maximum water level of 19.65m (the
Yellow Sea Height System). The population in the
catchment area is 469,700 and the population density
is 12,545 person/km2.
The pollution sources of Lake Nanhu can be divided into point source, non-point source pollution

%9?<.0=91:966?>-8>=48>30.->.3708>-<0-
&9>-684><9208Through investigation and monitoring, it can be concluded that the TN discharge of
domestic sewage in the Lake Nanhu catchment is
about 503.9 t/a. According to the water quality of the
sewage treatment plant in the district, the TN output
from the tail water of the sewage treatment plant was
calculated to be 817.3 t/a. By analysis on the land use
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function in the catchment area of Lake Nanhu, combined with the rainfall intensity (1269mm/a) in Wuhan, the amount of TN from the surface runoff pollutants is calculated to be 276.1 t/a. According to the
air quality situation in Wuhan, the amount of TN
from the dust pollution is 1.8 t/a. Through monitoring and analysis of the sediment in Lake Nanhu, the

TN content released from the sediment is about
53.8t/a. The current situation of the TN pollution
sources in Lake Nanhu is shown in Table 2. The proportion of different sources of TN pollution is shown
in Figure 3.

'$ 
-83?A->0<;?-64>C7984>9<4826-C9?>7-:
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7
72 
D
72 
72 
72 
1#
31.1
7.88
5.33
0.43
33
1.94
5.55
0.255
2#
30.0
7.74
5.76
0.44
32
2.42
6.93
0.411
3#
30.2
8.42
5.39
0.43
31
2.21
6.33
0.283
4#
29.9
8.54
5.78
0.41
31
1.87
5.35
0.365
5#
29.8
8.43
3.03
0.36
34
2.81
8.31
0.328
6#
29.2
8.51
3.42
0.35
34
2.82
8.35
0.301
7#
29.5
8.26
3.16
0.34
35
2.79
8.27
0.356
8#
29.5
8.48
5.64
0.40
35
1.98
5.67
0.393
9#
29.6
8.54
5.61
0.42
34
2.07
5.95
0.411
10#
29.2
8.59
4.95
0.44
32
2.84
8.42
0.494
11#
28.9
8.36
5.31
0.40
33
1.89
5.42
0.374
12#
29.5
8.81
5.04
0.42
31
1.77
5.08
0.301
13#
28.8
8.16
4.89
0.39
34
1.71
4.91
0.283
14#
29.1
8.20
5.61
0.44
35
1.87
5.35
0.273
15#
29.0
7.92
5.37
0.41
33
1.84
5.27
0.310
Compared with Level IV in #!"!%! "! (COD30mg/L, NH4+-N
1.5mg/L, TN1.5mg/L, TP0.1mg/L).
&0=>4>07=
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Amount of external pollutants(t/a)
Amount of internal pollutants(t/a)
Total

%9?<.091:966?>498
Sewage treatment plant tail water
Domestic sewage discharge
Surface runoff pollution
Dust pollution
Sediment pollution release
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817.3
503.9
276.1
1.8
53.8
1652.9
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Amount of external pollutants(t/a)
Amount of internal pollutants(t/a)
Total

%9?<.091:966?>498
Sewage treatment plant tail water
Domestic sewage discharge
Surface runoff pollution
Dust pollution
Sediment pollution release

-79?8>
22.703
66.689
17.155
0.317
8.403
115.267

'$
%9?<.0=91&":966?>498
&9>-6:39=:39<?=According to the monitoring data in Table 1, Lake Nanhu not only has the
status of TN exceeding the standard, but the TP also
exceeds the standard. Therefore, this paper carried
out an analysis on different sources of TP pollution
for this lake. After investigation and monitoring, it
was concluded that the TP discharge of domestic
sewage in its confluence area was about 66.69 t/a.
Combined with the tail water quality of the sewage
treatment plant, the TP content of the tail water into
the lake was calculated to be 22.70t/a. Through the
land use function in the catchment area of Lake

Nanhu, combined with the rainfall intensity (1269
mm/a) in Wuhan, the amount of TP from the surface
runoff pollutants is calculated to be 17.16t/a. According to the air quality situation in Wuhan, the
amount of TP in the dust pollution is 0.32 t/a.
Through the monitoring and analysis of the sediment
in this lake, the TP released from the sediment is
about 8.40t/a. The status quo of the TP pollution
sources in the lake is shown in Table 3. The proportion of different sources of TP pollution is shown in
Figure 4.
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8@4<98708> .-:-.4>C .-6.?6->498 In order
to formulate scientific measures, according to the
analysis on the source of pollutants in Lake Nanhu,
it is necessary to grasp the water environment capacity quantitatively. The Dillon model is usually used
to calculate the water environment capacity of nitrogen and phosphorus for the eutrophic lake. The Aida
Ken model should be used to calculate the water environment capacity of nitrogen and phosphorus,
where the water exchange capacity is weak. According to the actual situation of Lake Nanhu, this study
selected Dillon model to calculate the environment
capacity.
The formula of the Dillon model is:
a. The water environment capacity of nitrogen
or phosphorus in a lake can be calculated as Equation
1.
(1)
  =  • 

Rp: retention coefficient of nitrogen and phosphorus
in the lake, 1/a;
β: hydraulic erosion coefficient, 1/a;
h: average depth of the lake, m.
e. The hydraulic erosion coefficient can be calculated as shown in Equation 5.

β=

 •  • 
(1 −  ) • 

&
& -8/&"08@4<98708>.-:-.4>C91-50
-83?
Contaminant
Environment capacity(t/a)




 • (1 −  )

β •

TP
21.012

& .98><96In order to achieve the goal of water quality improvement in Lake Nanhu, combined
with the calculation results of the environment capacity, the reduction plan under various scenarios
was established to achieve reasonable engineering
countermeasures.
In order to make the water quality of Lake
Nanhu reach Class IV (TN<1.5mg/L), it is necessary
to reduce the pollution load generated by different
sources of TN. Through the analysis of environment
capacity, concentration of TN corresponding to pollution load in different scenarios is shown in Table
5.
Scenario 1: The diversion of the tail water from
the sewage treatment plant into the Yangtze River
can reduce the TN load of 817.3t/a. In the case of all
the tail water of the sewage treatment plant is reduced, the TN input into the lake is still as high as
835.6 t/a, which is under the case other conditions
remain unchanged. The TN concentration in the water quality of Lake Nanhu is expected to decrease to
3.98 mg/L, which cannot be satisfied to Class IV water quality requirements. Scenario 2: On the basis of
the tail water discharge of the sewage treatment plant
fully reduced, the interception work of the sewage
pollutants in Lake Nanhu will be completed, and
other conditions are maintained, then the TN load of
503.9t/a will be reduced. The TN concentration is
expected to be further reduced to 1.58 mg / L, which
is still unable to meet the Class IV water quality requirements. Scenario 3: If the internal source sediment pollution can be further controlled, that is, the
TN load of 53.8 t/a will be further reduced, the TN
concentration in the lake is expected to be reduced to
1.32 mg/L, meeting the IV water quality requirements.
However, in the actual process, it is impossible
to avoid the mismatch of rainwater and sewage pipelines. The discharge of domestic sewage pollutants

(2)

(3)

Wout: the amount of nitrogen and phosphorus flowing out of the lake, t/a;
Win: the amount of nitrogen and phosphorus flowing
into the lake, t/a;
d. The average concentration of nitrogen and
phosphorus in a lake can be calculated as shown in
Equation 4.

=

TN
315.2



PS: the annual average target concentration of phosphorus and nitrogen in a lake, g/m3;
h: average depth of the lake, m.
Qa: annual water flow of a lake, m3/a;
Rp: retention coefficient of nitrogen and phosphorus
in a lake, 1/a;
V: annual capacity of a lake, m3.
c. the retention coefficient Rp of nitrogen and
phosphorus in a lake can be calculated as shown in
Equation 3.

 = 1 −

(5)

Qa: annual water flow of a lake, m3/a;
V: annual volume of a lake, m3.
According to the Dillon model, the TN and TP
environment capacity of Lake Nanhu is shown in Table 4.

Where MN: nitrogen and phosphorus water environment capacity, t/a;
LS: environment capacity of nitrogen and phosphorus in a unit water area of the lake, mg/m2.a;
A: water area of a lake, m2.
b. Water environment capacity of nitrogen and
phosphorus in a unit water area of the lake can be
calculated in Equation 2.

 =




(4)

P: average concentration of nitrogen and phosphorus
in the lake, g/m3;
Lp: annual load of nitrogen and phosphorus in unit
area in the lake, g/m2.a;
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cannot be completely controlled by 100%. Similarly,
TN concentration is shown in Table 5. The reduction
dredging of sediments cannot be completely elimiof TN in different scenarios is shown in Figure 5.
nated. Therefore, based on the tail water drained

from the sewage treatment plant, 60% of the TN con&".98><96In order to make the water quality
trol in the discharge of domestic sewage and sediof Lake Nanhu reach Class IV, it is necessary to rement pollution is completed, and then the 67.3% of
duce the pollution load generated by different
the amount of non-point source pollutants into the
sources of TP. Through the analysis of the environment capacity of the lake, TP concentration correlake is reversed according to the material conservasponding to pollution load in different scenarios is
tion of TN. Then, the TN concentration in Lake
shown in Table 6.
Nanhu is expected to drop to 1.5 mg/L. The relationship between the specific reduction amount and the


&
98.08><->49891& .9<<0=:98/482>9:966?>49869-/48/4110<08>=.08-<49=
%9?<.091:966?>498

Amount of external
pollutants(t/a)

Tail water from sewage
treatment plant
Domestic sewage discharge
Surface runoff pollution
Dust pollution

Amount of internal
Sediment pollution release
pollutants(t/a)
TN load into the lake(t/a)
Estimated TN concentration(mg/L)

=>->?=
;?9

Scenario


Scenario


Scenario


Scenario


817.3

0.0

0.0

0.0

0.0

503.9
276.1
1.8

503.9
276.1
1.8

0.0
276.1
1.8

0.0
276.1
1.8

201.6
90.3
1.8

53.8

53.8

53.8

0.0

21.5

1652.9

835.6
3.98

331.7
1.58

277.9
1.32

315.2
1.50

'$
& <0/?.>498?8/0</4110<08>=.08-<49=

&
&".98.08><->498.9<<0=:98/482>9:966?>49869-/48/4110<08>=.08-<49=

Amount of external
pollutants(t/a)

%9?<.091:966?>498
Tail water from sewage
treatment plant
Domestic sewage discharge
Surface runoff pollution
Dust pollution

Amount of internal
Sediment pollution release
pollutants(t/a)
TP load into the lake(t/a)
Estimated TP up to concentration(mg/L)

%>->?=;?9

Scenario 

Scenario 

Scenario 

22.703

0.0

0.0

0.0

0.0

66.689
17.155
0.317

66.689
17.155
0.317

0.0
17.155
0.317

0.0
17.155
0.317

16.703
3.431
0.317

8.403

8.403

8.403

0.0

2.101

115.267

92.564
0.441

25.875
0.123

17.472
0.083

21.012
0.1
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(1) According to the water quality monitoring,
the TN and TP are serious pollutants in Lake Nanhu
in the typical urban park lake. The main source of
pollutants are the tail water from sewage treatment
plants, the domestic sewage and surface runoff pollution.
(2) In order to achieve the target of Class IV
water quality, it is necessary to make the pollutants
with the highest multiple of the current standard
reach the Class IV water quality requirements. For
TN, based on the tail water drainage of the sewage
treatment plant, 60% of the TN control in the discharge of domestic sewage pollutants and the release
of sediments fully reduced, and the control rate of
TN from the runoff into the lake is 67%. Then, the
TN concentration can be reduced to 1.50 mg/L. For
TP, based on the tail water drainage of the sewage
treatment plant, 75% of the TP in the discharge of
domestic sewage pollutants controlled and sediment
release fully reduced, and the TP control rate of the
surface source is 87%. The TP concentration can be
reduced to 0.1 mg/L.

Scenario 1: The diversion of the tail water from
the sewage treatment plant into the Yangtze River
can reduce the TP load of 22.70 t/a. In the case of all
the tail water of the sewage treatment plant reduced,
the TP input into the lake is still as high as 92.56 t/a,
which is under the case other conditions remain unchanged. The TP concentration in the water quality
of Lake Nanhu is expected to be reduced to 0.44
mg/L, which cannot be satisfied to Class IV water
quality requirements. Scenario 2: On the basis of the
tail water discharge from the sewage treatment plant
fully reduced, the interception of sewage pollutants
in Lake Nanhu will be completed, and other conditions are maintained, then the TP load of 66.69t/a
will be reduced. The TP concentration is expected to
be further reduced to 0.12 mg/L, which is still unable
to meet the Class IV water quality requirements.
Scenario 3: If the internal sediment pollution is further controlled, that is, the TP load of 8.4 t/a is further reduced. At this time, the TP concentration in
the lake can be reduced to 0.083mg/L, which meets
the IV water quality requirements.
However, in the actual process, it is impossible
to avoid the mismatch of rainwater and sewage pipelines. The discharge of domestic sewage pollutants
cannot be completely controlled by 100%. Similarly,
dredging of sediments cannot be completely eliminated. Therefore, based on the tail water discharge of
the sewage treatment plant fully reduced, 75% of the
TP control in the discharge of domestic sewage and
sediment pollution is completed, and then the 87%
of the amount of non-point source pollutants into the
lake is reversed according to the material conservation of TN. Then, the TP concentration in Lake
Nanhu is expected to drop to 0.1 mg/L. The relationship between the specific reduction amount and the
TP concentration is shown in Table 6. The reduction
of TP in different scenarios is shown in Fig. 6.
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to be highly toxic to aquatic organisms, and can destroy benthic habitat and degrade the aesthetic qualities of water bodies [3, 4] In some cases, Al is the
main pollutant in AMD [5]. Data reported from over
150 different mine drainage samples across the
United States showed that over 30% of these locations presented minimum Al concentration of 50
mg·L-1 [6]. Data reported from 140 abandoned coal
mines in Pennsylvania showed that over 50% of
these locations present median Al concentration over
1 mg·L-1. The concentrations of Al were found in
AMD between 1 mg·L-1 and 50 mg·L-1 in the acidic
range of pH 2.7-5[7]. Waters and Webster-Brown [8]
reported the total Al range for the ACM sites was
between 0.18 and 46.13 mg·L-1 in New Zealand.
For applications in the field, the effluent Al
from an AMD treatment system is of most concern.
Al has only one oxidation state in aqueous systems,
Al+3. The concentrations of Al in acid drainage are
primarily impacted by the solubility of Al hydroxide
[9]. At a pH between 6.0 and 7.0, the theoretical solubility of crystalline Al(OH)3 (gibbsite) in deionized
(DI) water at 25ºC is less than 0.01 mg·L-1, with lowest solubility at around pH6.5. Al speciation and concentration depend on the pH values and other anions
in natural conditions [10, 11].
However, the precipitation of Al from natural
acid rock drainage (AMD) is complex. AMD often
contains high SO42-, which could impact the composition of precipitates. The possible Al precipitates
formed as a consequence of pH adjustment of AMD
are not only Al hydroxides, but also Al-hydroxylSO42-. The strong affinity that Al has for SO42- in the
form of basaluminite and alunite has been observed
by Taylor et al. [12] and Bigham and Nordstrom
[13]. Several previous studies [14-16] have reported
that a jurbanite-like mineral, having a molar stoichiometry of Al:OH:SO4=1:1:1, might control the activity of Al3+ in acidic, SO42--rich waters. Adams and
Rawajfih [17] found that amorphous basaluminite
[Al4(SO4)(OH)10.5H2O] was precipitated during titrations of Al SO42- with Na-, K- and Ca-hydroxides,
and Nordstrom et al. [18] have also suggested that

ABSTRACT
The effects of the SO42- on the concentration of
soluble Al and species of precipitates during Albearing acid mine drainage (AMD) treatment with
NaOH was investigated. The results showed that
SO42- affected Al concentration and the content of S
in the formed precipitates during AMD neutralization. In short retention time (<=30 minutes), SO42has little effect on Al concentration and solution was
approximately in equilibrium with amorphous
Al(OH)3. When retention time became longer (48
hour), Al concentration decreased and solution was
no longer in equilibrium with amorphous Al(OH) 3.
X-ray diffraction (XRD) analysis showed that crystalline Al(OH)3 (gibbsite) particles were not detected
in precipitates. Thermogravimetric analysis (TGA)
and SEM analysis showed the proportion of S in precipitates increased with time and initial SO42- concentration. These results indicated that Al ions were
immediately precipitated due to the formation of
amorphous Al(OH)3 after the addition of NaOH. In
retention time, Al concentration ions and suspended
Al-solids combined with SO42- ions to form Al-SO42precipitates and made Al concentration decrease.
The combination of SO42- ions with Al-ions to form
Al-SO42- precipitates lead to the Al concentration in
solution less than the solubility of amorphous
Al(OH)3 after long retention time.
KEYWORDS:
Al-bearing acid mine drainage, aluminum speciation, Xray diffraction, Thermogravimetric analysis, Mineql+
model, amorphous

INTRODUCTION
Acid mine drainage (AMD) formed through the
oxidation of metal sulfide is a major source of water
impairment in both coal and hard rock mining regions throughout the world [1, 2]. A primary contaminants in AMD are Fe and SO42-, as well as other
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Experimental procedure and samples collection. Batch experiments were done in a 20 L glass
jar with a diameter of ~30cm. During the experiments, 5% NaOH (wt/wt) solution was added into
15L synthetic AMD and stirred for 5 minutes to let
the solution completely mixed, then the solution was
stopped stirring and the precipitates was allowed to
settle down. Supernatant was collected at the position about 10 cm under water surface at 30 mins and
48 hours, respectively.
After the samples (~150-200 ml each time)
were collected, they were immediately filtered with
0.45μm Millipore filter and 1 drop of H2SO4 (1+1)
was added, and the samples were stored at 4ºC in refrigerator for analysis. Duplicate samples were collected each time. The filtered samples represent the
dissolved concentration. Three different experiments
with molar ratio of Al/SO4 of 1:0, 1:1, and 1:5 were
conducted. The concentration of Al in samples was
measured at 30 minutes and 48 hours after settling,
respectively. During the experiments, the precipitates were also collected at 30 minutes and 48 hours
and separated from water by centrifuge and washed
by DI water for three times. The separated precipitates were dried at room temperature before analysis.

the most common phase in mine-drainage systems
seems to be an amorphous Al hydroxysulfate with
basaluminite stoichiometry. Herrmann and Baumgartner [19] and Kim and Kim [20] have also reported that other compositions of Al precipitates can
also be formed in the presence of other anions.
Nordstrom et al. [21] also found in both field and laboratory experiments that the precipitates of basaluminite
(Al4(OH)10SO4)
/hydrobasaluminite
(Al4(OH)10SO4·12-36(H2O)) significantly delayed
the formation and equilibration of stable minerals.
The actual chemistry of AMD is complexes,
and the water could be in nonequilibrium conditions
in a treatment system of AMD. Some researchers
have reported that the amorphous Al(OH) 3 was the
primary species of Al-precipitates [9, 18, 23, 24], although the theoretical species of Al-precipitates
should be gibbsite and/or Al-SO42-. Meanwhile,
some researches have reported Al-SO42- precipitates
were detected in field [12, 13, 20, 22]. In treatment
systems, the most important problem is what the
lowest solubility the effluent Al could be achieved.
However, most of reports focused on the species of
precipitates formed and the removal efficiency of Al
and other metal ions in treatment [25,26], but few of
them involved the aqueous Al [11].
The study was to investigate the effect of SO42and retention time on Al concentration and solidphase species during active treatment of Al-bearing
acidic drainage in controlled laboratory experiments
with synthetic acid mine drainage. It focused on the
species of Al-precipitates and the relationship of Al
concentration to the species of precipitates. This
study could provide insight into Al concentration
and solid-phase speciation and transformations over
time in Al-bearing acidic drainage treatment processes.

Analytic methods. All analysis was performed
in accordance with Standard Methods for the Examination of Water and Wastewater [27] and/or Hach
methods [28]. All the water samples were digested
firstly with microwave digestion before the total and
concentration soluble of metal ions were measured.
Al were measured with Aluminon method from
Hach Chemical Company [28].
The mineralogy of precipitates was analyzed
using X-ray powder diffractometer using Rigaku
GeigerflexRAD3-C equipped with Cu-KD source
(O=1.5408Å). The Perkin Elmer TGA 7 Thermogravimetric Analyzer was used for the thermogravimetric analysis. Thermogravimetric analysis (TG) of
precipitates were run on heating rate of 10 °C/min.
Weight loss was determined for 6-10 mg samples in
alumina crucibles at temperatures ranging from
25°C to 1000°C. The compositions of precipitates
were also measured with a Philips XL30 scanning
electron microscope (SEM). The energy-dispersive
x-ray microanalysis system, Oxford Instruments
INCA, was used to perform energy dispersive spectroscopy (EDS) analysis. In order to remove the effect of absorbed water, the precipitates were dried at
about 80-90ºC before SEM analysis.

EXPERIMENTS AND METHODS
Synthetic Al-bearing AMD. Synthetic AMD
used in the experiments contained Na+, Ca2+, Mg2+,
Mn3+, Al3+, Cl-, and SO42-. The composition of synthetic AMD in this study was presented in Table 1.
The pH value was adjusted by H2SO4 to about 3.5.
The concentration of Al was about 50 mg·L-1. The
molar ratio of Al/SO4 was from 1:0, 1:1, and 1:5,
therefore the SO42- was changed from 0, 180, and
889 mg·L-1, respectively. 866.4 and 1082.8 mg·L-1
NaCl was added in the solution when the molar ratio
of Al/SO4 equal 1:1 and 1:0 to keep the ionic strength
of solution constant (did not consider the effect of
activity).

TABLE 1
The Constituents of synthetic AMD in the study (mg·L-1).
pH
Na
Al
Mn
Ca
Mg
ClSO4
3.5
0~425.7
50
8.4
20.0
16.9
0-657.1
0~888.9
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TABLE 2
Dissolved Al after different settling time at different pH values (mg·L-1).
Al: SO42-=1:0 (M/M)
Retention time
pH
30 min
48 hours
5.6
1.97
1.21
6.0
0.56
0.33
6.5
0.32
0.27
7.0
0.45
0.37
7.7
1.55
0.89
8.0
3.31
2.62
8.3
10.97
3.91
8.5
10.19
7.42
(Initial Al ~50 mg·L-1)

pH
5.6
6.0
6.6
7.2
7.5
8.0
8.3
8.7

Al: SO42-=1:1 (M/M)
Retention time
30 min
48 hours
1.86
0.31
0.39
0.14
0.24
0.09
0.48
0.13
0.92
0.36
3.60
1.80
8.05
2.92
13.36
8.19

pH
5.5
6.0
6.6
7.1
7.5
8.0
8.4
8.8

Al: SO42-=1:5 (M/M)
Retention time
30 min
48 hrs
1.21
0.21
0.43
0.03
0.25
0.02
0.39
0.04
1.18
0.16
3.20
1.32
5.52
2.81
13.92
7.53

Mineql+ Saturation index

SI

Al(OH)3(am) (30min)
Gibbsite (30min)
Al(OH)3(am)(48hr)
Gibbsite (48hr)

pH
FIGURE 1
(a) Al concentration over settling time at different pH (initial SO42- =0); and (b) Saturation indexes of
Al-compounds in solution calculated at different settling time calculated by Mineql+ model.
(The initial Al was about 50mg·L-1).

ration index (SI) for different Al compounds (amorphous Al hydroxide, gibbsite, and basaluminite).
Saturation index (SI) is a calculated number used to
predict the compound stability of water and defined

Mineql+ model simulation. The chemical
model was conducted by using Mineql+ model (version 4.5) to determine solution speciation and satu-
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taken from the databases of this software. The SI values of the two compounds were plotted as a function
of pH shown in Figure 1b (data shown in Table 3).
At 30 minutes, SI values of gibbsite are from
2.5 to 2.9, which were always much larger than zero.
The high SI values indicate that the solution was supersaturated with gibbsite. SI values of amorphous
Al(OH)3 are from ±0.03 to 0.23, which were close to
zero (Table 3). Therefore, it is concluded that Al
concentration was in theoretical equilibrium with
amorphous Al(OH)3 immediately after NaOH addition. When retention time became longer (48hr), SI
values of amorphous Al(OH)3 slightly decreased
which is from ±0.17 to 0.08. The SI values of amorphous Al(OH)3 at different pH values were still close
to zero. Therefore, it is reasonable to conclude that
the solution was still in equilibrium with amorphous
Al(OH)3.
Berkowitz et al. [29] reported that amorphous
Al(OH)3 transformed to microcrystalline Al(OH)3
when lake water was treated with alum. However,
these mineralogical transformations of precipitates
were not found in our experiments. The XRD patterns showed that no crystalline particles were detected in the precipitates formed at pH=6.5 (Figure
2). Since the major gibbsite diffraction peaks appear
near d-spacing of 4.8 and 4.3 Å [30, 31], the absence
of the peaks near the corresponding angle indicates
that gibbsite was not produced in the experiments.
XRD patterns (Figure 2) of precipitates indicate only
amorphous phase with low intensity, broad peaks in
the experiments. The XRD patterns of the precipitates at other pH values were similar as the patterns
of precipitates at pH=6.5 (not shown). Therefore, it
is reasonable to conclude that gibbsite was not
formed in the experiments without SO42- from
pH=5.6 to 8.5 in 48 hour after addition of NaOH.

as SI=log(IAP/Ksp), where IAP is the ion activity
product of the dissolved precipitate constituents, and
Ksp is the solubility product for the precipitates
(amorphous
Al(OH)3
or
basaluminite
(Al4(OH)10SO4)). It indicates whether the water will
precipitate, dissolve, or be in equilibrium with this
compound. During the calculation of SI of each compound, the input data was the actual measured in the
experiments.

RESULTS AND DISCUSSION
Results of experiments without SO42- (Al:
SO42-=1:0). In experiments without SO42-, Al concentration at different time were presented in Table
2, where the initial Al was around 50 mg·L-1. As theoretical prediction, the minimum concentration of
soluble Al occurred at pH=6.5, then increased with
increasing and decreasing pH (Figure 1a). In Table
2, it could be seen that Al concentration decreased a
little from 30 minutes to 48 hours. At pH 6.5, Al concentration was 0.27 mg·L-1 at 48 hours, which was
about 0.05 mg·L-1 lower than at 30 minutes. The theoretical solubility is 0.33 mg·L-1 for amorphous
Al(OH)3 and 0.001 mg·L-1 for gibbsite (crystalline
Al(OH)3) by Mineql+ model.
The SI value was calculated using Mineql+
model for possible Al compounds. Input data were
the concentrations of constituent components in solution at 30 minutes and 48 hours, respectively.
Since the possible Al precipitates formed in the experiments were only amorphous and crystalline
Al(OH)3, they were selected as the possible Al precipitates. All thermodynamic constants have been

Retention
Time

30 min

48 hrs

pH
5.6
6.0
6.5
7.0
7.7
8.0
8.3
8.5
5.6
6.0
6.5
7.0
7.7
8.0
8.3
8.5
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TABLE 3
The SI value calculated with Mineql+ model
Al:SO42-=1:01
Al:SO42-=1:1
2
am
Gibbsite pH
am
Basaluminite Gibbsite pH
0.08
2.63
5.6 -0.15
5.80
2.40
5.5
0.03
2.58
6.0 -0.14
4.58
2.41
6.0
0.08
2.63
6.6 0.04
5.34
2.59
6.6
0.01
2.56
7.2 -0.08
3.84
2.48
7.1
-0.03
2.52
7.5 -0.11
1.83
2.44
7.5
0.03
2.58
8.0 0.07
2.81
2.62
8.0
0.23
2.87
8.3 0.19
2.97
2.74
8.4
0.15
2.70
8.7 0.24
3.88
2.79
8.8
-0.09
2.46
5.6 -0.74
4.45
1.40
5.5
-0.12
2.43
6.0 -0.56
4.36
1.41
6.0
-0.09
2.46
6.6 -0.48
3.48
1.59
6.6
0.07
2.62
7.2 -0.64
1.50
1.48
7.1
-0.17
2.38
7.5 -0.48
1.52
1.44
7.5
0.07
2.62
8.0 -0.23
1.60
1.62
8.0
0.08
2.63
8.3 -0.25
1.18
1.74
8.4
0.02
2.57
8.7 -0.02
2.03
1.79
8.8

1: No basaluminite formed;
2: amorphous Al(OH)3.
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am
-0.18
-0.14
-0.05
-0.10
0.04
0.02
-0.04
0.02
-1.63
-1.34
-1.16
-1.10
-0.83
-1.02
-0.34
-0.32

Al:SO42-=1:5
Basaluminite
5.9
6.7
5.9
4.7
4.3
3.3
2.6
3.7
1.73
1.91
1.44
0.72
0.79
1.46
2.57
1.80

Gibbsite
2.4
2.4
2.5
2.5
2.6
2.6
2.5
2.6
1.37
1.41
1.50
1.45
1.59
1.57
1.51
1.57
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FIGURE 2
XRD pattern of precipitates formed in the experiments without SO 42-.

Measured Al

Al concentration (mg/L)

20
15

t=30min

t=48hr

6

7.2

10
5
0
5.6

6.6

7.5

8

8.3

8.7

pH

(a)

FIGURE 3
(a) Soluble Al over different retention time at different pH, and (b) Saturation indexes of Al-compounds in
solution calculated by using Mineql+ model (Molar ratio of Al:SO4=1:1).
(The initial Al ~50mg·L-1 initial SO4~175mg·L-1).
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Results of experiments with Al: SO42-=1:1.
The Al concentrations at 30 minutes and 48 hours in
experiments with low SO42- (Al: SO42- equal 1:1)
were shown in Figure 3a and the corresponding data
were presented in Table 2. Concentration of soluble
Al at 48 hours in these experiments were less than
that in the experiments without SO42-, although the
soluble Al at 30 minutes was not much different if
pH values were close. Unlike the experiments without SO42-, the soluble Al decreased significantly
from 30 minutes to 48 hours in experiments with
SO42-.
The SI values were shown in Table 3. Three Alcompounds, amorphous Al(OH)3, gibbsite (crystalline Al(OH)3), and basaluminite (Al4(OH)10SO4),
were selected as the possible Al precipitates. Jurbanite (Al(OH)SO4) was not considered as a possible
precipitate of Al-precipitates because the theoretical
data shows that jurbanite is not formed when pH is
higher than 5.5. The SI values of amorphous
Al(OH)3 were close to zero after 30 minutes of neutralizaion. These SI values indicate that the solution
was approximately in equilibrium with amorphous
Al(OH)3 at 30 minutes, which was similar as the experiment without SO42-. All the SI values of gibbsite
and basaluminite were higher than 1.5, which means
that the solution were supersaturated with gibbsite
and basaluminite. When retention time became
longer (48hr), all SI values of amorphous Al(OH)3
declined and became less than zero (from ±0.12 to ±
0.74). The negative values of SI indicated that the
solution was unsaturated with amorphous Al(OH)3,
which indicates that Al concentrations in these experiments were not controlled by amorphous
Al(OH)3. The SI values of gibbsite and basaluminite
also decreased with longer retention time, but they
were still higher than 1.0, which indicates that the
solutions were still supersaturated with gibbsite and
basaluminite after 48 hours of AMD neutralization.
As sown in the experiments without SO42-, no
sharp peaks was found in the XRD patterns of precipitates formed in experiments with low SO42- contents (Al:SO4=1:1) (not shown), which indicates that
crystalline Al(OH)3 (gibbsite) was not formed in the
experiments with SO42-. The lack of the d-spacing for
basaluminite indicated that crystalline basaluminite
was also not detected in the precipitates, which
means that the Al-SO42- precipitates should be amorphous if it had been formed in experiments. Furthermore, the Al concentration in experiments without
SO42- were higher (as shown in Table 2). These results indicated that the SO42- could impact the Al solubility during the active treatment of AMD and the
soluble Al will decrease with the presence of SO42contents in solution.
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contents, the soluble Al at 30 minutes was not significantly different from that in experiments without
SO42- if pH values were close. With retention time
increasing, soluble Al at 48 hours in higher SO42- experiments became lower than that without SO42- and
with lower SO42- when the pH was the same. At 48
hours, concentration of soluble Al in the experiments
of Al: SO42-=1:5 was from 0.02 to 0.21 mg·L-1 at pH
5.5 - 7.7, whereas it was from 0.27 to 1.21 mg·L-1
and 0.09 to 0.36 mg·L-1 in experiment without SO42and with lower SO42-, respectively. These results
supported the assumption that SO42- could decrease
the soluble Al in active treatment of Al-bearing acid
mine drainage.
Similar as the experiments with low SO42-, the
SI values at 30 minutes in experiments with higher
initial SO42- (Al: SO42-=1:5) were also close to zero
(from ±0.18 to 0.02) for amorphous Al(OH)3,
whereas the SI values of gibbsite and basaluminite
were from 2.4 to 2.6 and 2.5 to 6.7, respectively
(shown in Table 3), which shows the solution was
strongly supersaturated with gibbsite and basaluminite at 30 minutes. When the retention time became longer (48 hours), all SI values declined. The
SI values for amorphous Al(OH)3 decreased particularly, becoming to negative. The negative SI values
of amorphous Al(OH)3 was due to the decrease of Al,
which indicated that other Al-precipitates could be
formed. As shown in Table 3, the SI values of
basaluminite at 48hr became smaller when SO42concentration was higher, it is reasonable to hypothesize that Al-SO4 precipitates were formed, which
caused the decrease of Al concentration.
The XRD patterns showed that no apparent
crystalline peaks were detected in precipitates
formed at both short (30 minutes) and longer time
(48 hours) when pH=6.6. The high signal-to noise
ratio indicated that highly amorphous nature of the
precipitates (not shown).
Chemical characteristics of precipitates.
TGA analysis of precipitates. Since XRD does not
provide a quantitative estimate of the amount of Al
hydroxide or other mineral phases present in a sample. TGA was utilized to further characterize and
quantify the precipitates formed in the experiments.
The TGA curve is well-suited for this since Al(OH)3
and Al-hydroxyl-SO42- have a dehydration reaction
with an associated weight loss [32] and Al-hydroxylSO42- has a de-SO42- reaction with a weight loss between 800-1000ºC [33]. The weight loss below
100ºC was primarily due to the vaporization of absorbed water [33]. The weight proportion of hydroxyl in precipitates was the part of weight loss between 100-400ºC. The derivation weight loss curves
of the precipitates in the experiments without SO42showed that the weight loss primarily occurred between 70-300ºC, which is lower than the reported dehydration temperature for crystalline Al(OH) 3
(gibbsite: ~350ºC) [32] and there was no significant

Results of experiments of Al: SO42-=1:5. Figure 4a shows the soluble Al at different pH in experiments with higher SO42- (Al: SO42-=1:5) (data in Table 2). Similar as the experiments with lower SO42-
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weight loss after 400ºC, which showed that only Al
hydroxides were formed and the species of Al hydroxides was in the form of amorphous. This conclusion is supported by the XRD results. It is seen from
this result that the crystalline Al(OH)3 (gibbsite) was
not formed during the treatment process (48 hours),
although the gibbsite could formed in aged sludge
[29].
The weight loss proportion of precipitates over
temperature is shown in Table 4. The fractional
weight loss (as % of original weight) showed that
sulfur-trioxide fraction (fraction of weight loss from
800-1000ºC) in precipitates increased with settling
time. For the precipitates in low SO42- , the weight
loss before 90ºC represented the vaporization of absorbed water in precipitates. The second weight loss
occurred between 100-400ºC. This part of weight
loss was the dehydration of precipitates. The third

Measure Al

20

Al concentration (mg/L)

weight loss occurred among 800-1000ºC, which represents the evaporation of sulfur-trioxide. The residues were the metal hydroxides, most of which are
Al2O3. In Table 4, it can be seen that the weight loss
of dehydration was from 30.8% to 31.2% for 30
minutes, and 29.0% to 30.7% for 48 hours. The
weight loss after 800ºC was from the sulfur-trioxide
evaporation. The weight fraction of sulfur-trioxide
was from 2.2% to 2.7% for 30 minutes, and 3.5% to
7.4% for 48 hours. The TGA data showed that the
amount of hydroxyl decreased from 30 minutes to 48
hours, whereas the contents of S increased. Since the
fraction of hydroxyl of Al(OH)3 was larger than in
Al-SO42- compounds (such as basaluminite), the
TGA data implied that the proportion of Al-SO42- in
precipitates increased over retention time if SO42was present in solution.

15
t=30min

t=48hr

6

7.1

10
5
0
5.5

6.6

7.5

8.4

8.8

pH

(a)

Mineql+ saturation index

10

Al(OH)3(am) (30min)
Gibbsite (30min))
Basaluminite (30min)
Al(OH)3(am)(48hr)
gibbsite (48hr)
basaluminite(48hr)

8
6

SI

8

4
2
0
-2
5

6

7
pH

(b)

8

9

FIGURE 4
(a) Soluble Al over different retention time at different pH value, and
(b) Saturation indexes of Al-compounds in solution calculated by using Mineql+ model.
(The initial Al ~50mg·L-1, initial SO4~880mg·L-1).

2639

© by PSP

Volume 28 ± No. 4/2019 pages 2633-2643

Fresenius Environmental Bulletin

TABLE 4
Fractional weight loss of precipitates (TGA analysis).
Thermogravimetric analysis
Composition of precipitates (%)
SEM analysis5
TGA cal4
2
(molar ratio)
Residues
Absorbed DehydroOther
(molar ratio)
sulfur-trioxide
H2O
tion
weight loss1
(after 1000ºC)
pH
Al:SO4 Time
<100ºC 100-400ºC 400-800ºC 800-1000ºC Al2O3
MO3
O/Al
Al/S
O/Al
Al/S
30 min
5.4
30.8
2.1
2.7
58.8
0.4
2.96
34.67
2.93
32.83
5.6
1:1
48 hr
5.4
30.2
2.0
3.7
58.6
ND6
2.92
24.84
2.90
24.55
30 min
5.0
31.1
2.0
2.5
58.3
1.1
3.01
37.26
2.92
34.15
6.6
1:1
48 hr
4.6
30.7
1.6
3.5
58.8
0.7
2.96
26.45
2.89
25.73
30 min
5.0
31.2
1.7
2.2
59.6
0.3
2.97
43.53
2.92
43.50
8.4
1:1
48 hr
5.1
29.0
1.4
7.4
56.8
0.5
2.88
12.22
2.83
10.73
30 min
4.6
30.9
1.2
3.5
59.7
0.2
2.93
27.15
2.94
27.42
5.5
1:5
48 hr
5.3
29.4
1.4
5.8
58.0
ND
2.87
15.65
2.80
15.75
30 min
4.8
30.8
1.8
3.1
57.8
1.7
3.02
29.71
2.91
28.79
6.6
1:5
48 hr
5.3
29.2
2.0
5.8
57.2
0.4
2.89
15.54
2.82
15.95
30 min
5.1
30.5
2.1
3.3
58.1
0.9
2.98
28.31
2.86
28.18
8.3
1:5
48 hr
5.0
27.8
1.6
9.2
55.4
0.9
2.84
9.55
2.74
9.39
1
The other weight loss between 400-800ºC could be due to the decomposition of carbonate. The carbonate came from the dissolution of CO2
during the experiments;
2
The residue of TAG included the Al oxides and other metal oxides (such as Mn, Ca, and Mg). The proportion of Al 2O3 and other metal oxides
was decided by SEM analysis;
3
MO represents the total proportion of metal oxides in residues;
4
TGA cal: calculation with the weight loss of precipitates. During the calculation, the oxygen of O/Al was the part of oxygen combine with Al
as OH.
5
The samples for SEM analysis had been dried at 85ºC to remove the absorbed water.;
6
ND: not detected.
Experimental conditions

The weight loss of precipitates in higher SO42has the similar tendency as the precipitates formed
with low SO42-. The weight loss of dehydration was
from 30.5% to 30.8% for 30 minutes, and 27.8% to
29.4% for 48 hours. The weight loss of sulfur-trioxide evaporation (800-1000qC) was from 3.1% to
3.5% for 30minutes, and 5.8% to 9.2% for 48 hours.
Compared with the weight loss of precipitates in low
SO42- experiments, it can be found that the S fraction
in precipitates increased with increase of SO42- and
retention time. The increase of S fraction indicated
that SO42- ions combined with Al ions (and/or Al
complexes) and suspended Al-solids to form precipitates (Al-SO42-) and then settle down during the settling processes. In Table 2, it can be seen that soluble
Al decreased over time and the SI values showed that
the solutions became unsaturated with amorphous
Al(OH)3. The unsaturation with amorphous Al(OH)3
was due to the decrease of soluble Al, which was
caused by the reaction of SO42- with soluble Al.

was calculated by subtracting the oxygen that was
combined with C (as CO2), S (as SO42-), Ca (as
Ca(OH)2), Mg (as Mg(OH)2), and Mn (as Mn(OH)3).
Because the oxygen in the Al/O ratio did not include
the oxygen combined with C, and S, the atomic ratio
of Al/OH- should be equal to the corrected Al/O ratio.
The corrected molar ratios of Al/O (or Al/OH-) were
shown in Table 5. At 30 minutes, the contents of S
in precipitates did not change much with pH values
and the initial SO42-. The low S contents in the precipitates indicated that most of the precipitates were
in the form of Al(OH)3 at short reaction tine (30
minutes). At 48 hours, the Al/OH- ratio and S contents increased, and were significant different from
the ratios and S contents at 30minute. The increase
of Al/OH ratio and S contents indicated that the proportion of Al-SO42- compounds increased in the precipitates at with longer retention time.
The calculation of Mineql+ model showed that
the solution was approximately in equilibrium with
amorphous Al(OH)3 at 30 minutes for all cases, since
the SI values are around zero. At long retention time
(48 hours), the Al concentration reduced. Furthermore, the higher the initial SO42- of solution, the
lower the final soluble Al. The change of Al concentration and SI values over time indicated that the reaction of Al-precipitation changed. At the beginning
of experiments, the primary reaction of Al-precipitation was the formation of amorphous Al(OH)3. SI
values by Mineql+ model calculation supported this
conclusion since SI values of amorphous Al(OH)3 in
all cases are almost zero at 30 minutes. With the increase of retention time, the Al concentration reduced when SO42- was presented in solution, and SI

SEM-EDS analysis of precipitates. SEM and
EDS analysis was performed on the precipitates
formed in experiments with different SO42- contained
the partial SEM photos and EDS results). The samples had been dried at 85ºC for two hours to remove
the adsorbed H2O (Brydon and Shah Singh, 1969).
The chemical components of precipitates were presented in Table 5 (measured with EDS). In Table 5,
it can be seen that precipitates contained different elements, including Al, Mg, Ca, Mn, O, and S, and the
contents varied with pH values and initial SO42-. In
order to calculate the atomic ratio of Al to OH- of
samples, the corrected atomic oxygen percentage
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TABLE 5
Compositions of precipitates formed in the experiments.
Al:SO4=1:1
pH=6.6
pH=8.3
30min
48 hr
30min
48 hr
30min
48 hr
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
C
3.4
2.3
5.0
1.1
4.8
2.8
6.8
2.1
6.7
1.5
4.3
0.6
O
73.9
3.7
73.5
2.4
73.5
2.6
72.8
3.5
73.0
1.3
73.4
3.2
Mg
ND3
ND
ND
ND
0.2
0.3
0.6
0.7
ND
ND
0.2
0.2
Al
21.9
1.9
20.7
1.7
20.6
2.1
19.1
1.7
19.7
1.1
20.1
1.2
S
0.7
0.3
0.8
0.3
0.6
0.1
0.7
0.2
0.5
0.2
1.9
0.4
Ca
ND
ND
ND
ND
0.2
0.1
ND
ND
ND
ND
0.2
0.2
Mn
0.1
0.1
ND
ND
0.1
0.2
ND
ND
0.1
0.1
ND
ND
Al/O1
2.93
2.90
2.94
2.89
2.92
2.83
32.86
24.55
34.39
25.73
43.49
12.73
Al/S2
Al:SO4=1:5
pH=5.6
pH=6.6
pH=8.3
30min
48 hr
30min
48 hr
30min
48 hr
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
Ave.
Stdev.
C
4.3
1.6
1.2
2.3
3.8
1.0
4.3
1.4
7.7
1.3
6.2
3.6
O
73.8
2.6
73.9
3.6
73.7
2.5
73.3
3.5
72.9
3.2
72.6
1.9
ND
ND
ND
ND
0.3
0.1
0.2
0.22
0.0
0.0
0.4
0.7
Mg
Al
21.1
1.0
23.5
1.8
21.0
0.8
20.8
1.6
18.6
1.1
18.6
2.1
S
0.8
0.1
1.5
0.4
0.7
0.4
1.4
0.3
0.7
0.2
2.0
0.6
Ca
ND
ND
ND
ND
0.3
0.1
0.1
0.1
ND
ND
0.3
0.5
Mn
0.04
0.1
ND
ND
0.2
0.2
ND
ND
0.2
0.1
ND
ND
Al/O
2.94
2.80
2.93
2.81
2.93
2.74
Al/S
27.42
15.75
28.8
15.95
28.19
9.39
1
Al:O: the corrected atomic ratio of Al:O. In this atomic ratio, the O atomic % was subtracted the oxygen that was combined with C (as CO2),
Si (as SiO2), and S (as SO42-);
2
Al:S: the atomic ratio of Al:S;
3
ND: not detected.
pH=5.6

values showed that the solution became unsaturated
with amorphous Al(OH)3. The unsaturation state of
amorphous Al(OH)3 in solution indicated that the reduction of Al concentration was not due to the formation of amorphous Al(OH)3. Therefore, it is reasonable to assume that the formation of Al-hydroxylSO42- compounds led to the decrease of Al concentration because gibbsite was not formed. However,
the SI values showed that solution was supersaturated with Al-hydroxyl-SO42- (basaluminite), which
indicates that the solution was not in equilibrium
conditions at 48 hours still.
This above supposed reaction was supported by
the results of TGA analysis. TGA showed that the
proportion of sulfur-trioxide in precipitates increased over time if SO42- was present in solution
(Table 4). The sulfur-trioxide proportion in precipitates at 30 minutes was less than at 48 hours for all
cases. When the initial SO42- was low (Al:SO4=1:1),
weight proportion of sulfur-trioxide at 48 hours was
38.1%, 41.2%, and 140.3% more than at 30 minutes
when pH=5.6, 6.6, and 8.3, respectively. When initial SO42- was high (Al:SO4=1:5), weight proportion
of sulfur-trioxide at 48 hours was 68.2%, 85.4%, and
182.9% more than at 30 minutes when pH=5.5, 6.6,
and 8.4, respectively. The calculation with TGA results showed that the molar ratio of Al/S decreased
with settling time and the increase of initial SO42-.
The SEM results showed the similar results (Table 4
and Table 5).

SUMMARY CONCLUSIONS
The SI values at different retention time in the
experiments showed that the solution was in equilibrium with amorphous Al(OH)3 when settling time
ZDV VKRUW  PLQXWHV  :KHQ WKH retention time
was longer (~48 hours), the Al concentration decreased and the solution became unsaturation with
amorphous Al(OH)3 and supersaturation with gibbsite and Al-SO42- (basaluiminite) when SO42- was presented in the solution. The Al concentration did not
show this tendency when SO42- was absent. This indicates that SO42- in AMD decreases the concentration of Al in the neutralization process of AMD.
Precipitates analysis showed that the reduction
of Al concentration with SO42- was due to the formation of Al-SO42- precipitates. However, the SI values indicated that the solution was supersaturated
with basaluminite, which is the most possible species of Al-SO42- formed in the experiments. The data
implied that the solution was not in equilibrium state
after 48 hours with NaOH addition.
The TGA and SEM analysis showed, the S contents in precipitates were lower and there was no significant different with different pH values at short retention time (30 minutes). At the longer retention
time, the S contents increased over time. Under different initial SO42- conditions, the higher the SO42-,
the more S contents in precipitates. These results indicated that the amount of Al-SO42- compounds in
precipitates increased with the increase of SO42- and
retention time.
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DETERMINATION OF ANTIOXIDANT CAPACITIES,
CHEMICAL COMPOSITION AND
MELISSOPALYNOLOGICAL CHARACTERIZATION OF
VERBASCUM SPP. AND EUPHORBIA SPP. HONEYS
Asli Ozkok*
Hacettepe University, Bee and Bee Products Applications and Research Center (HARUM), 06800, Beytepe, Ankara, Turkey

bascum (Scrophulariaceae family) species have
cosmopolite distribution in Turkey. Verbascum is
the second most common genus in Turkey with 232
species, 185 of them are endemic in Turkey [2].
Also Euphorbia genus has about 95 species, 15 of
them are endemic in Turkey [2]. The nectar and
pollen efficiency of Euphorbia is trace. But Verbascum species has got dominant pollen and trace
nectar efficiency [3]. These two genus are frequently visited by honeybees, depending on the flora of
the region where they are located. So nectars and
pollens are carried into the hive. Although their
pollen grains can be found in multifloral honeys, it
is very difficult to find them as a monofloral (unifloral) honey. So it is the first time we obtained
Euphorbia (spurge or milkweed) and Verbascum
(mullein) monofloral honeys from Turkey and studied some characterizations. At the same time monofloral honeys are important because of high marketing values [4]. For this reason, different monofloral honeys should be investigated and this situation can be significant for the beekeepers, honey
producers and consumers etc.
Melissopalynological analysis is the microscopic analysis of honey samples and it is important
for the botanical identification of honey. The determination of the botanical origin is based on the
UHODWLYHIUHTXHQFLHVRIQHFWDULIHURXVVSHFLHV¶SROOHQ
types. The frequency classes of pollen grains were
given as dominant (>45%), secondary (16-45%),
minor (3-15%) and trace pollen (<3%) [5, 6].
Usually, a honey is considered as monofloral
if the pollen frequency of that plant is >45%. These
are general guidelines but many pollen types are
underrepresented (Robinia pseudoacacia, Citrus
spp., Tilia spp., Lavandula spp., Rosmarinus spp.)
or over-represented (Castanea sativa Mill, Eucaliptus spp.). For monofloral honey with underrepresented pollen, the minimum percentage of the
taxon that gives the honey name is 15% for acacia,
10% for citrus while honey with overrepresented
pollen, a content of 70-90% of monofloral pollen is
required to classify chestnut and eucalyptus honey,
honey as monofloral [6-8].
In this study it has been determined monofloral spurge and mullein honey types via melissopal\QRORJLFDODQDO\VLVIURP'L\DUEDNÕUDQG

ABSTRACT
In this sudy, it has been researched for the first
time of two new genus honey type, which were
visited by honeybees. These genuses are Euphorbia
(Euphorbiaceae family) (spurge or milkweed honey) and Verbascum (Scrophulariaceae family) (mullein honey). First of all mellissopalynological examinations determined and then total phenolic and
total flavonoid capacity, sugar composition and
chemical compouns found.
Total phenolic acid content was determined as
146.49±0.11 mgGAE/kg for mullein honey and
136.92±0.06 mgGAE/kg for spurge honey. Total
flavonoid content was determined as 35.54±0.05
mgQE/kg for mullein honey and 40.68±0.03
mgQE/kg for spurge honey. The results of sugar
analysis performed by HPLC show that, Fructose
45.7%, Glucose 24.8% and F/G rate was 1.84±0.17
for mullein honey and Fructose 38%, Glucose
28.5% and F/G rate was 1.33±0.02 for spurge honey. GC-MS analysis of honey samples revealed
alcohols, carboxylic acids and their esters, fatty
acids, flavonoids, carbohydrates, ketones, terpenes
and other chemical compounds. To the best of our
knowledge, this was the first study about spurge
and mullein monofloral honeys.
KEYWORDS:
Euphorbia (spurge) honey, Verbascum (mullein) honey,
melissopalynology, total phenolic and total flavonoid,
sugar composition, chemical compound.

INTRODUCTION
Honeybees are important pollinators for our
environment. The importance of beekeeping activity for man and nature Albert Einstein explained that
"If bees disappear from the earth, human beings
will only have 4 years of life. If no bees, fertilization, plants, animals and people will not exist"[1].
Therefore, we must protect and reproduce honeybees and their favorite plants. Euphorbia and Verbascum plants are one of them.
Euphorbia (Euphorbiaceae family) and Ver-
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FIGURE 1
+RQH\VDPSOHVREWDLQHGIURP%LQJ|ODQG'L\DUEDNÕUSURYLQFHV
(x100) was used for identification of pollens. During microscopic studies all the area, which is
18x18mm², was checked. 200 pollens were counted
for every sample and determined pollen types according to their botanical origin.

Bingöl provinces at the first time in Turkey. Also
total phenolic and total flavonoid capacities were
made by UV-VIS Spectrophotometer (Genesys 10S
UV-VIS Spectrophotometer). Sugar compositions
were determined by High Performance Liquid
Chromatography (HPLC) (Agilent 1200 Series) and
chemical characterization found by Gas Chromatography-Mass Spectrometry (GC-MS). To the best
of our knowledge, this was the first study about
spurge and mullein honey.

Identification of Honey Sample Preparates.
Relevant sources were used in the identification of
the pollen were from Persano Oddo and Piro (2004)
[4], Sorkun (2008) [5], Özkök Tüylü and Sorkun
(2007) [10], PalDat [11] as well as reference
preparats.

MATERIALS AND METHODS
Total Phenolic Acid Analysis. The total phenolic content of honey samples was determined by
the Folin-Ciocalteu method [12, 13].

Collection of Honey Samples. Mullein and
spurge honey types were collected as pool samples
IURP 'L\DUEDNÕU DQG %LQJ|O UHJLRQV RI 7XUNH\ LQ
2016 (Fig. 1).

Total Flavonoid Analysis. The total flavonoid
content of honeys was estimated by aluminium
chloride (AlCl3) colorimetric method [12, 13].

Melissopalynological Analysis. For microscopic analysis Wodehouse (1935) [9] and Sorkun
(2008) [5] methods were accepted and honey preparations were examined by Nikon Eclipse E400
microscope.
500 grams of stock honey was well stirred
with a sterile glass stick and 10 grams of it was
separated for obtain preparats. Then the sample and
20 ml distilled water mixed in a tube and left in a
water bath of 45°C for 30-45 minutes. Then this
melted honey mixture was centrifuged in 3500 rpm
for 45 minutes. Water in centrifuged tubes was
removed and tubes were left upside down on a
drying mat for full drainage. The material was taken
from the bottom of the tube and plated on a lam
with basic fucsin-glycerin gelatin mixture.
Basic fucsin-glycerin-gelatine mixture and
honey were taken with the edge of a sterile needle
was transferred to a microscope slide and put on a
hotplate set at 40°C. When the gelatine was melted,
18 × 18 mm2 cover slips were placed on the samples. Pollen slides were researched with Nikon
Eclipse E400 microscope and immersion objective

High Performance Liquid Chromatography
(HPLC) Sugar Analysis. Bogdanov and Baumann
(1988) [14] method and HPLC (Agilent 1200 Series) were used for the determination of fructose
and glucose at honey samples.
Gas Chromatography-Mass Spectrometry
(GC-MS) Chemical Compounds Analysis. GCMS was used for chemical compound analysis of
the honey samples. 1 mg secretion dissolved in 5 ml
methanol and mixed for 1 minute by vortex. Next
centrifuged at 3500 rpm for 15 minutes. Then upper
phase was filtered to vials and 1 μl solution injected
to GC-MS. A GC 6890N from Hewlett-Packard
(Palo Alto, CA, USA) coupled with mass detector
(MS 5973 Hewlett-Packard) was used for the analysis of honey samples. Experimental conditions of
GC-MS system were as follows: DB 5MS column
(30mx0.25 mm and 0.25 μm of film thickness) was
used and flow rate of mobile phase (He) was set at
0.7 ml/min.
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honey has got high pollen potential like chestnut
honey whereas spurge honey has got a low pollen
SRWHQWLDO $OVR '¶$OERUH  [3] found mullein
pollen potential is dominant while spurge pollen
potential is trace. In the direction of this information, we can say that these honeys showed that
monofloral mullein and spurge honey properties.

Melissopalynological Analysis
Results.
Melissopalynological analysis is important for the
identification of plant origin in honey. As a result of
melissopalynological analyses three pollen types
belonging to three botanical families were identified
in the mullein honey. Verbascum sp. pollen was
dominant with 97% (Fig. 2) amount and other pollen types (Asteraceae and Campanula sp.) were
trace amounts with under 3%. In the spurge honey
eleven pollen types belonging to ten botanical families were identified. Vicia spp. (35%) and Trifolium
spp. (27%) pollen were identified seconder, Brassicaceae (12.4%), Asteraceae (9.5%) and Euphorbia
spp. (7.5%) (Figure 3) pollen were identified minor
and Salix spp. (2.5%), Polygonaceae (2.5%), Cistaceae (1.5%), Apiaceae (1%), Rumex spp. (1%),
Lamiaceae (0.5%) pollen were identified trace
amounts (Table 1). According to Corvucci et al
(2014), percent frequency types of pollen grains
were givHQDVGRPLQDQW  ' VHFRQGDU\ 45%)(S), minor (3- 0  DQG WUDFH   7 
But some honey types can not be comply these
rules because of nectar and pollen production situation. For example, chestnut honey characterize with
90% pollen meanwhile, citrus at least 10% or lavender 5-10%. In this study we revealed mullein

Total Phenolic and Flavonoid Analysis Results. Total phenolic content was determined as
146.49±0.11 mgGAE/kg for mullein honey and
136.92±0.06 mgGAE/kg for spurge honey. Total
flavonoid content was determined as 35.54±0.05
mgQE/kg for mullein honey and 40.68±0.03
mgQE/kg for spurge honey (Table 1). Until this
study total phenolic and flavonoid contents did not
determine in the spurge and mullein honey. So we
FRXOGQ¶W FRPSDUH WKH UHVXOW DQ\ RWKHU UHVHDUFKHUV
results. However, these results are high and resemble chestnut honey, which has high antioxidant
activity. Bertoncelj (2007) [15] found total phenolic
content 199.9±34.1 mgGAE/kg in chestnut honey.
Sugar Analysis Results. The results of sugar
analysis performed by HPLC show that, Fructose
45.7%, Glucose 24.8% and F/G rate was 1.84±0.17
for mullein honey and Fructose 38%, Glucose28.5% and F/G rate was 1.33±0.02 for

FIGURE 2
Verbascum spp. pollen, a. Equatorial view, b. Polar view, c. Ornemantation view

FIGURE 3
Euphorbia spp. pollen, a. Equatorial view, b. Polar view, c. Ornemantation view
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spurge honey (Table 1). According to Turkish Food
Codex (2012) [16] and Codex Alimentarius Committee on Sugars (2001) [17] Fructose+Glucose
amount should be more than 60g/100g and ratio of
fructose to glucose should be between 0.9 and 1.4
IRU WKH IORZHU KRQH\V %RWK RI WKH KRQH\ W\SH¶V
Fructose+Glucose amount more than 60g/100. But
fructose to glucose ratio of mullein honey result is

Fresenius Environmental Bulletin

higher than 1.4. At the same time in the Turkish
Food Codex (2012) [16] and Codex Alimentarius
Committee on Sugars (2001) [17] fructose to glucose ratio is between 1.0-1.85 for chestnut (Castanea sativa) and between 1.2-1.85 for acacia (Robinia pseudoacacia) honeys. So 1.84±0.17 amount can
be appropriate for the mullein honey and it can use
as a data for the monofloral honey studies.

TABLE 1
Mullein and Spurge honey mellissopalynological, total phenolic acid & total flavonoid and
sugar analysis results
Honey
type

Mullein

Spurge

Plant Species in
honey

%
Pollen*

Verbascum sp.
Asteraceae
Campanula spp.
Vicia spp.
Trifolium spp.
Brassicaceae
Asteraceae
Euphorbia sp.
Salix spp.
Polygonaceae
Cistaceae
Apiaceae
Rumex spp.
Lamiaceae

97 (D)
2 (T)
1 (T)
35 (S)
27 (S)
12.4(M)
9.5 (M)
7.5 (M)
2.5 (T)
2.5(T)
1.5 (T)
1 (T)
1 (T)
0.5(T)

Region

Total Phenolic
Acid Content
(mgGAE/kg)

Total Flavonoid Content
(mgQE/kg)

Fructose

Glucose

Fructose/Gluco
se
F/G

Bingöl

146.49±0.11

35.54±0.05

45.7

24.8

1.84±0.17

'L\DUEDNÕU

136.92±0.06

40.68±0.03

38

28.5

1.33±0.02

'RPLQDQW '  -45%) Seconder (S), (3-15%) Minor (M), (<3%) Trace (T).

TABLE 2
GC-MS chemical compounds analysis results of honey samples
Compounds
Alcohols
4-Methylcyclohexanol
Total
Carboxylic Acids and Their Esters
1,3-Butadiene-1-carboxylic acid
Thiocarbamic acid, N,N-dimethyl, S-1,3-diphenyl-2-butenyl ester
Carbonic acid, but-2-yn-1-yl eicosyl ester
6-Chlorohexanoic acid
Hexanoic acid, 4-methyl5-Amino-2H-pyrazole-3-carboxamide
Methyl 4-hydroxy-3,5-dimethoxybenzoate (Syringic Acid Methyl Ester)
Total
Fatty Acids
Docosenoic acid (Behenic acid)
Total
Flavonoids
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- (DDMP)
Total
Carbohydrates
Melezitose
Lactose
Total
Ketones
2-(n-Propyl)oxybenzylidene acetophenone
Total
Terpenes
Furan, 2,5-dimethyl2,4-Dimethylfuran
Total
Others
1-(Methanesulfonyl)-2-(methylsulfanyl)ethane
Pyrazole, 1,4-dimethyl-
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Spurge
(Euphorbia sp.) honey

Mullein (Verbascum sp.)
honey

-

0.34
0.34

0.13
0.57
0.18
0.88

0.05
9.93
0.22
4.29
14.49

-

12.63
12.63

-

1.25
1.25

61.35
61.35

0.81
0.81

0.22
0.22

-

1.05
0.02
1.07

0.06
0.06

0.14
-

0.82
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bees collecting nectar from plants, whereas honeydew honey is derived from honeybees collecting
sweet substances mainly from the excretions of
plant-sucking insects ( " ) on the living
parts of plants or secretions of the living parts of
plants [5, 6]. Clover, thyme, acacia, and citrus are
some examples of floral honey varieties, while pine,
oak and fir are examples of honeydew honey varieties.
Oak (# #! L.) trees, which belongs to Fagaceae family, are an important plant group for our
environment because live long. Most species of
oaks live over 200 years. They are widely distributed in the Northern Hemisphere and there are nearly
531 species in the world [7]. There are 18 varieties,
9 subspecies and 2 varieties naturally grown in
Turkey [8]. Seven of the oak species found in Turkey are important oak species utilized in the production of honeydew honey in the world. These are;
# #! "", # #! "  # #!  "
%!!, # #!  !, # #! # , # #!
#!! and # #! & (8-10]. But among
them  ""Ten. is the most important in the
production of honeydew and generally it is located
to the northwest of Turkey [11]. Especially
Kırklareli province, where is the northwest of Turkey, oak honey is produced intensely and usually
oak trees, which belongs to   "" Ten. species, are covered with dark brown secretion. It was
unknown whether the source of this dark brown
secretion was an insect or an extrafloral source. So
in this study, we wanted the find the source of oak
honey and questioned whether it was insect source
or extrafloral source. For this purpose, oak species
samples were collected from the regions, where the
oak honey was produced intensely, in 2016 and
2017. In addition, insect species that produce secretions on tree fragments for two years have been
observed and studied. Anatomical studies were
done at the oak sample parts. Beside this chemical
composition of oak secretion was determined by
GC-MS.
To the best of our knowledge, there is no information in the literature about the anatomic
source of oak honey and GC-MS analysis of oak
secretion; thus, the outcomes of this study are important for the classification and characterization
oak honey.

Oak honey is a honeydew honey type. In this
study, investigated the source of oak honey and
questioned whether it was insect source or extrafloral source. For this purpose, oak species samples
were collected from the regions, where the oak
honey was produced intensely, in 2016 and 2017. In
addition, insect species producing secretion on tree
fragments for two years have been observed and
studied.
Trunk, leaf and fruit parts were taken from oak
trees with dark brown secretion. In these samples,
anatomical studies have been done to find both the
secretion source and is there any damages in the
tree tissues due to insect source. Two types of
method were followed for the anatomical investigations. Also chemical composition of oak secretion
was determined by GC-MS.
As a result of study has shown that # #!
 "" Ten. fruits have got a great number of
secretory glandular trichomes and these trichomes
produces sweet secretions. In addition to this, GCMS chemical substance analyses of the oak secretion revealed alcohols, aldehydes, aromatic acids,
aromatic compounds, carbohydrates, carboxylic
acids and their esters, fatty acids and other compounds.



)(!$%
Anatomical studies, GC-MS, chemical composition, oak
honey, # #! ""Ten.


 &$!'&! 
Nectar is the sugary substance which is produced by plants in the glands called nectaries.
When nectaries grow in the flowers of plants, they
are named as floral nectaries but if they occur in
outside of the flower, they are named extrafloral
nectaries [1]. Extrafloral nectaries are usually found
in the root or trunk of the plant [2-4]. Insects, especially pollinators insects like honeybees prefer
floral and extrafloral nectars for making honey. So
honey can be broadly categorized as floral or honeydew honey. Floral honey is derived from honey-
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Dark brown secretion
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&<93.@*6-B934*9.42897=26,.26&<93.@
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744.,;2767/7*3:*584.:Dark brown secretory oak species (Fig. 1), which is  ""Ten.,
trunk, leaf and fruit samples were collected from
the Kırklareli province (Fig. 2) in June 2016 and
June 2017 with the help of the General Directorate
of Forestry. All the samples were placed in jars
separately and brought to the laboratory for anatomical studies. Also dark brown secretory of the 
 ""Ten. was put into the tubes and brought to
the laboratory for GC-MS studies.



9/1) mixture for 9-10 seconds then they were
washed twice in distilled water and sample sections
put in the microscope slide for the microscopic
examination. Tissue section samples photographs
were taken by the microscope (Olympus CX41) and
camera (Olympus E330).
At the second method tree tissue samples sections were taken automatically by the Cryotome
Cryostat Equipment (Leica CM1520) and directly
put in the microscope slide for the microscopic
examination. Tissue sections could not be painted
because they were very easily disintegrated. Tissue
section samples photographs were taken by the
microscope (Leica DM1000) and camera (Leica
DFC320).

6*;752,*4:;<-2.:Anatomical studies were
done from the trunk, leaf and fruit parts of the oak
samples to learn is there any damages in the tree
tissues due to insect and find the source of dark
brown secretion. Two types of method were followed for the anatomical investigations.
At the first method tree tissue samples sections
were taken manually and then preparations were
prepared by binary painting method [12]. According to this method all the sections of the samples
(trunk, leaf and fruit) were placed in the hypochlorite solution to provide color clarity. After a
few seconds they were washed twice in distilled
water. Later they were left in the binary dye (mix of
aniline/safranine 9/1 or mix of aster blue/safranine

*: 1975*;709*81@*:: %8.,;975.;9@
% ,1.52,*4 ,7587<6-: *6*4@:2: Gas
Chromatography-Mass Spectrometry (GC-MS) was
used for chemical compound analysis of the oak
secretion. 1 mg secretion dissolved in 5 ml methanol and mixed for 1 minute by vortex. Next centrifuged at 3500 rpm for 15 minutes. Then upper
phase was filtered to vials and 1 µl solution injected
to GC-MS. A GC 6890N from Hewlett-Packard
(Palo Alto, CA, USA) coupled with mass detector
(MS 5973 Hewlett-Packard) was used for the analysis of honey samples. Experimental conditions of
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GC-MS system were as follows: DB 5MS column
(30mx0.25 mm and 0.25 µm of film thickness) was
used and flow rate of mobile phase (He) was set at
0.7 ml/min. In the gas chromatography part, temperature was kept at 150 °C with 10°C/min heating
ramp. After this period, temperature was kept at
150 °C for 2 minutes. Finally, temperature was
increased to 280 with 20°C/min heating ramp and
then kept at 280°C for 49 minutes and chemical
substances of the honey samples were identified by
using standard Nist Libraries available in the data

acquisition system of GC-MS.


$%'&% %'%%! 
6*;752, *6*4@:2: 9.:<4;: All   ""
Ten. parts samples sections investigated by the
microscope and microscopic results of trunk, leaf
and fruit tissue section samples showed Figs. 3-8.
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Glandular trichomes
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& 
1.52,*4,7587:2;2767/ &.6-*93+97>6:.,9.;276
1.52,*4,75876.6;
4,7174:
1-Propanol, 3-[(2-hydroxyethyl)thi
Phenol, 2,2'-methylenebis[6-(1,1-d
4-.1@-.:
Furfural
Furan, 2,5-dimethyl975*;2,*,2-:
Benzenepropanoic acid
975*;2,,7587<6-:
3,5-Dimethylpyrazole
*9+71@-9*;.:
Melezitose
D-Mannoheptulose
D-Glucopyranose
d-Glycero-l-gluco-heptose
*9+7?@42,,2-:*6-&1.29:;.9:
6-Chlorohexanoic acid
3,4- Altrosan
*;;@*,2-:
Tricosanoic acid
!;1.9,7587<6-:
2-(n-Propyl)oxybenzylidene acetoph

$.;.6;276&25.

9.*8.9,.6;*0.

8.763
20.210

5.093
6.025

0.36
3.59

0.23
0.07

23.714

3.59

5.905

0.07

16.713
9.048
17.987
18.530

2.12
0.39
20.26
17.86

22.651
7.151

4.02
1.72

21.491

1.00

26.326

1.20

### (  !), "#!  ! (
 !),  !$ (",  
&!# ),  !  ). As
seen in all these examples there hasn’t been encountered any insect species at the  "" Ten.
Also Jerkovic & Marijanovic (2010) [14] mentioned that   "" Ten. fruits had a sweet sap
and this was produced without the mediation of
plant sucking insects. But they didn’t point out
exact anatomical source of the secretion. In this

According to the microscopic analysis results,
were not observed plant sucking insect traces and
damages in the leaf, stem and fruit samples sections
(Figs. 3-8). Also there were not detected any honeydew insect species in the oak trees by the entomologist in both years. Beside this, Ülgentürk et al.,
(2013) [13] found insect species, which are produced honeydew, at the oak species in different
regions of Turkey. These insects and oak species
are #!  ! ( !# ),  "#
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collected by honeybees and they made oak honey.
Along with that furan derivatives can be at the oak
secretion before migrate to honey. To our
knowledge, this is one of the first studies on anatomically related to the oak honey and is the only
study that proves the source of the oak honey. This
information can be used in future studies for the
characterization and standardization of oak honey.


 !( &%

study we noticed that leaf and trunk sections had no
any trace about the secretion but fruit parts sections
had too many glandular trichomes (Fig. 8). These
glandular trichomes were the source of  ""
Ten.fruits sweet sap and so also honeydew.
%%.,9.;2766*4@:2:$.:<4;:As a result of the GC-MS chemical substance analyses of
the oak secretion revealed alcohols, aldehydes,
aromatic acids, aromatic compounds, carbohydrates, carboxylic acids and their esters, fatty acids
and other compounds (Table 1).
Glandular trichomes are a specialized structure
of epidermal cells and divided into two groups.
These are non-secretory glandular trichomes and
secretory glandular trichomes. Both of them present
in the angiosperms, gymnosperms and bryophytes
[15]. On the other hand glandular trichomes play
important roles in plant resistance and they act like
barrier against environmental stress, diseases and
insect pests [16]. For this purpose they can contain
chemical compounds such us terpenoids, ketones,
sugars, aldehydes etc. [17]. These components react
like chemical defense systems against herbivores
and pathogens [16]. So in this study we also investigated the chemical content of the oak secretion by
GC-MS and carbohydrates amount were found to
be high. GC-MS results of the   "" Ten.
dark brown secretion is given in Table 1.
Jerkovic & Marijanovic (2010) [14] and
Özkök & Sorkun [18] remarked similar chemical
components at their studies but they found these
components at the oak honey samples and their
components number is more. Because honeybees
collect the oak secretions from the oak trees and
they increase the component amount of the honey
while making the honey by adding secretion from
their own bodies.
Jerkovic & Marijanovic (2010) [14] and
Özkök & Sorkun [18] were found generally furan
derivatives (2-Furanmethanol, 2(5H)-Furanone,
1(3H)-Isobenzofuranone, Furfural, Furan, 2,5dimethyl-) at the all oak honey samples but their
amounts were low. We found furfural and furan,
2,5-dimethyl in the oak secretion. At this situation
these components are able to migrate from plant sap
to honey. Also Radovic et al. (2001) [19] and Cuevos-Glory et al., (2007) [20] found furfural acacia,
lime and lavender honeys.


! '%! 
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Genetic disorders can actively be treated
through wise use of medicinal plants. Plants are natural source that are very cheap to treat life threatening ailments with no side effects.    
from genus  is one of the best examples that
can serve as a best alternative to the expensive synthetic drugs. We have planned to investigate the
pharmacological properties of ethanolic extract of
     pods (CNPE) against diabetic
nephropathy. CNPE at 300 µg/ml has significantly
(P= 0.05) improved the albumin urea, weight loss
and blood glucose in diabetic mice. Moreover,
CNPE has stabilized human red blood cells membrane at 2 mg/ml and scavenged the free radicals at
25 µg/ml. The results implied the pharmacological
importance of CNPE and its effectiveness against
antioxidant, anti-inflammatory and anti-diabetic
nephropathy. Therefore, CNPE is recommended for
further investigation and advanced studies.

type 2, has been described as a medical catastrophe
at international levels [4]. DN is majorly characterized by the presence of high levels of albumin in
urine, lesions in glomerular membrane and dysfunctional filtration rate by glomerular membrane [5].
Moreover, oxidative stress can also be linked to
the diabetes mellitus. In fact, it has been proven comprehensively that the production of reactive oxygen
species (ROS) increases with the commencement of
any type of diabetes [6, 7]. A number of sources are
responsible for ROS production in diabetes, such as
alterations in redox balances, auto-deterioration of
glucose and lower amounts of antioxidants in tissues
[8, 9]. ROS generation in the subject having higher
levels of glucose in his/her blood can be linked with
various metabolic disorders allied with diabetes [10].
Substantial evidence has been corroborated to establish a link between oxidative stress and pathogenesis
of DN [11]. To tackle this prevailing problem, a
number of drugs have been designed, but the drugs
are quite expensive and have side effects. Therefore,
the interest has been shifted towards the natural
products, particularly the plant-based medicines to
control metabolic diseases, including diabetes mellitus. Treatment of life threatening diseases, such as
diabetic mellitus with plants antioxidants can lead to
a cure without any side effects [12-14]. In the present
study, ethanolic extract from the pods of   
 (sub family      of family Leguminosae) were investigated for the   anti-inflammatory    antioxidant potential. Also,
  diabetic nephropathy tests were carried out in
a robust mouse model.


%#$ %!$

"5+7= 6+=/;3+5      pods were
collected from different parts of District Peshawar
and Nowshera, KPK, Pakistan in the months of February and March. They were identified by a famous
plant taxonomist, Dr. S. I. Ali, University of Karachi.

)(!#$
   ,antioxidant, anti-inflammatory, diabetes, nephropathy
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Now a day, diabetes is the foremost cause of
death and disability around the globe. It is a disease
that is characterized by the presence of high sugar in
the blood (hyperglycemia) of a subject. Hyperglycemia mainly caused by malfunctioning or production
of insulin [1, 2]. After the prevalence of diabetes, the
patient incurred continuous damage, malfunction
and/or collapse of vital organs, including eyes, kidneys, nervous system, heart, arteries and veins [3]. In
recent years, diabetic nephropathy (DN) got influential interests in the field of nephrology. Diabetes also
leads to end-stage renal disease (ESRD), particularly
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;8>9'STZ induced diabetic mice, served
with aqueous CNPE at the dose of 300 mg/kg BW
on alternate day for 15 days.
After 15 days of treatment, the experiments
were stopped and the data was collected. BW was
determined with the help of weighing balance at the
start and end of the experiment and loss in weight
was recorded. Similarly, glucometer (ONCALL EZ
II) was used to record blood glucose level at the start
and end of the experiment. The blood was taken from
tip of the tail, whereas collection of urine was made
by pressing the tail and back of the mice. Albumin in
urine was checked using kit (Urine/CSF Protein
200ml) on 1st and 15th day of experiment. Institutional animal ethic guidelines were strictly followed
during experimental procedures.

# 6/6,;+7/ <=+,353C+=387 +<<+BThis
study is based on stabilization and lysis of human red
blood cells membrane in hypotonic saline environment. HRBC membrane stabilizing method was used
to study anti-inflammatory activity, of CNPE.
Healthy volunteers at the Department of Zoology,
Abdul Wali Khan University Mardan have been selected and 3-4 ml of the blood was collected in heparinized tubes. The contents were mixed thoroughly
and centrifuged (Cntrfg. sigma company mdl 2-16
pk, Germany) for at least five times at 3000 rpm for
12 minutes each. Suspension of packed cells (10%
v/v) in hypo saline was prepared after repeated washing with isosaline solution. The final mixture was
consisted of 0.5 ml of plant extract at various concentrations (i.e., 0.5 mg, 1 mg, 2 mg, 2.5 mg, 3 mg),
1 ml PBS, 2 ml hypo saline (0.25%), and 0.5 ml human red blood cells suspension (10% v/v). The mixture was incubated for 30 minutes at 37 ºC and was
then centrifuged at 3000 rpm for 15 minutes. The
collected supernatant was analyzed by using spectrophotometer at 560 nm. The percent stabilization of
red blood cells membranes was determined as:

    '( 
"!#! $ "!" 
&
"!#!
% 

"" ;+.3-+5 <-+?/71371 +<<+B. The in
vitro, DPPH-free radical scavenging assay of CNPE
was done according to the Brand William’s method
[15] with some modification. In methanol, 1 ml of 1
mM, DPPH (purchased from sigma Aldrich) and
3ml of CNPE (5µg, 10µg, 15µg, 20µg, 25µg and
30µg) were added and mixed well. The mixture was
allowed to set for 30 minutes in dark and then vortexed. The absorbance was determined at 517 nm,

"5+7= /A=;+-=387 The shade dried, dusts free
CNP (800 mg) were grind in to coarse powder. The
bioactive compounds were then extracted with ethanol in Soxhlet apparatus. The solvent was firstly
evaporated in a rotary evaporator under reduced
pressure at 48 ºC, to obtain a concentrated extract.
The greenish black gummy extract was collected and
kept in -20 ºC freezer till further analysis.

A9/;36/7=Standard protocol of multiple low dose injections of STZ was used to induce
diabetes in Albino mice (BALB/c). Latterly, STZinduced diabetic mice were fed with various concentrations of CNPE to check their anti-diabetic activity.

736+5< Albino mice having weight between
30-40 g was selected for the experiments. Initially,
the mice were kept for seven days to acclimatize the
conditions and fed with standard diet and water.
Fasted animals were kept deprived of only food for
16 h, where water was provided without any restrictions.
7.>-=38780.3+,/=/<.3+,/=3-7/92;89+=2B
STZ (Cat. No.41910012-3 Bio plus research chem)
was mixed with 0.1 M citrate buffer (pH = 4.5) and
provided to the subject mice at a dose of 55 mg/kg
body weight (BW). After 15 minutes of mixing, STZ
was injected in the peritoneum of mice with the help
of 1 mL syringe having 29 gauge needle. The –ive
control group (normal mice) was injected with 1.5
ml of citrate buffer without STZ. The process was
repeated for five consecutive days. After the required
dosage completed, the mice were checked for the hypoglycemia. Mice having low random blood glucose
levels (15 mmol/l or 280 mg/dl) after the final STZ
injections were removed. 

736+5 ;8>9371 Mice (6 each) were
grouped as follows:

;8>9 Served with distilled water only and
were treated as –ive control (normal mice).
;8>9 STZ induced diabetic mice, served
with distilled water only and were treated as +ive
control (diabetic mice).
;8>9 STZ induced diabetic mice, served
with aqueous CNPE at the dose of 100 mg/kg BW
on alternate day for 15 days.
;8>9'STZ induced diabetic mice, served
with aqueous CNPE at the dose of 200 mg/kg BW
on alternate day for 15 days.
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00/-=80 "87>;37/+5,>637/A-;/=387;+=/80.3+,/=3-63-/
+ive Ctrl= consisted of 6 mice, which served as –ive control (normal mice) and were given distilled water only on daily basis;
-ive Ctrl= consisted of 6 STZ induced diabetic mice, which served as +ive control (diabetic mice) and were given distilled
water only on daily basis; 100= consisted of 6 STZ induced diabetic mice that were treated orally with aqueous ethanolic extract
of     pods (CNPE) at the dose of 100 mg/kg body weight on alternate day for 15 days; 200= consisted of 6
STZ induced diabetic mice that were treated orally with aqueous CNPE at the dose of 200 mg/kg body weight on alternate day
for 15 days; 300= consisted of 6 STZ induced diabetic mice that were treated orally with aqueous CNPE at the dose of 300
mg/kg body weight on alternate day for 15 days. The error bars represent ±S.E of replicated data. The bars having different
letter are significantly different at P = 0.05.

administration of the CNPE. Moreover, the decrease
in the UAER was a dose dependent with maximum
decrease (29.3±2.48) observed in the STZ induced
diabetic mice fed with 300 mg of CNPE per kg BW,
followed by 200 mg per kg BW. The STZ induced
diabetic mice fed with 100 mg CNPE per kg BW had
also recovered, but the impact was not that great
(Figure-1).

using spectrophotometer (UV 5100B spectrophotometer) by using the following formula:
   '(
  $   
&
"!#!
% 

$=+=3<=3-+5+7+5B<3<The data was analysed by
using the Analysis of variance (ANOVA) and the
means were further separated by Tuckey’s HSD test
(P= 0.05), using SPSS 20 software. The graphs were
prepared in Graphpad prism 6. 


#$&%$

00/-=80 "87&;37/5,>637A-;/=387
#+=/ &#8063-/The effect of CNPE on blood
glucose levels was checked to determine its hypoglycemic activity. Five different groups were created
and each group consisted of 20 mice. Diabetes was
induced by injecting intraperitoneally, 55 mg of STZ
per kg BW of mice. This process was repeated for
five consecutive days to induce sufficient diabetes to
cause diabetic nephropathy. From each group 6 mice
were randomly selected for further analysis. UAER
is observed to be increased in STZ induced diabetic
rats due to the renal injury (Figure-1). UAER was
significantly (P= 0.05) increased (78.3±2.27 µg/ml)
in the STZ induced diabetic mice or +ive control as
compared to the normal mice or –ive control
(9.5±0.96 µg/ml). However, a significant (P= 0.05)
decrease in the UAER was observed after oral

00/-= 80  " 87 ,8.B @/312=< 80 63-/
Body weight of the STZ administered +ive control
group has been significantly reduced in comparison
to the –ive control group (Figure-2). The weight of
the mice in –ive control group and the STZ induced
diabetic group fed with 300 mg of CNPE per kg BW
was significantly (P= 0.05) increased instead. The
gain in weight in STZ induced diabetic group fed
with 300 mg of CNPE per kg BW reflects on the efficacy of the CNPE. Furthermore, weight losses in
the STZ induced diabetic mice fed with 100 and 200
mg of CNPE per kg BW was not as high as STZ induced diabetic mice in +ive control group (Figure2).
00/-= 80  " 87 ,588. 15>-8</ 5/?/5< 80
63-/ Blood glucose level of mice from various
groups have been studied (Figure-3). The results indicated that the blood glucose levels in diabetic mice
were controlled to maximum extent at a dose of 300
mg/kg of CNPE. The blood glucose level of STZ induced mice fed with 300 mg of CNPE per kg BW
was comparable to that of mice from –ive control
group. On the other hand, the blood glucose level in
STZ induced controlled mice were significantly (P=

2658

%$

" &   









 " #!"!


0.05) higher than the –ive control and STZ induced
mice fed with CNPE (Figure-3). Additionally, the effect of CNPE on blood glucose level at the rate of

100 mg per kg BW was non-significant to 200 mg
per kg BW.

&# 
00/-=80 "87,8.B@/312=<80.3+,/=3-63-/



+ive Ctrl= consisted of 6 mice, which served as –ive control (normal mice) and were given distilled water only on daily basis;
-ive Ctrl= consisted of 6 STZ induced diabetic mice, which served as +ive control (diabetic mice) and were given distilled
water only on daily basis; 100= consisted of 6 STZ induced diabetic mice that were treated orally with aqueous ethanolic extract
of     pods (CNPE) at the dose of 100 mg/kg body weight on alternate day for 15 days; 200= consisted of 6
STZ induced diabetic mice that were treated orally with aqueous CNPE at the dose of 200 mg/kg body weight on alternate day
for 15 days; 300= consisted of 6 STZ induced diabetic mice that were treated orally with aqueous CNPE at the dose of 300
mg/kg body weight on alternate day for 15 days. The error bars represent ±S.E of replicated data. The bars having different
letter are significantly different at P = 0.05.
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+ive Ctrl= consisted of 6 mice, which served as –ive control (normal mice) and were given distilled water only on daily basis;
-ive Ctrl= consisted of 6 STZ induced diabetic mice, which served as +ive control (diabetic mice) and were given distilled
water only on daily basis; 100= consisted of 6 STZ induced diabetic mice that were treated orally with aqueous ethanolic extract
of     pods (CNPE) at the dose of 100 mg/kg body weight on alternate day for 15 days; 200= consisted of 6
STZ induced diabetic mice that were treated orally with aqueous CNPE at the dose of 200 mg/kg body weight on alternate day
for 15 days; 300= consisted of 6 STZ induced diabetic mice that were treated orally with aqueous CNPE at the dose of 300
mg/kg body weight on alternate day for 15 days. The error bars represent ±S.E of replicated data. The bars having different
letter are significantly different at P = 0.05.
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00/-=80 "876/6,;+7/<=+,353C+=387
The anti-inflammatory activity of CNPE was determined by studying membrane stabilization of red
blood cells. Hypo saline suspension of blood cells
treated with varying concentration (0-2.5 mg/ml) of
CNPE revealed membrane stabilization with increasing concentrations (Figure-4). The percent stabilization of CNPE was significantly high at 2.0 and
2.5 mg/ml, i.e. 53.7±2.1 and 56.4±1.1%, respectively. The standard drug (indomethacin) showed
maximum stabilization of 65.2±2.2% at 2.5 mg/ml.
Though, CNPE at lower concentrations (0.5, 1.0 and
1.5 mg/ml) has lower impact on membrane stabilization as compared to the 2.0 and 2.5 mg/ml, but significantly high as compared to the control (Figure4).


00/-= 80  " 87 +7=38A3.+7= <-+?/71371
The antioxidant activity of CNPE was calculated by
determining the extent of free radicals scavenged by
the test extracts. The result showed an increase in antioxidant activity with an increase in concentration
(Figure-5). The percent DPPH activity of CNPE was
significantly high at all tested concentrations (5, 10,
15, 20, 25 µg/ml) as compared to the control (0
µg/ml). The DPPH activity was increased steadily
till 15 µg/ml of CNPE that increased abruptly afterwards. The highest DPPH activity was observed at
25 µg/ml (78.4±1.9%), followed by 20 µg/ml
(55.8±2.3%). Ascorbic acid used as standard drug
showed maximum activity (96.7±1.1%) at 20 µg/ml
(Figure-5).

&# 
7=38A3.+7=+-=3?3=B80 "



CNPE= ethanolic extract     pods. HBRC Mem. Stab.= Human red blood cells membrane stabilization. Indomethacin was used as standard drug. The error bars represent ±S.E of replicated data. The bars having different letter are
significantly different at P = 0.05.

&#
+7=33705+66+=8;B+-=3?3=B80 "



CNPE= ethanolic extract     pods. AA= Ascorbic acid, used as a standard drug. DPPH= 2,2-diphenyl-1-picrylhydrazyl. The error bars represent ±S.E of replicated data. The bars having different letter are significantly different at P =
0.05.
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Diabetes is a genetic disorder and its occurrence is increasing quickly in most of the countries
around the world. The treatment of DM in current
scenario is mainly based on parenteral insulin and
oral anti-diabetic drugs. Due to serious side effects
of oral hypoglycemic agents, there is a need to search
newer anti-diabetic agents having minimum side effects and high therapeutic efficacy [16]. This might
be fulfilled by curing DM with traditional biomedicine as anti-diabetic agents. Plants offer latent uses,
particularly as traditional remedy and pharmacopoeial medicine [17, 18]. A large percentage of the
world’s populations rely on traditional medicine because of the insufficiency [19]. In Pakistan mostly
medicinal plants are use in local, rural population.
Our lands are rich in this natural resource, especially
our Northern areas, whose lush green mountains
serves as a house for unidentified wild plants. It is
very essential to have enough knowledge concerning
herbs not only because of their extensive uses, but
also because they have the ability to initiate reactions
or interact with other drugs [20].
Regarding this, different species of genus 
  have shown the presence of many anti diabetic
agents. The species are rich in flavonoids, anthrones,
anthroquinone, xanthones, sesquiterpenes, steroids,
phenyl esters, lactones, and glycosides, making them
effective antioxidant and anti-inflammatory drugs
[21]. The above arguments, therefore, favored the selection of    that is widely distributed in
Northern part of Pakistan to be evaluated for some
medicinal properties. Its antioxidant, anti-inflammatory and hypoglycemic capacity have been targeted
that supports the therapeutic effect of   
in diabetes and diabetic nephropathy.
Tissues can be damaged by inflammation and
ultimately leading to various types of diseases. Certainly, acute or chronic inflammation can be followed by a number of events, including membrane
destabilization [22]. However, inflammation resulting in destabilization of membrane can be regulated
by taking drugs. The drugs can either be synthetic
with side effects or natural without side effects. Recently, it has been discovered that natural sources
can actively relief pains provoked by inflammation
[23-26]. In the present study, we have also examined
the   anti-inflammatory activity of CNPE in
human red blood cell membrane stabilization assay.
The assay was done because of the resemblance between erythrocyte and lysosomal membrane [23].
This assay is supposed to provide foundation for the
stabilization of lysosomal membrane that have a role
in regulation of the inflammatory reactions [24, 27].
The HRBCs, when exposed to hypotonic solution
can increase membrane permeability. With an increase in membrane permeability it releases hemoglobin from cells, which can be blocked by anti-inflammatory compounds. The function of anti-

inflammatory compounds is to bind the lysosomal
enzymes (cyclooxygenases) and inhibit the HRBC
membrane lysis [28]. The results of the present study
Figure-4) also suggested that CNPE (2-2.5 mg/ml)
can stabilize the human erythrocyte membrane in hypotonic solution. Hence, the study validated the stabilizing ability of the CNPE extract in dose depended
manner. Moreover, the CNPE was evaluated for antioxidant activity through DPPH free radical scavenging assay. The method is one of the recognized,
precise and commonly used approaches for assessing the antioxidant potential of test samples.
Free radicals in higher concentration can cause oxidative stress, damages proteins, lipids, DNA and
RNA that leads to various diseases [29]. Recently,
there is a growing interest in finding natural antioxidants to replace synthetic ones [30, 31]. In the pursuance of natural bioactives, we have observed a
strong free radical scavenging ability of CNPE at 2025 µg/ml (Figure-5).    reduces radical to
hydrazine, when react with hydrogen donors. The
potential hydroxyl radical scavenging ability of 
    fraction might be due to hydroxyl substitution. The antioxidant activity of CNPE might be
due to flavonoids, phenols, anthroquinones and lignin.
Furthermore, utilization of carbohydrates is
greatly influenced by DM, which leads to imbalance
in metabolism of lipids [32]. Therefore, the most important task in managing diabetes is to decrease the
abnormally elevated blood glucose concentration. In
this regard a test has been carried on STZ induced
diabetic mice to mimic human type II diabetes. STZ
particularly causes destruction of insulin-producing
pancreatic β-cells that leads to abnormal blood glucose. The CNPE has significantly (P= 0.05) decreased the blood glucose levels in the STZ induced
diabetic mice fed with 300 mg of CNPE per kg body
weight. The hypoglycemic activity of the extract
might be resulted due to the antidiabetic active principles in pods. The CNPE might stimulate the release
of insulin to restore normal blood glucose levels in
diabetic animals. Another possibility in the reduction
of blood glucose levels in diabetic mice might be the
increased utilization of peripheral glucose.
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The study was carried out to estimate some watershed characteristics (e.g., circularity ratio, elongation ratio, form factor and compaction ratio, drainage
density, stream frequency, drainage intensity) of Basin of Murat Mountain in Turkey to contribute identification and management of the watershed. For this
purposes, inventorial data such as topographical and
forest maps collected from local and national foundations of the area together with field stage of the
study was used by Geographical Information Systems (GIS) based on conversion in Arc Info software
to estimate current and potential status of the watershed.
Result of the analysis showed that area of the
Murat mountain basin was 25874 ha at 1424 m elevation by 38% of slope. The study area was generally
north and south aspect. The basin had 46 streams
with a total length of 230.10 km (total of dry and watery streams). Drainage density was 0.88. Stream frequency was 0.5 in the basin showed that the drainage
condition of the area was close to optimum.
Natural resource potential within the area estimated by digital maps showed the conditions specific to watershed-specific characteristics and existing conditions were recorded and necessary
measures were taken to prevent future changes.
Therefore, it was important that the watershed
should be dealt with watershed management principles.



natural resources are fully responded to the wishes
of the people and to be operated in a way that makes
their welfare steady [1]. Integrated watershed management aims at providing human needs in correspondence with the sustainability of source usage,
planning all the other water-based natural sources on
the basis of watershed [2]. The management requires
the socio-economic structure of the people living in
the basin together with natural resources, the hydrological characteristics of the basin, climate, soil and
plant existence [3]. It makes necessary interdisciplinary work compulsory such as map engineering and
computer science. It is of great importance to transfer the results obtained by studies towards nature to
maps recently. Geographic Information Systems
(GIS), which serves to decide people in various
fields from numerical preparation of simple maps to
making complex decisions, has been greatly increased in forestry with the ability to link data to spatial data [4]. It is also cheap and easy application for
different purposes. Prior to this time, morphometric
parameters were measured using mathematical concepts but Geographic Information System (GIS)
modules provide flexible environment and powerful
tools for integrating, manipulating and analyzing
spatial information [5]. Currently, GIS have gained
recognition as preferred data analytical platform for
morphometric analyses respectively. For instance,
GIS had been extensively utilized in various morphometric analyses [2, 6, 7, 8].
In this study, which was conducted with the
purpose of determining the basin characteristics
(such as basin shape, slope characteristics, basin
area, average elevation) of Murat mountain basin,
the present and potential status of the area was evaluated and the watershed characteristics of the research area were tried to be determined by GIS and
Arc Info software. In the context of the results obtained, it was aimed to contribute to the development
and management of the basin area.

'& "#
Aspect, basin, forest, management, natural resources,
slope.
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Watershed is one of the most important units in
planning and estimation of natural resources. The basin is including many ecological materials such as
water resources, agricultural and forest land as a part
of ecosystem. So, its management is getting importance based on increasing in human population
and sustainability. The management has target to
solve the problems in a basin and to ensure that

$"#$ #
(:,80(2 The basin, located on the slopes of
the Murat mountain in the Aegean Region of Turkey,
overlooking the town of Gediz in the Kütahya province (Figure 1). The name of the basin was called
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resources in the research area have been determined
by the primary and field stages of the study.

from Murat mountain of the region. The borders of
the basin started from the Kesiksogut area where the
Gediz stream started and then continued in the direction of six villages and a town (Figure 1).

,:/5+The research was carried out including the primary and field stages. In addition, the collected inventorial documents of the relevant institutions and organizations (maps, etc.) were used. In addition to this, in order to shape the study, a literature
review was performed on this subject and the office
phase was completed. Before starting the field work,
maps were obtained for the determination of the basin where the study could be carried out. The topographic, stand, geology and soil maps of the research
area were obtained and all maps were digitized with
ArcInfo 9.2 software before the land phase. Elevation, slope and aspect maps were obtained from the
topographic map of the scale of 1/25000 and then the
maps of the research area were obtained from public
institutions (forest management directorate, agriculture district directorate, local administrations etc.).
Natural resources potential has been tried to be determined from these maps. Thus, the conditions specific to basin-specific characteristics and current
conditions were recorded and necessary measures to
be taken against future changes could be identified.
The current and potential conditions of the natural

"#%$##%## 

+,4:0-0*(:054 5- :/, =(:,89/,+ The microwatershed called from Murat mountain at the area
was located between 38̊ 57’50̎ and 39̊ 01’19̎ N latitude, and between 29̊ 38’53̎ and 29̊ 44’29̎ E longitude at Gediz district of Kutahya province in Aegean
Region of Turkey (Figure 1). The watershed included a town and 6 villages together with hills at
different part of studied area as Calova (1739 m) and
Turkmen (1688 m) hills at eastern, Kesiksogut hill
(1734 m) at northern, Murat mountain (2340 m) and
Kazikbatmaz hill (1857 m) at southern part of the basin changed between 1100 and 2300 meters.
The site was in the transition zone from the
Central Anatolian climate to the Aegean basin. In
this respect, the effect of two different climates was
observed according to long periodical climatic data
of the region [9]. Summer period was hot and dry
winters are relatively rainy and hard. The average
temperature was higher 10 ºC between April and October. The average annual rainfall was 548.1 mm.
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The study area consisted of metamorphic and
volcanic structures (Figure 2). Soil depth was very
variable in the whole area. Depending on the main
structure, the soil was low in the sandy loam slime
representing the lightweight structure by low water
holding capacity. The soil reaction was slightly
acidic with 6.0-6.5 pH levels, and also no salinity
problem in the field.
There was 14885 hectares of productive forest
of the watershed, 4693.5 hectares of damaged areas
and a total of 19578.5 hectares of forest area and
6295 hectares of un-forest areas together with 223
hectares of pasture of which 51.5 hectares was a registered pasture area in the basin. Beside it had also
208 hectares of irrigated and 205 hectares of dry agricultural area (Figures 3 and 4). According to land
capability class the land were ordered as 322.46 ha,
1386.16, 3859.69, 9237.40 and 11067.79 ha from
first class (I) to sixth (VI) class.
The classification results were compared with
the actual data (land use map or ground survey data),
and the accuracy of land use classification expressed
by the percentage of the total classification area [10].
The result played important roles for different purposes, for instance it was reported that an accurate
planning and land management model was required

for considering the characteristics of existing land
areas, help to conserve soils in a study [11].
&(:,89/,+/(8(*:,809:0*9=(:,89/,+(8,(
Total area of the basin was 25873.5 ha. Therefore, it
was classified as very large basin classification (>
10000 ha). The basin area was important in terms of
management, hydrological relations, land classification and socio-economic characteristics and also for
other practices. Developing the main basin by working in small basins instead of very large basins in basin planning gave higher positive results. In hydrological measurements, the basin area was the first in
the relationship between the amount of precipitation
and precipitation-flow [12].

#/(6,-(*:58While the basin shape grown as
the basin area grown, it usually resembled a pear
shape in small basins. The basin shape directly affected the time to leave the basin, the drainage system and its hydrological characteristic and other
characteristics. When the field grown, the shape factor become smaller and increasing length [13]. Shape
factor (S) was found to be 2.92 estimated as #=
(the length of watershed, km)/ (watershed area,
km2) [1]. The estimated value (2.92) emphasized that
longitudinal shape.
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8,((4+9256,#*2(99,95-:/,)(904
#256,2(99
Flat areas (S≤ 2%)
Less slope (2 >S ≤5%)
Medium slope (5 >S ≤10%)
Very inclined (10 >S ≤20%)
Upright ((20 >S ≤30%)
Steep (30 >S ≤45%)
Very steep (S >45%)
$5:(2

8,(/(
322.46
1386.16
3859.69
9237.40
6477.41
3736.55
853.83
25873.50

!,8*,4:
1
5
15
36
25
15
3
100

;3;2(:0<,!,8*,4:
6
21
57
82
97
100
-

<,8(., 9256, The slope in the topographic
features was of great importance both for hydrological and water erosion. The average slope of the basin
was an important factor in the formation of surface
flow [14]. Land slope was the degree of roughness
of the land. The average slope of the Murat mountain
basin was 38%. The high degree of slope of the area
increased the formation of erosion and sedimentation. It also emphasized that more than half of the
area (57%) seemed unsuitable for agricultural purposes in the basin (Figure 5 and Table 1). In addition,
vegetation could have been damaged due to the
wrong field practices in the field and in this direction
the soils have become sensitive to erosion. Higher
slope (S) could be higher drainage density and the
stream frequency of the basin [16].

583 -(*:58The form factor (F) was evaluated by = ) (transverse length of watershed, the
width of watershed, km) / (the length of watershed,
km) [1]. The form factor of the basin was lower than
1 (0.42) indicated that the length of the basin was
larger than the basin width. According to our results,
the research area basin had a small form factor and
was narrow and long.

08*;2(:58>8(:05 The ratio estimated by "*
(circularity ratio)= 4π (watershed area, km2) /62
(circumference of watershed, km) [1] was 0.36. It
showed small watersheds which exhibit homogeneity in terms of geological structure, this ratio varied
in a range of 0.6-0.7, circulatory ratio may between
0.4 and 0.5 in watersheds with a heterogeneous geological structure [14, 15]. As in the research area, the
circularity of the waters, with a circularity of less
than 0.5, was short, and the slope of the creek was
high and the water collected in the creeks could be
transformed into peak streams. The area was more
similar the basin to the circle, the closer the width
and the length values of the basin.

254.(:054 8(:05 This value, calculated as
0.66, showed our area was a mountainous basin for
the studied watershed. The ratio, which was calculated as a ratio of diameter of a circle, had an identical area as the watershed to the length of the watershed. It was a parameter that showed the shape of the
field. Elongation rate was equal to or smaller than
one, and they took small values in mountain basins
[1].

96,*:9 5- :/, =(:,89/,+ The basin mainly
has northeast aspect (41%) meant shadowy view,
while there was four main aspects (Figure 6) which
of 11% was flat. In the watershed management studies and ecological aspects, the main direction of the
land was sufficient from the ecological point of view
for watershed practices.
<,8(., ,2,<(:054 The height of the highest
point on the basin boundary gave the maximum
height of the basin and the height at the basin exit
point, the minimum height. The average elevation of
the basin, watershed management was very important in many ways in management of watershed
such as in climate and specially precipitation and
temperature relations [17]. The average elevation of
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the basin was 1424 m (Figure 7) and it surrounded
by high hills. The average elevation of the basin was
worth more than an average altitude of 890 m from
Turkey. It varied between 710 and 2340 m in the basin.

length to watershed area, was 0.88 (Figure 8). High
drainage density indicated a well-developed drainage system and less surface runoff [18]. Low drainage density develops in areas where main rock was
present such as granite, quartzite, silica and sandstone which were resistant to hard and erosion [1].
Stream frequency (Ds=Ns (number of
streams)/A (watershed area (km2)) was the ratio of
the number of streams in the watershed. It was 0.5 in
the basin (Figure 9) showed that the drainage condition of the area was close to optimum.

8(04(.,*54+0:054The basin had 46 streams
with a total length of 230.10 km (total of dry and watery streams). Drainage density, which was an important criterion for determining the drainage status
of the basin, calculated by ratio between total stream
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The integrated watershed management approach proposes to deal with all the characteristics of
climate, soil, plants, land and human. The watershed
characteristics of the Murat mountain watershed
were determined by Geographical Information Systems (GIS). The systems had easy, short, more accurate and cheap in the evaluation of the watershed
characteristics. As a result of examining the numerical maps obtained by digitizing, the area of Murat
mountain watershed is 25873.5 ha. Murat mountain
watershed is classified as large basins. Therefore, it
could be said that it was important to management
and use the basin in terms of water efficiency and
other watershed practices. The form factor of the research area is 0.422, that the small the basin area and
the form factor, the lower the danger of natural disasters such as floods. However, the basin of the research area is large; the small form factor showed
that the risk of flood and flood hazard can be high.
According to the concept of integrated watershed management, the watershed should be considered as a whole. It is foreseen to start working in the
upstream section of the catchment area of the watershed. However, the most problematic region should
be taken into consideration primarily in basin improvement practices. The areas should be divided
into sub-watershed and concentrated in micro-catchments for higher success in small areas; the entire
watershed should be rehabilitated.
Natural resource planning and the eco-tourism
potential should be considered on basin watershed.
Soil properties should be examined in terms of water
production, erosion, flood and the planning in the
watershed should be done depending on these characteristics. In order to protect the area, a watershed
planning should be carried out with local people and
all public foundations.
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MULLUS BARBATUS (LINNAEUS, 1758) IN THE SOUTHEAST
BLACK SEA
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the most important demersal fish of the Black Sea,
has a very high value in Turkish fisheries and is one
of the most important fish species traditionally
fished and consumed in Black Sea countries [4].
Red mullet is also an important component of the
Mediterranean demersal resources exploited by
bottom trawl and small-scale fisheries [5, 6]. For
Turkey, the total catch of these highly valuable
goatfishes summed to 4579 tons in 2016 based on
statistics from the Turkish Statistical Institute [7].
Feeding activities provide fish with the necessary
nutrition and energy to support their maintenance,
growth, reproduction and, subsequently, population
development [8, 9, 10]. The study of feeding activities and the factors influencing them is thus critically important in our understanding of the dynamics
of fish populations. Knowledge of the feeding habits of a fish may play a key role in research on the
following ecological issues: prey selection, predator-prey size relationships, distribution of feeding
types with latitude, ontogenetic diet shifts, and
species invasions [11]. The diet of the red mullet
has been well investigated in the Mediterranean Sea
[12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27]. However, there is no information about
this species in the Black Sea, and this study was
planned to fill this gap. This work aims to provide a
detailed (monthly and daily) description of the
feeding habits of the species Mullus barbatus off
the Black Sea and to compare them with other areas
(e.g. Mediterranean Sea and Atlantic Ocean), which
could help provide a basis for understanding trophic
levels and interactions in the aquatic food web of
the study area. The results of this study can be used
in multispecies and ecosystem-based models.

INTRODUCTION

MATERIALS AND METHODS

Red mullet (Mullus barbatus Linnaeus, 1758)
is a common benthic fish species living on sandy
and muddy bottoms of the continental shelf at
depths as low as 200 m [1]. It is distributed all
across the Mediterranean basin, including the Black
Sea and the Eastern Atlantic along the European
and African coasts [2, 3, 1]. Red mullet is one of

Fish sampling (annual). A total of 760 red
mullet samples were collected monthly using an
experimental bottom trawl (12 mm mesh size) between April 2017 and March 2018 off the Rize
coast, in the south-eastern Black Sea. Fishing took
place within an area defined by the following coorGLQDWHV
R¶¶¶1R¶¶¶(
R¶

ABSTRACT
The diet of the red mullet Mullus barbatus was
studied in the southeast Black Sea region of Turkey
during the autumn, winter, summer and spring. In
one year, the stomach contents of 760 individuals of
M. barbatus, a confirmed omnivorous fish species,
were examined (April 2017±March 2018), in addition to those of 180 additional individuals examined
within a 24-h period (28 April 2018). Among the 14
prey groups identified in the stomachs of red mullet, the predominant one was Bivalvia, followed by
Nematoda, Polychaeta, Brachyura and Cumacea.
Data analysis revealed significant differences in
prey species composition between seasons
(ANOSIM, R = 0.089, p < 0.001). Moreover, the
prey groups that constituted the majority of the diet
changed significantly with a season. SIMPER analysis revealed that the prey item contributing the
most to the differences between seasons was Bivalvia. Microplastic was also found in the samples.
Analysis of the daily rhythm diet variation in stomach contents allowed the identification of 8 prey
groups, namely Bivalvia, Amphipoda and Cumacea. In 24-hour examinations, feeding began in the
first hours of the day, then showed an increase in
the following hours and decreased after the evening. The results of this study could be used to describe the diversity of prey species and intraspecific
food competition in the Black Sea.
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R¶¶¶1R¶¶¶( )LJ   7KH DYHUDJH
haul duration was 30 min, and towing speed varied
from 2.5 to 3.5 knots between 0-30, 30-60 and 60+
m depth contours. Sampled specimens were fixed in
70% alcohol and transferred to the laboratory. The
total length of each individual was measured to 0.1
cm, and wet weight was determined to the nearest
0.01 g after the animal was blotted dry on absorbent
paper.

Fresenius Environmental Bulletin

IRI = (N% + W%). (F%)

where, F% = number of stomachs containing
prey n / total number of full stomachs x 100 Ns ,
N% = number of prey n^y/ total number of prey x
100 N_p, W%= weight of prey w^y / total weight
of all prey x 100 W_p.
In the annual samples, stomach fullness was
determined visually according to (30) using a scale
ranging from 0 to 100% and noted as empty (0%),
moderately full (25%), half full (50%), quite full
(75%) and very full (100%). One-way analysis of
similarity (ANOSIM) (31) was used to determine
the differences between seasons in the structure of
the stomach contents. The most abundant prey
species primarily responsible for an observed difference between seasons were examined using
similarity percentages (SIMPER) [31] Multivariate
analyses were performed with the software package
PRIMER 5.
In order to determine the diel feeding intensity
and chronology, fullness index (%FI) values (the
percentage ratio of the weight of an individual fish
stomach contents to its total body weight) and the
percentage of empty stomachs (%ES) were calculated for each sampling time [28, 29].

Fish sampling (daily). A total of 180 red mullet samples were collected in April at 4-hour intervals during the 24-h sampling period using the
same experimental bottom trawl (12 mm mesh size)
between 13:00 (28 April 2018) and 09:00 (29 April
2018) off the Rize coast, in the south-eastern Black
Sea. The area was defined by the following coordiQDWHV R¶¶¶1 R¶¶¶( R¶
¶¶1R¶¶¶( R¶¶¶1 R¶¶¶(
R¶¶¶1 R¶¶¶( )LJ   7KH GHSWK
range of the sampling area was from 30 to 40 m. A
total of 6 trawl operations were carried out during
the 24-h sampling period. The bottom texture in the
area was muddy sand. From each haul, 30 specimens were randomly sampled. The total body
weight (g) of each fish was measured before dissection for stomach removal. Stomachs were preserved
individually in small jars with 10% buffered formaldehyde solution.

FIGURE 1
Map of the study area
Diet analysis. Stomachs were dissected, and
all prey items were identified to the lowest possible
taxonomic level after counting and weighing. Sorted prey items were weighed wet to the nearest
0.001 g. The prey group occurrence frequency
(F%), prey group numerical frequency (N%), percent prey group weight (W%), relative importance
index (IRI) and percent relative importance index
(IRI%) (28, 29). were determined as follows:

FIGURE 2
Seasonal stomach fullness ratio (empty, 0%;
moderately full, 25%; half full, 50%; quite full
75% and very full 100%) of red mullet (M. barbatus) sampled from April 2017 to March 2018
from the Black sea

RESULTS

,
Empty stomachs were found in all seasons
throughout the year. The highest proportion of very
full stomachs (35.66%) was found in winter,
whereas the highest number of empty stomachs
(35.26%) was recorded in the spring (Fig. 2).
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Overall diet composition. All stomach contents of red mullet contained Bivalvia (N% =
30.46), Amphipoda (N% = 2.07), Isopoda (N% =
0.87), Cumacea (N% = 13.16), Gastropoda (N% =
3.98), Brachyura (N% = 2.31), Decapoda (N% =
2,17), Teleostei (N% = 0.15), Polychaeta (N% =
4.77), Nematoda (N% = 38.42), Mysidacea (N% =
0.80), Tanaidacea (N% = 0.15), Echinodermata
(N% = 0.56) and microplastic (N% = 0.12). According to the percent relative importance index,
IRI%, red mullet generally feed on three prey
groups: Bivalvia (IRI% = 68.69), Nematoda (IRI%
= 14.59) and Polychaeta (IRI% = 5.36) (Table 1).
Seasonal prey variations were observed in the
diet of red mullet. The IRI% of food items of red
mullet is shown in Table 2. It was clear that Bivalvia was the most important food item in all seasons
and showed the highest percentage during the
summer, with an average of 70.8%. The prey
groups Cumacea, Brachyura and Decapoda followed Bivalvia. In addition, microplastic was found
in the samples.
According to the ANOSIM, the global R value
was 0.089 [an R value between 0 and 1 indicates

that all the most similar samples are within the
same groups [32] and the significance level of the
sample statistics was 0.001. SIMPER analysis (Table 3) was performed on the number of species
found in stomachs in all seasons. The average dissimilarity between spring and summer was 73.57%
and showed that the groups Bivalvia and Nematoda
were good indicators of spring and Cumacea and
Brachyura, of summer. The average dissimilarity
between spring and autumn was 69.14% and
showed that the groups Bivalvia, Brachyura and
Polychaeta were good indicators of spring and
Nematoda, of autumn. The average dissimilarity
between Summer and Autumn was 67.91% and
showed that the groups Bivalvia, Cumacea and
Brachyura were good indicators of summer and
Nematoda, of Autumn. The average dissimilarity
between spring and winter was 69.01% and showed
that the groups Bivalvia and Amphipoda were good
indicators of spring and Nematoda and Polychaeta,
of winter. The average dissimilarity between summer and winter was 72.85% and showed that the
groups.

TABLE 1
Overall distribution of prey group occurrence frequency (F%), numerical frequency (N%), weight (W%)
and relative importance (IRI%) for the prey groups observed in red mullet stomach.
Species
Bivalvia
Amphipoda
Isopoda
Cumacea
Gastrapoda
Brachyura
Decapoda
Teleostei
Polychaeta
Nematoda
Mysidacea
Tanaidacea
Echinodermata
Microplastic

n
1783
121
51
770
233
135
127
9
279
2249
47
9
33
7

F%
60.75
9.32
4.66
16.49
11.29
11.65
10.75
1.25
15.41
22.58
3.23
0.72
3.58
1.08

N%
30.46
2.07
0.87
13.16
3.98
2.31
2.17
0.15
4.77
38.42
0.80
0.15
0.56
0.12

W%
41.67
2.60
0.11
0.27
1.99
23.04
5.25
4.03
17.40
2.80
0.11
0.04
0.69
0.00

IRI%
68.69
0.68
0.07
3.47
1.06
4.63
1.25
0.08
5.36
14.59
0.05
0.00
0.07
0.00

TABLE 2
Seasonal distribution of prey group occurrence frequency (F%), numerical frequency (N%), weight (W%)
and relative importance index (IRI%) values observed in red mullet stomach.
Prey Groups
Bivalvia
Amphipoda
Isopoda
Cumacea
Gastrapoda
Brachyura
Decapoda
Teleostei
Polychaeta
Nematoda
Mysidacea
Tanaidacea
Echinodermata
Microplastic

Spring
Summer
Autumn
Winter
F% N% W% IRI% F% N% W% IRI% F% N% W% IRI% F% N% W% IRI%
47.0 42.8 25.2 64.1 63.1 34.9 57.2 70.8 63.7 31.2 39.3 70.3 69.4 20.3 31.0 39.7
13.4 4.4 13.8
4.9 11.9 2.9 0.6
0.5
6.7 1.4 1.1
0.3
4.1 0.5 1.0
0.1
5.2 0.7 0.4
0.1
2.4 0.3 0.1
0.0
9.6 2.0 0.1
0.3
1.7 0.9 0.0
0.0
8.2 3.2 0.3
0.6 36.3 38.3 0.6
17.2 5.9 1.6 0.0
0.2
9.9 1.6 0.1
0.2
12.7 4.2 6.2
2.6 11.9 4.0 0.6
0.7
6.7 7.3 2.9
1.1 14.0 2.3 0.5
0.4
9.7 2.8 32.5
6.9 14.9 3.0 29.2
5.8 13.3 3.0 25.1
5.9
7.4 1.1 5.9
0.6
3.7 0.6 0.1
0.1 22.6 5.6 7.4
3.6 10.4 1.6 5.0
1.1
2.5 0.2 5.2
0.2
2.2 0.4 0.4
0.0
0.6 0.1 1.8
0.0
1.5 0.3 11.6
0.3
0.8 0.1 0.0
0.0
16.4 6.5 15.4
7.2
3.6 0.5 1.0
0.1
9.6 4.7 10.3
2.3 37.2 7.6 52.0 24.7
18.7 32.2 2.9
13.2 8.9 8.3 1.4
1.0 23.0 46.5 4.5
18.4 45.5 64.0 2.6
33.7
1.5 0.5 0.4
0.0
7.7 2.2 0.1
0.2
0.0 0.0 0.0
0.0
2.5 0.3 0.0
0.0
2.2 0.7 0.3
0.0
0.0 0.0 0.0
0.0
0.7 0.1 0.0
0.0
0.0 0.0 0.0
0.0
3.7 0.9 2.2
0.2
0.0 0.0 0.0
0.0
0.0 0.0 0.0
0.0 12.4 1.2 1.8
0.4
0.7 0.1 0.0
0.0
0.0 0.0 0.0
0.0
2.2 0.4 0.0
0.0
1.7 0.1 0.0
0.0
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TABLE 3
Results of SIMPER analysis: Groups contribution to average dissimilarity between seasons.
Spring-Summer
Groups
Bivalvia
Cumacea
Nematoda
Brachyura
Spring-Autumn
Groups
Bivalvia
Nematoda
Brachyura
Polychaeta
Summer-Autumn
Groups
Bivalvia
Cumacea
Nematoda
Brachyura
Spring-Winter
Groups
Bivalvia
Nematoda
Polychaeta
Amphipoda
Summer-Winter
Groups
Bivalvia
Nematoda
Cumacea
Polychaeta
Autumn-Winter
Groups
Nematoda
Bivalvia
Polychaeta
Brachyura

Average dissimilarity = 73.57
Av.Abund
4.73
0.35
3.56
0.31
Average dissimilarity = 69.14
Av.Abund
4.73
3.56
0.31
0.72
Average dissimilarity = 67.91
Av.Abund
4
4.37
0.95
0.33
Average dissimilarity = 69.01
Av.Abund
4.73
3.56
0.72
0.48
Average dissimilarity = 72.85
Av.Abund
4
0.95
4.37
0.06
Average dissimilarity = 64.70
Av.Abund
4.27
2.86
0.43
0.28

Av.Abund
4
4.37
0.95
0.33

Av.Diss
18.56
11.46
9.61
7.39

Diss/SD
1.16
0.79
0.63
0.5

Contrib%
25.23
15.57
13.06
10.05

Cum.%
25.23
40.81
53.87
63.92

Av.Abund
2.86
4.27
0.28
0.43

Av.Diss
18.81
13.07
7.38
7.15

Diss/SD
1.19
0.79
0.52
0.57

Contrib%
27.2
18.9
10.67
10.35

Cum.%
27.2
46.11
56.78
67.12

Av.Abund
2.86
0.15
4.27
0.28

Av.Diss
17.79
11.28
9.95
7.64

Diss/SD
1.16
0.77
0.67
0.53

Contrib%
26.2
16.61
14.64
11.25

Cum.%
26.2
42.8
57.45
68.7

Av.Abund
3.72
12.36
1.48
0.09

Av.Diss
17.04
16.99
10.8
5.53

Diss/SD
1.21
1.03
0.83
0.44

Contrib%
24.69
24.61
15.65
8.01

Cum.%
24.69
49.31
64.96
72.97

Av.Abund
3.72
12.36
0.31
1.48

Av.Diss
16.75
16.24
10.8
8.62

Diss/SD
1.22
1.02
0.78
0.72

Contrib%
22.99
22.3
14.82
11.83

Cum.%
22.99
45.29
60.11
71.94

Av.Abund
12.36
3.72
1.48
0.21

Av.Diss
16.88
16.76
9.63
5.41

Diss/SD
1.05
1.23
0.78
0.46

Contrib%
26.09
25.9
14.88
8.36

Cum.%
26.09
51.99
66.87
75.23

TABLE 4
Distribution of prey group occurrence frequency (F%), numerical frequency (N%), weight (W%) and
relative importance (IRI%) for the prey groups observed in red mullet stomach during 24-h period
Hours
13:00

17:00

21:00

01:00

05:00

09:00

%
F%
N%
W%
IRI%
F%
N%
W%
IRI%
F%
N%
W%
IRI%
F%
N%
W%
IRI%
F%
N%
W%
IRI%
F%
N%
W%
IRI%

Bivalvia
63.64
14.47
4.89
12.60
50.00
50.00
67.74
79.91
27.27
20.83
27.65
17.68
77.78
36.11
52.96
51.79
92.59
76.01
63.67
88.42
68.18
51.63
21.58
60.52

Amphipoda
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.09
1.63
1.22
0.31

Cumacea
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.70
1.01
0.08
0.03
4.55
0.54
0.03
0.03

Gastrapoda
36.36
5.26
1.04
2.34
25.00
25.00
11.18
12.28
9.09
4.17
0.29
0.54
11.11
5.56
2.07
0.63
40.74
10.47
10.32
5.79
27.27
9.24
3.78
4.31
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Decapoda
18.18
3.95
54.48
10.86
0.00
0.00
0.00
0.00
18.18
8.33
3.58
2.90
0.00
0.00
0.00
0.00
3.70
1.01
0.25
0.03
18.18
3.26
36.92
8.86

Polychaeta
63.64
73.68
39.54
73.69
12.50
25.00
21.08
7.82
45.45
58.33
67.91
76.72
66.67
47.22
44.30
45.62
22.22
6.42
25.47
4.84
31.82
30.43
35.89
25.58

Nematoda
18.18
2.63
0.05
0.50
0.00
0.00
0.00
0.00
18.18
8.33
0.57
2.17
22.22
11.11
0.67
1.96
25.93
4.73
0.20
0.87
4.55
0.54
0.03
0.03

Tanaidacea
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.70
0.34
0.01
0.01
9.09
2.72
0.56
0.36
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as Decapoda in the Mediterranean. Differences in
diet of red mullet are generally not important as
they could be the results of the areas sampled
and/or the biological environment. According to
previous studies, the morphological characteristics
and foraging behaviour of red mullet accounted for
both prey type selection and feeding patterns [25,
35]. In our study and in the study of [27], the Nemotoda prey group was reported. Also, some
groups reported in other studies [37, 20, 23, 27]
were not reported in our study. Marine plastic litter
is slowly broken up by mechanical, chemical and
photolytic degradation processes and then fragmented into small sizes. This plastic litter floats on
the sea or sinks to the bottom [38]. [39] reported
that demersal fish species contain higher levels of
microplastics in their stomach contents than pelagic
fish species. Microplastic was found in M. barbatus, one of the demersal fish species in the study.

Bivalvia and Cumacea were good discriminators of summer and Nematoda and Polychaeta, of
winter. The average dissimilarity between autumn
and winter was 64.70% and showed that the group
Brachyura was a good discriminator of autumn and
Nematoda, Bivalvia and Polychaeta, of winter.

Diet composition according to season. In this
study the group Bivalvia was determined as the
dominant group in all seasons (spring IRI% 64.1,
summer IRI% 70.8, autumn IRI% 70.3 and winter
IRI% 39.7) (Table 3). [27] and [13] reported the
Polychaete group as dominant in all seasons for the
same species in the Mediterranean. In several other
studies, it was reported that the main feeding group
varied between seasons. [14], reported differences
between the seasons: in autumn Copepoda was
more abundant, whereas in spring Amphipoda was
more abundant. In addition, Copepoda was found in
abundance in winter and autumn. Amphipoda
abundance was higher in summer than in other
seasons. Amphipoda and Cumacea were abundant
in spring and winter. [23], reported that although
the dominant group was Polychaeta in February,
May and July, the Bivalvia group was dominant in
September. Moreover, in November, Polychaeta
and Bivalvia were similar in importance. [19] reported differences between the seasons, but in the
spring, there is a higher abundance of food compared with other seasons. Our study also showed
differences between the seasons. Such differences
in the diet of M. barbatus between seasons might be
caused by the presence of certain food groups in the
environment during a specific season [40].

FIGURE 3
Variations in feeding intensity of red mullet
during a 24- h sampling period
Daily diet composition. Feeding activity
started early in the day (01:00) and increased with
the sunrise. It reached the maximum level in the
subsequent hours. There was a decrease in feeding
activity in the afternoon, towards sunset (Fig. 3).
The daily rhythm in the variation of stomach
content analysis allowed the identification of 8 prey
groups, namely Bivalvia, Amphipoda, Cumacea,
Gastrapoda, Decapoda, Polychaeta, Nematoda and
Tanaidacea. The following percent relative importance indices (IRI%) were obtained: at 13:00,
Polychaeta IRI% = 73.69; at 17:00, Bivalvia IRI%
= 79.91; at 21:00, Polychaeta IRI% = 76.72; at
01:00, Bivalvia IRI% = 51.79; at 05:00, Bivalvia
IRI% = 88.42 and at 09:00, Bivalvia IRI% = 60.52
(Table 4).

DISCUSSION
Overall diet composition. Red mullet is a
carnivorous fish that scoops up the substratum to
detect and feed on a wide range of benthic invertebrates, primarily polychaetes but also crustaceans
and molluscs [25, 33, 34, 35, 36, 37]. The diet of
red mullet in the Black Sea differs from that of red
mullet in the Mediterranean Sea and Atlantic
Ocean. This reveals that the presence of Bivalvia in
the diet of red mullet predominates in the Black
Sea. In the other areas (Mediterranean, Atlantic
Ocean and the Aegean Sea), the dominant groups in
the stomach contents were reported as Polychaeta
[13, 26, 37, 12, 23, 19, 20] and Amphipoda [14].
[27], reported the primary diet group of red mullet

Diet composition in relation to time of day.
Feeding begins in the first hours of the day, then
shows an increase in subsequent hours and decreases after the evening. [12, 19] conducted daily
rhythm studies in the Aegean Sea and obtained
similar results to ours. In two studies, feeding was
reported to be intense during the morning, decreasing at night. However, they reported the main group
as Polychaeta.
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[5] Fiorentini, L., Caddy, J.F. and de Leiva, J.I.,
(1997) Long- and short-term trends of Mediterranean fishery resources. Studies and Reviews.
GFCM, No. 69. FAO, Rome, 72 pp.
[6] Tserpes, G., Moutopoulos, D. K., Peristeraki,
P., Katselis, G. and Koutsikopoulos, C. (2006)
Study of swordfish fishing dynamics in the
eastern Mediterranean by means of machinelearning approaches. Fisheries Research. 78,
196±202.
[7] 7hø.(2017) Turkish Statistical Institute, Fishery Statistics 2016.
[8] Beverton, R.J.H. and Holt, S.J. (1957) On the
dynamics of exploited fish populations. Fish.
Invest. Ser. 2 Mar. Fish. G.B. Minist. Agric.
Fish. Food No.19, 533 p.
[9] Backiel, T. and Le Cren, E.D. (1978) Some
Density Relationships for Fish Population
Parameters, in S.D. Gerking (ed.), Ecology of
Freshwater Fish Production, Blackwell,
Oxford, pp. 279±302.
[10] Persson, L., Bertolo, B. and De Roos, A.M.
(2006) Temporal stability in size distributions
and growth rates of three pike (Esox lucius)
populations a result of cannibalism. Journal of
Fish Biology. 69, 461±472.
[11] Stergiou, K.I. and Karpouzi, V.S. (2002) Feeding habits and trophic levels of Mediterranean
fish. Reviews in Fish Biology and Fisheries.
11(3), 217±254.
[12] hQOR÷OX $ &LKDQJLU % .D\D 0 %HQOL
+$ DQG .DWD÷DQ 7 (2002) Variations in the
feeding intensity and diet composition of red
mullet (Mullus barbatus) during 24-h period in
the summertime in Hisarönü Bay. J. Mar. Biol.
Ass. U.K., 82, 527-528.
[13] Mahmoud, H.H., Fahim, M.R., Srour, T.M., ElBermawi, N. and Ibrahim, M.A. (2017) Feeding ecology of Mullus barbatus and Mullus
surmuletus off the Egyptian Mediterranean
coast. International Journal of Fisheries and
Aquatic Studies. 5(6), 321-325.
[14] Esposito, V., Andaloro, F., Bianca, D. Natalotto, A., Romeo, T., Scotti, G. and Castriota,
L. (2014) Diet and prey selectivity of the red
mullet, Mullus barbatus (Pisces: Mullidae),
from the southern Tyrrhenian Sea: the role of
the surf zone as a feeding ground. Marine Biology Research. 10(2), 167178,
[15] Sabates, A., Zaragoza, N. and Raya, V. (2015)
Distribution and feeding Dynamics of larval
red mullet (Mullus barbatus) in the NW Mediterranean: the important role of cladocera.
Journal of Plankton Research. 37(4), 820-833.
[16] Wirszubski, A. (1953) On the biology and
biotope of red mullet Mullus barbatus. Bull.
Sea Fish. Research Stn. Haifa. 7, 1-20.

CONCLUSION
Most of the previous studies cited in this manuscript reported Polychaeta as the predominant prey
item in the diet of red mullet. However, according
to the present study, Polychaeta were not the predominant prey item in the diet of red mullet in the
Black Sea. To confirm this, further research is required to investigate the feeding habits of other
predators in the Black Sea that consume Polychaeta. In addition, studies on the abundance of Polychaeta in the Black Sea are almost negligible; therefore, it is important to investigate this issue. In the
present study, we reported plastic pollution in
commercial fishes from the Black Sea. This study
provides an important contribution to the
knowledge and understanding of plastic occurrence
in these commercial fish, given their importance in
Black Sea catches and human consumption. The
presence of plastic in other commercial fish species
has important consequences for human health. The
results of this study could be used for ecosystembased management of M. barbatus and to describe
the diversity of prey and interspecific food competition in the Black Sea.
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EFFECTS OF SOYBEAN OIL SUPPLEMENTATION ON THE
GROWTH AND SURVIVAL PERFORMANCE OF RED CLAW
CRAYFISH CHERAX QUADRICARINATUS IN CULTURE
CONDITION
Yavuz Mazlum*, Mehmet N Gunduz, Ozlem Guner Gurlek, Metin Yazici
Faculty of Marine Sciences and Technology, Iskenderun Technical University, 31200, Iskenderun, Hatay, Turkey

reproducing under various biotic and abiotic conditions. Another characteristic of this species is being
a non-burrowing species that is tolerant of a wide
variety of habitats such as flowing rivers, lakes and
lagoons [4].This species prefers rocky and foraging
habitats with plenty of cavities for exploring and
finding shelter during molting [5]. C. quadricarinatus was introduced into many countries of Asia,
North, South and Central America, Africa and Europe [6, 7, 8, 9]. C. quadricarinatus is mainly
grown in semi-intensive and intensive earthen
ponds in the world. Recently, hatchery production
has become more common [10, 11, 12, 13]. Crayfish have been described as opportunistic benthic
organisms and have well-developed feeding appendages [14, 15, 16]. They are well-adapted for
processing both soft and hard food feed types such
as a variety of macrophytes, bentic invertebrate and
detritus [14]. In Turkey, it is commonly sold as an
ornamental aquarium species and was not used for
commercial production.
Soybean oil which is used as a source of energy in the larval phase of the crustacean and aquatic
animals, also has significant effects on the growth
and survival of C. quadricarinatus [17]. Soybean
oil consists of polyunsaturated fatty acids and is one
of the few plant sources with significant amounts of
oleic and linolenic acids [17]. It is also cheap and
digested well by aquatic animals [18]. High lipid
level in feeds may adversely affect the growth,
reduce feed intake and decrease the use of nutrients
[19, 20]. Moreover, high level also causes an increase in lipid accumulation in fish body and affects
quality and nutritional value of fish meat [21].
Therefore, soybean oil can be considered as an
alternative dietary lipid in feeds to increase the
growth and survival of C. quadricarinatus. The
levels of required lipid depend on the environmental conditions, life stages and differences among
species [22]. In aquaculture, feed consumption has
increased in recent years and consequently, extensive research has been carried out on alternative
raw and processed materials of plant origin [23].
Increasing growth of the C. quadricarinatus is a
key factor that supports the aquaculture industry,
which includes more knowledge of the culture

ABSTRACT
The current study investigated the effects of
soybean oil on the growth and survival of red claw
crayfish (Cherax quadricarinatus) under culture
conditions. An experiment consisting of four dietary soybean oil concentrations (0%, 4%, 8%, and
12%) in commercial trout larvae feed was carried
out on a 90-day duration with three replications.
Juvenile crayfish (mean ± SD: 25.0±0.6 mm length
and 0.51±0.15 g mass) were placed in each of the
twelve 0.14-m2 aquariums with 50 crayfish/m2
density. Each aquarium contained ten crayfish. At
the end of the experiment, the highest mass gain,
Specific Growth Rate (SGR) and molting frequency
were observed on the crayfish fed with 12% soybean oil diet concentration. Although, 12% soybean
oil diet gave the highest mass gain (1.45 g), it resulted in the lowest survival rate (48%) (p<0.05).
However, no significant difference was found in
Feed Conversion Rate (FCR) among soybean oil
levels. Moreover, molting frequencies in the diet
groups were found as 49.6, 48.0, 46.6, and 73.3%
for the dietary soybean oil levels (0%, 4%, 8%, and
12%), respectively. Thus, based on the results, the
dietary concentration levels of soybean oil is recommended to be in 8-12% in formulated diets for
the optimum growth of crayfish.

KEYWORDS:
Crayfish, Cherax quadricarinatus, soybean oil, growth,
survival

INTRODUCTION
Red claw crayfish, C. quadricarinatus is considered to be a valuable fishery resource for commercial aquaculture. This species has become more
popular in recent years [1]. It has such a rapid
growth rate and tolerates a wide range of water
quality parameters that are available for commercial
aquaculture [2, 3]. C. quadricarinatus tends to
develop very rapidly in tropical and semi-tropical
regions of the world. It is capable of surviving and
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Growth and Survival Parameters. During
the 90-day experiment trail, crayfish from each of
the twelve aquariums were harvested and weighed
on an electronic scale. To determine the growth and
survival parameters as well as the molting frequency of crayfish were calculated by using the formulas given below:
SGR =ln (final mass) ± ln (initial mass) x100 /
time in days
MG= (final mass ± initial mass) x100 / initial
mass
FCR= feed consumption (g)/ wet mass gain
(g)
MF = 100*(Number of molting animal / number of crayfish stocked)
SR= 100*(number of crayfish survived / number of crayfish stocked)
where;
SGR: Specific Growth Rate (%.day-1)
Initial mass: The total mass of the crayfish at
the beginning of experiment (g)
Final mass: The total mass of the crayfish at
the end of experiment (g)
MG: Mass gain (g)
FCR: Feed Conversion Ratio (unitless)
MF: Molting frequency (%)
SR: Survival Rate (%)

requirements of this species and improved nutrition
[17]. However, there are still knowledge gaps in
relation to nutrient requirements of the crayfish
species especially regarding the soybean oil. In this
study, soybean oil was added into the diets of crayfish juveniles to observe the effects on their growth
and survival under laboratory conditions.

MATERIALS AND METHODS
Source of Animal. Adult female crayfish [C.
quadricarinatus] were obtained from a pet store
located in Iskenderun, Hatay, Turkey. Crayfish
were stored in 1000 L tank at Aquaculture Research
Facilities at Iskenderun Technical University within
a recirculating freshwater where spawning took
place. The initial and final length of C. quadricarinatus juveniles was measured to the nearest millimeter to determine crayfish size. The experiment
was carried out in each of the twelve 0.14 m2
aquariums with the substrate in the bottom. The
flow of freshwater was maintained at 0.8 L/min to
maintain water quality. Crayfish were checked five
days in every week. Water temperature and dissolved oxygen (DO) were recorded by a digital
meter (YSI 55, Yellow Springs Instruments Company, Yellow Springs, OH, USA). During the experiments, the pH values of the water were measured by a meter (Accumet 915 pH meter, Fisher
Scientific, PA, USA). The concentrations of ammonia nitrogen (Nesler method) and nitrite nitrogen
were determined by a spectrophotometer (UV-160
1PC, Shimadzu visible, Tokyo, Japan).

Data analysis. Analysis of variance (ANOVA) was used to determine the effects of additional
soybean oil levels on the various responses including final wet mass, final length, FCR, and total
yield for the diets including different soybean oil
levels. Data were analyzed in the SPSS statistics
program (version 17, Chicago, IL, USA)'HQQHWW¶V
multiple range test was used to determine the differences in average mass, final length, FCR, survival and total yield. Differences were considered
significant at the p<0.05 level.

Experimental Design and Setup. The juveniles of C. quadricarinatus (mean ± SD: 25.0±0.6
mm length and 0.51±0.15 g mass) were used in this
experiment. The experiment was carried out with
50 crayfish/m2 density in 0.14-m2 aquariums for
about 90 days. Each aquarium contained ten crayfish. The parameters concerning the growth and
survival were measured at 30-day intervals during
the 90-day period experiment.

RESULTS AND DISCUSSION
Water quality. Water quality is one of the key
factors in determining the success of crayfish culture efficiency. In the study, mean water temperature and Dissolved oxygen (DO) were recorded as
28.1 ± 0.8 ºC and 5.8 ± 0.6 mg O2/L, respectively.
The mean total ammonia nitrogen content, nitrite
nitrogen content, and pH value of water was observed as 0.055 ± 0.017 mg NH4-N/ L, 0.025 ±
0.021 mg NO2-N /L and 7.6 ± 0.1, respectively as
the average of the 90- day experiment period. These
values are considered as suitable for crayfish culture [24]. The plus and minus values represent the
standard deviation (SD).

Experimental diets and feding. The experimental diets were formulated to contain four levels
of soybean oil added to the commercial trout larvae
diet with 0% (Control), 4%, 8%, and 12%. Different levels of soybean oil added into the commercial
trout larvae diet were mixed homogenously in a
kitchen robot. Then, distilled water of 35-40 g was
added to the mix to obtain soft dough which was
then passed through a mincer with 2 mm diameter
holes to produce feed pellets. Then, the pellets were
dried in an oven at 40oC and stored at 4oC during
the experiment. Feed were given twice a day at a
quantity of 5% of crayfish body weight for 90 days.
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TABLE 1
Growth and survival performances of juvenile Cherax quadricarinatus fed with different levels of soybean
oil for 90 days*.
Growth parameters

Experimental diets including different levels of soybean oils

Control, 0%
4%
8%
12%
Initial length (mm)
25.0±0.6
25.0±0.6
25.0±0.6
25.0±0.6
Final length (mm)
44.2±0.30a
42.7±0.20a
43.8±0.29a
49.2±0.35b
0.51±0.15
0.51±0.15
0.51±0.15
0.51±0.15
Initial mass (g)
1.20±0.03a
1.18±0.01a
1.16±0.02a
1.45±0.04b
Final mass (g)
Specific growth rate
0.56±0.02a
0.53±0.02a
0.56±0.03a
0.68±0.03b
(%.day-1 SGR)
Molting Frequency (MF, %)
49.6±0.07a
46.0±0.08a
48.8± 0.05a
73.3±0.03b
1.12±0.01a
1.18±0.02a
1.20±0.03a
1.28±0.04a
Feed conversion ratio (FCR)
a
a
a
Survival rate (SR%)
56.0±8.6
60.0±7.2
64.0±4.5
48.0±4.6b
Total Yield (g)
47.2±2.5a
37.6±1.38a
44.8±4.13a
66.7±1.8b
*Values (mean ± SD of triplicate values). Means within a row having different letters (a,b) were significantly different among
treatments (p<0.05).

rated fatty acids (n-6 PUFAs) including soybean
oils [36].
In the current study, soybean oil levels over
the 90-days significantly improved length, mass,
SGR, MF and total yield of juvenile C. quadricarinatus. These results are in agreement with several
previous studies [37]. SGR was the highest in crayfish fed with 12% soybean oil diet group compared
to the control and other groups (p<0.05). Similarly,
replacement of fish oil by sun flower oil, palm oil,
coconut oil and peanut oil showed a significant
improvement on growth and survival of Clarias
gariepinus and D. puntazzo [38]. In addition, the
better survival and growth were obtained in C.
auratus fed with coconut oil added feed [39], mud
crab (Scylla serrata) fed with supplemented corn
oil [40] and S. salar fed with sunflower oil added
feed [41]. However, other studies with Atlantic
salmon have shown that addition of fish oil with
sunflower oil does not significantly affect the
growth [3]. Hence, the present study indicated that
the crayfish fed with 12% soybean oil diet exhibited
the highest growth rate and molting frequency
compared to the diets with lower levels and control
groups (Table 1) and it can be beneficial for the
freshwater crayfish culture. due to rapid growth. A
number of findings have suggested that adding
soybean oil in the diets is important for the early
stage of crayfish for growth [17, 42, 43]. This study
confirms that the growth of juvenile C. quadricarinatus increases significantly when the concentrations of soybean oil increase in certain levels. Previous studies have shown that vegetable oils had
beneficial effects for many shrimp species [44].
Another researcher mentioned that vegetable oil
high in linolenic acid promoted better growth for P.
japanicus [45]. The results of the present study
showed that the diet with soybean oils had no negative effect on the survival and feed intake as reported in other studies [45]. In contrast, the appropriate
level of soybean oil in diets provided a higher
growth performance than expected for the control
diet of crayfish. In the current study, the test diet

This study was conducted to determine the optimum level of lipid using soybean oil for the
growth and survival of C. quadricarinatus juveniles
during 90 days are summarized in Table 1.
The study showed that dietary inclusion levels
over the 90-days significantly affected growth (Final length, Final mass, SGR, total yield), survival
(SR) and molting frequency (MF) of juvenile crayfish. The results showed that the juvenile crayfish
fed with the 12% soybean oil diet had higher
growth rates than those fed with the other diets with
lower oil levels and control group (p<0.05). Soybean oil consists of polyunsaturated fatty acids and
it is one of the few plant-based sources with significant amounts of oleic and linolenic acids [17]. It is
also digested well by aquatic animals [18]. Similar
results on the use of lipid on the growth and survival rate of fish were reported. It was reported that
higher growth can be achieved with a total lipid
level at a dry weight of 2% to 12% in crustaceans
[19, 25].
Many factors can be effective in the growth of
crayfish such as age, season, stocking density, environmental parameters, nutrient type and nutritional
diets [26, 27]. The addition of lipids in diets depends on the permissible levels for aquatic animals
including crayfish [28, 29]. Soybean oil is widely
used for nutritional supplements of juvenile in the
shrimp diet and functional roles of crayfish juvenile
[30]. The crayfish feed on a wide variety of feeds
such as detritus, algae, macrophytes, invertabrates,
fish and fish eggs [1]. It is important to determine
the nutritional level of feed in crayfish culture since
the low and high levels of nutrient may affect
growth negatively [31]. Most of the studies on
potential benefits of diets in aquaculture have focused on additions of different nutrients [32, 33,
34]. In recent years, the use of vegetable oils has
become very attractive in terms of both price and
availability; hence, it can be an alternative to fish
oil in aqua feeds [35]. Compared with the fish oil,
which is rich in n-3 polyunsaturated fatty acids (n-3
PUFAs), vegetable oils are rich in n-6 polyunsatu-
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searchers. Survival rates were during a period of
59±94 days [46] and [47] ranged between 65±85%
for C. destructor and 60±95% for C. quadricarinatus, respectively while it was reported survival rates
of 50-71% for experimental diets fed juvenile C.
quadricarinatus [11]. In the present study, the observations indicated that SGR values of the crayfish
were affected by soybean oil concentration levels.
SGR was highest (0.68 %.day-1) in the group fed
with 12% soybean oil supplemented diet compared
to the other groups fed with lower soybean oil levels (Table 1). The SGR values obtained in our study
were similar to or higher than those reported by
Jones et al. (1996) [46] in C. destructor.

with 12% soybean oil positively regulated the FCR
(Table 1). However, the difference was found to be
statistically insignificant (p>0.05). A positive and
strong correlation was found between soybean oil
addition level and the FCR (R2=0.95) (Fig. 1).
The results the present study showed that the
survival rates (SR) of groups fed with diets containing different levels of soybean oil ranged between
48% and 64% (Table 1, Fig. 2). However, it should
be noted that the diet with 8% soybean oil gave the
relatively higher SR values (64.0%±4.5%) as compared to other diets (Table 1).
Similar findings were reported on the other
crayfish and fish species reported by other re-

FIGURE 1
Relationship between soybean oil edition levels and FCR of juvenile crayfish fed with diets containing
different levels of soybean oil (0, 4, 8, 12%).

FIGURE 2
Survival (%) of C. quadricarinatus fed with different levels of soybean oil for 90 days.
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juveniles with a 90-day experiment. However, more
test should be performed for adults of different
sizes to support this result since size can change the
effect of soybean oil addition [51]. Also, a longer
experiment than 90-days could be more beneficial
to understand the long-term effect of soybean oil
addition in diets.
In the current study, the relationship between
total length and MF and total mass and MF was
also studied. It was observed that the MF increased
with higher total length and total mass with increased soybean oil levels. Also, high correlations
were found between the total length and MF
(R2=0.99) and between the total mass and MF
(R2=0.98) (Fig. 4 and Fig. 5).

Molting in crustaceans is under the control of
many different factors such as temperature, calcium
level and hormones [48, 49]. In the current study,
the crayfish fed with the diet supplemented with
12% soybean oil molted more frequently than the
other groups (73.3%) (Table 1). It is a well-known
fact that fast growing and frequent molting crustacean are more vulnerable to cannibalism and predation [50]. In the present study, it was observed a
similar trend such that the 12% soybean oil diet
group with higher mass gain (1.45 g) and higher
molting frequency (73.3%) had lowest survival rate
(48%) (Table 1) (Fig. 3).
This study concentrated on the effect of soybean oil on the growth and survival of crayfish

FIGURE 3
Relationship between molting frequency and survival rate of juvenile crayfish fed with diets containing
different levels of soybean oil (0, 4, 8, 12%).

FIGURE 4
Relationship between final length and molting frequency of juvenile crayfish fed with diets containing
different levels of soybean oil (0, 4, 8, 12%).
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FIGURE 5
Relationship between final mass and molting frequency of juvenile crayfish fed with diets containing
different levels of soybean oil (0, 4, 8, 12%).

CONCLUSIONS
[4] Wingfield, M. (2000) An overview of the Australian freshwater crayfish farming industry. In:
Whisson and Wingfield, M. (eds) The Australian crayfish Aquaculture Workshop. International Association of Astacology, Perth, Western Australia. 5-13
[5] Souty-Grosset, C., Holdich, D.M., Noel, P.Y.,
Reynolds, J.D. and Haffner, P. (2006) Atlas of
Crayfish in Europe. Muséum national
G¶+LVWRLUH QDWXUHOOH. Paris: Patrimoines naturels.
[6] Ahyong, S.T. and Yeo, D.C. (2007) Feral populations of the Australian Red-Claw Crayfish
(Cherax quadricarinatus von Martens) in water
supply catchments of Singapore. Biological Invasions. 9(8) 943-946.
[7] Lodge, D.M., Deines, A., Gherardi, F., Yeo,
D.C., Arcella, T., Baldridge, A.K. and Zeng, Y.
(2012) Global Introductions of Crayfishes:
Evaluating the Impact of Species Invasions on
Ecosystem Services. Annual Review of Ecology, Evolution, and Systematics. 43, 449-472.
[8] Kouba, A., Buric, M. and Petrusek, A. (2015).
Crayfish Species in Europe. In: Kozak, P.,
Zdenek, D., Petrusek, A., Buric, M., Horka, I.,
Kouba, A., Policar, T. (eds.) Crayfi Fissh. Biology and Culture. Czech Republic.: University
of South Bohemia in Ceske Budejovice, Faculty of Fisheries and Protection of Waters. 79163.
[9] Nunes, A.L., Zengeya, T.A., Hoffman, A.C.,
Measey, G.J. and Weyl, O.F. (2017). Distribution and establishment of the alien Australian
redclaw crayfish, Cherax quadricarinatus, in
South Africa and Swaziland. Peer J. 5, e3135,
1-21.

In conclusion, this study has shown that the
level of soybean oil into the diet have an effect on
improving the growth, survival, and molting of red
claw crayfish C. quadricarinatus. Based on the
results, it is recommended to add 8-12% soybean
oil in the diet for optimum growth and survival of
crayfish.
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of substances and enzymes have been identified
from these endophytes [9, 10]. Extracellular enzymes can be produced by some endophytic fungi
that can be useful in biocontrol programs [11]. The
enzymes, such as glucosidases and cellulases from
different endophytic microbial flora have been isolated. Production of such enzymes can help the microbes to establish a symptomless symbiotic association with host plants.
The host plant growth and development can be
regulated by the production of extra-cellular enzymes and bioactive secondary metabolites, such as
phytohormones [6, 12]. Recently, a variety of endophytes (bacteria or fungi) have been documented for
the production of plant hormone, indole 3-acetic acid
(IAA) [13, 14]. IAA plays a fundamental role in
plant growth, development, and overcoming harsh
environmental stimuli. The fungal endophytes, Acremonium coenophialum and Phoma glomerata have
been studied intensively that encodes for IAA biosynthesis [15]. Besides IAA, 1-aminocyclopropane1-carboxylate (ACC) deaminase has also been regarded as important enzyme with the ability to hydrolyze ACC, which is the immediate precursor of
ethylene in plants [16]. The reduction of stress ethylene levels by ACC deaminase is considered as one
of the major mechanisms employed by the endophytes to facilitate plant growth. ACC deaminase
WKDWFRQYHUWV$&&LQWRĮ-ketobutyrate and ammonia
has been found in various bacteria, yeasts, and fungi
[17].
Utilization of growth promoting endophytes
isolated from various plants as a source of industrially relevant enzymes has been argued and considered over the years. Therefore, exploration of potential plant species around the globe is needed to discover the valuable microbial cell factories. The Arabian Peninsula being the largest peninsula in the
world is having relatively high plant diversity [18].
Most of the plant species have been ignored to be
investigated for the presence of economically important endophytes, including Caralluma acutangula. The medicinally valuable C. acutangula belongs to Asclepiadaceae, which comprised of about
150 species that are widely distributed from Asia to
Africa. The extracts of Caralluma are used in

ABSTRACT
Fungal endophytes can establish beneficial relationship with the host plants. The endophytes help
in the growth of host plants under stress conditions
by secreting various bioactive compounds. To discover potent endophytes, we have isolated some of
the fungi from medicinally important plant Caralluma acutangula. The isolated endophytes were assessed for extra-cellular enzymes [1-aminocyclopropane-1-carboxylate (ACC) deaminase, cellulases,
phosphatases and glucosidases)] and IAA production. The potent endophytes have been identified as
Paecilomyces variotii, Penicillium purpurogenum
and Epicoccum nigrum on the basis of internal transcribed spacer (ITS) region homology. The endophytic strains P. variotii and E. nigrum have produced IAA, phosphatases and glucosidases in significantly higher amounts. Whereas, a higher activity of
ACC GHDPLQDVH QPROĮ- ketobutyrate mg-1 h-1)
have been noticed in P. purpurogenum and P. variotii. The production of IAA, ACC deaminase, celluloses, phosphatases and glucosidases by the isolated
endophytes concludes that they can support the host
plants under stress conditions.

KEYWORDS:
Caralluma acutangular, extra-cellular enzymes, indole
acetic acid, ACC deaminase, fungal endophytes

INTRODUCTION
Over the last three decades, the multifaceted interaction of endophytes has been widely studied as a
prolific source of novel bioactive natural products
[1-3]. The endophytic microbial flora (fungi/bacteria) encodes for enzymes which offer more stability
as compare to other sources. These enzymes can be
used in food, medicine, beverages, sweets, textiles,
and leather industries to process raw materials [4, 5].
Endophytic fungi favors the resistance, growth and
development of their host plant by colonizing the
host plant tissues and secreting potential bioactive
secondary metabolites [1, 6-8]. Similarly, a variety
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agarose. The PCR products were purified using PCR
purification kits and sequenced. The raw sequences
were aligned using MEGA 6.0 [20], edited manually
and BLASTn searched for their homologues sequences
using
NCBI
database
(http://www.ncbi.nih.gov/index. html). From NCBI,
the homologous fungal ITS sequences were retrieved
and phylogenetic tree was constructed using the
neighbor-joining, maximum parsimony and maximum composite likelihood methods whilst keeping
the bootstrap values of 1,000 replicates [20].

traditional medicine due to the presence of bioactive
compounds, especially glycosides of the pregnane
group. The glycosides from Caralluma species have
been reported to possess various biological activities, such as inflammation, rheumatism, anti-diabetic, anti-leprosy, antipyretic, and anti-helminthetic
activities [19]. Looking at these perspective and lack
of previous knowledge about the presence of endophytes in C. acutangula, the current study was
planned to characterize endophytes from the species.
The potential of identified stains was further evaluated for their ability to produce IAA, ACC deaminase and extra cellular enzymes.

ACC deaminase activity and quantification
of total protein content. The methodology of
Østergaard and Olsen [21] was applied for ACC deaminase activity with some modifications adopted
from Shaharoona et al. [22]. In this method, the numEHURIȝPRORIĮ-ketobutyrate produced was determined by comparing the absorbance at 540 nm of a
VDPSOHWRDVWDQGDUGFXUYHRIĮ-ketobutyrate ranging
EHWZHHQDQGȝPRO
The selected endophytes were cultured in Tryptic Soy Broth (TSB) and incubated for four days at
28°C. The cells were harvested by centrifugation at
16,000 rpm for 5 min, washed twice with 0.1 M TrisHCl (pH 7.5) and incubated for another four days at
28°C in Dowkin and Foster minimal medium (having 5 mM ACC as a nitrogen source). The fungal
cells were then centrifuged at 16000 g for 5 min and
re-suspended in 5 mL of 0.1 M Tris-HCl (pH 7.6)
after discarding the supernatant [21, 22]. The tubes
were centrifuged (16,000 rpm for 5 minutes) again
and the supernatant was rejected. Tris HCl (2 mL,
0.1 M and pH 8.5) was added to the palette and the
suspension was toluenized with 30 μL of toluene and
the mixture was vortexed for 30 sec. The toluenized
cell suspension (200 μL) was transferred to a new 2mL microfuge tube and added 20μl (0.5 M) of ACC,
vortexed and incubated (30 °C for 15 min). After the
incubation, 1 mL of HCl (0.56 M) was added to the
mixture, vortexed and centrifuged (16,000 rpm for 5
min). A 1 mL of the supernatant was transferred to a
glass test tube and thoroughly mixed with a 2 mL of
2,4-dinitrophenylhydrazine reagent (0.2% 2,4-dinitrophenylhydrazine in 2 M HCl). The mixture in the
glass tube was incubated at 30°C for 30 min. Finally,
2 mL NaOH (2 M) was added to the tube and the
absorbance of the mixture was measured at 540 nm
using SHIMADZU spectrophotometer (Kyoto, Japan) [14, 22].
One of the simple and reliable methods for protein assay is Bradford assay, which is based on an
absorbance shift of the Coomassie Brilliant Blue G250 dye [23]. The dye under acidic conditions has a
red colour that converts to blue on binding to the protein being assayed.
A 50 μl aliquot of the toluenized fungal cell
suspension was diluted with 350 μl of 0.1 M TrisHCl (pH 8.0), and boiled with 400 μl of 0.1 N NaOH
for 10 min. After the cell sample was cooled to room

MATERIALS AND METHODS
Plant collection and endophyte isolation.
Twenty healthy plants collected from Jabal AlAkhdar (23° 04' 22.00 N"; 57° 40' 07.00 E") in the
Sultanate of Oman was selected to isolate endophytic fungi. The samples were brought to the laboratory in sterilized zip bags. The stem, root and leaf
of the plants were separated and treated with 2.5%
sodium hypochlorite (NaOCl) to remove epiphytic
microorganisms and ecto-mycorrhizae. After surface
sterilization, the plant parts were washed thrice with
autoclaved distilled water (DDW) to remove any
traces of NaOCl [6, 14]. To isolate endophytic fungi
the samples were chopped into 0.5 cm with a sterilized cutter and placed on Hagem media (pH
5.6±0.2) containing streptomycin (80 ppm). Fullygrown pure cultures of fungal isolates were inoculated on PDA medium slants for long-term storage.
Screening and identification of fungal endophytes. Fungal isolates were inoculated on Czapek
broth medium (pH 7.3±0.2) for the production of
secondary metabolites. The composition of the
Czapek medium was: 1% glucose, 0.05%
MgSO4.7H2O, 1% peptone, and 0.001%
FeSO4.7H2O, and 0.05% KCl. The pure cultures
were grown in a shaking incubator at 30°C with 120
rpm for 7 days. Sophisticated molecular techniques
were employed for the precise identification of fungal isolates. The genomic DNA was isolated using
the CTAB method as described by Khan et al. [6]
and Ali et al. [9]. Afterwards, the gDNA was amplified by polymerase chain reaction (PCR) using Internal Transcribed Spacer (ITS) regions and sequenced
[4, 10]. The ITS1±4 region was amplified using the
universal primers, i.e. ITS-1F (5´- TCC GTA GGT
GAA CCT GCG G-3´) and ITS-4R (5´-TCC TCC
GCT TAT TGA TAT GC-3´). In thermal cycler the
PCR was performed by using the following steps of
amplification: pre-heating at 96 °C for 5 min, followed by 35 cycles of 30 s at 94 °C, 30 sec at 55 °C,
1 min at 72 °C, and a final extension at 72 °C for 3
minutes. Gel electrophoresis was used for the confirmation of amplified PCR products by using 0.8%
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WHPSHUDWXUH  O RI %UDGIRUG¶V UHDJHQW ZHUH
added and the absorbance was measured at 595 nm
using the spectrophotometer. Bovine serum albumin
(BSA) was used as a standard.

spectrophotometer (BioRad, USA). Standard of pure
IAA (Sigma-Aldrich, Korea, Ltd) was prepared separately for the calculation of the IAA amount in the
samples.

Extracellular enzyme and indole acetic acid
quantification of endophytic fungi. The method of
Marx et al. [24] was applied for the quantification of
H[WUDFHOOXODU HQ]\PHV ZLWK VRPH PRGLILFDWLRQV ȕ1,4-glucosidase, 4-MUB-ȕ-D-glucopyranoside, 1,4ȕ-cellobiosidase, 4-MUB-ȕ-D-cellobioside, phosphatase and 4-MUB-phosphate were used for the assay.
Endophytic fungi were collected from Czapek
broth cultures by using centrifugation (12,000 rpm /
10 min at 4°C). Turbidity traces were removed from
WKHVDPSOHVE\V\ULQJHGILOWUDWLRQ ȝP RIFXO
ture filtrates (CF). For enzyme analysis, substrate
and quenched standard were maintained along with
substrate control. A minimum of three replicates for
each substrate (CF + buffer + substrate), quenched
standard (sample + buffer + 4-MUB), and substrate
control (media + buffer + substrate) were carried out.
Fluorescence spectrophotometer (Shimadzo, Tokyo,
Japan) was used to read out the rate of absorbance.
The absorbance (360 nm excitation and 460 nm
emission) was read at various time intervals, i.e. 0,
30, 60, 90 and 120 min.

Statistical Analysis. Each sample was analyzed in triplicate and all the experiment performed
was repeated three times. The data presented as a
mean ± standard error of the mean (SEM). Meanvalues were compared by LSD at P=0.05 (SPSS-20).

RESULTS
Various parameters have been employed to differentiate the isolated endophytes, including colour
of aerial hyphae, surface texture, colony, base color,
shape, height, growth rate, and pattern. The overall
morphological analysis suggested the isolation of six
strains. The endophytic fungi were further identified
using gDNA extraction, PCR amplification, ITS
rRNA region sequencing, and bioinformatics tools
(BLASTn search).
Molecular identification and phylogenetic
analysis of endophytes. The internal transcribed
spacer (ITS) sequences from six endophytic fungi
with fragment lengths of rRNA gene regions ranged
from 520 to 750 bp have been sequenced and
aligned. MEGA 6.0 software was used for the sequence alignment, then BLASTn searched the sequence to find out homology with known fungal
strains in NCBI. The correlation of the fungal sequences demonstrated a 96±100% homology with
BLASTn hits of fungi (Table 1). Based on sequence
similarity and phylogenetic analysis, we identified
the fungal strains as Aspergillus nidulans, Paecilomyces variotii, Epicoccum nigrum, Fusarium proliferatum, Penicillium purpurogenum, and Alternaria sp. (Table 1). The sequences of related species
have been deposited in the GenBank, NCBI for accession numbers (Table 1).
Phylogenetic history has been inferred using
the neighbor-joining, maximum composite likelihood and maximum parsimony methods. The tree
with the sum of branch length 7.97 is shown in Figure 1. The tree is drawn to scale, with branch lengths
similar to the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances have
been computed using the maximum composite likelihood method and are in the units of the number of
base substitutions per site. A total of 59 nucleotide
sequences has found to be involved in the analysis
(Figure 1). Gaps and missing data have been eliminated from all points to get the final data set with 94
positions. The evolutionary analyses have been carried out by using MEGA 6.0.

ݕݐ݅ݒ݅ݐܿܣሺߤ݉ି݄݈ଵ ିܮଵ ሻ
 ܨܵܯെ ͳܨܵܯ
ൌ ெௌ௧ி
ெொி
ቁൈ ቀ
ቁ  ൈ ሺͲǤʹ݉ܮሻ ൈ ሺ݄݊݅݁݉݅ݐሻ
ቀ
Ǥହ

ெௌி

Where,
MSF = mean sample fluorescence; MSF1 = mean
sample initial fluorescence; MStF = mean standard
fluorescence; MQCF = mean quenching control fluorescence
IAA was estimated by using a colorimetric-assay as described by Khan et al. [14]. The screened
fungi were grown-up in Czapek broth (20 mL) without (0 g/L) and with (0.1 g/L) L-tryptophan and incubated at 30±2 °C in shaking incubator at 200 rpm
for one week. The cultured fungi were centrifuged
(10,000×g) for 10 minutes at four degrees centigrade.
After centrifugation, the cell free cultures were filtered through a 0.45μm cellulose acetate filter (DISMIC®, Denmark). The culture filtrates were acidified
with 1N HCl to pH 2.8 and extracted three times with
20mL ethyl acetate. The ethyl acetate fractions were
combined and evaporated under vacuum at 45 °C in
a rotary evaporator. The filtrate was resuspended in
3 mL 50% methanol. Finally, 1 ml of methanol
added filtrate was mixed with 2 mL of Salkowski reagent (12 g FeCl3/L of 7.9 M H2SO4) and incubated
in the dark for 40 minutes at room temperature. The
change in color was read at 535 nm using an ELISA
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TABLE 1
Sequence similarities of isolated endophytic fungal strains from Boswellia sacra and Caralluma acutangula
ID

Name

LF1
SF2
LF3
SF3
SF5
RF-6B

Aspergillus nidulans
Paecilomyces variotii
Fusarium proliferatum
Epicoccum nigrum
Penicillium purpurogenum
Alternaria sp.

Genebank
Accessions
KY921609
KY921608
KY921610
KY921611
KY921612
KY921613

Length
bp
524
620
554
705
567
724

Match
521
606
543
703
581
648

Identities
Total
544
680
568
717
609
701

(%)
98%
98%
97%
98%
100%
99%

FIGURE 1
The evolutionary relationships of taxa of endophytic fungal strains isolated from Caralluma acutangula.
A neighbour joining tree was constructed of homologous ITS sequences using MEGA 6.0 with 1K bootstrap replication.
Botrybasidium subcoronatum was used as an out group.

evaluate this capability of the fungi, all strains have
been grown in liquid medium for 14 days and centrifuged to achieve a pure culture. Fluorescence-based
MUB standards have been used to analyze the presence of the enzymes ȕ-1,4-glucosidase, 1,4-ȕ-cellobiosidase and phosphatase. A standard curve reading
computed the fluorogenic substrate absorbance (excitation and emission) in the presence of the buffer
and in combination with the MUB standard. The
curve fitting values for cellulases (R2=0.98; y =
6.35), phosphatases (R2=0.96; y = 113.04), and glucosidases (R2=0.98; y = 36.4) have been recorded using the fluorescence spectrophotometer. Variation in
concentrations of cellulases, phosphatases, and

Total protein content and ACC deaminase
activity of the endophytes. The results of P. variotii
and P. purpurogenum showed higher amounts of total protein in the culture media, followed by E.
nigrum. The Alternaria sp. and F. proliferatum endophytic fungal strains showed the least amount of
proteins (Figure 2). Among the isolated endophytes,
the strain P. purpurogenum exhibited higher ACC
deaminase activity that produced 355-nmol of Į- ketobutyrate mg-1 h-1.
Extracellular enzymes and IAA production
by endophytic fungi. Extracellular enzymes are encoded by endophytic fungi in axenic conditions. To
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glucosidases has been noted among the culture filtrates of different isolated fungal strains (Figure 4, 5
& 6). The pre-optimized fluorescence spectrophotometer (Shimadzo, Tokyo) was used to read the absorbance with 360 nm excitation and 460 nm emission at time zero and 30-minute intervals for 2 hours.
The endophytic fungi from C. acutangula generally secreted higher amounts of phosphatase and
cellulase enzymes. Among the isolated fungal
strains, P. variotii and P. purpurogenum produced
higher quantities of cellulase and phosphatase

(Figure 4 & 5). On the contrary, the Alternaria sp.
secreted comparatively small amounts of these enzymes. Similarly, P. variotii exhibited significantly
higher amounts of glucosidase, followed by E.
nigrum, whereas F. proliferatum showed the lowest
glucosidase production (Figure 6. On the overall basis, both P. variotii and P. purpurogenum revealed
significant potential for the production of extracellular enzymes. Furthermore, P. variotii and A. nidulans exposed significantly higher amounts of IAA
production (Figure 7).

FIGURE 3
ACC deaminase activity of the pure culture filtrates of isolated endophytic fungi in (DF) minimal
medium containing ACC.

FIGURE 2
Total protein content of the pure culture filtrates
of isolated endophytic fungi in (DF) minimal medium.
The bars represent the SE of mean of three replicates. Bars
having different letters are significantly different from each
at P=0.05.

FIGURE 4
Cellulase activity of isolated endophytic fungal
strains from Caralluma acutangula.
The bars represent the SE of mean of three replicates.
Bars having different letters are significantly different
from each at P=0.05.

The bars represent the SE of mean of three replicates. Bars
having different letters are significantly different from each
at P=0.05.

FIGURE 5
Phosphatase activity of isolated endophytic fungal
strains from Caralluma acutangula.
The bars represent the SE of mean of three replicates. Bars
having different letters are significantly different from each
at P=0.05.
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FIGURE 6
Glucocidase activity of isolated endophytic fungal
strains from Caralluma acutangula.

FIGURE 7
Indole acetic acid production by endophytic fungi
from Caralluma acutangula.

The bars represent the SE of mean of three replicates. Bars
having different letters are significantly different from each
at P=0.05.

The bars represent the SE of mean of three replicates. Bars
having different letters are significantly different from each
at P=0.05.

determined in the extracellular environments of endophytic fungal strains during their growth. The results of the present study suggested a significantly
higher amount of ACC deaminase production by the
isolated fungal strains, which is in accordance with
the previous studies [17, 25, 27].
Although, the biodiversity of fungal species is
estimated to be about 1.5 million, a limited number
of species (including Aspergillus, Penicillium, Rhizopus, and Trichoderma) have been characterized to
release bioactive molecules mainly fungal enzymes
with industrial applications [11, 28]. The wide application of fungal enzyme enhanced the interest of
many researchers to explore the microbial strains
that can serve as cheap factories for sustainable resources. Likewise, the extracellular enzyme production by endophytes is essential to help the microorganism penetrate the host cell wall, and can contribute to the defense responses and mineral uptake in
host-plants [29]. In our study, the extracellular enzyme, ȕ-glucosidase, encoded by endophytic fungi
isolated from C. acutangula revealed the production
of higher amounts RI ȕ-glucosidases. The previous
data also described the purification, crystallization,
DQG GLIIHUHQW SURSHUWLHV RI Į-glucosidase from the
mycelia of Mucor [30]. Į-glucosidase activity in the
culture filtrates of Aspergillus niger, A. nidulans and
Penicillium sp. have been observed in the past [3133].
In addition, cellulase enzymes produced by the
endophytic fungi, Pycnoporus sanguineus isolated
from Baccharis dracunculifolia effectively hydrolyzed cellulose [34]. The production of cellulase enzymes was considerably higher in P. variotii, P. purpurogenum and Epicoccum nigrum. It was also observed that keeping the pH at optimum (i.e., pH 5.5
in our case) can yield greater amounts of cellulase in
culture media. Gawas-Sakhalkar et al. [28] reported

DISCUSSION
Endophytic microbes associated with medicinally important plants have been shown to enhance
host plant growth and development. This could possibly be owing to the production of various constituents during the symbiotic processes with the host
plants [1, 12]. To further understand the interactions
in in vitro environments of culturable endophytes
from medicinal plants, we isolated and identified endophytic fungal species from C. acutangula. To our
knowledge, there have been no previous studies on
this plant and its associated endophytic microorganisms. In the current study, we isolated and identified
various strains of Paecilomyces, Epicucum,
Fusarium, Penicillium, Aspergillus, and Alternaria
species using molecular techniques. Based on ITS
sequence homology, we identified these fungal
strains as A. nidulans, P. variotii, F. proliferatum, E.
nigrum, P. purpurogenum, and Alternaria sp. These
strains have been assessed for their potential to produce ACC deaminase, extra-cellular enzymes, and
IAA during their growth.
The production of ACC deaminase is common
in bacteria, whereas some of the fungal strains also
possessed genes for ACC deaminase synthesis.
Among fungal stains, some species of Penicillium
have been found to produce ACC [17, 25]. The endophytic microbial communities living inside plants
and synthesizing ACC deaminase use ethylene. This
HQ]\PHFOHDYHVWKHHWK\OHQHSUHFXUVRU$&&WRĮ-ketobutyrate and ammonia. In this way the ethylene
level is get lowered in developing or stressed plants
[26]. The endophytes which are producing ACC deaminase help in plant growth under stress conditions
and also perform an important role in nodulation.
This function of ACC deaminase is varible in different plant species. The activity of this enzyme was
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[6] Khan, A.L., Hamayun, M., Kang, S.-M., Kim,
Y.-H., Jung, H.-Y., Lee, J.-H. and Lee, I.-J.
(2012) Endophytic fungal association via gibberellins and indole acetic acid can improve
plant growth under abiotic stress: an example of
Paecilomyces formosus LHL10. BMC microbiology. 12, 3.
[7] Mohd, A., Eyad, A., Syed Amir, A., Kartik, P.,
Kishan, L. and Mitesh, P. (2018) Physiological
and molecular characterization of biosurfactant
producing endophytic fungi Xylaria regalis
from the cones of Thuja plicata as a potent plant
growth promoter with its potential application.
BioMed research international. 2018, 11p.
[8] Wang, M.-q., Hao, X.-j., Yao, Y.-p. and Xu, M.
(2018) Study on colonization ability in plants of
endophytic Bacillus amyloliquefaciens HT-Q6
Isolated From Walnut. Fresen. Environ. Bull.
27, 1152-1156.
[9] Ali, S., Charles, T.C. and Glick, B.R. (2014)
Amelioration of high salinity stress damage by
plant growth-promoting bacterial endophytes
that contain ACC deaminase. Plant Physiology
and Biochemistry. 80, 160-167.
[10] Saxena, S., Meshram, V. and Kapoor, N. (2015)
Muscodor tigerii sp. nov.-Volatile antibiotic
producing endophytic fungus from the Northeastern Himalayas. Annals of microbiology. 65,
47-57.
[11] Rytioja, J., Hildén, K., Mäkinen, S.,
Vehmaanperä, J., Hatakka, A. and Mäkelä,
M.R. (2015) Saccharification of lignocelluloses
by carbohydrate active enzymes of the white rot
fungus Dichomitus squalens. PloS one. 10,
e0145166.
[12] Kusari, S., Pandey, S.P. and Spiteller, M. (2013)
Untapped mutualistic paradigms linking host
plant and endophytic fungal production of similar bioactive secondary metabolites. Phytochemistry. 91, 81-87.
[13] Lugtenberg, B.J., Malfanova, N., Kamilova, F.
and Berg, G. (2013) Plant growth promotion by
microbes. Molecular Microbial Ecology of the
Rhizosphere. 1, 2559-573.
[14] Khan, A.L., Halo, B.A., Elyassi, A., Ali, S., AlHosni, K., Hussain, J., Al-Harrasi, A. and Lee,
I.-J. (2016) Indole acetic acid and ACC deaminase from endophytic bacteria improves the
growth of Solanum lycopersicum. Electronic
Journal of Biotechnology. 21, 58-64.
[15] De Battista, J., Bacon, C., Severson, R., Plattner,
R. and Bouton, J. (1990) Indole acetic acid production by the fungal endophyte of tall fescue.
Agronomy Journal. 82, 878-880.

intracellular acid phosphatase production from P.
citrinum. Also, Qureshi et al. [33] observed alkaline
phosphatase production from newly isolated A. fumigatus EFRL05. The isolated endophytic fungi also
showed significant results for phosphatase production. The phosphatase production in F. proliferatum,
P. variotii, and P. purpurogenum was significantly
higher than that of other strains.
Like enzyme production, it has also been reported that endophytic microbial flora can significantly contribute towards the production of phytohormones [1, 6, 26]. Phytohormones, such as auxins,
are produced in the plants and are responsible for the
regulation of plant growth and development [35].
Recently, it has been documented that the endophytic microbial flora (bacterial/fungal) of the plant
also contribute to the production of these phytohormones [1, 6, 14]. Mei and Flinn [36] observed
growth promotion in fungal associated plants under
stress conditions. Such promotion in growth might
be due to the release of IAA by the endophytes in
order to support its host. In our study, P. variotii and
A. nidulans showed considerable IAA production,
which supports previous findings regarding IAAproduction by endophytes. The results also conclude
that endophytic fungi associated with medicinally
important plants possess a unique potential to produce bioactive metabolites, which might improve the
growth of the host in severe environmental conditions.
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prevalence affecting animal welfare and productivity
[1−5]. The economic losses caused by lameness are
mainly a reduction in milk production, poor reproductive performance, and removal of early production [6−9]. Due to lameness, annual economic losses
in countries are reported to be about $ 180 million
[10]. The prevalence of lameness in dairy cows herds
is quite variable and ranges from 0 to 60% [11]. The
distribution of lameness prevalence in such a wide
range is related to care and hosting conditions, feeding and hoof care [10, 11]. 75-90% of lameness is
caused by foot and hoof diseases [12]. Hoof care is
one of the most important factors affecting lameness
prevalence [13]. Hoof trimming (HT) is recommended as a protective measure against lameness
[14-15].
HT, prevention of excessive elongation of the
horn hoof physiologically evolving, thus preventing
the formation of distorted and deformed hoof shapes
or deformed hoofs to restore normal morphological
features made to trimming and correct the process.
This procedure creates stress in the animal and the
use of analgesic agents to reduce stress reduces oxidative stress and improves animal welfare [11].
Non-steroidal
anti-inflammatory
drugs
(NSAIDs) inhibit the cyclooxygenase (COX) enzyme, which plays a role in the synthesis of prostanoids [16, 17]. Among prostanoids, Prostaglandins
E2 (PGE2) and PGI2 exhibit the highest influence on
pain signals transformation. NSAIDs decrease PGE2
production [18]. COX’s two forms are COX-1 and
COX-2 [15] COX-2 isoforms are usually related to
pain and inflammation associated with tissue damage [19]. Meloxicam, oxicam group is a potent nonsteroidal anti-inflammatory analgesic drug that inhibits the activity of the COX-2 enzyme and prevents
inflammation and pain relief in painful procedures
by inhibiting the production of PGE2 from arachidonic acid and is used as a painkiller in painful procedures [16, 20].
The objective of this study is to investigate
meloxicam which is a nonsteroidal anti-inflammatory analgesic of the effect on the antioxidant imbalance this is caused by and stress and the oxidative
stress may occur in cows undergoing HT. The results
will guide us to minimize stress during HT.

The objective of this study is to investigate
meloxicam which is a nonsteroidal anti-inflammatory analgesic of the effect on the antioxidant imbalance this is caused by stress and the oxidative stress
may occur in dairy cows undergoing hoof trimming
(HT). This research was carried out on 14 female
Simmental dairy cows 3 aged with a mean body
weight of 450 ± 50 kg that in early lactation period,
showing symptoms lameness due to hoof disorder on
the commercial dairy farm. Each group had 7 cows:
group I (analgesia) and group II (non-analgesia) as
were randomly divided into two groups. Group, I (n=
7) was administered intravenously (IV) meloxicam
at a dose of 0.5 mg/kg live weight before 30 min HT.
Group II (n = 7) was administered saline at the same
dose before 30 min the procedure was started. During HT process -30 (30 min before hoof trimming),
15 and 30 mins the heart and respiratory rate was
measured. Blood samples were taken in the same
time period Total oxidant capacity (TOC), total antioxidant capacity (TAC), glutathione (GSH) enzyme
activity, the level of cortisol and glucose level was
measured in the serum. There were no significant
changes in heart and respiratory rate during HT
(p>0.05). Cortisol and glucose levels were significantly lower in the analgesia group than in the nonanalgesic group (p<0.05). TOC measurements at all
times in analgesia group (p<0.001). TAC level did
not change in both groups. GSH level higher at all
times in the analgesia group than non-analgesia. Results showed prevented the oxidative stress and support the antioxidant system of meloxicam. The results suggest that analgesia should be used in the process of HT for animal welfare.
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Lameness is one of the most important health
concerns of dairy cows management, which leads to
significant economic losses due to the high
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1*'2= 
Time
Respiratory Rate
Heart Rate
Group
(min)
(Pulse/min)
(Beat/Rate)
I
68.85 ± 1.38
24.14 ± 1.14
-30
II
71.14 ± 1.98
26.14 ± 2.16
I
70.28 ± 1.34
24.85 ± 2.27
15
II
78.14 ± 3.66
31.00± 3.06
I
73.28 ± 3.21
25.14 ± 0.70
30
II
70.28 ± 1.50
29.71 ± 1.62

I= Hoof trimming with a painkiller. IIHoof trimming without painkiller.

! ! 

2.1'0 This research was carried out on 14
female Simmental dairy cows 3 aged with a mean
body weight of 450 ± 50 kg that in early lactation
period, showing symptoms lameness due to hoof disorder on the Haliloğulları dairy farm, Ağrı, TR. The
study was approved by the Animal Ethics Committee of Çukurova University (approval number:
04.07.2018/07). Each group had 7 dairy cows: group
I (analgesia) and group II (non-analgesia) as were
randomly divided into two groups. Group I (n= 7)
was administered intravenously (IV) meloxicam
(maxicam X4, 100 mL Sanovel) at a dose of 0.5
mg/kg live weight before 30 min hoof trimming.
Group II (n = 7) was administered saline at the same
dose before 30 min the procedure was started.

78);)*6.,2For the HT process, the animal
has detected in the standing of a mobile walk-in
crush. HT was started from the medial hoof in the
hind legs and the lateral hoof in the anterior feet.
HT was performed by the same person to trimming and correct the horn hoof according to the
method and this procedure is completed in about 15
mins. To track changes in the physiological parameters in the animal during HT process -30 (30 min before hoof trimming), 15 and 30 mins the heart rate
was measured by auscultation and respiratory rate by
counting thoracic excursions.

7'7.67.('02'0;6.6The one-way analysis of
variance (ANOVA) and post hoc Duncan tests were
performed on the data to examine the differences
among groups using the SPSS statistical software
package. The results are presented as average ± SE.
A value of < 0.05 was considered significant.
 "! 

There was no statistically significant in all
measurement times in comparisons between and
within the groups the results of heart rate both group
I and group II (p>0.05). However, there was an increase in of the heart rates in the 15th min after HT in
the non-analgesia group, but this increase was observed in the physiological limits and was not found
statistically significant. Similarly, there was no statistically significant difference within and between
the groups in terms of respiratory rate in comparing
the results measurements at all times (p>0.05). However, there was a slightly increased in respiratory rate
likewise as heart rate in the 15th min after HT in the
non-analgesia group. The results of measurement of
heart and respiratory rate in mins are given in Table
1.
There were no statistically significant differences in cortisol level measurements within the
groups in both analgesia and non-analgesia groups
(p>0.05). The decrease in analgesia group was statistically significant in all-time comparisons between
groups (p<0.05), (Graph 1). There was no statistically significant difference comparing within the analgesia and non-analgesia groups in glucose level
measurements (p>0.05). The decrease in the analgesia group in all measurement time was statistically
significant (p<0.05), (Graph 2).
In TOC measurements, no statistically significant difference was found between all measurement
results in within-group comparisons in both analgesia and non-analgesia groups (p>0.05). The decrease
in analgesia group was statistically significant at all
measurement times between groups (p<0.001). In
TAC was no statistically significant differences
comparing within and between the groups at all
measurement times in both analgesia and non-

.3(-*1.('0 2'0;6.6 Blood samples were
taken at -30, 15 and 60th min of the applications then
they were brought to the laboratory as soon as possible and centrifuged at 3000 rpm for 10 min at room
temperature and kept at -80°C until the samples were
tested. Total oxidant capacity (Bovine (TOC) ELISA
kit) and total antioxidant capacity (Bovine (TAC)
ELISA kit) tests for determination of oxidative stress
index in the obtained serum, glutathione (GSH) enzyme analysis (Glutathione Assay kit) was performed by ELISA method for the evaluation of antioxidant potential. The level of cortisol (Bovine (Cortisol) ELISA kit) and glucose (Glucose Colorimetric
Assay kit) in the serum was measured using a commercial kit to assess pain in animals.
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analgesia groups (p>0.05). In within-group comparisons of GSH measurements, there was no statistically significant difference between the -30th and 15th
min results in the analgesia group (p>0.05). In the 30th and 30th min measurement results, the increase
in the 30th min was statistically significant (p<0.05).
The increase between 15 and 30 mins was not statistically significant (p>0.05). There was no statistically significant difference in all measurement times

within group comparisons in the non-analgesia
groups (p>0.05). There was a statistically significant
difference between measurement results -30th comparing between groups (p<0.05). There was a statistically significant difference between the 15th min
measurement results (p<0.001). There was a statistically significant difference between the 30th min
measurement results (p<0.05), (Table 2).

 
-'2,*6.27-*(357.6300*9*0.2,5384'2),538439*57.1*
*In the comparisons between groups, the measurements marked with asterisks at the same time period are considered statistically significant (p<0.05).

 
-'2,*6.27-*,08(36*0*9*0.2,5384'2),538439*57.1*



*In the comparisons between groups, the measurements marked with asterisks at the same time period are considered statistically significant (p<0.05).
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= 
Time
(min)
-30
15
30

Group
I
II
I
II
I
II

TOC
(µmol/L)
2.50 ± 0.42**
36.66 ± 3.33
3.16 ± 0.16**
40.00 ± 5.16
3.33 ± 0.55**
48.33 ± 4.01

TAC
(U/mL)
4.58 ± 0.03
4.54 ± 0.11
4.55 ± 0.04
4.59 ± 0.04
4.64 ± 0.04
4.65 ± 0.03

GSH
(mmol/L)
19.70 ± 1.18*a
14.84 ± 0.20
22.66 ± 1.19**
12.44 ± 1.17
26.80 ± 3.64*a
14.53 ± 1.05

a
In the within-group comparison, there was a statistically significant difference between the values of same letters in the same column (p<0.05).
*In the comparisons between groups, the measurements marked with asterisks are considered statistically significant (*p<0.05, ** p<0.001).

 " 

Hoof trimming (HT) is a common management
intervention in the prevention of lameness in dairy
cattle [21−25]. However, this HT process has the potential to expose the animal to various stressors including changes in daily routine, preparations made
before HT, restriction of animal movement and HT
itself with optical, acoustical and mechanical disturbances [13, 14, 26]. To evaluate the welfare effect
of a procedure it is important to assess the impact it
has on the animal physiologically [13, 14]. Exposure
to stress activates multiple neural and endocrine systems of animal and this, in conclusion, leads to a releasing in stress hormones in the bloodstream [13,
27] and can affect physiological functions such as
heart and respiratory rate, milk yield, and reproductive functions [13, 14, 28]. HT can impact the heart
rate and respiratory rate in cattle and thus these parameters widely accepted criteria used as a measure
of relative stress [13]. In the study by Rizk et al. [29],
to investigate effects of xylazine hydrochloride on
dairy cows undergoing claw trimming after xylazine
or saline administration, heart and respiratory rates
have slightly risen at 15 min in the saline group but
they decreased in xylazine group. A smaller study in
study by Korkmaz et al. [14], investigated the effects
of dexketoprofen trometamol on oxidative stress that
may occur with claw trimming, it is reported that
heart and respiration rate increased in the control and
analgesia groups but the increase in heart rate was
found to be significant in the control group after 15
min. The increase in respiratory rate was found to be
significant in the 15th minute in both groups. Unlike
other researchers in our study, although there was an
increase in heart rate in the 15th min in the non-analgesic group, this increase was not significant. There
were no significant changes in heart and respiratory
rate during HT.
The level of cortisol in blood is extensively
used as an indicator of acute stress response in stressful procedures [27]. Exposure to stressor conditions
would stimulate the hypothalamic-pituitary-adrenal
axis leading to blatantly incrementing in the ACTH
and cortisol level. In a study by Pesenhofer et al.
[30], compared the effect on cortisol concentration
and milk yield before and after HT with 2 different

types of trimming set-ups, a mobile walk-in crush
and a tilt table on dairy cattle. Daily milk yield was
registered 7 days before and up to 13 days later HT.
Cortisol concentration was measured 12 hours before and until 7 days after HT. It is reported that it
decreases 0.6 L after 7 days of HT day and decreased
by 0.5 L on the HT day milk production. Cortisol
concentration was significantly higher 24 hours following. This study is emphasized that HT leads to a
stress response and affected the productivity of the
animal. In another study, claw trimming was conducted at standing position and similar to other studies cortisol level increased in both groups. This increasing with respect to time was significant in control and analgesia (dexketoprofen trometamol)
groups. However, the increase in cortisol level was
lower in analgesia group than in the control group
[14]. In our study, no significant changes were observed in cortisol level in the HT during in the analgesia and non-analgesia groups. However, in the analgesia and non-analgesia groups, the cortisol level
was significantly lower in the analgesia group at all
measurement times in the comparisons between the
groups. Similar to previous studies cortisol level was
higher in the control group than analgesia group. As
says of Korkmaz et al. [14], low cortisol level in analgesia group may be due to meloxicam having some
pain-relieving effect by the inhibition of prostaglandin synthesis.
Stress causes excessive glucose production and
the level of glucose increases with stress [31]. When
cows that had a lower glucose concentration were
exposed to a stressor an increase in the concentration
of glucose but the increase was not as large as what
was observed for cows that had higher levels of glucose available before the stressor. However, the relationship between stress and glucose concentration
depends on the concentration at the baseline of glucose [29]. So glucose is important components
needed for milk production and based on the baseline
increased concentration of glucose so varies according to lactation stages of cows increased at the level
of glucose due to stress. The increase in glucose level
due to stress varies in lactation or non-lactating cows
[13, 26, 31, 32]. Early lactation period dairy cows in
our study and significant changes were not observed
in glucose level in the HT during in the analgesia and
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non-analgesia groups. However, in the analgesia and
non-analgesia groups, the glucose level was significantly lower in the analgesia group at all measurement times in the comparisons between the groups.
TOC, TAC measurement is recommended to
determine their balance and the oxidant and antioxidant status in the organism [33]. In our study, there
was a significant decrease in TOC measurements at
all times in analgesia group (p<0.001). There was no
significant change in TAC measurements at all times
both Group I and II. GSH, which is involved in the
antioxidant defense system in the active and safe removal of reactive oxygen species in living organisms, acts as a non-enzymatic antioxidant [34, 35].
In our study, the GSH level was lower at all times in
the group non-analgesia, in which HT during stress
occurred and high levels of GSH at all times in the
analgesia group indicate that meloxicam supports
the oxidant system.

[6] Ettema, J.F., Østergaard, S., Kristensen, A.R.
(2010) Modeling the economic impact of three
lameness causing diseases using herd and cow
level evidence. Preventive Veterinary Medicine.
95(1), 64-73.
[7] Hernandez, J.A., Garbarino, E.J., Shearer, J.K.,
Risco, C.A., Thatcher, W.W. (2005) Comparison of milk yield in dairy cows with different
degrees of lameness. Journal of the American
Veterinary Medicine Association. 227, 1292–
1296.
[8] Peake, K.A., Biggs, A.M., Argo, C.M., Smith,
R.F., Christley, R.M., Routly, J.E., Dobson, H.
(2011) Effects of lameness, subclinical mastitis
and loss of body condition on the reproductive
performance of dairy cows. Veterinary Record.
168, 301.
[9] Booth, C.J., Warnick, L.D., Grohn, Y.T.,
Maizon, D.O., Guard, C.L., Janssen, D. (2004)
Effect of lameness on culling in dairy cows.
Journal of Dairy Science. 87, 4115–4122.
[10]Kamiloglu, A. (2014) Foot diseases in farm
animals. Malatya: Medipress, 3.
[11]Cecen, G. (2014) Lameness and foot diseases in
cattle. Bursa: Sentez, 3.
[12]Clarkson, M.J., Downham, D.Y., Faull, W.B.,
Hughes, J.W., Manson, F.J., Merritt, J.B., Murray, R.D., Russell, W.B., Sutherst, J.E., Ward,
W.R. (1996) Incidence and prevalence of lameness in dairy cattle. Veterinary Record. 138,
563–567.
[13]Stoddard, G.C., Cramer, G. (2017) A Review of
the relationship between hoof trimming and
dairy cattle welfare. Veterinary Clinics of North
America- Food Animal Practice. 33(2), 365–
375.
[14]Korkmaz, M., Saritas, Z.K., Demirkan, I., Ulutas, E. (2014) Effects of dexketoprofen trometamol on stress and oxidative stress in cattle undergoing claw trimming. Acta Scientiae Veterinariae. 42, 1–6.
[15]Potterton, S.L., Bell, N.J., Whay, H.R., Berry,
E.A., Atkinson, O.C., Dean, R.S., Main, D.C.,
Huxley, J.N. (2012) A descriptive review of the
peer and non-peer reviewed literature on the
treatment and prevention of foot lameness in
cattle published between 2000 and 2011. The
Veterinary Journal. 193, 612–616.
[16]Korkmaz, M., Saritas, Z.K., Bulbul, A.,
Demirkan, I. (2015) Effect of pre-emptive dexketoprofen trometamol on acute cortisol inflammatory response and oxidative stress to hoironson disbudding in calves. Journal of the Faculty
of Veterinary Medicine, Kafkas University. 21,
563–568.
[17]Heinrich, A., Duffield, T.F., Lissemore, K.D.,
Squires, E.J., Millman, S.T. (2009The impact
of meloxicam on postsurgical stress associated
with cautery dehorning. Journal of Dairy Science. 92, 540–547.

" 

As a result, low levels of cortisol and glucose
in the HT process showed prevented the stress of
meloxicam, in addition to low TOC, prevent oxidative stress and increase the level of glutathione
showed that it supports antioxidant system. The results suggest that analgesia (such as meloxicam)
should be used in the process of HT for animal welfare.
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one of these by-products, can be found in large
amounts in olive oil industries as an agricultural
waste by-products. According to Kiristakis et al. [1],
olive leaves are mainly found in two different points
during the olive oil production process. Firstly, they
are found during olive tree pruning, in which they
constitute quarter portion of the pruning, and secondly in the olive oil production facility, where
leaves are separated from the olives by a blower machine. It is reported that the amount of olive leaves
accumulated annually may exceed 1 million tonnes.
Harvested olives are accompanied by approximately
6% of leaves and annual world production of olives
exceeds 18 million tonnes [2]. Considering the
amount of annual olive leaves, the use of olive leaves
will help to alleviate the environmental problem of
olive oil industries as a waste.
It is reported that Mediterranean nations have
used olive oil in their diet since ancient times and it
occupies a very important place in nutrition as well
as playing roles in medicine, cosmetics and other areas. Because of its beneficial effects, olive oil is considered a medicine, and a source of wealth and power
[3]. Additionally olive oil is characterized by nutritional and sensory properties, including bitterness,
pungency, fruitiness, and greenness which are considered as positive attributes in olive oils. Phenolic
compounds are the major constituents in charge of
for pungency and bitterness of olive oils (virgin).
Phenolic compounds, which are found in olive
leaves especially protect oil against autoxidation,
acting as antioxidants, hence attract great interest because of its role in health [1, 4, 5], and their contents
in olive oils vary widely, depending on olive fruits,
ripening levels, environmental conditions, growing
region, crushing and paste malaxation process [6].
Additionally, pigments and tocopherols act as antioxidants that play important roles of olive oil (virgin)
stability as well as in the inhibition of some illnesses
[7]. The total phenols of virgin olive oils undergo
some modifications due to hydrolytic and oxidative
reactions during storage (18-25 ºC) at where polyphenol reductions up to 25-31% take place after 1824 months of storage [8].
Olive oil pigments, carotenoid, and chlorophyll
are responsible for colour properties of olive oils and
considered as quality parameters of olive oils that affect the consumer choices [7]. The content of

Olive leaves are an important source of phenolics and pigments, that leaves are wastes of olive oil
industries that enterprise producing olive oil. The
main object of this study is to evaluate the chemical
and sensory properties of refined olive oils containing different rates of olive leaves that obtained from
olive oil factory, which were washed, dried, milled,
and sieved, in comparison to virgin olive oil. The
second object is to determine the optimal range of
olive leaves to be added. The methods used for optimization is transforming the experimental results
into images then processing the obtained images.
The total phenols, antioxidant activity, chlorophyll
and carotenoid, extinction coefficients (K232 and
K270), bitter index (K225) and positive attributes of
sensory evaluations of refined olive oils containing
10 and 15% olive leaves exhibited higher properties
than virgin olive oils. These results emphasize the
high potential of dried olive leaves as the phenolic
constituent’s source for refined olive oil and to improve the chemical and sensorial attributes of refined
olive oils. Furthermore, the determined optimal olive
leaf addition range that will equally satisfy all olive
oil constituents is between 12.5%-15%.

!;+-=3-+5+9953-+=387Adding the olive leaves
between 12.5-15% improve the physicochemical and
sensorial attributes of refined olive oil and this range
is optimal since the lightest gray tone means the optimal. In this case, the center of optimal range is
13.75% and it can be said that this percentage should
be preferred to satisfy all attributes equally.
)( #$
Refined olive oil, olive leaves, sensory profile, phenolic
substances, image processing
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A high number of by-products and residues derived from both olive tree cultivation and the olive
processing industry are obtained yearly; most of
them have no practical applications [1]. Olive leaves,
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properties that are greenness, fruitiness, bitterness
and pungencies of olive oils that perceived by the
participants during the sensory evaluation of olive oil
samples [21]. The pigment extract of olive leaves,
especially chlorophyll, improves the stability of refined oil by inhibiting thermal deterioration and enhancing hydrolytic stability of refined olive oils during the storage [10], and significantly improves resistance to the oxidation, nutritional qualities, as well
as enhances the appearances of over mature fruits of
olive oils [22].
Olive leaves are important by-products of olive
oil factories as waste source and this research was
arranged to investigate the changes of physical and
chemical properties of refined olive oils as a function
of additional olive leaves at different ratios (5-15%).
The free acidity (%), peroxide values (meq O2 kg-1),
values of K232 and K270, bitter index (K225), chlorophylls (mg kg-1), carotenoid (mg kg-1), phenols, its
constituents (mg GAE kg-1), DPPH (%), and sensory
evaluations were examined as physical and chemical
properties of refined olive oils [23-25]. In addition,
the optimal range of olive leave addition to make the
parameter values of refined olive oil closer to the desired values was also determined in this research.


%#$% $

+=/;3+5< The refined and virgin olive oils
(from Gemlik cultivars) were get from a local olive
oil factory in Osmaniye, Turkey. In October, olive
leaves were supplied from an olive oil factory especially Gemlik olive cultivars which commonly cultivated in Osmaniye, then, washed, dried at atmospheric conditions (25 ºC), crushed, milled, and
sieved. The olive leave particles (< 0.5 mm) were
added to the refined olive oils at different ratios (515%), and stirred for each day and stored in dark
place with glass container for 30 days at 20 ºC. The
reagents, chemicals, and phenolic standards were
supplied from the companies of Merck (Germany),
Sigma (USA), and Fluka (Switzerland).

/=28.< ">+53=B 7.3-/< The determined
values of the peroxide, free acidity, spectrophotometric absorbance values of K232 and K270 were met
to the EU standards. [26].

chlorophyll decreases during the maturation of olives which converted to the pheophytin components,
turning the oil colour from green to yellow [9]. The
oxidation reaction is important for deterioration process in lipid-containing foods and for overcoming
the deterioration reaction of many synthetic compounds that contained butyl of anisole, toluene, quinone that were used as additives in lipid-containing
foods. In recent years, some reports revealed that the
synthetic antioxidants might be implicated in health
risks; hence, some countries do not allow the application of these synthetic compounds [10].
Olive oils contain phenolic compounds, which
are phenolic acids like caffeic, -coumaric, cinnamic, ferulic, benzoic, gallic, elenolic and vanilic
acid; simple phenols like tyrosol, hydroxytyrosol, luteolin, quercetin, apigenin, rutin, and secoiridoid;
and glycoside derivatives that contain oleuropein
and its constituents [11, 12]. In addition to olive oil
composition, olive leaves contain simple phenols
such as hydroxytyrosol, the acids of tyrosol, gallic,
caffeic, ferulic, -coumaric, cinnamic and verbascoside; flavonoids such as quercetin, rutin, catechin,
apigenin, and lutelin; and secoiridoids such as
oleuropein, ligstroside, and oleuropein aglycone [13,
14]. A substantial similarity in terms of phenolic
compounds is seen by considering the olive oil composition and its leaves.
Although olive oils are produced from olive
fruits as olive oils (virgin and extra virgin), and great
portions of olive oils are being refined to be edible.
The refined olive oils are sensitive to deterioration
reactions the storage period due to the lower content
of phenolic compounds and pigments, especially
chlorophylls. The enrichment of refined oils with
natural additives to overcome deterioration reactions
becomes of great interest. In especially, natural antioxidants and pigments, especially chlorophyll, carotenoid, tocopherol and polyphenols play important
role in preventing oxidation reactions [10]. Olive
leaves are the major by-products of oil processing
and its industry, which contain numerous phenolic
compounds having strong radical scavenging activities. Besides, olive leaves are rich in pigments, antioxidants, and phenolic compounds, which have been
used against for neurotic disorders, cancer, hypotensive, hypoglycemic and microbial activities [15-17].
The pharmacological effects of leaves or their extracts are featured to the presence of polyphenols
contains mainly oleuropein, hydroxytyrosol, verbascoside, tyrosol, apigenin and luteolin-7-glucoside
[18, 19]. In addition, in a study of animals, especially
rats based on the pharmacological effects of phenolic
constituents, the oral amount of olive leave extracts
decreases infarct volume, brain edema, barrier permeability of brain, and ameliorates neurologic deficit
scores after impermanent cerebral artery plugging
[20]. The addition of olive leaves (3%) before crushing of olive fruits improves phenolic contents, oxidation stability, aroma profiles, and sensory

%8=+5 !2/785< 61  41  Refined olive
oils containing olive leaves were filtered by filter paper before the analytical process. The olive oil samples obtained from the control, virgin and refined olive oil containing olive leaves were 1 g and the mixture of 5 ml CH3OH/H2O was poured to the sample
(60:40 v v-1). Thereafter, they were shaken along 2
min. and were filtered from the filter of 0.45 µm
(PTFE) after centrifuged for 10 min. at a revolution
of 3500 per min. The procedure was repeated for the
rest portion by adding 5 ml of CH3OH/H2O then 10
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ml of pure water was poured to the extracted volume.
The mixture of 0.1 ml was taken from the extract and
it was poured to 50 ml of volumetric flask. Then, 5
ml distilled water and Folin-Ciocalteu solution (0.5
ml) was poured to these flasks and the mixture was
kept for 3 min., the volume was completed by distilled water (50 ml) with adding 1 ml of Na2CO3
(35% w v-1). The mixture was kept in a dark place
along 2 hours and absorbance value of mixture was
evaluated at 725 nm (Shimadzu UV 1800, Japan)
against the replicate solution and the results were obtained in terms of mg of GAE per kg. Finally, the
same analytical procedures were made for olive
leaves [23].

Vortex equipment and centrifuged at a revolution of
3500 for 10 min. The layer of hexane was removed
and the polar phase of mixture was transferred to a
flask by adding 10 ml of CH3OH/H2O mixture
(60/40). 5 ml of CH3OH/H2O solution was poured to
the flask and after that the absorbance values of solution was obtained at 225 nm. Bitter index of olive
oil samples was calculated by
 ))* A ))*!

Eq.[2]

where; C: g of olive oil/100 ml and A225: at 225
nm [24].
!316/7=87=/7=<6141  The chlorophyll
contents of refined olive oil samples were evaluated
by using the extinction coefficients by dissolving 7.5
g of oil samples in the solution of cyclohexane (25
ml). The extinction coefficient was calculated as E0=
613 for pheophytin ‘α’ by the equations as below;

2;86+=81;+923-7+5B<3<80!2/7853-87
<=3=>/7=< Stock solutions of olive oil phenols were
prepared in CH3OH at 2 mg ml-1 and standard stocks
of chemicals were prepared by serial dilution of solutions containing CH3OH/H2O mixture. Compounds in total phenols were seperated using the
HPLC (Thermo Dionex; CA, USA), which is consisted of solvent efficient pump that attached to an
array detector (diode) and spectrophotometer. The 1
µl samples obtained from phenolic extracts and olive
leaves were splited on the column (250x4.6 mm x5
μ; Interstil, Japan). The separation process on the C18
ODS-3 column was made using a gradient elution
volume from 10 to 70% CH3OH along 9 min and
100% CH3OH along 2 min at a rate of 1 ml per min.
The ratio of mobile portion was 19 to 1 (v v-1), waterformalin and methanol-formalin mixtures (solvent A
and B). The photodiode array detector and absorbance values were used to determine the phenolic
compounds (280 and 320 nm). The quantities of phenolic compounds that are hydroxytyrosol, tyrosol (24-hydroxyphenylethanol), oleuropein, the acids of
vanillic, caffeic, -coumaric, -coumaric, vanillin,
cinnamic, ferulic, apigenin, syringic, luteolin and
gallic acid were determined according to the peak areas compared with phenolic standards [18, 24].

!   .392/7B5 93-;B52B.;+CB5 ;+.3
-+5 The method of radical scavenging activity
(DPPH, %) was used to determine the inhibition %
of total phenols (DPPH, %) obtained from the oil
samples. The mixture of 0.1 ml of the extracted volume was poured to 2.9 ml DPPH mixture, kept in
dark place for 30 min., and the absorbances were
measured at 515 nm by spectrophotometer (Shimadzu UV 1800). The radical scavenging activities
of olive samples (DPPH, %) were measured in terms
of % inhibition as below [25]:
[Eq.1]

ChlorophyllDmgkg+1 E
A DA670  106 E!G613100 dH

Eq.[3]

CarotenoidDmgkg+1 E
A DA470  106 E!G2000100 dH

Eq.[4]

where; A is the absorbance at 670 and 470 nm
and ' is cell thickness (1 cm) of spectrophotometer
[26]. The pigment concentrations were expressed in
terms of mg pheophytin α and luteolin per kg of refined olive oil samples, respectively.
$/7<8;B 7+5B<3< 10 proficient person (aged
between 29-44) participated in the experiment at
which proficient persons were educated to recognize
and the perceived rate of bitterness intensity by using
standard solutions of quinone monohydrochloride
dehydrate as 0.020, 0.035, and 0.045 g/L. During the
educating period, proficient persons were inquired to
differentiate the bitter index by using a scale from 0
to 10 cm. according to standard process of sensorial
analysis. 10 proficient persons were also trained according to bitterness of olive oil by the compution of
standard olive oils and like-minded on the description of this property, defined as characteristics taste
of the olive oil produced from olive samples.
The oil samples, i.e., enriched with olive leaves,
olive oils (refined), and virgin olive oils (control)
were presented in coloured glass cups to hide the differences, thus, extinguishing the optical factor. The
olive oil temperature was maintained at 28 ºC. The
participants were said to get the olive oil samples in
their mouth and to allow all the oil samples to reach
to the back of their tongue. The positive attributes
such as the perceived bitterness, fruitiness, pungency, greenness, and negative attributes were asked
to participants to be rated by using a non-structured
scale at 10 cm. After the evaluations of samples, participants washed their mouths for 45 second to get

 "G  H
A  BD .438641 @  7-251/ E ! .438641C 


3==/;7./A  1 g of olive oil sample was
dissolved in 5 ml of hexane solvent, and after that it
was extracted with CH3OH/H2O mixture (5
ml,60/40). The extracted solution was mixed by
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crackers or apple slices [27-29].

second condition of Equation 5 should be applied.
In the Equation 1, % is the values corresponding
to gray tones, $ is the values of attributes, $=;? is
the maximum of $, &: is the optimal value for $ and
(is the bit-depth. Bit-depth is the value that determines the number of possible gray tones in the image. It used to obtain image that identical to attribute
values. If it is lower than minimum required, image
will not identical to attribute. Optimal bit depth can
be determined by trying values from 1 to  until the
number of gray tones are stable.

/=28.<08;./=/;637371=2/89=36+5;+71/
In this study, the attribute (chemical and sensorial attributes of olive oil) units of olive oil are different.
Therefore, the unique optimal value appropriate for
all attributes cannot be determined by averaging the
attribute values that calculated by modelling or interpolation. If so, the units of attribute values calculated
using modelling or interpolation must be distributed
(normalized) to a limited range at first step. Then, the
optimal value should be calculated by averaging the
normalized attribute values.
In fact, the attribute units can be normalized by
distributing values into 0-100 range and each unit
can be represented as percentage. In this case, the average of attribute values obtained by interpolating or
modelling will have a single optimal value instead of
optimal range. But, determining a single optimal
value in food engineering experiments is not correct
due to various factors [30]. This problem can be
eliminated by transforming attributes into representative images then using histogram equalization
for the average of images.
For the reasons mentioned above, each attribute
was transformed into 4x1 dimensional grayscale image in the first step of this study. Then, dimensions
of images were enlarged using bi-linear interpolation
method in the second step. Thus, the representative
gray tones for all percentages (between 0% - 15%)
of olive leaf addition were generated in the second
step. Finally, the optimal range was determined by
applying histogram equalization to the average of
images.

3<=81;+6:>+53C+=387 Histogram equalization is a method aims to provide contrast between
dissimilar gray tones while making the similar gray
tones same. The method actually assigns values corresponding to visually similar gray tones to a single
value (creates gray tone segments). This feature allows to make the statistically similar values equal
and the values that are not statistically different from
single optimal value are determined as optimal
range. In the histogram equalization method, the
combined values in single value are also distributed
between black and white to create better contrast. In
other words, the image obtained by combining some
gray tones is equally distributed between black and
white as far as possible [30,33]. In summary, this
method provides to the create optimal range instead
of a single optimal value. The flow-chart of analysis
methods used in the study can also be seen from Figure 1.
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%;+7<08;6371==;3,>=/<37=86+1/< Transforming attributes into images is a recently introduced method in food engineering literature [30-32].
Thanks to this method, attribute values can be
matched to gray tones between black and white.
Thus, the attribute value that closest to optimal value
(assumed as white) can be matched to the lightest
gray tone (closest to white) while the attribute value
that farthest to optimal value can be matched to the
darkest gray tone or black. In this study, the attribute
value farthest to optimal value was assumed as black
because it is the worst value detected in the experiment (The possible worst value is assumed as black
in image transformation method). Other values can
be matched to gray tones faithful to relative distances
between each other. Transforming attributes into images can be done by Equation 5.
I
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2/63-+5 !;8035/< The fresh and dried olive
leaves contained 52.61% and 0.521% moisture, respectively. The total phenol contents of olive leaves
were found as 9013 mg GAE kg-1 and the results of
quality indices of refined, virgin, and refined olive
oils containing olive leaves at different ratios (515%) were given in Table 1.
Free acidity of olive oils is considered as a quality factor for classifying the samples. The free acidity
of refined, virgin, and enriched with olive leaves of
refined olive oil samples whose values ranged between 0.91-1.29% exceeded the upper limit of 0.8%
according to council standards of olive oil [26]. The
refined olive oils contained olive leaves slightly decreased the free acidity (%) and olive oil that refined
with/without leaves had higher acidity value than
virgin olive oil samples. This acidity of refined olives showed similarity to the Turkish varieties that is
ranged between 0.5 to 1.17% [30] but was higher
than Tunisian [21] and Algerian wild olive oil samples [24]. At a ratio of 3% leaves added to the olive
varieties increases the free acidity [21] and addition
of olive leaves to the refined olive oils showed similarity in respect of olive oils (refined) and the virgin
olive oils in our results.

@ H D @ GG @ 203H!G, @ 203HHEF

 A #G

3

@ H G @ 203 H!G, @ 203 H#

Eq.[5]
In addition, if &: is between the $=;? and
$=<> , the values $ that greater than &: should be reduced two times by their distance to &: , then the
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Quality index

Refined olive oil
(control)

Refined olive oil
(5%)

Refined olive oil
(10%)

Free acidity
1.29a
1.15b
1.24a
(% oleic acid)
Peroxide value
8.32d
8.57d
10.93c
(meq O2 kg-1)
2.73b
2.53c
2.76b
K232
K270
0.74b
0.67b
0.75b
Different letters in row indicate significantly different values (<0.05)

Refined olive
oil (15%)

Virgin olive oil
(control)

1.11b

0.95c

12.19b

15.81a

3.53a
0.96a

2.03d
0.210c


respectively. Refined olive oil (control sample) and
olive oils containing 5 and 10% olive leaves exhibited similar K232 and K270 levels. By contrast, olive
oil containing 15% olive leaves had significantly
higher K232 and K270 values than virgin olive oil samples. The specific extinction coefficients of olive oil
samples that contain 5 and 10% olive leaves were
higher than Algerian wild olive oils, K232 from 1.69
to 1.78; K270 from 0.05 to 0.18 [24]; Tunisia olea star
variety, K232 from 1.61 to 2.36 and K270 from 0.12 to
0.17 [9]; Cobrançosa olive oil that contains different
amount of olive leaves, 0-10%, K232 from 1.63 to
2.07 and K270 from 0.09 to 0.16 [22]; and higher than
Memecik and Edremit variety, K232 from 1.42 to 1.73
and K270 from 0.04 to 0.10 for Memecik, K232 from
1.49 to 1.59 and K270 from 0.03 to 0.13 for Edremit
variety [18]. Determination of K232 and K270 spectrophotometrically provides information about oil quality and possible changes in olive oil samples. Refined olive oil that contains olive leaves, especially
the 15% sample, indicate an increase in the oxidation
as well as had higher specific extinction coefficients
than other olive oil samples, and these results are in
agreement with the results of Malheiro et al. [22] and
Sonda et al. [21] respectively.
The values of bitter index ranged between 1.50
to 4.50, refined olive oil exhibiting the lowest K225
and refined olive oil containing 15% olive leaves the

The peroxide values of olive oils which are
main analytic parameters showing a measurement of
lipid oxidation ranged between 8.32 and 15.81 meq
O2 kg-1 lower resulting than the upper values indicated by the International Olive Oil Council [26]
(EEC 2568/91). The highest peroxide value was observed in the virgin olive oils (15.81 meq O2 kg-1)
and olive leaves added to the refined oil samples at a
artio of 10 and 15 (%) resulted an increase in peroxide values, significantly (<0.05). It is reported that
olive oils (Cobrançosa vr.) that contained olive
leaves (1-10%) during oil processing increases the
peroxide values by favouring respiration process of
gases and the obtainable oxygen level [22]. It is reported that addition of olive leaves (3%) before olive
oil extraction procedure increases peroxide values
significantly (monovarietal Tunisian olives) [21].
Our results are in agreement with the results of
Sonda et al. [21] for Chemlali, Zalmati, Chetoui olive varieties in Tunisia and Cobrançosa variety in
Portugal [22].
Spectrophotometric characteristics of oil samples were expressed by determining the coefficients
of K232 and K270 at 232 and 270 nm where the absorbance of oxidation products show extensive oxidation reactions in oil/fat-containing products. The
olive oil samples showed that K232 and K270 values
varied from 2.03 to 3.53 and from 0.210 to 0.96,
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Having green colour, chlorophyll pigments,
which are important constituents for olive oil stability, are mainly found in foodstuff. Chlorophyll concentrations ranged between 1.14 mg kg-1 and 3.81
mg kg-1 for refined and virgin olive oil, its contents
changed between 11.03 mg kg-1, 23.54 mg kg-1, and
36.55 mg kg-1 for refined olive oils containing 5, 10,
and 15% olive leaves, respectively (Table 2). Carotenoid concentrations responsible for yellow colour
in foodstuff ranged between 0.625 mg kg-1 and 1.84
mg kg-1 for refined and virgin olive oils and its concentrations changed between 3.65 mg kg-1, 7.83 mg
kg-1, and 11.65 mg kg-1 for refined olive oils containing 5, 10 and 15% olive leaves, respectively.
As seen in Table 2, significant differences were
determined (<0.05) between refined olive oils and
olive oil samples that contain olive leaves in terms of
chlorophyll and carotenoid concentrations. Initial
concentration of chlorophyll and carotenoids of refined olive oils were similar with those obtained by
Rigane et al. [6] and Jaber et al. [10] (1.27 mg kg-1
for chlorophyll and 0.94 mg kg-1 for carotenoid).
Furthermore, an addition of leaves of Chemlali variety to the refined olive oil increased the chlorophyll
contents around 3 times more [10]. Additionally, carotenoid contents of Gemlik, Halhali, and Sarı
Haşebi are 5.43, 6.63, and 16.57 mg kg-1 in terms of
lutelin, whereas chlorophyll contents of these cultivars are 16.43, 24.77, and 57.57 mg kg-1 in terms of
pheophytin, respectively [39]. Carotenoid and chlorophyll concentrations of Memecik and Edremit varieties that are responsible for the colour of olive oils
(as virgin) are 12.87 and 25.90 mg kg-1, respectively.
These pigment concentrations decrease during the
ripening period down to 0.70 and 0.95 mg kg-1, respectively [18]. Pigment extracts of leaves stabilize
the olive oil that refined by inhibiting thermal corruption by developing its hydrolytic stability, preventing the conjugation of double bond, and reducing the losses in poly unsaturated fatty acids [10],
and again, our results are similar with those obtained
by Rigane et al. [6] and Jaber et al. [10], hence, addition of olive leaves increases both carotenoid and
chlorophyll pigment concentrations of refined olive
oils significantly.

highest K225 value (Figure 1). Bitterness of olive oil
(virgin, control sample) and refined olive oil were
4.18 and 1.50, respectively. Olive leaves added to the
refined oils increased the bitterness significantly
(Figure 1). The bitter index of Gemlik, Halhali, and
Sarı Haşebi cultivars that cultivated in Hatay province changed between 0.31 and 0.72 [34], while for
Coratina, Ogliarola, Maiatica, Leccino, and Blend
varieties that grow in Italy changed between 0.21 and
0.40 [28], and apparently, our results were higher for
these olive cultivars. There is a close resemble between the bitterness of olive oil samples and the phenol contents (mg GAE kg-1), and increase in phenol
contents of olive oils increase the bitterness [5, 36].
The total phenols that related to bitterness and pungency of olive oil (virgin) are positively evaluated to
the intensities of virgin olive oils and they constitute
defence mechanism against phytopathogens with bitter characters [24]. The amount of phenolic compounds in refined and virgin olive oils ranged between 109.8 mg GAE kg-1 and 143.4 mg GAE kg-1,
and its contents ranged between 138.6 mg GAE
kg-1, 217.9 mg GAE kg-1, and 233.2 mg GAE kg-1 for
refined olive oil containing 5, 10, and 15% olive
leaves, respectively (Figure 1). As seen in Figure 1,
significant differences were obtained (p<0.05)
among refined olive oils and refined olive oil samples that contained olive leaves. Olive oils are chemically characterized in terms of phenolic contents
having antioxidant properties, beneficial effects for
human health and their contents ranged between 50
and 800 mg kg-1 (GAE) depending on climatic conditions, varieties, ripening, harvesting time, geographical region, and irrigation [12, 37]. There is an
increasing trend for phenolic components of olive
oils due to biological attributes [36], consequently,
the addition of olive leaves to the refined olive oils
increased the total phenol levels more than two times
compared to refined and virgin olive oils (Table 2).
In fact, the phenolic constituents of olive leaves are
similar to the phenolic constituents of olive oil [11,
13], and our results confirmed the results those obtained by Jaber et al. [10] and Sonda et al. [25].


% 
7=38A3.+7=+-=3?3=3/<=8=+592/7855/?/5< -258;892B55+7.-+;8=/783.<80;/037/.?3;137+7.853?/
5/+?/<+../.;/037/.853?/835<+695/<
Refined olive oil
(control)
22c

Refined olive oil
(5%)
26c

Refined olive oil
(10%)
93.5a

DPPH (%)
Total Phenols
109.8d
138.6c
217.9b
(mg GAE kg-1)
1.5d
2.10c
4.20b
K225
Chlorophyll
1.17e
11.03c
23.54b
(mg kg-1)
Carotenoid
3.65c
7.83b
0.625d
(mg kg-1)
Different letters in the same row indicate significantly different values (<0.05)
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Refined olive oil
(15%)
92.5a

Virgin olive oil
(control)
44.5b

233.2a

143.4c

4.50a

4.18b

36.55a

3.81d

11.65a

1.84d
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ferulic acid, vanillic acid, and -coumaric acid were
not found in refined olive oil (control sample). Statistically significant differences were found in phenolic constituents (<0.05) for olive leaves and olive
oil samples. Major phenolic constituent of olive
leave was oleuropein and its concentration was
found as 739.13 mg GAE kg-1. Additionally, it was
determined that olive leave was a good source of
apigenin, -coumaric acid, luteolin, ferulic acid, cinnamic acid, and tyrosol as a phenolic constituent
as shown in Table 3. Hydroxytyrosol concentration
that is phenolic alcohol with high antioxidant activity
was 38.694 mg GAE kg-1. Moreover, vanillin,-coumaric acid, and tyrosol whose concentrations
changed from 4.060 to 21.326 mg GAE kg-1 were the
first group to be identified by HPLC method in olive
leave and olive oil samples. Our results showed that
leaves are fine sources of luteolin, the flavones and
ferulic acid, the hydroxycinnamic acids, and consequently, our results confirmed the study related with
olive leaves that conducted by Harp [39] and
Talhaoui et al. [13].
Luteolin, ferulic acid, vanillic acid, and -coumaric acid were not found in refined olive oil (control sample) as indicated in Table 3, and the amount
of phenolic constituents were low, and their values
changed from 0.024 to 1.429 mg GAE kg-1. Vanillic
acid, luteolin, and -coumaric acid concentrations
that were not found in refined olive oil (control sample) increased significantly. When comparing the increased amount of phenolic constituents of refined
olive oils to the virgin olive oil, all the phenolic constituents except ferulic acid increased significantly
due to the addition of olive leaves (<0.05). Oleuropein concentrations that are responsible for bitterness changed from 3.722 to 26.354 mg GAE kg-1,
while luteolin changed between 13.127 and 14.438
mg GAE kg-1, which is not found in olive oil (virgin)
sample. Increasing in the concentration of oleuropein
consisted of bitter intensity and K225 values of olive
leaves added refined olive oil samples (Table 3).

The DPPH (%) activity of olive oil samples that
extracted with methanol/water (80/20) and total phenols were given in Table 2 as percent inhibition of
DPPH radical. The refined olive oils containing 10
and15% of olive leaves had higher amounts of phenolic contents with 217.9 mg GAE kg-1 and 233.2 mg
GAE kg-1, inhibited 93.5 and 92.5% of the DPPH
radical, respectively.
Refined olive oils (control sample) had the lowest activity with an inhibition of 22% (109.8 mg
GAE kg-1) and virgin olive oil had the activity with
an inhibition of 44.5% (143.4 mg GAE kg-1). The refined olive oils containing 10 and 15% olive leaves
had higher activities with an inhibition of 93.5 and
92.5% (217.9 mg GAE kg-1 and 233.2 mg GAE kg1
), respectively. Hydroxytyrosol and tyrosol, main
phenolic alcohols of olive oils are responsible for antioxidant effect and higher amount of these phenolic
compounds justify high antioxidant power against to
lipid peroxidation. It is reported that inhibition level
of lipid peroxidation for seven olive varieties in
Spain changed between 23.1 and 45.1% [38]. In our
study, there was a slight increase in DPPH (%) for
refined olive oil that contain 5% olive leaves and a
sharp increase in DPPH (%) for refined olive oil that
contain 10 and 15% olive leaves. Therefore, the addition of olive leaves containing higher amounts of
phenolic alcohols to the refined olive oils introduces
better antioxidant profiles of refined olive oils containing 10 and 15% olive leaves, respectively (Table
2).
The phenolic substances of olive leaves and olive oils were defined and measured by HPLC system
by using corresponding standard curves that were
linear over the studied range and regression coefficient (r2)>0.98 for phenolic constituents. The analytical procedure of phenolic constituents allowed the
separation and determination of 11 phenolic constituents among 14 phenolic standards; all of them were
identified by HPLC (Table 3) whereas caffeic acid,
syringic acid, and gallic acid not determined for olive
leaves. Among the phenolic constituents, luteolin,


% 
!2/7853--87<=3=>/7=<80853?/5/+?/?3;137+7.;/037/.853?/835<=2+=-87=+37/.853?/5/+?/<6141 
Refined
Refined
Refined
Refined
olive
olive oil
olive oil
olive oil
oil (15%)
(10%)
(5%)
(control)
Hydroxytyrosol
38.694c
0.801c,D
1.423e,C
2.885d,B
3.144d,A
d
b,D
c;C
c,B
Tyrosol
21.326
1.024
2.806
3.778
5.876c,A
Oleuropein
734.13a
1.429a,D
3.722b,C
13.028b,B
26.354a,A
-coumaric acid
70.918b
0.184d,D
2.144d,C
2.574d,B
3.025d,A
e
e,C
g,B
h,A
-cinnamic acid
17.151
0.049
0.101
0.462
0.524h,A
15.028a,A
14.438b,A
Luteolin
39.177c
13.127a,B
33.261c
Ferulic acid
Apigenin
87.14b
0.045e,C
0.905f,B
1.215g,A
1.314g,A
Vanillin
4.060g
0.024f,D
0.418e,C
0.591h,B
0.740h,A
g
e,C
f,B
Vanillic acid
3.651
1.490
1.794
1.988f,A
-coumaric acid
13.821f
1.854d,C
2.148e,B
2.497e,A
Small letters in column, capital letters in row indicate significantly different values (<0.05)
Phenolic
Constituents

Olive
leave
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Virgin
olive oil
(control)
2.754c
3.698b
12.120a
0.800f
0.077h
1.141e
0.560g
1.611d
0.834f
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-cinnamic acid content that describing an important marker of Turkish olive cultivars [40],
changed between 0.101 and 0.524 mg GAE kg-1. In
studies regarding the amount of phenolic constituents, the concentration of these substances varies
with a wide range for olive oils from different cultivars. Tyrosol changed from 5.1 to 105, luteolin concentrations from 0.97 to 13 mg GAE kg-1, hydroxytyrosol from 0.68 to 10, apigenin from 0.07 to 1.1,
and oleuropein from 24 to 90 mg GAE kg-1 for Algerian wild olive cultivars, respectively [20]. For
Turkish olive cultivars, tyrosol concentrations
changed from 4.1 to 22, hydroxytyrosol from 1.1 to
26 mg GAE kg-1, and oleuropein from 0.48 to 0.72
mg GAE kg-1, respectively [40]. For Spanish olive
cultivars, luteolin concentrations changed from 0.72
to 2.96 and apigenin from 0.17 to 0.91 mg GAE kg-1
[38]. For the Edremit and Memecik varieties of
Turkish olive cultivars, luteolin changed from 29.26
to 63.42 mg GEA kg-1 and apigenin concentrations
from 21.60 to 76.35 mg GAE kg-1, respectively [18].
Our results showed that addition of olive leaves led
the refined olive oils to become superior in terms of
phenolic constituents, particularly oleuropein, luteolin, vanillic acid, -coumaric acid, tyrosol and hydroxytyrosol. Finally, these results in terms of phenolic constituents consisted with the studies that conducted by Franco et al. [38], Yorulmaz et al. [18],
and Bayram et al. [40].

effect on the greenness of refined olive oils, and olive leaves addition increased the colour intensity of
refined olive oils. Its value changed between 2.87
and 5.5 for refined and virgin olive oils, respectively.
The greenness of refined olive oils containing olive
leaves (5-15%) changed between 6.66 and 7.60, respectively. The degree of crushing and milling of olive leaves improves the pigment transition to the refined olive oils and sensory results of greenness refined olive oils containing olive leaves consistent
with the results for chlorophyll in Figure 2, and the
results of studies that conducted by Rigane et al. [6].
The olive leaves addition to the refined olive
oils increased the perceived fruitiness, and these
fruitiness values that changed between 6.36 and
7.84. The fruitiness of refined and virgin olive oil
changed between 5.27 and 6.36, respectively. Adding olive leaves to the refined olive oils significantly
affected the fruitiness value (<0.05). The negative
attributes of olive oils such as rancid, musty/muddy
sediment, winey/vinegary acid/sour, and frostbitten
olive taste were evaluated by participants and perceived negative attributes were lower than 2.20. Addition of olive leaves to the refined olive oils improved greenness, bitterness, and pungency of refined olive oils significantly, and there was a slight
increase in fruitiness of refined olive oils. The aromatic profiles of refined olive oils were not distorted,
and participants perceived higher intensities of
greenness, pungency and bitterness. Addition of olive leaves at different ratios affect the sensory profiles of refined olive oils for Gemlik variety and our
results are consistent with that of Cobrançosa olive
variety which was conducted by Malheiro et al. [22]
and monovarietal olive cultivars which was conducted by Sonda et al. [21].

%2/89=36+5853?/5/+?/<+..3=387;+71/ According to the findings obtained in the study, 10%
and 15% added olive leaves are optimal for most of
the refined olive oil properties (attributes). However,
it will be more accurate to determine the optimal
range that satisfies all attributes as much as possible
and the center of this range should be suggested to
avoid the experimental and environmental factors
that can change the result. Therefore, the experimental results of chemical and sensory attributes
were first transformed into grayscale images then the
images were enlarged using image interpolation.
Thus, all attributes were represented with same unit.
The bit-depth was selected as 32 to obtain gray tones
identical to attribute values and the agreed (selected)
optimal values for the attributes can be seen in Table
4. Also, the representation of chemical and sensory
attributes with grayscale images are represented in
Figure 3.

$/7<8;B!;8035/< Sensory profiles of refined,
olive leaves containing oils, and virgin olive oils
were illustrated in Figure 3. Sensory profiles of olive
oils were endowed with positive attributes (fruitiness, greenness, pungency, bitterness) and negative
attributes [21, 28, 29]. Bitter intensities of refined
and virgin olive oils changed between 3.19 and 4.14,
whereas the bitterness of refined olive oils contained
olive leaves changed from 4.71 to 5.49 (Figure 2), so
the olive leaves addition to the refined olive oils increased the bitterness significantly, and these results
consisted with the bitter index (K225) of olive oil samples whose indices changed from 1.5 to 4.50. K225
values of refined olive oils containing olive leaves
(10-15%) changed between 4.18 and 4.50 and these
indices values were similar to the virgin olive oil
sample that values were given in Table 2.
It is reasonable to assume that higher phenolic
content of olive leaves increases the bitterness and
K225. Although there is a close relationship between
total phenols, bitter intensity, and K225, higher phenol
contents do not mean higher perceived bitterness and
higher K225. It is reported that the highest total phenol
levels are not correlated with the highest bitter intensity [41]. The pungency of refined olive oil and virgin olive oil changed between 4.25 and 5.99, respectively. Olive leaves affected the perceived pungency
of refined olive oils significantly and whose values
changed between 4.61 and 5.49. There was a great
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As shown in the Figure 3, all the images are
consistent with the ratio between the values of the
experimental results. Then, the Figure 4 shows the
average image that will satisfy all attributes equally.
As can be seen in the Figure 4, adding the olive
leaves between 12.5-15% provides statistically same
results and this range is optimal since the lightest
gray tone means the optimal. In this case, the center
of optimal range is 13.75% and it can be said that this
percentage should be preferred to satisfy all attributes equally.

The use of olive leaves in any ways will help
preventing environmental waste problem of olive oil
industries. Olive leaves, which are important byproducts of olive oil processing and its industry, contain a large variety of phenolic constituents, simple
phenols, secoiridoids, pigments and these constituents are similar to the olive oil composition. Olive
leaves affected the quality indices of refined olive
oils in terms of peroxide values and extinction coefficients (K232 and K270) but decreased the free acidity
significantly. Bitter index (K225), chlorophyll, carotenoid, DPPH (%), and total phenols increased with
the increasing addition of olive leaves to the refined
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olive oils. 11 phenolic constituents out of 14 compounds were identified in olive leaves and particularly oleuropein, luteolin, hydroxytyrosol, tyrosol,
and vanillic acid concentrations of refined olive oils
increased significantly. Olive leaves addition to the
refined olive oils positively affected the greenness,
bitterness, pungency, as well as fruitiness of refined
olive oils in terms of positive attributes. Chlorophyll
and carotenoid concentrations increased up to 10
times. In summary, it was determined that the refined
olive oils containing olive leaves at optimal range
(between 12.5 and 15%) had superior properties
compared to virgin olive oils with respect to chemical and sensorial properties. Then the center
(13.75%) of optimal range was proposed to avoid the
possible negative effects. Additional researches are
necessary to approve these obtained results, to better
characterize the transition of phenolic constituents
from olive leaves; therefore, to improve the chemical
and sensorial properties of refined olive oils.
In the study, the change of the properties of refined olive depending on the olive leave addition percentage has also presented by visually interpretable
images. These easy interpretable images and the
methods used for obtaining images will be useful resource for future studies.


##$

[1] Kiritsakis, K., Goula, M.A., Adamopoulos,
G.K., Gerasopoulos, D. (2017) Valorization of
Olive Leaves: Spray Drying of Olive Leaf Extract. Waste Biomass Valor. 9, 619–633.
[2] FAOSTAT (2015) Database.
[3] Jacimovic, D., Kosovic, M., Sukovic, D., Pekic,
M., Radulovic, D., Jacimovic, Z. (2017) Ecological entrepreneurship-olive production potential
in Montenegro. Fresen. Environ. Bull. 26, 26782683.
[4] Ozden, A., Dios-Palomares, R. (2015) Environmental, quality and technical efficiency in olive
oil industry: a metafrontier comparison between
Turkey and Spain. Fresen. Environ. Bull. 24,
4353-4363.
[5] Aguilera, M.P, Jimenez, A., Sanchez-Villasciaras, S., Uceda, M., Beltran, G. (2015) Modulation of bitterness and pungency in virgin olive
oil from unripe ‘Picual’ fruits. European Journal
of Lipid Science and Technology. 117, 14631472.
[6] Rigane, G., Bouaziz, M., Sayadi, S., Salem,
R.B. (2013) Effect of storage on refined olive oil
composition: stabilization by addition of chlorophyll pigments and squalene. Journal of Oleo
Science. 62(12), 981-987.

2713

%$

" &      





 " #!"!


[30]Akben, S.B. (2018) A new approach to reduce
the effects of omitted minor variables on food
engineering experiments: Transforming the variable-result interaction into image. Measurement. 114, 162-168.
[31]Akben, S.B., Kalkan, S., Çanga, D. (2017) The
Optimization Method by Using the Transformation of Two Variable Dependent Experiment
Results into Image Data and Its Usability in the
Food Engineering Applications. Eurasian Journal of Food Science and Technology. 1(1), 5865.
[32]Gamli, Ö., Eraslan, Z., Akben, S.B. (2018) Determination of the protective effects of olive leaf
extracts on microbiological and physicochemical properties of pepper paste using the image
processing methods. Journal of Food Process
Engineering. 41(7).
[33]Russ, J.C. (2016) The image processing handbook. Sixth Edition. CRC press. taylor&Francis
Group.
[34]Tanilgan, K., Ozcan M., Unver A. (2007) Physical and chemical characteristics of five Turkish
olive (olea europaea L.) varieties and their oils.
Grasas Y Aceties. 58(2), 142-147.
[35]Konuskan, D.B (2008) Determination of some
properties of solvent extracted oils of olive oil
Halhalı, Sarı Hasebi and Gemlik varieties grown
in Hatay and comparison with olive oils obtained by mechanical method. Phd. Thesis. Institute of Naturel and Applied Science. University of Cukurova.
[36]Condelli, N., Caruso, M.C., Galgano, F., Russo,
D., Milella, L., Favati, F. (2015) Prediction of
the antioxidant activity of extra virgin olive oils
produced in the Mediterranean. Food Chemistry. 177, 233-239.
[37]Servili, M., Selvaggini, R., Esposto, S., Taticchi,
A., Montedoro, G.F., Morozzi, G. (2004) Health
and sensory properties of virgin olive oil hydrophilic phenols: agronomic and technological aspects of production that affect their occurrence
in the oil. Journal of Chromatography A. 1054,
113-127.
[38]Franco, M.N., Galeano-Diaz, T., Lopez, O., Fernandez-Bolanos, J.G., Sanchez, J., De Miguel
C., Gil, M.V., Martin-Vertedor, D. (2014) Phenolic compounds and antioxidant capacity of
virgin olive oil. Food Chemistry. 163, 289-298.
[39]Harp, F. (2011) Determination of antioxidant effects of Gemlik, Domat, Adana Topagı and
Adana local type olive leaves. MSc Thesis.
Cukurova University, Natural and Applied Science. Adana
[40]Bayram, B., Esatbeyoglu, T., Schulze, N.,
Ozçelik, B., Frank, J., Rimnach, G. (2012) Comprehensive analysis of polyphenols in 55 extra
virgin olive oils by HPLC-ECD and their correlation with antioxidant activities. Plant Foods
for Human Nutritions. 67, 326-336.

[18]Yorulmaz, A., Erinc, H., Tekin, A. (2013)
Changes in olive and olive oil characteristics
during maturation. Journal of American Oil
Chemists Society. 90, 647-658.
[19]Arslan, D. (2012) Physico-chemical characteristics of olive fruits of Turkish varieties from the
province of Hatay. Grasas Y Aceites. 63(2),
158-166.
[20]Mohaghegi, F., Bigdeli, M.R., Rasoulian, B.,
Hashemi, P., Pour M.R. (2011) The Neuroprotective effect of olive leaf extract is related to
improved blood-brain barrier permeability and
brain edema in rat with experimental focal cerebral ischemia. Phytomedicine.18, 170-175.
[21]Sonda Akram, Z., Boutheina, G., Guido, F., Mohamed, B. (2014) Effect of addition of olive
leaves before fruits extraction process to some
monovarietial Tunisian extra-virgin olive oils
using chemometric analysis. Journal of Agriculture and Food Chemistry. 62, 251-263.
[22]Malheiro, R., Casal, S., Teixeira, H., Bento, A.,
Pereira J.A. (2013) Effect of olive leaves addition during the extraction process of overmature
fruits on olive oil quality. Food Bioprocess
Technology. 6, 509-521.
[23]Hrncirik, K., Fritsche, S. (2004) Comparability
and reliability of different techniques for the determination of phenolic compounds in virgin olive oil. European Journal of Lipid Science and
Technology. 106, 540.
[24]Bouarroudj, K., Tamendjari, A., Larbat, R.
(2016) Quality, composition and antioxidant activity of Algerian wild olive (Olea europaea L.
subsp. Oleaster) oil. Industrial Crops and Products.
[25]Ferreira, I.C.F.R., Barros, L., Soares, M.E.,
Bastos, M.L., Pereira, J.A. (2007) Antioxidant
activity and phenolic contents of olea europaea
L. leaves sprayed with different copper formulations. Food Chemistry.103, 188-19.
[26]IOOC. (2011) Guide for the determination of the
characteristics of oils-olives. International Olive
Oil Council. European Union Commission Regulation EEC 2568/91
[27]Predieri, S., Medoro, C., Magli, M., Gatti, E.,
Rotondi, A. (2013) Virgin olive sensory properties: comparing trained panel evaluation and
consumer preferences. Food Research International. 54, 2091-2094.
[28]Favati, F., Condelli, N., Galgano, F., Caruso,
M.C. (2013) Extra virgin olive oil bitterness
evaluation by sensory and chemical analyses.
Food Chemistry. 139,949-954
[29]Amelio, M. (2016) The official method for olive
oil sensory evaluation: an expository revision of
certain sections of the method and a viable
means for confirming the attribute intensities.
Trends in Food Science and Technology. 4.

2714

%$

" &      





 " #!"!


[41]Esti, M., Contini, M., Moneta, E., Sinesio, F.
(2009) Phenolic compounds and temporal perception of bitterness and pungency in extra-virgin olive oils: changes occurring throughout
storage. Food Chemistry. 13, 1095-1100.

#/-/3?/.
  
--/9=/.
  


 ##$! &% #
6/;+;>4+653
Food Engineering Department,
Korkut Ata University,
Osmaniye – Turkey
e-mail: omergamli@osmaniye.edu.tr

2715

© by PSP

Volume 28 ± No. 4/2019 pages 2716-2724

Fresenius Environmental Bulletin

ANALYSING THE NATIONAL DATA FOR AGRICULTURAL
TECHNOLOGY PENETRATION IN TURKEY
Arif Behic Tekin*
Ege University, Faculty of Agriculture, Department of Agricultural Engineering & Technology 35100 Bornova, Izmir, Turkey

ABSTRACT

production. In order to interrupt the cycle, environmental friendly methods and tools must be implemented.
7KHZRUOG¶VOLPLWHGVRXUFHVVXFKDs soil, clean
water, energy etc. are continuously gaining importance due to increasing demand. In this respect,
in order to carry on sustainable production, efficiency of input use needs to be amplified.
While cost of energy is scaled up, in parallel,
agricultural input price is increasing that makes
difficult to keep sustainability on production.
Although agriculture depends on massive public interventions and subsidies for promoting production, recently there is strong resistance rising
from the people to decrease even to extinguish
financial supports. Therefore, small-scale farms
have been leaving the sector.
Policies of protecting the domestic farmers
have been low levelled by reducing subsidies that
trigger global competition on agricultural trade.
This trend has been leading to global threat on domestic farmers while opening new doors to them.
Food and fibre demand are rising dramatically
due to increasing population, which will be expected to be 9 billion by 2050 and increased living
standards. This development brings about awareness of strategic importance of agriculture by humankind, but this perception is not leading to realization on investment policies with the same extent.
Accordingly, despite booming food demand that
causes market price rise, field price is still low and
unsustainable agricultural production cannot meet
that request.
Due to low income and low level of comfort
and wealth on rural area, young generation tends to
prefer emigration to urban and works on other sectors such as manufacturing and service industry.
Therefore, their parents with an average age of 57
who are planning to be retired within 5-10 years
have carried agricultural production.
Consequently, agricultural production must be
increased under these global trends listed above
while improving input use efficiency, low input use,
with few operations, at low cost and by protecting
environment. Under these circumstances, conventional production approach must be neglected and
management of heterogeneity approach by using
information and communication technology must
be applied.

Agriculture is a strategic sector to supply basic
human requirements. Over the last centuries, its
strategic importance has been escalated. Global
trends such as increasing world population, climate
change, and digital developments are shaping the
sector. Agriculture is the largest user of the limited
global sources like water and energy and conventional techniques deteriorate environment while
being affected by environmental changes. It is a
cycling process. World population is seeking more
fibre and food; the sector is trying to survive in the
unstable environment. The uncertainty could be
managed through the effective use of digital technologies. This paper aims to develop a method for
monitoring ICT penetration in agriculture and to
project current state of digital change on Turkish
agriculture by analysing data published by the
Turkish Statistical Institute (TUIK). Besides, the
paper discusses latest developments and shift to
Agriculture 4.0.
KEYWORDS:
Data analyses, digital divide, ict adoption, Turkish agriculture

INTRODUCTION
Food security is an important issue of all nations since more than a billion people are undernourished. The poverty is even getting more important for undeveloped countries. Pressures are
getting worse due to changes faced for last 30 years.
In this period, there have been tremendous changes
in world agriculture and food domain. Major drivers
are the global and local trends listed below [1]
Global warming and climate change are bringing indefiniteness on known crop production calendar and cycles. This uncertainty is resulting in difficulties on doing agricultural operations in certain
time. The operations have to be completed in indefinite period and shortest time [2-3].
For food and fibres, the world uses primary
source of the world such as soil, water etc. Due to
overdose and misapplication of inputs such as fertilizer, other chemicals etc. are triggering environmental pollution which also threatening agricultural
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FIGURE 1
6KDUHRIVHOHFWHGFRXQWU\¶VVXSSO\DQGGHPDQGVKDUHV 

Therefore, the aim of this article is to focus on
Turkey's position in various world¶s production and
productivity trends and developments in politics, in
parallel with the agenda and change that are stated
above in the world agriculture-food sector. Latest
analyses show that smart agriculture approach will
be the solution for overcoming the increasing limits
such as environmental and economic pressure.
Although there is no certain indicator on penetration of smart agriculture for global and national
evaluation, ICT indicators would be useful for assessing the penetration and potential [4]. Accordingly, the paper will also evaluate status and future
projection of Turkish agriculture sector and specifically information technology penetration by using
those ICT indicators.

Crop Pattern and Holding Structure. Turkey with a natural wealth and climate, large agricultural land, and plentiful water potential, is one of
the leading countries in the world following USA,
European Union, China, India, Brasil and Indonesia. According to eight indicators that reveals the
performance of the country in terms of agriculture,
share of them are given in Fig. 1 [5]. While first
four indicators reveal the power of national supply,
others represent the power of national demand at
global agricultural market. Turkey is taking eighth
position in world agricultural league with a highest
surplus of energy nutrient supply.
Table 1 summarises the Turkish agricultural
land use and its sectorial shares that are because of
it. There has been significant alteration of the land
use in Turkey for two decades that contribute the
performance. While witnessing slightly decrease in
total utilized agricultural land, the data belong to
land under permanent meadows and pastures land
have been fixed for a long time. This data needs to
be discussed. The table reveals the decrease in total
utilized agricultural land that is related to decline in
sown area and follow land. Moreover, area of vegetable production is slightly dropped at that period.
Nevertheless, area of fruit production and ornamental plants have been increased. The drivers for this
variation in land use are highest income from vegetable, fruits and ornamental production, population
increase, increasing input demand from food industry and tourism.

Agricultural Structure, Labour and Income. Agricultural structure, human resources and
income are the main concerns for overall sustainability of food and agricultural systems. Variables
such as geography, climate etc. that directly result
in crop diversity and alteration on production for
certain location. These are the natural wealth/ destitution of each country. The property belong to
country could determine if it can meet the needs of
a national population. Moreover, the people who
are living in rural areas are extremely poor. Therefore, they are strictly not willing to work without
enough revenues. Thus, poverty affect the labour
shift from the sector to other industries. The statistical data will shed light developments on the issue in
terms of Turkish agricultural domain.
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TABLE 1
Agricultural land use and sectorial share (1000 ha)*
Agricultural land

Year

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016(*)

Total utilized
agricultural
land
40 967
41 196
40 644
41 210
41 223
40 493
39 504
39 122
38 912
39 011
38 231
38 399
38 423
38 558
38 551
38 380

Area of cereals and other crop
products
Sown area

Fallow land

Area of
vegetable
gardens

17 917
17 935
17 408
17 962
18 005
17 440
16 945
16 460
16 217
16 333
15 692
15 463
15 613
15 782
15 723
15 574

4 914
5 040
4 991
4 956
4 876
4 691
4 219
4 259
4 323
4 249
4 017
4 286
4 148
4 108
4 114
4 050

909
930
911
895
894
850
815
836
811
802
810
827
808
804
808
804

Area of
ornamental
plants
4
5
5
5
5
5

(Thousand hectares)
Area of
Land under
fruits,
permanent
beverage
meadows
and spice
and
crops
pastures
2 610
14 617
2 674
14 617
2 717
14 617
2 780
14 617
2 831
14 617
2 895
14 617
2 909
14 617
2 950
14 617
2 943
14 617
3 011
14 617
3 091
14 617
3 201
14 617
3 232
14 617
3 243
14 617
3 284
14 617
3 329
14 617

*TUIK, 2016
Data are grouped according to Statistical Classification of Products by Activity in European Economic Community [6]

TABLE 2
Global employment trends in agriculture as share of total employment
Region

1991

2013

% Change

World
Development Economies & EU
Central & SE Europe (non-EU) & CIS
East Asia
South-East Asia & the Pacific
South Asia
Latin America & the Caribbean
Middle East
North Africa
Sub-Saharan Africa

44.5
6.9
28.8
56.8
58.9
62.1
24.7
24.5
34.9
65.9

31.3
3.6
17.7
30.3
39.3
46.3
14.8
14.3
28.0
62.0

-29.7
-47.8
-38.5
-46.7
33.3
-25.4
-40.1
-41.6
-19.8
-5.9

6RXUFH,/2³.H\LQGiFDWRUVRIWKHODERXUPDUNHW´*HQHYD>@

TABLE 3
Employment and its sectorial share
Years
2005
2010
2011
2012
Total Employment (Thousand person)
21.667
24.618
25.557
26.158
Total Agricultural Employment (Thousand person)
5.154
5.039
6.143
6.097
Share of Agr. Sector (%)
23,2
20,8
21,1
20,2
Industry, Mining and Construction Sec. Share (%)
24,6
24,5
25,5
25,4
Service Sec. Share (%)
42,7
43,6
44,3
46,0
Unemployment (%)
9,5
11,1
9,1
8,4
*
78ø.  >@
1. Agricultural Employment, and unemployment were calculated based on even distribution to all sector
2. In order to be clear, Labour data belong to Mining and Construction sectors were included in Industry,

2013
27.101
6.015
19,2
25,5
46,3
9,0

level. Turkish national organisation gathered data,
but ILO plays key role in assessing the data and
releasing the labour market report. The key indicators revealed dramatically decline in labour market
in the sector since 1991 (Table 2). Therefore, the
world agricultural population has been getting older. As the ILO announced that, the global average
farmer age is around 58.

Agricultural Population and Labour. As it
is well known that income in agricultural domain
mostly annual based except livestock and greenhouse production. In addition, economic uncertainties are high. Therefore, revenue offering is not
flexible that cause shifting of young population
from the sector to other industrial domains. International Labour Organisation (ILO) has been releasing key indicators for revealing progress on world
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TABLE 4
Value of agricultural production*
Years
2005
2010
2011
2012
2013
2014
2015
2016

Value of Agricultural Production
Total
Value of
Value of
%
Production
Marketable
88.364.969
62.734.237
71
165.039.292
116.710.776
71
191.627.972
132.412.900
69
200.815.472
138.078.554
68
190.605.101
130.482.573
68
204.967.741
140.077.778
68
248.925.103
172.305.825
69
271.001.302
183.877.847
68

Value of Crop Production (1)
Total
Value of
Value of
Production
Marketable
50.939.687
42.206.851
80.038.126
67.393.773
88.979.273
74.166.678
87.946.988
73.400.236
92.489.688
76.661.249
98.123.089
81.742.278
120.152.079
100.363.684
118.969.018
99.491.652

%
83
84
83
83
83
83
84
84

Values of animal production (1)
Total
Value of
Value of
%
Production
Marketable
37.425.282
20.527.386
55
85.001.166
49.317.003
58
102.648.699
58.246.222
57
112.868.484
64.678.318
57
98.115.413
53.821.324
55
106.844.652
58.335.500
55
128.773.024
71.942.141
56
152.032.284
84.386.195
56

7hø.  >@
(1) Cpa 2002/2008 Classification
Sources: Turkstat, Agricultural Structure (Production, Price, Value) Publication
*

and industrialization have forced to shift latest conventional production techniques. The reason were
the lack of technology and knowledge to assist the
management strategy and limited access to products
at affordable prices. However, the world has experienced a great revolution in information and communication technology (ICT) over the last several
decades. It is identified as a generic technology,
capable of changing the economic and social environment. Innovation and knowledge are the new
drivers of economies [9]. That leads agricultural
revolution named previously smart agriculture lately Agriculture 4.0.
The technology behind the revolution in information and communication technology (ICT) is
internet. It connects business, people, and things
respectively than will connect artificial intelligences. Within the concept of Internet of Things (IoT)
all devices are communicating each other via internet facilities. This includes cell phones, refrigerator,
oven, wearable devices, cars, and so on. The reflection of this concept in agricultural domain is Agriculture 4.0. It is a way of sustainable agricultural
production by producing more food and supplying
them at affordable price in the market. It is an integration of technologies such as sensors, tools, devices and vehicles. All elements in farm are communicating with each other in order to produce
more with less input use in environment-friendly
manner.
The goal of this paper was to develop a method for monitoring ICT penetration in agriculture
and to project current state of digital change on
Turkish agriculture by analysing data published by
the Turkish Statistical Institute (TUIK). Besides,
the paper discusses latest developments and shift to
Agriculture 4.0.

Besides assessing the global trends, in order to
have clear information on national development,
TUIK data was evaluated (Table 3). Although total
employment in Turkey has been increasing by
years, the agricultural employment has been decreasing. The trends coincidence with global trends.
The agricultural labour transition results in several
developments in sector such as increasing mechanization level, holding scale and efficiency.
Agricultural Income. The sector is a strategic
importance in terms of adding value to Turkish
economy Tekin and Unal 2011. [8] analysed the
economic status of the sector in national economy
by input-output analysis. They reported that agriculture was fourth biggest input user of the economy
for the production. Nevertheless, the sector provided 44% of the direct input requirement by itself.
7KH VHFWRU KDV D IHZHU ³%DFNZDUG 'HSHQGHQF\
CoefficLHQW´ FRPSDUHG WR RWKHU VHFWRUV WKH LQSXW
used at production is supported by mostly itself.
The rank was 46 among 59 sectors. On the contrary,
LW KDV RQH RI WKH KLJKHVW ³)RUZDUG 'HSHQGHQF\
&RHIILFLHQW´ DPRQJ DOO VHFWRUV WKDW PHDQV LW WUDQsfers most of its products to other sectors.
Since, equity capital of agricultural holding
determines investment capacity on agricultural
infrastructure and technology. The ratio between
value of marketable and production is an indicator
in terms of investment capacity. If that is elevated,
the level of income and welfare will be high. Nevertheless, the ratio is still low although there has been
development on logistic sector and market chain
(Table 4). On the other hand, labour and land (field)
efficiency were very low and 30% and 20% respectively [7]. Therefore, due to lack of equity capital,
the sector seeks subsidies for investment and production in order to increase production and efficiency.

MATERIALS AND METHODS
Agriculture 4.0. People are aware of the heterogeneity in nature from the beginning of life.
Although ancient farmers applied the strategy of
heterogeneity management, population increase,

The data gathering method is based on face-toface survey applied by Turkish Statistic Institute
(TUIK). Turkish Statistic Institute, within the EU
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face survey applied by TUIK within the EU harmonization work and classified according to EU Typology Classification.
Agricultural Holding structure; data was compiled from agricultural holdings that are engaged in
crop production or bovine animal (cattle and buffaloes) husbandry or sheep and goat husbandry on
their own account. Agricultural Holding Structure
Survey was conducted by face-to-face interview
with agricultural holdings selected by sampling
method and Public Agricultural Holdings were
covered by complete enumeration.
Figure 3 represents the use of ICT tools in
households and by individuals in Turkey. The figure allows making several inferences about the ICT
penetration for the period. Penetration of all ICT
devices are dramatically increased. Internet connection at houses has been very popular comparing
with computer usage. Moreover, males are more
aggressive on using both technologies.
In addition, ICT penetration in enterprises
would give a bit clearer vision. Figure 4 reveals
computer use and internet access besides having
website in business. While the ratio of companies
with website is fluctuating, computer use, and internet access have been high and stable. Although,
there is no data for benchmarking of urban and
rural, reflection of other ICT tools such as smart
phone would allow to inference.
The figure 5 represents variation in penetration
level of fixed line telephone and smart phone. Although, fixed line telephone was very popular at the
beginning of period, year by year the service lost its
availability. Due to technological development,
decreasing device and service cost, people replace it
with smart phone. On the other hand, variation at
the lines following each other very closely. Benchmarking of urban and rural reveals that they were
following same trends.

harmonization work, have used Address Based
Population Registration System (ABPRS) for the
ICT Usage in Households and by Individuals Survey since 2009. OECD Working Party on Indicators
for the Information Society has developed a list of
core ICT indicators that assists countries to measure
the level of ICT penetration. Therefore, Turkey has
VWDUWHG WR FROOHFW GDWD E\ DSSO\LQJ ³,&7 8VDJH LQ
+RXVHKROGV DQG E\ ,QGLYLGXDOV 6XUYH\´ DQQXDOO\
since 2005.
Results. Information and Communication
Technology Access. It is well known the fact that
creation of internet plays key role in latest invention
and development in all sectors. The technology
EHVLGH ,&7¶ WRROV UHVXOW LQ PRYLQJ WRZDUGV DQ Lncreasingly globalized world while creating new
economic and social environments and fundamentally changing economies [10]. They affect all segments of society and the economy. The statistical
data on access to and use of ICTs (see Table 1)
reveals impact and penetration in all domain. They
are strategic assets to monitor and to develop policies and strategies for checking and evaluating the
progress. Therefore, the study used the ICT data,
which has a yearly resolution spanning 2004 to
2016.
Fig. 2-5 summarizes the level of penetration of
important ICT technologies in Turkey in that period. Fig.2 graphed the availability of desktop and
laptop, which are fundamental tools of information
society. Desktop use had a curve line that reach its
peak point in 2012 than declined. Whereas, laptop
use is getting increase in surveyed years. Although
there is missing data for the latest year, the variation
in lines to be expected in the same direction. There
were differences between rural and urban; rural
laptop penetration level was one of third comparing
with urban. Moreover, the difference for desktop is
one of two.
The data gathering method is based on face-to-

FIGURE 2
Availability of devices in households
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FIGURE 3
ICT usage in households and individuals

FIGURE 4
Ict usage in enterprises

FIGURE 5
Availability of communication devices
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companies in order to conduct studies and gain
experiences on the topic. The first PhD was comSOHWHG LQ  WLWOHG ZLWK ³$ 6WXG\ RQ 0RGLI\LQJ
Granule Fertilizer Applicator for Variable Rate
)HUWLOL]HU $SSOLFDWLRQ´ [20]. Then, other scientists
followed the study to gain experience on the new
domain [21 ± 24]. While many academic studies
funded by private sector, governmental organization
and universities, lately, ministry of agriculture with
the help of experts from universities has carried out
several nation-wide projects in order to demonstrate
the results of the studies and train people such as
experts from government and institutes, farmers and
agricultural implement manufacturers. Moreover, in
order to supply correction signal for increasing GPS
accuracy government went out to tender for correction signal network and put it into service [25].
While scientific and governmental activities
assisting to increase the awareness, pioneer investors have started to apply the philosophy for 10
years. They have started yield mapping of their
production and applying input at variable rate [26 ±
30]. Recently, auto guidance systems for agricultural vehicles have been very popular in the market as
it was the case for developed countries. Several
studies dealt with the accuracy of the system in
order to reveal outcome [31-32] Ministry of agriculture has been evaluating the application of yield
monitoring system in order to gather ground-based
data very precisely so that it can serve parcel-based
maps to farmers.
Furthermore, livestock and greenhouse production are very attractive for the ICT tools and
technologies. Fully atomised systems have been
installed into barn and greenhouses. Milking robots
are penetrating after introducing herd management
systems beside other automation in livestock production. Automatic systems are controlling air quality and temperature in buildings. Local companies
developed national herd management systems beside milk sensors. Traceability from field to customer is getting importance for more than 5 years
due to public awareness on the good management
practice.
Lately, robotic farm is getting popular at the
global agenda. Turkish scientific teams have been
partnering of international projects about development of unmanned vehicle for agricultural operations [33 ± 36]. First robotic vehicle was an output
of Robofarm project in 2015. In a five year, it was
planned that the vehicle will take place in agricultural field for carrying on agricultural operations
and data gathering. Several farmers have started to
monitor their field via unmanned air vehicle while
scientist have been dealing with development of
knowledge.

RESULTS AND DISCUSSION
Human beings have left primitive input application that is taking heterogeneity of agricultural
domains into account due to necessity of cultivating
larger fields and lack of appropriate technology
through the history. This development lead to agronomical, economic and environmental problems
originated from agricultural activities. Whereas,
current technological development is assisting
farmers to deal with natural heterogeneity of agricultural domain since 2000. Moreover, latest development will allow farmer to manage the heterogeneity more effectively since all devices and units in
agricultural domain will communicate each other
via internet to optimise the production. It will allow
recording all data for each parcel and location. Then
process it, create information and knowledge for
better benefit for farmers. The record keeping is
also potential for increase in land value. Since, one
who will own or manage the land will have opportunity of better understanding from historical data.
On the other hand, adoption of these new
technologies has barriers arising from different
sources. Penetration of these technologies alter due
to constraints such as lack of effective training, fear
of technology, lack of technological infrastructure
>@3UHYLRXVVWXG\UHSRUWHGWKDWGHVSLWH7XUNH\¶V
performance in international arena, there were significant difference in ICT adoption between urban
and rural communities [10]. In addition, he added
that without preventative policy, the difference
become steady. The gap will become larger year by
year although at present both urban and rural; areas
have the same growth rate.
Unluckily there is no direct indicator developed for measuring the level of ICT penetration in
agricultural holdings around the world. Therefore,
the study focused on the trends of ICT indicators to
infer progress on agricultural revolution in terms of
ICT. People, who live in rural, are taking advantage
of having ICT tools in their social and professional
life. The penetration of such tools was mostly limited by infrastructure, acquisition cost and familiarity. On the other hand, as it is clear from the graphs
that penetration is getting high for the period of
under assessment. There is a positive progress in
Turkey.
There are evidences of similar progress on
shifting from conventional agriculture to Agriculture 4.0. The experience on the penetration of ICT
tools sympathize with the conclusion of the data.
The studies have been conducted in order to develop awareness on WKH ³PDQDJHPHQW RI KHWHURJHQHiW\´>- 15] Accordingly some of them prototyped
related technologies with the leading of several
scientists [9] and [16-19].
While scientists imported several tools and
devices such as GPS, sensors, yield monitoring
systems and mapping software from international
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[10] Tekin, A.B. (2011) Information and Communication Technology: An Assessment of Turkish
Agriculture. Outlook on Agriculture. 40(2),
147-156.
[11] Gelb, E. and Parker, C. (2005) Is ICT adoption
for agriculture still an important issue? In: The
5th Conference of the European Federation for
Information Technology in Agriculture, Food
and Environment and the 3rd World Congress
on Computers in Agriculture and Natural Resources. 25±28 July 2005, Portugal.
[12] 6ÕQGÕU, K.O. and Tekin, A.B. (2002) Economics of Variable Rate Fertilizer Application.
Balkan Agricultural Engineering Review.
(ISSN 1312-5443). 2. Rousse, Bulgaria.
[13] Tekin, A.B. DQG 6ÕQGÕU, K.O. (2004) Application Accuracy and Distribution Uniformity of
Variable Rate Fertilizer Application. Balkan
Agricultural Engineering Review (ISSN 13125443). 5. Rousse, Bulgaria.
[14] Akdemir, B., Bellitürk, K. ùLúPDQ, C.B. and
Simon, B. (2005) Spatial Distribution in A Dry
Onion Field (A Precision Farming Application
in Turkey). Journal of Central European Agriculture. 6, 211-221.
[15] Tekin, A.B. (2010) Variable rate fertilizer
application in Turkish wheat agriculture: Economic assessment. African Journal of Agricultural Research. 5(8), 647 ± 652
[16] 7HNLQ $%6ÕQGÕU.2 (2014). Performance
Assessment of Variable Rate Spinner Disc Fertilizer Spreader ± ³3UH)HU´ $JULFXOWXUDO (QJineering. 2, 43±52.
[17] Bellitürk, K.6D÷ODP, C., Akdemir, %ùLúPDQ,
C.B., Sözübek, B. (2010) Determination of
Spatial Variability in Olive Production Part ISoil. Bulgarian Journal of Agricultural Sciences. 16, 468-475.
[18] Bellitürk, .6D÷ODP, C, Akdemir, %ùLúPDQ,
C.B. and Sözübek, B. (2010) Determination of
Spatial Variability in Olive Production Part IILeaf. Bulgarian Journal of Agricultural Sciences. 16, 713-718.
[19] Karayel, D., Topakci, M., Ünal, ø. âDUDXVNLV,
E. and Çanakci, M. (2012) Using real-time kinematic (RTK) global positioning system (GPS)
for the determination of seedling distributions
over the field. Zemdirbyste-Agriculture. 99(4),
425-430.
[20] Tekin, A.B. (2005) A Study on Modifying
Granule Fertilizer Applicator for Variable Rate
Fertilizer Application. PhD Thesis. Ege UniversiW\ø]PLU7XUNH\
[21] 'DOPÕú, ø.S., Akdemir, B., Bellitürk, K. and
Türen, N. (2016) Development of an Automatic Soil Sampling Machine. 7HNLUGD÷ =LUDDW
Fakültesi Dergisi. 13, 1-12.

CONCLUSIONS
Although there are social, technical and economic challenges, Turkey has been shifting to Agriculture 4.0. All statistical data and experience reveal the positive progress. Nevertheless, in order to
catch the global penetration trends, the country
must focus on several steps such as creating financial resources for investment, creating social and
economic environment for attracting teenagers,
encouraging manufacturer for investment on innovations.
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In order to predict and evaluate the future water
resources carrying capacity (WRCC) of Changzhou,
a prediction method (PM) is proposed based on BP
neural network. The neural network is used to predict the indicators of WRCC in Changzhou in 2020,
and the overall effect is predicted to be good. Finally,
it is concluded that Changzhou's future COD concentration, water efficiency and per capita GDP are
at level 3, indicating that Changzhou will perform
better in terms of water resources quality, water resources utilized level and socioeconomic level in the
future. However, the utilization rate of water resources is at level 2, indicating that the water supply
capacity is somewhat insufficient in the future, and
the per capita water resources are at level 1, indicating that there is a shortage of water resources. Finally, the article puts forward reasonable suggestions
for the specific situation of water resources in
Changzhou.

As a kind of multi-layer feedforward of neural
network [2] trained by error back propagation, BP
neural network can approximate arbitrary continuous functions with arbitrary precision, so it is widely
used in various aspects, such as sNonlinear Modeling, Function Approximation and Pattern Classification [3]. In this paper, MATLAB is used to build BP
neural network, and a relatively mature network
model is obtained through training. The neural network is used to obtain the predicted value of the evaluation index, and the WRCC of Changzhou City is
predicted and evaluated, and reasonable suggestions
are put forward.


! !# &% 
Foreign research on WRCC is relatively rare,
and it is only mentioned in the study of sustainable
development. For example, URS Company of the
United States used mathematical analysis model to
study the WRCC of the Keys Basin in Florida [4];
Joardor et al. conducted a related study on urban
WRCC from the perspective of water supply in 1998
[5]; Rijiberman et al. used bearing capacity as a
measure of urban water security assurance in the
study of urban water resources assessment and management systems [6]; Harris focused on the water resources agricultural capacity of agricultural production areas as a measure of regional development potential [7-8]; Falkenmark et al. believed that WRCC
is a long-term sustainability capability and uses system dynamics to reveal the dynamic relationship between population size and water carrying capacity
[9].
China's research on WRCC started in the late
1980s [10]. Afterwards, scholars have carried out a
lot of exploration on the connotation and research
methods of WRCC.
In terms of the concept of WRRC, the likes of
Shi Yafeng believe that WRRC refers to the water
resources in a region which can bear the maximum
level of agriculture, industry, city size and population in a certain social and scientific development
stage without destroying society and ecosystem.
WRRC is an optimization goal that changes with the


&% !
Water Resources Carrying Capacity, BP Neural Network,
Water Resource Forecast



" #"

Water resources are an important and basic natural resources and economic resources for human
survival and development, and an indispensable development factor for a city. However, traditional utilization patterns of water resource result in an increasingly scarce water resource and serious pollution of water resources. The status quo of water resources utilization, “water-based production and water-based city”, has affected social stability and human survival. The bottleneck of water resources has
become an important factor restricting global economic and social development in the 21st century
[1]. The study of WRCC has received extensive attention from governments and academia at all levels,
and has become a hot issue in the current research of
water resources.
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on error back-propagation algorithm which consists
of input layer, hidden layer and output layer. The
number of hidden layer can be non-unique, and each
layer includes several neurons. There is no connection between the neurons in the same layer, and the
neurons between the adjacent layers are fully connected. Since any continuous function in the closed
interval can be approximated by a neural network
containing a hidden layer [21], if the neural network
is taken as a mapping from input to output, the mapping is a highly nonlinear mapping [22].
As shown in Figure 1, there is a corresponding
weight between each connected neuron. %() represents the connection weight between the neuron of
the input layer and the neuron!of the hidden layer,
and Vjt represents the connection weight between the
neuron !of the hidden layer and the neuron of the
output layer.

socio-economic and scientific and technological levels [11]. Considering the foreseeable impact of technology, culture, system and personal value choice,
the likes of Cheng Guodong, Xia Jun define WRRC
as a region under a specific historical development
stage, which is the supporting ability of water resources to the benign development of the eco-economic system under the condition of using reasonable management techniques [12-13]. The likes of
Fang Guohua, Han Junli and Zhang Juncheng believe that WRRC is the regional water resources that
can support the largest and coordinated development
of social economy, environment and population
scale after reasonable rational allocation under a certain historical development stage, with the basis of
the foreseeable level of technology, economy and society development, with the principle of sustainable
development, and with the premise of meeting ecological water use [14-16].
In the research methods of WRRC, commonly
there are routine trend method, fuzzy comprehensive
evaluation method, system dynamics method, multiobjective decision method and principal component
analysis method.The system dynamics method applies the principle of system dynamics, comprehensively considers many factors such as social economy, resource environment and their mutual relationship, and uses the feedback model of dynamic
system to evaluate the WRRC of a region. For example, Fang Chuanglin and others analyzed the water
resources carrying capacity in Qaidam Basin by using this method [17]. The multi-objective decisionmaking method is based on the social, economic, demographic, environmental and other interrelated
goals that can reflect the characteristics of WRCC,
which is to study scales of ecology, economy and
population that water resources can carry under different level years and different strategies through
model building, with the principle of social sustainable development, and methods of system analysis
and dynamic analysis [18]. For example, Wang
Yuan et al. used this method to quantitatively study
the economic scale that water resources in Tianjin
can carry [19]. The principal component analysis
method uses dimensionality reduction to transform
multiple indicators into a few comprehensive indicators, which can objectively determine the weight of
each indicator. For example, Li Weikun applied this
method to analyze and evaluate the water resources
carrying capacity of Chongqing [20].
In addition, from the definition of research
area, the current research on WRCC generally includes three spatial scales of watershed, region and
city. The research on urban WRCC is the latest to
start, and the related research is still in the exploration stage [6].

# 
"19..4*@.9.<9*4.;>793"787470@
The input vector is main factors  that affect
WRCC, and output vectors are the predicted target
Y of WRCC. The neural network is trained by the
collected input sample "' and the output sample
#' . The trained neural network can be used to predict the WRCC until a certain precision is reached as
require.
"1. 9,12;.,;<9. 7/ ;1. 7-.4 In order to
predict WRCC and propose improvement suggestions according to specific situations, this paper establishes a PM of urban WRCC based on neural network. Firstly, it is necessary to determine the indicator system, including the impact indicators and evaluation indicators of WRCC, and then collect data
through multiple channels according to the indicators and have a pre-process for the data, and use
MATLAB to train the neural network to achieve a
certain precision, thereby a model of knowledge base
is constructed.
When it is necessary to judge whether a city's
planning is reasonable for the city's WRCC, it is only
necessary to use the influencing factors of WRCC in
urban planning as input variables. Through the prediction mechanism of neural network, the predicted

"1.926,284.7/;1.+*:.-76.<9*4
.;>793 "1.926,284.7/ ;1.7-.4 BP neural
network is a multi-layer feedforward network based
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the social economy and ecological environment’s
development and utilization also affect WRCC at all
times. Therefore, it is necessary to establish a reasonable evaluation index system with operational
possibilities and multiple aspects. The existing reference index system for WRCC is shown in Figure 3.
On the basis of the comprehensive evaluation
index system of WRCC, it should be considered that
the regional characteristics and socio-economic development of Changzhou. Based on the five aspects
of water resources quantity, water resources quality,
water resources use, water use and socio-economic
level, five main factors were selected as evaluation
indicators, and the threshold value of the evaluation
indicators were determined based on the relevant indicators of sustainable development.

value for evaluation index of the WRCC can be obtained, and then the prediction results are evaluated,
and reasonable suggestions and countermeasures are
proposed.
The entire model architecture is shown in Figure 2.
76:;9<,;276 7/ 6-.? !@:;.5 In order to
predict and judge the urban WRCC, it is necessary
to establish the prediction index system of neural
network and the evaluation index system of WRCC.
As the WRCC system is a mutually influential and
complex system including social economy system,
ecological environment system and other systems,
water resources is supporting the good development
of social economy and ecological environment and

# 
"1.9,12;.,;<9.7/% 9.-2,;2767-.4+*:.-76

#  
"1.7589.1.6:2=.=*4<*;2766-.?!@:;.5/79% ( )
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"
"1.9.-2,;2766-2,*;79:/79% 7/.<9*4.;>793
68<;26-2,*;79:
Water Supply Amount, Industrial Wastewater Discharge Amount, Sales of
Social Consumer Goods, Foreign Export Value, Natural Population Growth
Rate

<;8<;26-2,*;79:
Population, Industry and Agriculture Output Value,
GDP, COD Emissions


"
"1.=*4<*;2766-.?!@:;.57/% *6-;1."19.:174-$*4<.( B )
92;.9276*@.9
Water Resources Quantity
Water Resources Quality
Water Supply Capacity
Water Resources Utilized Level
Socioeconomic Level

*,;79*@.9
Water Resources per capita ($ &)
COD Concentration (mg/L)
Utilization Rate of Water Resources (%)
Water Efficiency ( $ & )
GDP per capita (yuan)

:;9*-.
<200
>30
<20
<3.07
<3280

6-9*-.
200~400
15~30
20~30
3.07~408.6
3280~32800

9-

9*-.
>400
<15
>30
>408.6
>32800

*;*744.,;276*6-97,.::260Since training neural network model requires a large amount of
historical data, the numerical values of the input and
output indicators of the neural network from 1990 to
2016 were collected according to the Changzhou
Statistical Yearbook and other statistical data. The
data set from 1990 to 2011 was selected for training,
and the data set from 2012 to 2016 was tested.
In terms of data processing, the data related to
prices are the current year's prices, such as foreign
export value, sales of social consumer goods, industry and agriculture output value and GDP. As the
lack of comparability among nominal prices due to
inflation, they are converted into comparable prices
based on the following formula (Based on 1990).
    
,    
    
+
    
At the same time, when using the MATLAB
toolbox to train the neural network, in order to avoid
numerical problems and make the network converge
quickly, the input data needs to be value normalized,
and the output data is inversely normalized. At the
same time, when using the MATLAB toolbox to
train the neural network, in order to avoid numerical
problems and make the network converge quickly,
the input data needs to be value normalized, and the
output data is inversely normalized. First, the maximum and minimum values are defined for the input
matrix. The maximum matrix is defined as 1.2 times
the original matrix, and the minimum matrix is defined as 0.8 times the original matrix. Then the actual
value is distributed in the interval (0, 1) by the following formula. When output values, the formula is
transformed accordingly to obtain the actual output
value.
   
   *  
,
   *  

9.-2,;276 *6- *4,<4*;276 7/ %  26
1*60A17<For the four output indicators in the Table 1, a neural network is constructed with five input
indicators as input variables and output indicators as

The Table 2 divides the WRCC into three
grades. The 1st Grade indicates that WRCC in the
current region is poor and in an unbearable state. If
the development strategy is not changed, there will
be a shortage of water resources. The 3rd Grade indicates that WRCC in the current region is very good
and can provide a strong support for the development
of the city. The 2nd Grade is somewhere in between,
indicating that the water use in the current region has
a considerable scale, but still provides a certain degree of support for the city.
"1. .:.*9,176% 7/1*60A17<"1.
=.9=2.>/79;1.!<9=.@9.*Located in the center of the Yangtze River Delta, Changzhou is one of
the central cities in the Yangtze River Delta and an
advanced manufacturing base. It is an important part
of the Jiangsu -Yangtze River economic zone. It
forms the Suzhou-Wuxi metropolitan area with Suzhou and Wuxi, and now has a jurisdiction over 5
districts of Jintan, Wujin, Xinbei, Tianning, and
Zhonglou, hosting a county-level city of Liyang,
with a total area of 438,500 hectares, including
361,800 hectares of land and 73,300 hectares of water.
At the end of 2016, the total registered population of Changzhou was 3.479 million, and the resident population was 4,708,300. In 2016, the city's
gross domestic product (GDP) was 577.4 billion
yuan, GDP per capita was 122,721 yuan, fixed assets
investment was 311.852 billion yuan, industrial output value was 1007.34 billion yuan, social consumer
goods totaled 220.283 billion yuan, total import and
export volume was 27.584 billion yuan.
Changzhou is located in the western part of the
Taihu Lake Basin. It faces the Yangtze River in the
north and Taihu Lake in the east. The mountains are
connected, the lakes are also connected, and the river
network is dense. By the end of 2016, the city had
built 91 large and small reservoirs, including 5 large
and medium-sized reservoirs and 86 small reservoirs
with a total water storage capacity of 400 million cubic meters.
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" 
"1.".:; .:<4;:7/.<9*4.;>793
Population
(million)
2013
2014
2015
2016

Actual
365.91
368.64
370.85
374.9

Predicted
366.54
363.00
366.17
366.37

Industry and Agriculture
Output Value
(100 million yuan)
Actual
Predicted
192.43
191.03
196.28
186.26
199.03
184.65
203.01
179.37

COD Emissions
(10,000 tons)
Actual
6948
7046
7446
7232

Predicted
7605.9
7456.1
7541.7
7749.2

GDP
(100 million yuan)
Actual
260.76
265.97
269.70
275.09

Predicted
258.24
257.24
261.05
262.50


" 
"1.".:;9979:7/.<9*4.;>793
Population
(million)

2013
2014
2015
2016

error
amount
0.63
-5.64
-4.68
-8.53

error rate
0.00172
-0.01530
-0.01262
-0.02275

Industry and Agriculture
Output Value
(100 million yuan)
error
error rate
amount
-1.4
-0.00728
-10.02
-0.05105
-14.38
-0.07225
-23.64
-0.11645

COD Emissions
(10,000 tons)
error
amount
657.9
410.1
95.7
517.2

error rate
0.09469
0.05820
0.01285
0.07152

GDP
(100 million yuan)
error
amount
-2.52
-8.73
-8.65
-12.59

error rate
0.00966
0.03282
0.03207
0.04577

#  
"1.9.-2,;2767/.<9*4.;>793

output variables, and then the collected planning data
is used as an input matrix to obtain predicted values.

of the gradient descent, the BP training function Levenberg-Marquardt is used. Set BP network training
times to 30,000, learning rate to 0.1, and training target minimum error to the smallest positive eps in
MATLAB.

.;.9526*;2767/.<9*4.;>793*:2,*
9*5.;.9:In this study, the number of network layers is 3. In detail, the number of hidden layers is 1,
the number of neurons in the input layer of the BP
network is 5, the number of neurons in the output
layer is 1, and the number of neurons in the hidden
layer is 10. The transfer function of the hidden layer
uses the S-type tangent function (tansig), the transfer
function of the output layer uses the S-type logarithmic function (logsig), and in order to adjust the speed

7-.4 "9*26260 *6- ".:;260 By continuously training and checking the sample data, the corresponding test data is obtained as shown in Table 3,
where the value related to price is the converted
comparable price. Based on the test results, the relative error and error rate are calculated as shown in
Table 4.
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" 
"1.#9+*64*66260*;*7/1*60A17<
The Amount of
Sales of Social
Industrial Wastewater
Foreign Export Value
Consumer Goods
Discharge
(100 million US dollars)
(100 million yuan)
(10,000 tons)
68000
20000
3000
250
Note: The planning data comes from Changzhou Master Plan (2011-2020) and Changzhou planning library.
The Amount of Water
Supply
(10,000)

" 
=*4<*;27626-.?.:1*60A17<%

Value
Grade

Water resources
per capita
($ &170.64
1st

4

26

COD concentration
(mg/L)

Water resource
utilization (%)

12.34
3rd

26.86
2nd

It can be seen from Table 4 that the trained neural network can better obtain the target value of
WRCC. In addition to several large error rates (maximum error rate of 11%), most of the rest are maintained within ± 5%, indicating that the neural network is better and can be applied to the forecast.

Natural Population
Growth Rate
(permillage)

Water use
efficiency
( $ &)
2500
3rd

GDP per capita
(yuan)
187205
3rd

water supply to total available water resources when
water supply frequency is 75%. Water use efficiency
(yuan/m3): the ratio of the gross output value of industry and agriculture to the water consumption of
industry and agriculture (yuan/m3). GDP per capita:
the ratio of GDP to population (yuan).
It is needed to convert the predicted comparable price into the price of the corresponding year. Using the values predicted by the neural network and
the data appearing in the urban planning, the values
of the following evaluation indicators are calculated.
It can be seen from Table 6 that the COD concentration, water use efficiency and GDP per capita
are all at 3rd grade, indicating that WRCC of Changzhou in the future is better in terms of water quality,
water consumption and social economic level. The
utilization rate of water resources is at 2nd grade, indicating that Changzhou has a common water supply
capacity in the future. However, the grade of water
resources per capita is poor, indicating that there is a
shortage of water resources in Changzhou.

9.-2,;2767/;1.7-.4According to Changzhou Master Plan (2011-2020), Changzhou Water
Supply Plan (2004~2020) and Changzhou Drainage
Plan (2004~2020), Changzhou's 2020 urban planning data is collected, as shown in Table 5.
Convert the price into a comparable price in
1990 as the input value of the neural network to get
these following forecast values. The predicted population of Changzhou in 2020 is 4.0063 million, the
predicted value of industrial and agricultural output
is 23.109 billion yuan, the predicted COD emissions
is 671 tons and the GDP forecast value is 31.348 billion yuan. It is necessary to mention that the price
data obtained is a comparable price based on 1990.
"1. .*:76*+4. 6*4@:2: 7/ 79.,*:; .
:<4;:Due to the uncertainty, periodicity and volatility of future social and economic development, it is
difficult to predict accurately for the prediction
model. However, indicators such as population and
economy are with trending and regularity. The forecast data is in line with the law of actual development
and can be used as a basis for evaluating the water
resources carrying capacity of Changzhou.

#!
When predicting the evaluation index of
WWRC, there is a problem that it is difficult to determine the weight of the influencing factors. However, BP neural network does not need to determine
the weight by people, which greatly reduces the distortion of the result caused by subjective weighting,
and the prediction result is more effective and objective. At the same time, NNs is an implicit mathematical processing method compared to System dynamics and Multi objective decision making. First, the
network is trained until a certain precision is
reached. Then, as long as the processed data is inputted into the network, the result can be obtained.
The overall process is relatively simple and the results are more reliable.
This paper uses MATLAB data network
toolbox to establish the neural network with low error rate through multiple trainings. Through neural

=*4<*;2767/1*60A17<% In order to
ensure the comprehensiveness of the evaluation, the
WRCC of Changzhou in 2020 was judged by the five
indicators in Table 2: water resources per capita,
COD concentration, the utilization rate of water, water use efficiency and GDP per capita. Water resources per capita ($& person): the ratio of the water supply to the total population when the water supply guarantee rate is 75%. COD concentration
(mg/L): the amount of oxidant consumed by the reducing substances in 1L oxidized wastewater. The
utilization rate of water resources (%): the ratio of
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network prediction, the evaluation index value of
Changzhou WRRC in 2020 is obtained. It can be
seen from the analysis that Changzhou performs well
in terms of water quality, water consumption grade
and socio-economic level in the future, but the water
supply capacity is common in the future. In addition,
there may be a shortage of water resources. In order
to cope with this unfavorable situation, it is necessary to strengthen the government's macro-control:
1. It is necessary to further improve the city's water
conservancy facilities, improve the water intake capacity of Changzhou, and ensure local water demand; 2. Since Changzhou's sewage is mostly derived from industrial wastewater, therefore, it is necessary to accelerate industrial transformation to reduce industrial wastewater discharge, and at the
same time, it is necessary to promote scientific and
technological development and improve industrial
water use processes; 3. Improve residents' awareness
of water conservation and improve the treatment capacity of urban residents' domestic wastewater; 4.
Strengthen regional linkage, Changzhou is located in
the Taihu Basin, it is necessary to strengthen cooperation with surrounding cities to achieve optimal allocation of water resources and water environmental
protection.
%"!
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Urban Water Resources Carrying Capacity Based on
Neural Network——Taking Changzhou City as an
Example” (No. 2018102941366).
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tourism can not only provide new employment opportunities and stable economic income sources for
rural people, but also improve infrastructure construction and living environments in rural areas, and
push agriculture towards modernization. Therefore,
rural tourism has become the core industry and important channel for many rural areas to vitalize their
industries and get rid of poverty. Besides, it is one of
the most effective and direct means to systematically
solve the three rural issues and materialize the rural
vitalization strategy [1].
Over the years, Guizhou province in China has
started with its own conditions to combine tourism
development with promotion of poverty elimination
in needy areas, industrial structure adjustment and
resolution of three rural issues. It carried out the
strategy of enriching people through tourism development, which generated distinct effect in increasing
local farmers’ income, facilitating adjustment of rural industrial structure, local economic and social development. According to the data in Guizhou Statistical Yearbook 2017, in 2015, tourism revenue accounted for 33.33% of Guizhou’s gross regional
product, and it was reached 42.67% in 2016. Rural
tourism constitutes an essential component of Guizhou’s tourism industry and in 2017, the rural tourism revenue occupied 1/4 of the total provincial tourism revenue [2]. Rural tourism plays an irreplaceable
role in advancing Guizhou’s rural economic development and facilitating sustainable development of
rural economy, society, culture and environment. In
the new era, to develop rural tourism better, realize
the great strategy of rural vitalization, make Guizhou
become moderately prosperous in sync and build a
great modern socialist country, we must correctly
handle three relationships in rural tourism, that is,
poverty alleviation and poverty elimination, protection and development, government and market.


   

Rural vitalization is an important content for
the construction of a great modern socialist country
in the new era, and development of rural tourism is a
vital means of such vitalization. In Guizhou province, rural tourism was conducted earlier, and the
prosperity of rural tourism greatly promoted its rural
economic and social development. Under the strategic background of rural vitalization in China, to further boost rural tourism, Guizhou must accurately
grasp three relations to reach the purpose of rural
tourism development, that is to get rid of poverty for
all rural impoverished population. Hence, in the process of developing rural tourism, measures must be
precisely and accurately taken in order to achieve the
goal of poverty elimination. Rural area in Guizhou
boasts beautiful natural scenery and abundant ethnic
customs, but its ecological environment is fragile. As
a result, “development” of rural tourism is based on
the perquisite of “protection” in rural vitalization. To
make rural tourism of Guizhou advance in a healthy
manner, we must regard the market as the foundation
and the government as the leading role to avoid malignant competition and resource waste.


 
Rural tourism, rural vitalization, Western China



 
To address the issues of agriculture and rural
areas in China and build a great modern socialist
country in the new era, in October 2017, the report
of the CPC at the 19th National Congress proposed
the significant strategy of “rural vitalization”. In
September 2018, the CPC Central Committee and
the State Council announced # .,. "3)!/,&
$.&$4.$)( (2018-2022) which presented exhaustive regulations on the development goals, vision
planning and detailed measures regarding Chinese
rural vitalization. The implementation of the rural vitalization strategy is the key and integral part of
China’s efforts to establish a moderately prosperous
society and a great modern socialist country. Rural

)&2&,"4*/.3)*0#&47&&.0/6&248",,&6*"4*/.
".%0/6&248&,*-*."4*/.*.5*9)/5:3252",4/52
*3-5.%&24)&342"4&(*$#"$+(2/5.%/'252",6*4",
*9"4*/. 02/$&33/2(/", Compared with other provinces, Guizhou has the largest poor population, the
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function of rural tourism and make the remaining
poor population get rid of poverty at the earliest date
is an urgent and severe issue at present.
To solve the realistic problem and carry out
China’s rural vitalization strategy, poverty alleviation by rural tourism needs to targeted poverty alleviation which will remove poverty for the last batch
of poor people or poverty-stricken people so that all
households and people will become affluent. To be
targeted, precise measures should be implemented.
Local resources should be properly utilized to help
them develop. For instance, some places may have
convenient transportation, so rural tourism can focus
on accommodation; while some places possess the
advantage of flower and fruit planting, so special
breeding can be conducted to develop leisure and
sightseeing agriculture. At the same time, targeted
poverty alleviation should consider specific conditions of different households and people to find out
the entry point on the chain of rural tourism that can
increase the income of poor households. Now, Guizhou combines large scenic spots with small villages, that is, it can drive tourism development in the
neighborhood through large scenic spots, list poverty
alleviation through tourism in management
measures for provincial level A tourism sites, and
guide 250 tourism sites of the province to boost employment of poor population. In the process, 90,000
poor populations have benefited. In the meantime,
Guizhou applied big data census on tourism resources to summarize 2,689 favorable resources and
960 new resources spot in extremely poor towns,
which will be given priority in planning and development. Besides, an exquisite tourism scenic spot is
constructed in 14 deeply impoverished towns. Guizhou set up exquisite tourism model places, and
meanwhile built exquisite tourism routes with combination of points and lines. First, it conducts trial
development in poor mountainous areas where conditions are met, and connects model places through
exquisite tourism routes. Then, these routes are
stringed into belts, and eventually, three theme functional zones of “red tourism + folk customs + ecological recreation” are formed around the province.
Guizhou propels poverty alleviation and accelerates
the process of poverty removal through sustainable
development of rural tourism.

largest area of poverty and the severest degree of
poverty, therefore, Guizhou has been the main battlefield for China’s fight against poverty. The tourism industry with prominent driving capacity and
high industrial integration power is strongly linked
with other industries. Guizhou has exceptional advantages to develop rural tourism for its cool
weather, splendid natural scenery and unique folk
customs. Being one of the earliest provinces which
conducted rural tourism practice, Guizhou started rural tourism in 1980s and 1990s, and regarded it as the
important aspect of rural poverty relief [3]. In the
new era, Guizhou takes advantage of rural tourism
construction to build a poverty relief network centering on rural tourism, raise poverty relief funds, develop rural tourism projects, promote construction of
tourism products, and closely combine rural tourism
and poverty relief. The Poverty Alleviation and Development Office of Guizhou Province arrange special funds of RMB 80 million for rural tourism poverty relief projects every year. Today, rural tourism
has turned into one of the effective means of targeted
poverty alleviation in Guizhou. During the 12th
Five-Year Plan, rural tourism of Guizhou provided
2.8761 million jobs, benefited more than 5.77 million people with annual income of more than RMB
55 billion, and got rid of poverty or alleviated poverty for 647,000 people [4]. In 2017, the number of
natural villages engaged in rural tourism that exceeded 3,000, among them, 517 natural villages were
listed as the national key villages for rural tourism
poverty alleviation. Rural tourism realized an annual
income of RMB 76.316 billion, offered 480,000 direct employment opportunities and more than
600,000 indirect employment opportunities [5].
Winning the tough fight against poverty alleviation is the bottom line target and symbolic target of
China’s construction of a moderately prosperous society, and the essential requirement of socialism with
Chinese characteristics, that is, every poor household must be free from poverty. China’s rural vitalization strategy aims to make rural residents live a
well-off life. Over the years, Guizhou has driven
poor population to start businesses and make them
gain extensive earnings from the development of rural tourism, which facilitated harmonious development of rural economy and society, and reaped distinct benefits in poverty relief. However, we must be
aware that poverty alleviation is a process, and our
ultimate goal is to remove poverty for all households. When the goal is achieved, the requirements
of rural vitalization strategy are met. Some new
problems appeared in the process of poverty alleviation and province development: all places where rural tourism can be developed which have been covered, and now it still has more than five million population stuck in poverty in Guizhou province, many
of which live in a scattered way, so the cost for road
construction, water and electricity supply is overly
high. How to give scope to the poverty relief

)& 2&,"4*/.3)*0 #&47&&. %&6&,/0-&.4 ".%
02/4&$4*/.*.5*9)/5:3252",4/52*3-5.%&24)&
342"4&(*$ #"$+(2/5.% /' 252", 6*4",*9"4*/.  7"8
/54/202&2&15*3*4&The core of tourism lies in local
characteristic resources and maintenance of these
characteristics [6]. Rural areas of Guizhou have natural beauty, beauty of harmonious humanity and
beauty of simplistic rural charm, and the favorable
ecological environment and profound ethnic cultural
connotations are two precious treasures for rural
tourism development in Guizhou. With scientific
and reasonable development of rural tourism
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the two bottom lines of development and ecology,
carried out three strategic actions of large poverty alleviation, big data and large ecology, fully implemented the action plan of “experience in agricultural
households and beautiful villages”, and made great
efforts to expedite rural tourism. Only rural characteristic landscape is built and original ecological environment is supplied, rural tourism realized sustainable development.

resources, it converts these resources into appealing
tourism products and further capital, gives play to
the role of these resources and presents them to the
public. Therefore, rural tourism development under
the rural vitalization strategy is an effective way out
for the three rural issues. However, rural tourism
should not only provide quality services for tourists
and develop economy, but also ensure intactness of
nature and humanistic ecology as well as continuity
of economic growth. Hence, protection of resources
is the prerequisite for development and both of them
should be well coordinated.
Guizhou is lauded by the general secretary XI
Jinping as a “park province”, of which beautiful villages are the most colorful and abundant elements.
The beauty in Guizhou rural areas lies in their blue
hills, green waters, characteristic villages and ecological and comfortable living environments. The
natural scenery, fresh air and pleasant climate provide integral environmental resources and quality
material elements for the development of rural tourism in Guizhou [7]. Meanwhile, Guizhou rural areas
have rich and unique minority ethnic cultures. At
present, 545 villages of Guizhou are listed in China
Directory of Traditional Villages Protection, ranking
the second in China; 213 villages are included in the
list of villages with Chinese ethnic characteristics.
It’s deemed as the original ecological ethnic museum. However, the majority of its rural areas are located in the intensive karst landscape. As a result,
despite abundant, beautiful and peculiar landscape,
the karst area is characterized by fragile environment
and low environmental capacity, thus being likely to
be disturbed by artificial activities, and further causing environmental problems such as water and soil
loss and damaged terrain. The construction of infrastructure in the rural tourism development of Guizhou has brought about immense people flow and
material flow to natural villages that produce plenty
of waste. Moreover, uncivilized behavior of tourists
also destroys the rural ecological environment. As
rural tourism is highly dependent on the desirable
ecological environment, we must keep in mind that
improving ecological environment is to protect and
develop productivity, and that green waters and blue
hills are gold and silver mountains. In addition, we
should make economic benefits, social benefits and
ecological benefits consistent, and take into account
the bearing capacity of resources and environment.
While guaranteeing facilities, we should pay greater
attention to the protection of rural ecological environment and rural landscape so that urban residents
are more willing to come to villages. Rural tourism
is developed in rural areas, so rural environment,
buildings, folk customs and food are all what attracts
tourists; if these are missing, the development of
tourism will lose support. Rural tourism shall stick
to five originals, that is, original houses, original residents, original life, original production and original
ecology [8]. In recent years, Guizhou has abided by

)& 2&,"4*/.3)*0 #&47&&. (/6&2.-&.4 ".%
-"2+&4 *. 5*9)/5:3 252", 4/52*3- 5.%&2 4)&
342"4&(*$#"$+(2/5.%/'252",6*4",*9"4*/. %/-*
.".$& /2 '/5.%"4*/. Being local and rural, rural
tourism regards local beautiful natural landscape and
abundant humanistic landscapes as its attracting
points, and eventually realizes the development of
rural economy and society by making rural tourism
resources more intriguing to tourists and satisfying
tourists’ needs. In essence, it is a kind of market behavior which underlines market products and service
value exchange. Operators maximize their profits,
that is, pursuit of profit is the most typical feature of
market behavior. Under such circumstance, it’s
likely that subjects of rural tourism develop blindly
and put economic benefits in the first place in terms
of value judgment, being anxious to attain success.
On the one hand, this gives rise to homogenous malignant competition, that is, all tourism projects are
the same, eating rural food and going sightseeing.
Besides, the form of tourism products is dull and
deep experience projects are missing, so projects
with unique charm should be designed. On the other
hand, chaotic development causes damages to rural
ecological environment. Rural tourism, as a comprehensive industry that involves politics, economy,
culture, society and ecology, produces positive impact on local economic and social development, but
negative influences should not be overlooked.
Hence, the pursuit of profit determined by the market
implies that rural tourism development should not be
completely left to the market; instead, governments
must take the lead in it to gain balanced development
of local politics, economy, culture and ecology [9],
that is, to reinforce governments’ macroscopic functions in development and improve the tourism management mechanism, which are leading factors [10].
Guizhou is a place with severe poverty, weak
economy and low degree of marketization. Moreover,
once the fragile ecological environment in rural karst
areas of Guizhou is sabotaged, it will be difficult to
restore. To orderly develop rural tourism and achieve
coordinated and sustainable development of rural
economy, society and environment, it is necessary to
develop government-dominated tourism. In the process, government should work out a scientific plan
first to reasonably determine goals of tourism development. Guizhou is pioneering in formulating the rural tourism plan /,&)/,$-'&()!/$4#)/, and
also established related standards and systems, such
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as .(,-!),-- --' (.((" ' (.)!/
,& ). & $( /$4#)/, /,& )/,$-' .(,-
-  )( .#  ($. )! $&&" - and /,& )/,$-'
.(,-)!/$4#)/, which promoted standardization of rural tourism in Guizhou. Second, governments should stipulate regulations on rural tourism
so as to ensure standard management, correct guide
and proper development with order [11]. Guizhou
has successively announced documents such as
*$($)(- )(  & ,.$(" /,& )/,$-' 0 &)*
' (., /,&)/,$-'&()!/$4#)/, /,&)/,$-'
0 &)*' (.&( !), 3 )/,$-.$&&" -, '*& 
' (..$)(&(!),)0 ,.3&& 0$.$)()!/$4#)/,
'*& ' (..$)( &( !), .#  )0 ,.3 && 0$.$)(
$"#. .#,)/"# )/,$-' 0 &)*' (. )! /$4#)/,
),%$("&(!),.(,$4 ($"#+/&$.3 
0 &)*' (.)!/,&)/,$-'$(/$4#)/, '*& ' (
..$)(&(!),--$-.( )! (#)/-(-)! (
. ,*,$- -($&&" -$(/$4#)/, *$($)(-)!/$
4#)/ )*& 7-)0 ,(' (.)('*& ' (.$("$2
.$)( &(- !), (!,-.,/./,  )(-.,/.$)( 1$.# .# 
.# '  )! 5 2* ,$ (  $( ",$/&./,& )/- #)&-
( /.$!/& $&&" -6, .(,- !), -- --' (.
((" ' (.)!/,&). &-$(/$4#)/, .(
,-!),$&&"  )(-.,/.$)(( ,0$ -)!/,&
$&&" -$(/$4#)/ ,$("( 0&/.$)()! ,
0$ /&$.3)!/,&)/,$-'((-$(/$4#)/, and
(" ' (.  -/, - !), /&$.3 ,$(" (
.$(")!/,&)/,$-'$&&" -, * ,.$(")/- 
#)&-",$.$' (.(((-. These normative documents that focus on the manifestation of Guizhou’s
mountain environment, natural ecology and ethnic
cultural characteristics have pointed out pertinent
measures for orderly development of tourism, especially problems such as environmental and ecological damage, and hidden risks. Third, in the process,
governments need to improve rural infrastructure
and increase the level of public service [12]. Infrastructure belongs to public products whose exclusive
and non-competitive characteristics determine that
governments must shoulder the main responsibility
of infrastructure construction, including rural roads,
parking lots, washrooms, wastewater treatment facilities, fire control facilities and water & electricity
supply facilities, etc. As China’s first province where
expressways are built in every county, Guizhou has
convenient transportation that provides powerful
support for the development of rural tourism. At the
same time, in 2018, governments of Guizhou invested RMB 500 million in constructing 100 rural
tourism model sites. In recent three years, Guizhou
put RMB 278 million in building and expanding
public service facilities including 803 toilets, parking lots, service stores and signboards, etc. Besides,
governments held promotion meetings to introduce
tourism routes of Guizhou [13]. To further speed up
the development of rural tourism, Guizhou needs to
focus on the following aspects: first, building highways in all rural groups of rural areas for the sake of
rural tourism; second, accelerating intensification of

expressways and construction of high-speed railways between cities and prefectures, as well as construction of civil airports and general airports; third,
making sure every village is supplied with safe and
stable water by to strengthening construction rural
water conservancy infrastructure; fourth, rectifying
rural living environment and ecological environment,
and improving the living and environmental quality
for rural residents; fifth, ensuring every village has
access to quick internet services by heightening network infrastructure construction; sixth, promoting
rural tourism operators to establish cooperative relations with tourism e-commerce and modern logistics
enterprises; last but not least, strengthening training
of employees in the rural tourism industry to enhance
their management and service skills.


Much as the development of rural tourism entails the leading role of governments, in essence, it is
a market behavior. Therefore, it should receive the
test of the market, and only in this way can maintain
its vitality. In the process, governments should clarify the marketization orientation, subdivide the markets and work out a strategic direction so that tourists’
personalized consumption demands can be satisfied.
Market is the foundation for rural tourism development which must observe the market mechanism. To
meet the market demand, governments should select,
process and re-create rural tourism resources, study
these resources in detail on the basis of the market
and design characteristic tourism products and
routes that cater to the market demand. All in all,
governments should not only guide the market but
also pander to the market demands. Guizhou adopted
the “two mountains” strategy along with GuizhouCloud Big Data to promote in-depth integration of
big data and rural tourism, and utilized data analysis
and mining technology to provide more scientific
operation and decision making models for rural tourism. It has worked out many tourism routes and
products that conform to tourists’ preferences, cultivated tourism brands with distinct regional features
based on local conditions at the right time, and highlighted rural characteristics. Sticking to “one village
one product”, “one village one scenery”, “one village one charm”, “one family one skill”, and “one
household one specialty” [14], Guizhou has
achieved personalization, characterization and differentiation, and meanwhile maintained lasting development. Guizhou’s rural tourism is led by governments on the basis of the market to meet diversified
market demands and reinforce standardized market
management [15]. By doing this, it not only compensates for the flaw of market failure, avoids malignant
competition, resource waste and environmental
damage, but also brings diverse operators and lively
mechanisms, fully mobilizes operating subjects’
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enthusiasm about rural tourism, and makes the development more scientific, reasonable, healthy and
sustainable.
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As a significant strategy proposed at the 19th
National Congress of the CPC, rural vitalization is
the general initiative for three rural issues in the new
era. As pointed out by# .,. "3)!/,&$.&$
4.$)( (2018-2022), the recreational function of agriculture should be expanded while basic production
tasks are accomplished; while basic life and product
conditions are guaranteed for rural people, conditions should be created to develop rural tourism. Rural tourism connects the primary industry and the tertiary industry which can directly enhance the added
value of agricultural products, boost integrated development of varied industries in rural areas, transform single agriculture mode into diversified agriculture mode, and accelerate the shift from extensive
economy to benefit economy [16]. Rural tourism is
a favorable image of Guizhou and the main channel
of increasing income for impoverished population.
The .# $0  , &(!), )()'$ ( )$&
0 &)*' (.)!/$4#)/ proposed to expedite integrated development of the primary, secondary and
tertiary industries, proactively extend agricultural
functions, rely on natural sceneries, ethnic villages,
ancient towns and villages and the program of “experience in agricultural households and construction
of beautiful villages” to invigorate rural tourism
based on local conditions, focus on construction of
rural tourism model sites in the mountain areas, and
build more than 2000 such villages by 2020. The development of rural tourism products should be
strengthened to help with targeted poverty alleviation. Guided by the strategy of rural vitalization in
the new era, Guizhou should correctly handle the
three relationships between poverty alleviation and
poverty elimination, development and protection,
government and market so as to gain prosperity of
rural tourism, enhance agricultural synergy, raise income of rural people and make the rural areas flourish. The active effect of rural tourism has been verified in promoting and protecting agricultural ecology and local culture, increasing rural people’s income, alleviating poverty, transforming and upgrading agriculture, providing job opportunities for rural
people, and enriching tourism products, etc.
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#$"$

In this work, a class of phenylurea compounds
containing 2-benzoylindan-1-one molecules 3a–3j
was designed and synthesized from the reaction of
phenylurea-substituted acetophenone compounds
with phthalaldehyde molecule under mild action situations in good yields. The inhibitory effect of these
compounds on some metabolic enzymes was examined and compared with a standard compound. IC50
values were obtained from the phenylurea-Induced
Activity (%)-[phenylurea compounds] graph and
from the Lineweaver-Burk graph. According to the
results, the IC50 values of these molecules were in
the range 18.23-63.01 nM for hCA I, while the mean
Ki values were in the range 7.79±0.94-122.64±32.15
nM for this enzyme. The results obtained are expected to make an important contribution to drug design and pharmacological applications. Additionally, these compounds demonstrated well inhibitory
effects against acetylcholineesterase (AChE) enzyme. Finally, the Ki values of hCA II were in the
range 15.09±4.48-65.72±6.64 nM and 1.54±0.2122.44±3.83 nM against AChE, respectively.


$" %$ 
1,3-Diketone compounds have a significant location in the medicinal and organic chemistry as a
synthetic building block. These molecules play an
outstanding role in the synthesis act of many heterocyclic molecules and bioactive molecules. Great reactivity of 1,3-diketone molecules performed molecular variety in the synthesis action of natural and organic compounds. Additionally, between the molecules exhibiting biological activity, it recognized
that molecules comprising the diaryl urea unit have
a wide spectrum of activity [1-3]. Also, we synthesized some phenylurea derivatives 3a – 3j, which are
diphenylurea motif and 1,3-diketone, by the reaction
of phthalaldehyde with phenylurea substituted acetophenones in basic medium (Figure 1).
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enzymes like AChE, hCA I and II enzymes, using
the acetylcholine iodide solution as substrate for
AChE enzyme.


$"#$ #

2/63-+5; A series of 1-(4-(hydroxy(1-oxo1,3-dihydro-2H-inden-2-ylidene)methyl)phenyl)-3phenylurea molecules (3a – 3j) have been synthesized from the phenylurea substituted acetophenone
molecules in high yields (73 – 85%). The main structures of these molecules were established on the basis of spectroscopic methods (Table 1) [28].

$ 
#A7<2/;3B/. +4./:3>+<3>/;

Carbonic anhydrase (CA, E.C.4.2.1.1) enzymes play a main role in the base-acid equilibrium
by using a necessary buffering system for the tissues
and body fluids [4-7]. Also, they transform CO2 molecule that is created by metabolic mechanisms to
H2CO3, which is transported in the blood via tissue
cells [8]. CA enzymes are very efficient enzymes,
which catalyze the rapid conversion of carbon dioxide (CO2) to bicarbonate (HCO3-) and a proton (H+)
[9, 10]. This act is current for most organisms during
the evolution of life seven genetically diverse classes
of this enzyme, which classified as α-, β-, γ-, δ-, ζ-,
η- and θ-CAs. Many CA isoforms involved in these
mechanisms are significant therapeutic goals with
the potential to be inhibition or activation for the
therapy of a large disorders spectrum [11-14]. Up to
now, sixteen isozymes have been determined that
differ in their catalytic activity and subcellular site
with different affinity to inhibitors. CA is one of the
most studied enzymes and both CA I, and II are the
most common isoenzymes conforming to situations
and necessities of the middle [15-17] (Figure 2).
Cholinesterase (ChE) enzymes hydrolyze the
choline ester molecules. Indeed, in mammalian cells,
there are two main forms of cholinesterase enzymes,
namely, butyrylcholinesterase (BChE) and AChE,
determined by very great concentrations in the nerve
cells, placental tissue, muscle, erythrocytes, and
brain [18, 19]. AChE enzyme is a special choline esterase enzyme and also it is a hydrolytic catalyst of
the serine type [20]. Alzheimer’s disease (AD) affects frequently the elderly human and superior resulting in spoiled behavior and memory [21]. This
disturbance clinically involves the advanced decline
of brain tissue cells that are influenced by the deficit
in acetylcholine (ACh) [22]. Cerebral amyloid-β aggregation, a deficiency in ACh and a deficiency in
cholinergic neurotransmission, was considered in
sicks with AD. AChE enzyme, a main element of the
cholinergic system in the central and peripheral
nervous system, is capable to convert ACh molecule
to choline and acetate. It is caused by genetic influences and environmental [23-27].
In this work, we have determined the inhibition
effects of phenylurea compounds on some metabolic
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7BA6/;<=.3/;+:,873-+72A.:+;/3723,3
<387 +;;+A In CA enzyme section, changes in absorbance and inhibitory effects of phenylurea molecules (3a – 3j) were recorded during 3 min at 348 nm
using p-Nitrophenylacetate was utilized as a substrate which converted by both isoenzymes to the pnitrophenolate and performed conforming to Verpoorte [29] method and previous studies [30, 31].
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$2/2+506+@36+53723,3<387-87-/7<:+<387 +7.3723,3<387-87;<+7<;38092/7853--8698=7.;
+1+37;<2=6+7-+:,873-+72A.:+;/3;8/7BA6/;+7.2+7.+7.2/7BA6/;
 7
2
:
2
:
2
:
+
53.30
0.9808
30.12
0.9480
5.54
0.9859
,
25.66
0.9879
29.98
0.9719
9.11
0.9905
-
49.50
0.9883
28.87
0.9674
4.31
0.9360
.
36.47
0.9760
13.31
0.9810
5.87
0.9621
/
18.23
0.9820
14.37
0.9735
15.06
0.9830
0
53.33
0.9690
40.52
0.9897
12.37
0.9602
1
49.14
0.9729
26.65
0.9713
8.55
0.9727
2
63.01
0.9557
53.32
0.9901
23.10
0.9842
3
62.37
0.9384
30.13
0.9780
15.41
0.9596
4
45.88
0.9880
21.01
0.9681
7.21
0.9855

* 
173.28
0.9778
115.52
0.9642
$+-:37/C
53.31
0.9698

AZA (acetazolamide)was used as positive control for hCA I, and II isoenzymes.
C
Tacrinewas used as positive control for AChE enzyme. 
8698=7.;

2
43.02±4.44
24.77±9.51
43.60±11.38
21.51±6.54
7.79±0.94
35.36±4.31
122.64±32.15
92.42±32.26
47.37±16.28
76.22±33.12
271.15±74.62
-

37
2
49.26±3.58
50.51±6.46
34.40±7.81
16.54±3.07
15.09±4.48
65.72±6.64
32.60±10.44
51.31±2.55
59.18±5.55
14.27±3.78
113.07±20.98
-

2
1.72±0.53
4.42±0.32
1.54±0.21
7.11±1.18
8.52±0.67
14.67±4.76
5.80±2.15
22.44±3.83
6.32±0.88
2.57±0.53
12.44±3.42
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Acetylthiocholine iodide was used as substrates of
the reaction and DTNB method was used for the
measurement and inhibitory effects of phenylurea
molecules (3a – 3j) as anticholinesterase activity and
performed conforming to Ellman method [32] and
previous studies [33, 34]. For investigation inhibitory effects and hydrolysis of this substrate by spectrophotometrically and the formation of yellow 5thio-2-nitrobenzoate anion as a result of the reaction
of DTNB with thiocholine molecule, released in this
study by the enzymatic hydrolysis of acetylthiocholine iodide, at a wavelength of 412 nm.


"#%$##%## 

(i) Both physiologically pertinent hCA I, hCA
II, and AChE were investigated in the enzyme inhibition stage of this work using esterase activity. CA
has both esterase and hydratase activities, however,
esterase activity had common usage than hydratase
activity in inhibition studies because of the determination of Ki values of inhibitors. CA II was chosen
since of its antiglaucoma drug goals while CA I, due
to it makes dispensation gastrointestinal tract and in
the blood is one of the main off-goals for such pharmacologic factors [35]. Results of these isoforms:
For the cytosolic hCA I isoform, phenylurea
derivatives (3a – 3j) had Ki values form 7.79±0.94
nM to 122.64±32.15, also had IC50 values from
18.23 nM to 63.01, respectively (Table 2 and Figure
4). Additionally, For the hCA II isoform, phenylurea
derivatives (3a – 3j) had Ki values from 15.09±4.48
nM to 65.72±6.64, also obtained IC50 values from
13.31 nM to 53.32, respectively (Table 2 and Figure
4). In this work, acetazolamide (AZA), used as a
control CA inhibitor for the medical therapy of glaucoma, idiopathic intracranial hypertension, altitude
sickness, dural ectasia, and epileptic seizure. This
standard inhibitor (AZA) showed Ki values of
271.15±74.62 and 113.07±20.98 nM, for both physiologically relevant hCA I, and II respectively (Table
2 and Figure 4). IC50 values of phenylurea

In this article, AChE as a metabolic enzyme
was investigated. phenolic compounds were determined for their inhibition confidants against some
metabolic enzyme, which demonstrated commonly
an effective inhibition. The chemical structure of
phenolic compound is shown in Figure 1. Also, these
metabolic enzymes inhibiting results of the phenolic
compound are seen in Table 2 and Figure 4. The following results of this work of Table 2:
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< 3g (26.65 nM, r2: 0.9713) < 3c (28.87 nM, r2:
0.9674) < 3b (29.98 nM, r2: 0.9719) < 3a (30.12 nM,
r2: 0.9480) < 3i (30.13 nM, r2: 0.9780) < 3f (40.52
nM, r2: 0.9897) < 3h (53.32 nM, r2: 0.9901) < acetazolamide (115.52 nM, r2: 0.9642). CAIs have been
utilized in clinic for the therapy of diverse diseases
like glaucoma, epilepsy and high altitude sickness.
Indeed, these inhibitors are under large research for
their use in the therapy of cancer and obesity while
CA activators have been studied for the therapy of
memory disturbances [36]. (Figure 5).

derivatives (3a – 3j) and standard (acetazolamide)
compounds exhibited the following order: 3e (18.23
nM, r2: 0.9820) < 3b (25.66 nM, r2: 0.9879) < 3d
(36.47 nM, r2: 0.9760) < 3j (45.88 nM, r2: 0.9880) <
3g (49.14 nM, r2: 0.9729) < 3c (49.50 nM, r2: 0.9883)
< 3a (53.30 nM, r2: 0.9808) < 3f (53.33 nM, r2:
0.9690) < 3i (62.37 nM, r2: 0.9384) < 3h (63.01 nM,
r2: 0.9557) < acetazolamide (173.28 nM, r2: 0.9778)
for hCA I while these compound exhibited for hCA
II the following order: 3d (13.31 nM, r2: 0.9810) <
3e (14.37 nM, r2: 0.9735) < 3j (21.01 nM, r2: 0.9681)
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33Phenylurea derivatives (3a – 3j) effectively
inhibited AChE, which is the primary cholinesterase
in the body. It was obtained that Ki values were in
the range 1.54±0.21-22.44±3.83 nM for AChE. (Table 2 and Figure 4). In addition, Tacrine (TAC) was
used as positive control AChE inhibitor it had Ki
value 12.44±3.42. IC50 values of phenylurea derivatives (3a – 3j) and standard (Tacrine) compounds exhibited the following order: 3c (4.31 nM, r2: 0.9360)
< 3a (5.54 nM, r2: 0.9859) < 3d (5.87 nM, r2: 0.9621)
< 3j (7.21 nM, r2: 0.9855) < 3g (8.55 nM, r2: 0.9727)
< 3b (9.11 nM, r2: 0.9905) < 3f (12.37 nM, r2:
0.9602) < 3e (15.06 nM, r2: 0.9830) < 3i (15.41 nM,
r2: 0.9596) < 3h (23.10 nM, r2: 0.9842) < Tacrine
(53.31 nM, r2: 0.9698). New attention has focused on
AChE enzyme and its possible relation in the therapy
of AD. BChE and AChE enzymes have been recognized in neurofibrillary tangles and amyloid plaque
cells. AChE enzyme defined as predominates

enzyme in the normal brain while BChE enzyme is
thought to be relevant with a secondary role in the
brain for adjustment of ACh levels. A considerable
increase in the AChE enzyme activity is monitored
in AD early phase. For this reason, AChE enzyme is
substantial remedial and therapeutic aims for the recovery of cholinergic deficiency and can to be the
AD hallmark [37]. 
Investigation of the effects of these compounds
on AChE enzyme, and hCA I and II isoenzymes was
the main purpose of this work, and inhibition results
of these molecules are present in Table 2. Also, the
chemical structures of phenylurea derivatives (3a –
3j) are clearly seen in Table 1 and Figure 1. IC50
value is the exponent of these molecules in inhibiting
metabolic enzymes activities. Additionally, the calculated Ki values for these molecules were evaluated
for each enzyme. As we described above, phenylurea
derivatives (3a – 3j) can be alright factors drugs, the
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same as AChE enzyme, for treatment of AD, and
CAI compounds, for the therapy of some diseases,
like glaucoma, mountain sickness, gastric and duodenal ulcers, osteoporosis, epilepsy, or neurological
disturbances. These molecules can be utilized as a
significant tool in important biological mechanisms
and in the modern chemistry branch [38]. For AChE,
Ki values of phenylurea derivatives (3a – 3j) and
standard (Tacrine) compounds exhibited the following order: 3c (1.54±0.21 nM) < 3a (1.72±0.53 nM) <
3j (2.57±0.53 nM) < 3b (4.42±0.32 nM) < 3g
(5.80±2.15 nM) < 3i (6.32±0.88 nM) < 3d
(7.11±1.18 nM) < 3e (8.52±0.67 nM) < 3f
(14.67±4.76 nM) < 3h (22.44±3.83 nM) < Tacrine
(12.44±3.42 nM).
When we defined to enzyme results, all compounds had lower IC50 degree than the control molecule and compound 3e was the most beneficial and
effective one for hCA I. phenylurea derivatives (3a
– 3j) have also lower IC50 value than the control molecule AZA for hCA II and the molecule 3j is the best
hCA II inhibitor. As find in the results, these compounds of phenylurea derivatives (3a – 3j) have the
potential to inhibit metabolic enzymes for example
AChE enzyme, which is very necessary ChE for humans.
Recently, our group could the interactions of
BChE and AChE with Mannich bases, cyclic thioureas, ureas derived from phenethylamines, hetaryl
sulfonamides, tetrahydropyrimidines, diaryl ethers,
benzenesulfonamides, and tetrahydropyrimidine-5carboxylates, and -lactams, as well as the interactions for both CA enzymes with polyphenols and
phenolic acids, caffeic acid, bromophenols, 1,3,5-trisubstitutedpyrazolines, tetralone-based derivatives,
dopaminergic compounds, benzotropones, sulfamides, sulfonamides, benzenesulfonamides, novel
eugenol derivatives, acylsulfonamides, some natural
sulfonamide derivatives, and benzylsulfamides have
been studied [39, 40].
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compounds. [3] determined that WV is composed
of acetic acids and organic acids, phenolic, alkane,
alcohol, and ester compounds. [4] stated that WV is
toxic or lightly toxic for untargeted organisms in
water and soil. [5] reported, with regard to Ikeshima, that WV was used in the fundamental fertilizer that plants need in the development of plants
and soil quality and in plant growth in agriculture.
[6] revealed that a 3-5% dose of WV significantly
increases height, leaf length, and bud/twig development in plants. [7] determined that the mixture
(WV and fermented organic liquid fertilizer) they
sprayed on plant leaves didn’t create a significant
difference in yield. [8] reported that when they
administered WV and bioextracts to tomato plants,
it marginally increased the total dry weight, fruit
count, fresh fruit weight, and dry fruit weight. [9]
found that the mixture they applied to cucumber
plants increased plant height, root length, root volume, and root tips by 29.7%, 117%, 121%, and
76.1%, respectively. [3] stated that did not significantly increase hazelnut yield but, although marginally, increased hazelnut shell. [10] determined in
their study that WV (50 mL/L) increase the diameter of papaya stems. [6] determined in their study
that WV created a 40.3% increase in yield. They
also reported that WV (3-5% mL) provide significant positive growth for " $Roscoe
var. white ginger (height, leaf length, and bud/twig
development). [11] reported that WV and a mixture
(WV+charcoal powder) increased the length, chlorophyll contents, and photosynthesis rate of pepper
plants, and that the mixture effectively increased
fruit length, fruit diameter, and pericarp thickness.
[12] determined that the treatment of the 10%, 20%,
and 30% dose of the WV they acquired from hazelnut shells didn’t statistically affect the grow of the
soy bean plants but had significant effects on yield.
As a result, pesticides and chemical fertilizers used
for agricultural purposes negatively affect us and
the environment in many regards. Because of this
situation, it has become essential that we search for
alternatives. The purpose of this study is to deter-

This study was conducted to determine the effects on the weeds and cultivated plants in the
wheat agro-ecosystems of the wood vinegar in the
biopesticide potential obtained from hazelnut shells
on certain growth and yield parameters. The study
was conducted based on the Randomized Blocks
Testing Design with repeated four times. In the
experiment, treatments of 0.5%, 1.0%, 2.0%, 3.0%,
4.0%, and 5.0% mL doses of wood vinegar were
administered, and only tap water was given to the
control group. It was found that the 4% mL dose
had positive effects on cultivated plant height and
that the 1% mL dose had positive effects on thousand kernel weight and seed per spike compared
with the control. It was seen that its effect on weeds
dry weight is changed according to the years
(P=0.011). In 2015-2016, it was found that 3% mL
increased and 0.5%, 1% and %5 mL decreased the
weight of dry grass. In the test field; weeds determination is made from 12 families. In 2014-2015,
 ( % ", " !  $ and
" $#! !" $%; and in 2015-2016,
" !  $, " % #$ #, $%
#""  and  ( %" was seen most.


(' "#
Agro-ecosystems, growth and yield parameters, nutshell,
weeds, wheat, wood vinegar.



$" %$ 
Wood vinegar (WV) and other weak pyrolysis
liquids are produced as a byproduct of carbonization processes. And it was found in previous archeological studies that these liquids were used in the
time of Neanderthals as a biopesticide [1]. [2] reported with reference to Jang that WV is approximately 80-90% water and that the remaining portion is composed of more than 200 different organic
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group.

-:06,9 This study was carried out in Muş
province in 2014-2015 and 2015-2016 production
seasons, in field conditions according to Randomized Block Design with four repeats. Each parcel is
5m × 5m = 25m2 and has a minimum distance of 2
m between blocks and parcels [15]. Treatments in
the test were carried out following the fertilizer and
spraying schedule of BERCE Alparslan Agricultural Enterprise. Spraying was done with the help of a
backpack sprayer. The following procedures were
carried out in the study: It made as 1) %0.5 mL
WV, 2) %1 mL WV, 3) %2 mL WV, 4) %3 mL
WV, 5) %4 mL WV, 6) %5 mL WV and 7) control
which is only given tap water. Weeds collected
from the treatments field; dried according to herbarium technique and turned into herbarium material,
after counting the required records. In the identification of plants “Flora of Turkey and the East Aegean Islands” [16, 17, 18] were used. Van Yüzüncü
Yıl University Faculty of Science Department of
Biology (VANF) herbarium samples were also
used, and comparisons were made. The collected
plant samples are made into herbarium material and
stored at Herbarium. Author and plant names have
been checked according to [19]. The density of
weeds in the test field was determined by counting
with a wooden frame of one square meter to represent that parcel from three different locations of
each parcel. After the weeds, which are in one
square meter frame field, were cut from the soil

mine the effect of the wood vinegar (acquired
through the carbonization of hazelnut shells), which
has the potential to be a biopesticide, on wheat
cultivate plants and weeds.
$"#$ #

):-81)39 This study was conducted at the
Krasunia odeska wheat field belonging to the
BERCE Alparslan Agricultural Business located
approximately 12 km from the Muş provincial center (height: 1276, lateral: 380 47’ 33. 1815”, long:
410 32’ 45. 700”). In the brief 10-year history of the
area in which the experiment was established, fungicide (Duet ultra® and Input®), herbicide (Axial®,
Lancelot Super®, Roundup®, Guardian®, and Harmony Extra®), and insecticide (Tekvando®) were
used. Table 1 provides the climate data for the study
region for the values of total precipitation, mean
temperature, and mean relative humidity the first
year (2014-2015), second year (2015-2016), and
final ten years (long year mean) [13].
WV, which is used in this study, was obtained
from a company that develops biochar and wood
vinegar products with gasification machine [14]. In
the test, the base fertilizer (NP 20-20-0, 13.7 kg/ha1
) with the planting and the height fertilizer (46%
urea, 10 kg/ha-1) were used. In addition, on May 26,
2015 one time was applied and 24 April, 30 April, 8
May and 6 June 2016, WV Treatments was applied
four times and only tap water was given to control
#64-+314):-,):).68
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surface, they were dried at 70 °C for 48 hours in the
drying cabinet and after that their biomass was
determined [20]. In order to determine the effect of
the treatments on the cultivated plant, 10 plants’,
which are randomly selected from each plot, plant
height, harvest index, grain number per spike, grain
yield per spica with thousand kernel weight [21]
and early spica status were analyzed. In the statistical analysis; Minitab (Ver. 17) and IBM SPSS (Ver.
24) statistical package programs were used. Analysis of Means (ANOM) Technique was used to compare the effects of wood vinegar treatments on
weeds and cultivated plant weight. In order to determine the effect of the treatments on weeds dry

weight and cultivated plant, Variance Analysis
Technique (Repeated Measurement ANOVA) was
used in Repeated Measured Experiments [22].

"#%$#

..-+:9 6. $8-):4-5:9 65 :0- +;3:1<):-,
73)5: The ANOM figures for investigating effect
of different treatments and years on early heading,
plant height, harvest index, numbers of seed per
spikegrain yield per spikethousand kernel weight
have been given in figure 1-6, respectively.



%" 
..-+:6.=66,<15-/)8,69-96573)5:0-1/0:
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For plant height (Figure 2), as it is seen from
the figure 2, interaction effect is not statistically
significant while the main effect of the treatments
and years are significant. When effect of treatments
on plant height is examined, it is seen that the mean
of the plant height in 2014-2015 is significantly
higher than that of the 2015-2016. For treatment
effect, the most effective treatment is WV 4% mL
while the least effective one is control.
When figures 3, 4, 5 and 6 are examined, it is
seen that all means fall between the lower and upper decision lines. That means the effect of the
treatments on these variables is not statistically
significant. Although there are not any statistically
significant differences in terms of these variables
among the treatments, especially the observed dif-

ference in terms of number of seed per spike may
be practically significant for the researchers. Because as it can be seen from the figure 6, the mean
line of the treatment WV 1% mL is very close to
the lower decision line. That means the effect of the
treatment WV 1% mL on number of seed per spike
may be practically significant. The ANOM figure
for investigating the effect of treatments on thousand kernel weight is given in figure 6. As it can be
seen from the figure 6, the least thousand kernel
weight is obtained when treatment WV 1% mL is
applied. On the other hand, although the effect of
the treatment WV 2% mL is not exceeded the upper
decision line, this effect or difference may be practically significant for the researcher.
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WV %0.5 mL
20,2±4,3 Ab
143,4±19,0 Da
WV %1 mL
13,9±3,1 Ab
177,9±21,3 Ca
WV %2 mL
22,8±1,9 Ab
233,4±31,9 ABa
WV %3 mL
23,6±2,8 Ab
262,5±43,8 Aa
WV %4 Ml
18,4±4,2 Ab
219,6±25,0 Ba
WV %5 mL
20,9±7,9 Ab
171,5±11,3 Ca
Control
25,5±1,6 Ab
154,3±20,1 CDa
6:-  Differences between Treatments averages shown in different capital letters in the same year are important.
6:-  Differences between year averages shown in different lower-case letters in the same Treatments are important.

$ 
'--,91,-5:1.1-,15:0-:-9:.1-3,
15-56

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

)4-

$  Turrill (Fabaceae)
" %$% M.Bieb (Fabaceae)
$("%# #!%%# L. var.(Fabaceae)
" % sp. (Fabaceae)
$("%#  #!"Warb. & Eig (Fabaceae)
$("%#! L. var  #$us P.H.Davis (Fabaceae)
"!%" #!"%# " (C.A.Mey) Sch.Bip. (Asteraceae)
$%#""  L. (Asteraceae)
!# %# L. (Asteraceae)
 &"#Waldst. & Kit. (Asteraceae)
" % #$ # Willd. subsp. "% (Trautv.)
P.H.Davis (Geraniaceae)
%&"% L. subsp. &"% (Rubiaceae)
" $#!!" $%(L.) F.K.Mey. (Brassicaceae)
 ( %" All. (Polygonaceae)
"#$%  % Willd. (Caryophyllaceae)
"#$% $ % L. subsp.  $ % (Caryophyllaceae)
" ! $" #& (Poaceae)
 !%"%#( #%" # Huds. var. ( #%" # (Poaceae)
(  $(  (L.) Pers var. & #%# Regel (Poaceae)
%%%#"&## L. (Ranunculaceae)
"  Stephan ex Willd. subsp.  (Orobanchaceae)
"  sp. (Plantaginaceae)
%! " sp. (Euphorbiaceae)
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..-+: 6. :8-):4-5:9 65 ,8? =-1/0:9 6.
=--,9 As a result of analysis of variance made, it
was observed that the effect of Year × Treatments
interaction was statistically significant (P = 0.011).
Therefore, the effect of the Treatments on weeds
weight showed significant changes over the years.
According to TUKEY test results; while the
effects of WV Treatments were similar in 20142015, it was observed that it was obtained at most
in 3% WV and at least from control, and 0.5%, 1%
and 5% from vinegar treatments in 2015-2016,
(Table 2). Weeds identified in the test field; 12
families of weeds were identified from the Treatments field, (Table 3). The most common weeds
found in 2014-2015 are;  ( % " All.
(Polygonaceae), " !  $ (Trin.) Roshev.
(Poaceae) and
" $#! !" $% (L.)
F.K.Mey. (Brassicaceae). The most common weeds
found in 2015-2016 are; " !  $ (Trin.)
Roshev. (Poaceae), " % #$ # Willd.
subsp. "% (Trautv.) P.H.Davis (Geraniaceae),
$% #""  L. (Asteraceae) and  ( %
" All. (Polygonaceae). Also, unlike the previous year, in 2015-2016; " % $%
M.Bieb (Fabaceae), $("%#  #!"Warb. &
Eig (Fabaceae), !# %# L. (Asteraceae)
and "  Stephan ex Willd. subsp. 
(Orobanchaceae) were found.


#%## 

plant yield and reduces the dry weight of the weeds,
and 4% mL of it has a positive effect on the plant
growth.
 '$#
A small part of this study has been presented
in UGAP2018-1ST International GAP Agriculture
and Livestock Congress 2018-Şanlıurfa/Turkey as
an oral presentation.
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ABSTRACT

will be reduced. In addition to all these, it is believed
that the study will be motivating and guiding for
other hospital businesses realistic cost calculation
and therefore it will be beneficial for the society.

Today, competition is becoming increasingly
intense throughout the world, and traditional cost
methods fail to provide the information necessary for
the sustainability of businesses. This information is
of vital importance regarding the decision-making
process in business management. As is the case in all
businesses, successful management decisions are associated with accurate cost information. For hospital
administrations to be able to handle the decisionmaking and control functions both effectively and
efficiently, and to be sustainable, they have to be
completely familiar with the costs of their health services. For this reason, the use of Time Driven Activity Based Costing (TDABC), a modern cost method,
has become important to obtain more accurate and
realistic cost information in evaluating health care
interventions in complex hospital businesses.
In this study, information on TDABC has been
presented and a summary has been given on what
needs to be done to increase the success of the
method. Subsequently, studies on TDABC have
been discussed and a case study sample application
has been carried out. This study aimed to show why
the TDABC method is applicable and how it can be
efficiently applied. The study was carried out at the
ophthalmology department of a state hospital, and
the costs of five surgical procedures which performed on under local anesthesia, fluorescein fundus
angiography (FFA) and laser treatments (argon laser
photocoagulation, Nd:YAG (neodymium-doped yttrium aluminum garnet) laser capsulotomy-synechiotomy, electrolysis (via argon laser) applied in distichiasis), per patient were calculated according to the
TDABC method.
As a result, the study showed that the TDABC
method can be applied in hospital businesses to obtain accurate cost information, and it is useful in
helping hospital management to make strategic decisions. Also, hospital businesses will be able avoid
waste of resources by calculating their costs in a realistic way through TDABC method, which will also
contribute positively to the environment as the use of
medical supplies and the amount of medical waste

KEYWORDS:
TDABC, Time Driven Activity Based Costing, Hospital,
Patient, Cost, Value-Based Health Care, Unused Capacity,
Medical Waste

INTRODUCTION
Although health costs are high in Turkey (total
health costs in 2017 were approximately 37.1 billion
USD) [1], worse outcomes have been observed compared to those of other countries suffering high levels of chronic illnesses and shorter life spans. Improper health system structures, lack of flexibility in
this structure and other similar reasons have increased health costs. This has led to the establishment of important health reforms to reduce the cost
of health care. Policies on health reform emphasize
value-based health care services. The value in health
care is defined as the ratio of health results to USD
spent [2]. In this manner, stakeholders should collaborate to improve quality, reduce costs and provide
better value in the health sector [3, 4].
In a value-based system, quality and costs must
be measured when it is applied. Therefore, new cost
methods need to be adopted by health care providers
[2]. Health care providers should have a better understanding of the costs and outcomes associated
with health interventions to increase the value of
health care provision. If the costs and results cannot
be measured in sufficient detail, it will be impossible
to have accurate information on the business, to find
the parts that fail in service, to determine the costs
that do not add value to the service provided, and
thereby evaluate the effect of changes in the health
system and in the maintenance processes [5]. Due to
time and cost limitations, businesses often avoid calculating costs. This is no different in the health sector, and the study is important when this aspect is
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considered. In addition, such studies carried out in
the health sector are important as an example to help
guide other organizations.
On the other hand, wastes from health institutions are called hospital wastes and cause serious environmental pollution. These wastes represent important health risks for hospital workers, patients and
the community. Hospital wastes are classified as domestic wastes, medical wastes, chemical wastes, infective wastes and radioactive wastes [6-8]. Generally, 80% of hospital wastes are domestic waste,
15% are pathological and infective wastes, 3% are
chemical and pharmaceutical wastes and 1% are radioactive and cytotoxic wastes [9]. According to the
2017 data, the medical waste cost of the hospital
where the study was conducted is 92.805 USD. The
cost of medical drugs and consumables for the hospital is 3.438.816 USD.
In hospital businesses, excessive use of medical
materials cause waste problems and therefore damages the environment. These damages can be examined from different angles. First, the use of fossil
fuels in the production of medical devices has damage to the environment. Secondly, there are damages
caused by the use of non-renewable energy sources
in the production of fossil fuels. Finally, there are
medical wastes and their damages to the environment. Therefore, excessive use of medical materials
and medical wastes are significant cost factors both
for businesses and the environment.
Businesses must use the resources optimally to
minimize their own costs and environmental costs.
Here, a realistic calculation of costs will contribute
to the optimal use of medical devices. This will provide a significant cost advantage to the business. As
a result, the use of TDABC will contribute significantly to the reduction of environmental pollution as
well as contributing to the operation by minimizing
the waste of resources. In addition, optimal use of
resources will reduce the medical waste from excessive use and the cost of eliminating them [10].
In traditional cost determination methods,
those which are not directly related to the products
based on their cost items are distributed among the
products produced with the help of volume-based
measures (distribution keys). This method gives inaccurate results in the distribution of costs to products or services and yields inaccurate cost information. In this manner, using the information obtained by traditional methods can lead to wrong decision making in the hospital businesses where the
organizational structure is complex.
Traditional cost methods are designed for production structures that are mainly based on labor,
where the product variety is low, the production
quantity is high and the automation is low [11]. To
evaluate the limitations of these methods, the novel
Time Driven Activity Based Costing (TDABC)
method was developed to estimate realistic costs
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more accurately. With the application of the TDABC
method in hospital businesses, health care providers
can get a better idea of the business, help eliminate
the activities that do not create value and make more
accurate decisions with the help of more accurate
cost information.
The TDABC method was first developed by
Steven Anderson in 1997 [12] and applied by Acorn
Systems, Inc. This method is a tool that increases the
efficiency of health services, by allowing a more realistic calculation of the direct and indirect costs involved in the delivery of a particular service [13-15].
TDABC helps to deliver a health service offering to
a patient at a lower cost [14]. In other words, the
TDABC method allows service providers and hospital managers to accurately identify and evaluate the
costs of clinical, administrative and operational processes [16]. TDABC is a new method distributing direct and indirect costs in health service that increases
the feasibility of cost management by taking unused
capacity costs into account and which is easier to update [17]. Two parameters are required in the application of this novel method. These are the unit cost
of supply sources and the time required to perform
each activity [18]. Business costs can be calculated
by multiplying the unit cost of supply sources by the
time required to perform a particular activity based
on these two parameters [19]. As stated in the equation below, the unit cost of the supply resources (unit
capacity cost) is the ratio of the cost of the supplied
capacity to the practical capacity of the supplied resources [20].
ܷ݊݅ ݐݏܥݕݐ݅ܿܽܽܥݐൌ

݈݀݁݅ݑݏݕݐ݂݅ܿܽܽܿݐݏܥ
݄ܲ݁ݐ݂ݕݐ݈݅ܿܽܽܿܽܿ݅ݐܿܽݎ
݈݀݁݅ݑݏݏ݁ܿݎݑݏ݁ݎ

The general aim of the TDABC method is to
maintain accurate cost information by eliminating
the processes that cost unnecessary time and those
that are high-cost methods [21]. Also, in those companies that apply the TDABC method, the conditions
for using modern cost methods (lean production, agile production, lean-agile production, kaizen) will be
automatically created. According to Kaplan and Anderson, the TDABC method comprises six stages
[5]:
1. Definition of the various resource groups
that the activities use.
2. Estimation of the cost of each resource
group.
3. Estimation of the practical time capacity of
each resource group.
4. Calculation of the unit cost of each resource
group by dividing the total costs of the resource
groups by the practical working capacity.
5. Determination of the duration required for
each different time driven activity.
6. Multiplication of the unit costs by the duration required to monitor the unit costs.
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TABLE 1
Previous Studies in The Literature
Year of
publication

Authors
[Ref. Number]

2018

Alves et al. [25]

2018
2018

Burns et al.[26]
Pollard et al. [12]
Ruhumuriza et al.
[27]

2018

Method
used

Studied
Area

ABCa
TDABC
TDABC
TDABC

Bloodb
Kidney and Ureteral Stone

TDABC

Acute Abdominal Condition

2018

Koehler et al. [28]

TDABC

2018

Bauer-Nilsen[29]

TDABC

Oncology

Endoscopic and Open Carpal
Tunnel
Definitive Radiation Therapy For
Locally Advanced Cervical Cancer

Country
of origin

Application
Area

U.S.A

Clinic

Review (R)
or Application (A)
R

Australia Monash Medical Centre
U.S.A Academic Medical Center

A
A

Rwanda

Rural District Hospital

A

U.S.A

Hospital

A

Clinic

A

UCLA Health and University of Michigan

A

U.S.A
c

2018

Laviana et al. [30]

TDABC

Retroperitoneal and Transperitoneal

U.S.A

2017

Keel et al. [31]

TDABC

Review

Sweden

2017

Garcia et al. [32]

TDABC

Aerodigestive

U.S.A

R
MEEId Multidisciplinary
Aerodigestive Center
Training and Research
Hospital
Hospital
Health Care Services
Clinic
Hospital
Clinic

A
A
A
A
A

A

2017

Çetiner [33]

TDABC

Polyclinic*

Turkey

2017
2016
2016
2016
2016

Andreasen et al. [34]
El Alaoui et al. [35]
Yun et al. [36]
Yu et al. [2]
Thaker et al. [37]

TDABC
TDABC
TDABC
TDABC
TDABC
TDABC
RVUf
TDABC
TDABC
TDABC
TDABC
TDABC
TDABCTAg

Hip and Knee Arthroplasty
Clinical Psychiatry
Emergency Department
Appendicitis
Prostate Brachytherapy

Denmark
Sweden
U.S.A
U.S.A
U.S.A

Pediatric Forearm Fractures

U.S.A

Hospital

A

Prostate Cancer
Prostate Cancer
Pharmaceutical
Breast Cancer
Treating Small Renal Masses

U.S.A
U.S.A
Portugal
U.S.A
U.S.A

UCLA Health
Academic Referral Center
Pharmaceutical Services
Hospital
UCLA Health

A
A
A
A
A

Arthroplasty Surgery

U.S.A.

University of California

A

U.S.A

Tertiary Pediatric Hospital

A

2016

Luther et al. [38]

2016
2016
2016
2016
2016

Laviana et al. [39]
Ilg et al. [40]
Gregorio et al. [41]
Schutzer et al. [42]
Laviana et al. [16]

2015

Akhavan et al. [3]

2015
2015
2015
2015

Balakrishnan [15]
Mandigo et al. [43]
Lievens et al. [44]
Inverso et al. [14]

TDABC
TDABC
TDABC

Outpatient Pediatric
Adenotonsillectomy
Obstetric and Breast Cancer Care
Lung Cancer
Plagiocephaly

TDABC

2015

Erhun et al. [45]

TDABC

Coronary Artery Bypass Graft

2015
2015
2015

Digioia et al. [46]
Chen et al. [47]
Ozkan [48]
McLaughlin et al.
[49]
Kaplan et al. [50]
Atalay et al. [51]

TDABC
TDABC
TDABC

Hip and Knee Arthroplasty
Knee Replacement Surgery
Polyclinici

Haiti
Belgium
U.S.A
U.S.A India
U.S.A
England
Turkey

TDABC

Neurosurgery and Urology

U.S.A

2014
2014
2014

h

A

HUM
Radiotherapy Centers
Hospital

A
A
A

Hospital

A

Hospital
Hospital
Hospital

A
A
A

UCLA Health

A

TDABC
Benign Prostatic Hyperplasia
U.S.A
Hospital
A
TDABC
ENTj Clinic
Turkey
Hospital
A
ABC
2013
Oker et al [52]
Laparoscopic Surgery
Cyprus
Magusa Yasam Hospital
A
TDABC
ABC
2011
Aydin [53]
Dental Diseases
Turkey
Dentistry Hospital
A
TDABC
Belgium
Hospital
A
2009
Demeere et al. [54]
TDABC
Outpatient
a
Activity-Based Costing; bBeta Thalassaemia Major; cUniversity of California Los Angeles; dMassachusetts Eye and Ear Infirmary; eUrology,
Internal Medicine, Pediatric, Neurology, Gynecology and Obstetrics; fRelative Value Unit; gTradinational Accounting; hHospital University of
Mirebalais; iEmergency, General Surgery, Cardiovascular Surgery, Cardiology, Neurosurgery, Orthopedics, Internal Diseases, Urology; j Ear,
Nose and Throat

3.
It simplifies the cost calculation process.
4.
It is a simple and rapid method.
5.
It does not require costly and time consuming interviews with the employees.
6.
It provides information to the administration to make decisions.
7.
It provides reports on the exact quantities
and values of the unused capacity, and on the process
efficiency of the business.

The TDABC method provides many advantages to logistics, distribution, hospital and service businesses in providing an accurate cost model
for complex activities [22]. The most important advantages of the TDABC method are as follows [23,
24]:
1.
It can be applied to any company, industry or hospital business where there are complex cost
objects.
2.
It is not costly and time consuming in the
initial application stage.
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TABLE 2
Durations of Angiography, Types of Laser and Surgery
Angiography and Laser Treatment Types
Fluorescein Fundus Angiography (FFA)
Nd. YAG Laser Capsulotomy-Synechotomy
Argon Laser Photocoagulation
Electrolysis (Via Argon Laser) Applied in Distichiasis

Time
(min)
15
5
15
5

Time
(min)
3KDFRHPXOVLILFDWLRQø2/ 30
Conjunctival Plastic, With Grafts
45
Pterygium Surgery
30
Blepharoplasty Surgery(for one eye)
30
Eyelid Reconstruction (With Grafts or Flaps)
45
Surgery Treatment Types

calculating the cost of treatments, which surgical
treatments with under local anesthesia, fluorescein
fundus angiography (FFA) and laser treatments (argon laser photocoagulation, Nd:YAG laser capsulotomy-synechiotomy, electrolysis (via argon laser) applied in distichiasis), per patient using the TDABC
method. The state hospital occupies a 30,396 m2 area
with a capacity of 452 beds and a 24-hour service
with 1128 staff. In 2017, 981,482 patients attended
different units of the hospital and 22,019 of these received surgical treatments. In the ophthalmology department, 63,698 polyclinic patients and 925 clinical
patients received, 2003 patients who received FFA
and laser treatments and 1728 patients who received
surgical treatments during this period. Angiography,
laser and surgery treatments types are given with
their durations in Table 2.

In the present study, the TDABC method,
which measures the costs of the health services, was
applied in the ophthalmology department of a state
hospital in Turkey. The aim of the study was to emphasize the importance of the TDABC method, to
show that more accurate cost information can be
gathered in hospital businesses and to explain how
the method is applied. Another aim was to create
guidelines for other businesses to use this method.
Literature. Numerous studies on TDABC
have been conducted in numerous businesses in different sectors. The studies on the health sector, and
especially hospital businesses, on this subject are
given in Table 1.
Examining Table 1, 21 of these studies were
carried out in the USA, 4 in Turkey, 2 in Sweden, 2
in Belgium, 1 in Australia, England, Denmark, Portugal, Northern Cyprus, Haiti and Rwanda. Compared to those in the USA, such cost calculation studies in hospitals in Turkey are inadequate. This can be
explained by the difficult, costly and time consuming calculations for service production costs in hospital businesses that have a complex structure and
inadequate staff numbers.
Also, in some of the studies, the costs were
compared using the ABC and the TDABC methods,
while in the other studies, costs were only calculated
using the TDABC method. In the majority of the
studies, it was seen that the TDABC method was applied to only one part of the hospital. It is important
to emphasize that the application of these practices
to the entire hospital will provide advantages, including calculating all hospital costs in a more realistic way and eliminating activities that do not provide any added value to the service.
Furthermore, it was seen that all the researchers
studying this subject were in agreement that the
TDABC method is an applicable method, and that it
can calculate the costs in a more realistic way and
provide managers with the information that will allow them to make successful decisions.

Assumptions used in the application. As in
all studies, there are limitations. A more realistic cost
would be obtained by a study with no limitations.
Due to the wide range of services provided in the
hospital and the large number of activities along with
time, cost and similar limitations some assumptions
were made. These are as follows:
x The entire hospital was not included in the
study, only the ophthalmology department.
x The four surgical procedures performed
with general anesthesia regarding ophthalmologyin
2017, were not taken into consideration.
x Since the study was carried out in Turkey,
1 USD Dollar was taken to be 3.80 TRY, and the
calculations were made accordingly.
Method adopted in the application. The application carried out in the ophthalmology department of a state hospital was in accordance with the
recommendations for the application of TDABC introduced by Kaplan and Anderson (2004). Six stages
of the TDABC method were applied in the department. In the study, the service production process of
the ophthalmology department was examined and a
process map was established accordingly. The process map is given in Figure 1.
According to the process map given in Figure
1, the process consisted of six activity groups from
WKHSDWLHQW¶VDGPLVVLRQWRWKH hospital until their discharge from the ophthalmology department. These
activity groups are given in Table 3. Since the same
staff provides the services for patient admission and

MATERIALS AND METHODS
Information on the hospital. In this singlecenter, retrospective study, the records of the patients, who were treated between January to December 2017 in ophthalmology department of a state
hospital in Turkey, were reviewed. Aim of this study
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discharge, a single activity group was formed to include both patient admission and discharge services.
Then, the duration required for the sub-activities in
these activity groups was determined in minutes using the average time estimates, and observational
data and interviews conducted directly with the related personnel. Also, the costs of the activity groups
were estimated based on the data from hospital
health and administrative staff. Following the estimation of the activity groups, the practical working
capacity calculation for each activity group was carried out and unit time costs were determined. The
costs of the activities were calculated by multiplying
the unit cost of activities by the time to perform the
activities. Finally, the total operating costs were
added to the cost objects (services) using the time
factor that forms the basis of the TDABC method.

Ophthalmology department activity groups and
costs are given in Table 3, while the time to implement the sub-activities of each activity group are
given in Table 4.

Step 1: Definition of the various resource
groups that the activities use. In the first step of the
TDABC application method, the activities performed in the ophthalmology department were
grouped. These activity groups and the costs of the
activity groups are given in Table 3 and are numbered from A1 to A6, respectively.

Step 3: Estimation of the practical time capacity of each resource group. In this step, the capacity of each resource was estimated and the total
minutes that each staff can work in a year was calculated. In calculating the total duration, the periods
not related to the patient, such as breaks, meals and
education were not included.

Step 2: Estimation of the cost of each resource group. In the second step, the estimated direct costs of each activity group are shown in Table
3 based on the clinical and hospital costs, and on data
obtained from hospital health and administrative
staff. These direct costs include the costs of the salaries of doctors, nurses, administrative and support
staff, the depreciable costs of medical devices and
equipment and their maintenance, the costs of medical equipment and other costs (electricity, water, energy, communications, stationery, laundry, food,
cleaning, medical waste and software automation).

FIGURE 1
Process Map of Ophthalmology Department

A1.
A2.
A3.
A4.
A5.
A6.

TABLE 3
Ophthalmology Department Activity Groups and Costs
Activity Groups
Patient Admission Services
Polyclinic Services
Angiography and Laser Services
Patient Admission and Discharge Services
Surgical Services
Clinical Services
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Cost ($)
12,722
261,631
30,968
3,673
152,505
81,554
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TABLE 4
Sub-Activities of Activity Groups and Durations
A1. Patient Admission Services Sub-Activities
Meeting the Patient, Providing Counseling Services
Checking Patient Information
Patient Appointment Control and File Opening
Verification of the Patient's Account And Insurance
Informing the Patient about Time
Sending the Patient to the Waiting Room of the Related
Department
General Follow-up of Patient Appointments
In- and Out- Hospital Phone Calls
Other Administrative Tasks

A3. Angiography and Laser Services Sub-Activities
Preparing the Patient
Application of the Treatment Procedure
Informing the Patient

A5. Surgical Services Sub-Activities
Filling the Preoperative Form
Preparing the Patient for Surgical Operation
Taking the Patient to the Operating Table
Preparing the Medical Drugs and Consumables
Doctor's Interview with the Patient
Application of Local Anesthesia
Surgical Procedure Application Activities
Cleaning the Patient and Dressing the Wound(s)
The Patient Leaving the Operating Table
Filling the Postoperative Form
Sending the Patient to the Clinical Service
Recording of the Duration and Material of the Surgical
Operation
Other Administrative Tasks
Filling Forms and Other Documents

Time
(min)
1
1
2
1
1

A2. Polyclinic Services Sub-Activities
Doctor's Pre-Interview with the Patient
Taking the Anamnesis (history) of the Patient
Preparing the Patient for Examination
Making the Eye Measurements of the Patient
3DWLHQW¶V)LOH&RQWURO

1

Present, New and Consulted Patient Examination

10
10
15

Performing Result Control Procedures
Informing the Patient
Guiding the Patient
In-House Phone Calls
Other Administrative Tasks
A4. Patient Admission and Discharge Services Sub-Activities
Patient Hospitalization and Room Planning
Completing the Patient File
Sending the Patient File to the Service
Information Exchange of the Secretary and Nurse
Taking the Patient into the Room
Adding the Nurse Observations in the Patient File
Exiting the Discharged Patient from the Program
In- and Out-Hospital Phone Calls
Filling Forms, Reports and Other Documents
Other Administrative Tasks

Time
(min)
4
10.8
3

Time
(min)
5
7
5
10
3
2
21.8
10
10
10
10

A6. Clinical Services Sub-Activities
Shift Change
Taking the New Patient to the Room and First Care
Visitation (In the Morning and After Surgery 15.00-16.00)
Taking Blood, Opening Vascular Path, Hygienic Care
Fever, Pulse and Blood Pressure Measurement
Daily Medicine and Medical Consumables Control
Patient Examination
Application of the Patient Treatment Plan
Patient File Control
,QIRUPLQJWKH3DWLHQW¶V5HODWLYHV
Bed Sheets and Clothing Control

Time
(min)
1
2
1
3
1
3
1
2
1
10
30
Time
(min)
5
7
5
3
10
2
2
25
30
20
Time
(min)
30
20
30
10
15
17.5
20
20
5
5
10

7

Organizing the Food Program

20

Other Administrative Tasks
30
Providing Information to the Department of Surgical Services
10
and to the Doctor
10
Examination Inputs and Medical Consumables Control
'LODWLQJWKH3DWLHQW¶V(\HVRQWKH'D\RIWKH6XUJLFDO2SHUDWLRQ 30
Preparing the Patient for the Department of Surgical Services
10
5
Obtaining Consent Form Specific to the Surgical Operation
Filling Forms, Reports and Other Documents
37.5
Delivering the Patient to the Department of Surgical Services
10
10
Taking the Patient from the Department of Surgical Services
Taking the Patient to the Room and First Care
15
35
Giving the Patient Drops According to the Treatment Plan
Preparing the Patient for Discharge
10

30

15

shows the unused capacity, and the remaining 110,
ௗPLQXWHV  ௗPLQXWHV í  ௗPLQXWHV 
represents the practical working capacity of the staff
in the A1 activity group. The practical working capacity period of the 8 staff in the A1 activity group
was calculated to be 887,040 min (8 staff × 110,880
min). The practical working capacity period of 0.52
staff distributed to the ophthalmology department
was calculated to be 57,657.60 minutes (0.52 staff ×
110,880 minutes).
In the A2 Polyclinic services activity group, the
staff in the ophthalmology department dedicated to
this function consists of 4 doctors, 4 nurses and 4

In the A1 Patient Admission Services activity
group, 8 staff works to provide the same service to
each department. Since 63,698 of the 981,482 patients who received service from all departments in
2017 received service from the ophthalmology department, 0.52 staff was allocated to the department
by distribution (8 staff × 63,698 patients / 981,482
patients). Since staff work for 8 hours a day, 22 days
a month, they provide service for 264 days or
126,720 minutes per year. As a result of observations
and interviews, it was found that a staff member in
the A1 activity group spent 15,840 minutes per year
on breaks, meals and training. Therefore, this value
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secretaries. Since doctors work 7 hours a day, 18
days a month, 4 doctors work 864 days or 362,880
minutes per year. As a result of observations and interviews, it was found that doctors spend 51,840
minutes per year on breaks, eating and training. The
remDLQLQJ  PLQXWHV ௗPLQXWHV í
ௗPLQXWHV VKRZWKHSUDFWLFDOZRUNLQJFDSDFLW\
of the doctors. Since nurses work 7 hours a day, 22
days a month, 4 nurses work 1056 days or 443,520
minutes per year. Nurses spend 63,360 minutes per
year for breaks, eating and training. The remaining
 PLQXWHV  PLQXWHV í 
minutes) show the practical working capacity of the
nurses. Finally, since secretaries work 8 hours a day,
22 days a month, 4 secretaries work 1056 days or
506,880 minutes per year. Secretaries spend 63,360
minutes per year for breaks, eating and training. The
remaining 443,520 minutes (506,880 ± 63,360
minutes) show the practical working capacity of the
secretaries. As a result, the total practical working
capacity of doctors, nurses and secretaries was calculated to be 1,134,720 minutes (311,040 minutes +
380,160 minutes + 443,520 minutes).
In the A3 activity group, Angiography and Laser Services, there were 4 doctors and 4 nurses working 1 hour per day, 18 hours per month. Therefore,
the practical working capacity of the doctors and
nurses was calculated to be 1728 days per year or
103,680 minutes per year.
There was one staff member working in the A4
Patient Admission and Discharge Services activity
group. The staff working in this group served 925
patients in the ophthalmology department and 765
patients in the other departments, a total of 1690 patients. Therefore, 0.55 staff allocated by distribution
served in the ophthalmology department (1 staff ×
925 patients / 1690 patients). Also, since the staff
member worked 8 hours a day, 22 days a month they
provided service for 264 days or 126,720 minutes
per year. The staff spends 15,840 minutes per year
on breaks, eating and training. The remaining
110,880 minutes shows the practical working capacity of the staff. The practical working capacity period
of 0.55 staff distributed to the ophthalmology department was calculated to be 60,984 minutes (0.55 staff
× 110,880 minutes).
Four doctors, 20 nurses and 1 secretary work in
the A5 Surgical Services activity group. Since the
doctors work 8 hours a day, 4 days a month they provide service for 192 days or 92,160 minutes per year.
As a result of observations and interviews, it was
found that doctors spend 11,520 minutes on breaks,
meals and training, and the remaining 80,640
PLQXWHV  PLQXWHV í  PLQXWHV  UHSUH
sents the practical working capacity of the doctors.
Nurses serve all the departments of the hospital. In
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the hospital, 1728 of 22,019 patients received surgical services in the ophthalmology department.
Therefore, 1.57 staff ± placed by distribution across
the service in the ophthalmology department (20
nurses × 1728 patients / 22,019 patients). Also, since
the nurses work for 12 hours a day, 24 days a month
they provide service for 452.16 days or 126,720
minutes per year. The nurses spend 27,129.60
minutes for breaks, meals and training, and the rePDLQLQJௗPLQXWHV PLQXWHVí
ௗPLQXWHV  VKRZ WKH SUDFWLFDO ZRUNLQJ FD
pacity of the nurses. Finally, since the secretary serving in the A5 activity group serves all the patients
that receive surgical service, 0.08 secretaries (1 secretary × 1,728 patients / 22,019 patients) serves the
ophthalmology department. Also, since the secretary
serving in this groups work for 8 hours a day, 22 days
a month service is provided for 264 days or
ௗPLQXWHV SHU \HDU 7KH VHFUHWDU\ VSHQW
15,840 minutes for breaks, meals and training per
year, and the remaining 110,880 minutes shows the
practical working capacity of the secretary. The secretary in the ophthalmology department works for
8,870.40 minutes (0.08 staff × 110,880 minutes). As
a result, the total practical working capacity of doctors, nurses and secretaries was calculated to be
387,936 min (80,64ௗPLQXWHVPLQXWHV
+ 8,870. 40 minutes).
There were four nurses working in the A6 Clinical Services activity group serving 925 patients in
the ophthalmology department, a total of 1690 patients including the patients from other departments.
Therefore, 2.19 staff placed by distribution across
the service works in the ophthalmology department
ௗQXUVHV î ௗSDWLHQWV / ௗSDWLHQWV  6LQFH WKH
nurses in the ophthalmology department work for 12
hours a day, 24 days a month they provide service
for 630.72 days or 454,118.40 minutes per year and
spent 37,843.20 minutes for breaks, meals and training. Therefore, the remaining 416,275.20 minutes
 PLQXWHV í  PLQXWHV  VKRZV
the practical working capacity of the nurses.
Step 4: Calculation of the unit cost of each
resource group by dividing the total costs of the
resource groups by the practical working capacity. The unit cost of each resource group is calculated
by dividing the total costs of the resource groups by
the practical working capacity. To calculate the unit
capacity cost, the cost totals of the resource groups
shown in Table 3 were divided by the calculated
practical working capacity durations from the third
stage to obtain the cost per unit capacity (cost per
minute). Unit capacity costs of staff working in the
activity groups are given in Table 5.
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TABLE 5
Total Practical Capacities and Unit Time Costs of Activity Groups
(a)
Total Cost
($)
12,722
261,631
30,968
3,673
152,505
81,554

Activity Groups
A1.
A2.
A3.
A4.
A5.
A6.

Patient Admission Services
Polyclinic Services
Angiography and Laser Services
Patient Admission and Discharge Services
Surgical Services
Clinical Services

(b)
Practical Capacity
(min)
57,657.60
1,134,720
103,680
60,984
387,936
416,275.20

(c)=(a/b)
Unit Time
Cost ($/min)
0.22
0.23
0.30
0.06
0.39
0.19*

*0.196

TABLE 6
Time and Cost of A1 Patient Admission Services Activity Group

Activities

(a)

(b)

Time
(min)

Time
Driver

(c)

(d)=(axb)

Unit
Total
Time Consumed
Cost
Time
($\min)
(min)

(e)= (cxd)
Total
Activity
Cost
($)

(f)=
(g)=
[d/(8x0.52)] [e/(8x0.52)]
Total
Total
Activity
Consumed
Cost
Time
(min)
($)

Meeting the Patient, Providing
63,698
14,013.56
4,140.37
1
63,698 patient
0.22
Counseling Services
Checking Patient Information
1
63,698 patient
0.22
63,698
14,013.56
4,140.37
2
63,698 patient
0.22
127,396 28,027.12
8,280.74
Patient Appointment Control and File Opening
Verification of the Patient's Account And
1
63,698 patient
0.22
63,698
14,013.56
4,140.37
Insurance
Informing the Patient about Time
1
63,698 patient
0.22
63,698
14,013.56
4,140.37
Sending the Patient to the Waiting Room of the
1
63,698 patient
0.22
63,698
14,013.56
4,140.37
Related Department
10
260 day
0.22
2,600
572
169
General Follow-up of Patient Appointments
In- and Out-Hospital Phone Calls
10
260 day
0.22
2,600
572
169
0.22
3,900
858
253.50
Other Administrative Tasks
15
260 day
Total Performed (1)
454,986 100,096.92
29,574
Practical Capacity (2)
887,040
195,720 *
57,657.60
Unused Capacity (3)= (1-2)
432,054 95,623.08
28,083.60
Unused Capacity Ratio (4)=( 3/2)
49%
49%
49%
(c): Unit time cost was calculated in Table 4.
(d): A1 activity group total time consumed by 8 personnel
(e): A1 activity group total activity cost of 8 personnel
(f): A1 activity group total time consumed by 0.52 personnel distributed to the ophthalmology department
(g): A1 activity group total activity cost of 0.52 personnel distributed to the ophthalmology department
*
: A1 activity group total practical capacity cost of 8 personnel=$195,720

910.88
910.88
1,821.76
910.88
910.88
910.88
37.18
37.18
55.77
6,506.29
12,722
6,215.71
49%

Since 0.52 people calculated in the third stage
of the activities of the A1 Patient Admission Services
activity group serve the ophthalmology department,
the cost calculation was carried out accordingly. Regarding the A1 activity group, since the number of
eye patients in polyclinic and daily routine jobs are
represented by a cost factor requiring five days of labor per week, the cost effect was calculated to be
ௗGD\V ZHHNVîGD\V 7DEOHVKRZVWKHWR
tal duration, the total costs of the activities of the A1
activity group, the unit duration and the unit duration
cost of these activities.
As seen in Table 6, the activity costs of the A1
activity group in ophthalmology department were
calculated to be 6,506.29 USD and the patient unit
cost of the A1 activity group was calculated as follows:
ௌ௨௧௧௩௧௬௦௧
்௧௧௧௦௧

௧௩௧௬ீ௨ଵ ൌ

Step 5: Determination of the duration required for each different time driven activity. The
duration of each activity is given in Table 4 where
the sub-activities of the activity groups were determined in the first stage, and the duration of the surgical procedures performed with local anesthesia,
angiography and laser treatments, which are the cost
objects, are given in Table 2. To prevent repetition,
the same information is not shown at this stage. The
treatment of angiography and laser treatments are
short-term and does not require in-patient treatment.
For each surgical procedure, the patient is treated in
hospital for three days.
Step 6: Multiplication of the unit costs by the
duration required to monitor the unit costs. In the
TDABC method, for step 6, the operating costs must
be charged to the cost objects using the time factor.
To calculate the costs of the cost objects, the activities in each activity group were separately examined.

்ே௨௧௧௦
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TABLE 7
Time and Cost of A2 Polyclinic Services Activity Group
Activities

Doctor's Pre-Interview with the Patient
Taking the Anamnesis (history) of the Patient
Preparing the Patient for Examination
Making the Eye Measurements of the Patient
3DWLHQW¶V)LOH&RQWURO
Present, New and Consulted Patient Examination
Performing Result Control Procedures
Informing the Patient
Guiding the Patient
In-House Phone Calls
Other Administrative Tasks
Total Performed (1)
Practical Capacity (2)
Unused Capacity (3)=(1-2)
Unused Capacity Ratio (4)= (3/2)

(a)
Time
(min)

(b)
Time
Driver

1
2
1
3
1
3
1
2
1
10
30

63,698 patient
63,698 patient
63,698 patient
63,698 patient
63,698 patient
63,698 patient
63,698 patient
63,698 patient
63,698 patient
260 day
260 day

(c)
(axb)=(d)
Total
Unit
Consumed
Time
Cost ($\min) Time (min)
0.23
63,698
0.23
127,396
0.23
63,698
0.23
191,094
0.23
63,698
0.23
191,094
0.23
63,698
0.23
127,396
0.23
63,698
0.23
2,600
0.23
7,800
965,870
1,134,720
168,850
15%

(e)=(cxd)
Total
Activity
Cost ($)
14,654.54
29,301.08
14,654.54
43,951.62
14,654.54
43,951.62
14,654.54
29,301.08
14,654.54
598
1,794
222,170.10
261,631
39,460.90
15%

TABLE 8
Time and Cost of the A3 Angiography and Laser Services Activity Group
(a)
Activities
Preparing the Patient
Application of the Treatment Procedure
Informing the Patient
Total Performed (1)
Practical Capacity (2)
Unused Capacity (3)=(1-2)
Unused Capacity Ratio (4)= (3/2)
*

(b)
Time
(min)
4
10.8 *
3

(c)

Time
Driver
(patient)
2,003
2,003
2,003

Unit
Time
Cost ($/min)
0.30
0.30
0.30

(axb)=(d)
Total
Consumed
Time (min)
8,012
21,705
6,009
35,726
103,680
67,954
66%

(cxd)=(e)
Total
Activity
Cost ($)
2,403.60
6,511.50
1,802.70
10,717.80
30,968
20,252.20
66%

10,836.25
PHGLFDOUHFRUGV\VWHP:KHQWKHௗPLQXWHWR
tal duration was divided by the annual number of angiography and laser procedures (2003), the application duration of one angiography and laser procedure
was
found
to
be
10.ௗPLQXWHV
ௗPLQXWHVௗௗDQJLRJUDSK\DQGODVHUDSSOL
cations). The activities in the A3 activity group and
the total duration and total activity costs calculated
according to the unit duration, unit duration cost and
time factor are given in Table 8.
As shown in Table 8, the cost of the activities
in the A3 activity group was calculated to be
10,717.80 USD. Accordingly, the patient unit cost of
the activity group A3 was calculated as follows:
ௌ௨௧௧௩௧௬௦௧
்௧௧௧௦௧

௧௩௧௬ீ௨ଷ ൌ

Regarding the A2 activity group, since the
number of eye patients in polyclinic patients and
daily routine jobs are represented by a cost factor requiring five days of labor per week, the cost effect
ZDVFDOFXODWHGWREHௗGD\V ZHHNVîGD\V 
The activities in the A2 activity group and the total
duration and total activity costs calculated according
to the unit duration, unit duration cost and time factor are given in Table 7.
As shown in Table 7, the cost of the activities
in the A2 activity group (polyclinic services) was
FDOFXODWHGWREHௗ86' $FFRUGLQJO\WKH
patient unit cost of the activity group A2 was calculated as follows:
ௌ௨௧௧௩௧௬௦௧
்௧௧௧௦௧
௧௩௧௬ீ௨ଶ ൌ ்ே௨௧௧௦ 
   

்ே௨௧௧௦

 
   

   

The number of angiography and laser service
patients was regarded as the cost factor for the activities in the A3 Angiography and Laser Services activity group. Also, the duration of angiography and
laser procedures was determined to be
ௗPLQXWHVDFFRUGLQJWRWKHKRVSLWDO¶VHOHFWURQLF

Also, since the durations of the cost objects of
the angiography and laser procedures were different,
the angiography and laser procedures costs were calculated and are given in Table 9.
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TABLE 9
Unit Costs of Angiography and Laser Procedure Types
Argon
Nd:YAG Laser
Fluorescein
Electrolysis
Laser
Capsulotomy-SynFundus Angi(Via Argon LaActivities
Photocoagulation
echotomy
ography (FFA)
ser) Applied in
($)
($)
($)
Distichiasis ($)
Preparing the Patient
1.20
1.20
1.20
1.20
Applying the Treatment Procedure
4.50 a
1.50 b
4.50 a
1.50 b
Informing the Patient
0.90
0.90
0.90
0.90
TOTAL
6.60
3.60
6.60
3.60
a
:As Photocoagulation and Fluorescein Fundus Angiography procedure times were 15 min, 15 min x 0.30 USD= 4.50 USD
b
:As Nd:YAG Laser Capsulotomy-Synechotomy and Electrolysis (Via Argon Laser) in Distichiasis procedure times were 5 min, 5
min x 0.30 USD = 1.50 USD

TABLE 10
Time and Costs of the A4 Patient Admission and Discharge Services Activity Group
(a)
Time
(min)

Activities
Patient Hospitalization and Room Planning
Completing the Patient File
Sending the Patient File to the Service
Information Exchange of the Secretary and Nurse
Taking the Patient into the Room
Adding the Nurse Observations in the Patient File
Exiting the Discharged Patient from the Program
In- and Out-Hospital Phone Calls
Filling Forms, Reports and Other Documents
Other Administrative Tasks
Total Performed (1)
Practical Capacity (2)
Unused Capacity (3)=(1-2)
Unused Capacity Ratio (4)= (3/2)

(b)
Time
Driver
(patient)
925
925
925
925
925
925
925
925
925
925

5
7
5
3
10
2
2
25
30
20

Regarding the activities in the A4 Patient Admission and Discharge Services activity group, since
the number of eye patients in polyclinic and daily
routine jobs are represented by a cost factor requiring five days of labor per week, the cost effect was
regarded to be 260 days (52 weeks × 5 days). The
total duration and total activity costs of the A4 group,
calculated according to the unit duration, unit duration cost and time factor, are given in Table 10.
As seen in Table 10, the operating cost of the
$DFWLYLW\JURXSZDVFDOFXODWHGWREHௗ86'
Accordingly, the patient unit cost of the activity
group A4 was calculated as follows:
ௌ௨௧௧௩௧௬௦௧
்௧௧௧௦௧
௧௩௧௬ீ௨ସ ൌ ்ே௨௧௧௦ 
   

(c)
Unit
Time Cost
($/min)
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06

(d)=(axb)
Total
Consumed Time
(min)
4,625
6,425
4,625
2,775
9,250
1,850
1,850
6,500
7,800
5,200
50,950
60,934
9,984
16%

(e)=(cxd)
Total
Activity
Cost ($)
277.50
388.50
277.50
166.50
555
111
111
390
468
312
3,057
3,673
616
16%

(1728 patients), the application duration of one surJLFDOSURFHGXUHZDVIRXQGWREHௗPLQXWHV
PLQௗௗSatients). The total duration and
total activity costs for the A5 group, calculated according to the unit duration, unit duration cost and
time factor, are given in Table 11.
As shown in Table 11, the cost of the activities
in the A5 group was calculated to be 75,074.05 USD.
Accordingly, the patient unit cost of the activity
group A5 was calculated as follows:
ௌ௨௧௧௩௧௬௦௧
்௧௧௧௦௧
௧௩௧௬ீ௨ହ ൌ
்ே௨௧௧௦

 
   

Also, since the durations of the cost objects of
the surgical procedures were different, the costs of
these surgical procedures were calculated and are
given in Table 12.
Regarding the cost factor for the activities in
the A6 Clinical Services activity group, considering
the number of in-patients in the ophthalmology polyclinics and the fact that the A6 activity center provides service 24 hours a day, the cost factor was determined to be 365 days. The total duration and total
activity costs of the activities in the A6 group, calculated according to the unit duration, unit duration
cost and time factor, are given in Table 13.

   

Regarding the cost factor for the activities in
the A5 Surgical Services activity group, considering
the number of eye surgery patients and the fact that
the A5 activity center provides service 24 hours a
day, the cost factor for routine jobs was determined
to be 365 days. Also, the duration of surgical proceGXUHVZDVGHWHUPLQHGWREHௗPLQXWHVDFFRUG
ing to the hospitDO¶VHOHFWURQLF PHGLFDOUHFRUGV\V
WHP:KHQWKHௗPLQXWHVWRWDOGXUDWLRQZDVGL
vided by the annual number of surgical procedures

2763



© by PSP

Volume 28 ± No. 4/2019 pages 2754-2770

Fresenius Environmental Bulletin

TABLE 11
Time and Cost of the A5 Surgical Services Activity Group
Activities
Filling the Preoperative Form
Preparing the Patient for Surgical Operation
Taking the Patient to the Operating Table
Preparing the Medical Drugs and Consumables
Doctor's Interview with the Patient
Application of Local Anesthesia
Surgical Procedure Application Activities
Cleaning the Patient and Dressing the Wound(s)
The Patient Leaving the Operating Table
Filling the Postoperative Form
Sending the Patient to the Clinical Service
Recording of the Duration and Material of the Surgical
Operation
Other Administrative Tasks
Filling Forms and Other Documents
Total Performed (1)
Practical Capacity (2)
Unused Capacity (3)=(1-2)
Unused Capacity Ratio (4)= (3/2)
*
21.836226

(a)

(b)

Time
(min)

Time
Driver

5
7
5
10
3
2
21.8 *
10
10
10
10

1,728
1,728
1,728
1,728
1,728
1,728
1,728
1,728
1,728
1,728
1,728

patient
patient
patient
patient
patient
patient
patient
patient
patient
patient
patient

(c)
Unit Time
Cost
($/min)
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39

(d)=(axb)
Total
Consumed
Time (min)
8,640
12,096
8,640
17,280
5,184
3,456
37,733 *
17,280
17,280
17,280
17,280

(e)=(cxd)
Total
Activity
Cost ($)
3,369.60
4,717.44
3,369.60
6,739.20
2,021.76
1,348.84
14,715.87
6,739.20
6,739.20
6,739.20
6,739.20

7

1,728 patient

0.39

12,096

4,717.44

20
30

365 day
365 day

0.39
0.39

7,300
10,950
192,495
387,936
195,441
50%

2,847
4,270.50
75,074.05
152,505
77,430.95
50%

Blepharoplasty
Surgery
(for one eye)
($)

Eyelid
Reconstruction with
Grafts or
Flaps($)
1.95
2.73
1.95
3.90
1.17
0.78
17.55b
3.90
3.90
3.90
3.90

TABLE 12
Unit Costs of Surgical Procedure Types
Phacoemulsifi- Conjunctication IOL
val Plastic,
($)
With Grafts
($)

Activities

Pterygium
Surgery
($)

Filling the Preoperative Form
1.95
1.95
1.95
1.95
Preparing the Patient for Surgical Operation
2.73
2.73
2.73
2.73
Taking the Patient to the Operating Table
1.95
1.95
1.95
1.95
Preparing the Medical Drugs and Consumables
3.90
3.90
3.90
3.90
Doctor's Interview with the Patient
1.17
1.17
1.17
1.17
Application of Local Anesthesia
0.78
0.78
0.78
0.78
Surgical Procedure Application Activities
11.70a
17.55b
11.70a
11.70a
Cleaning the Patient and Dressing the Wound(s)
3.90
3.90
3.90
3.90
The Patient Leaving the Operating Table
3.90
3.90
3.90
3.90
Filling the Postoperative Form
3.90
3.90
3.90
3.90
Sending the Patient to the Clinical Service
3.90
3.90
3.90
3.90
Recording of the Duration and Material of the Surgical
2.73
2.73
2.73
2.73
2.73
Operation
Other Administrative Tasks
7.80
7.80
7.80
7.80
7.80
Filling Forms and Other Documents
11.70
11.70
11.70
11.70
11.70
TOTAL
62.01
67.86
62.01
62.01
67.86
a
:As Phacoemulsification-IOL, Pterygium and Blepharoplasty Surgery (for one eye) surgical procedure times are 30 min, 30 min. x
0.39 USD = 11.70 USD
b
:As Conjunctival Plastic, with Grafts and Eyelid Reconstruction with Grafts or Flaps surgical procedure times are 45 min, 45 min.
x 0.39 USD = 17.55 USD

The costs for each activity group were charged
to the cost objects that were the subject of the application study, i.e., the types of angiography, laser and
surgical procedures. The shares of the types of angiography, laser and surgical procedures from the activity groups are shown in Table 14.
After all the charges were calculated for the activity groups, the total cost of a patient that receives
polyclinic, angiography and laser or surgical services in the ophthalmology department is given in
Table 15.

As shown in Table 13, the cost of the activities
in the A6 group was calculated to be 65,682.75 USD.
Accordingly, the patient unit cost of the activity
group A6 was calculated as follows:
்௧௧௧௦௧
௧௩௧௬ீ௨



ൌ

ௌ௨௧௧௩௧௬௦௧
்ே௨௧௧௦


 
   




2764

© by PSP

Volume 28 ± No. 4/2019 pages 2754-2770

Fresenius Environmental Bulletin

TABLE 13
Time and Cost of the A6 Clinical Services Activity Group
(a)

(b)

(c)

Activities

Time
(min)

Time
Driver

Unit Time
Cost ($/min)

Shift Change
Taking the New Patient to the Room and First Care
Visitation (In the Morning and After Surgery 15.0016.00)
Taking Blood, Opening Vascular Path, Hygienic Care
Fever, Pulse and Blood Pressure Measurement
Daily Medicine and Medical Consumables Control
Patient Examination
Application of the Patient Treatment Plan
Patient File Control
,QIRUPLQJWKH3DWLHQW¶V5HODWLYHV
Bed Sheets and Clothing Control
Organizing the Food Program
Other Administrative Tasks
Providing Information to the Department of Surgical
Services and to the Doctor
Examination Inputs and Medical Consumables Control
'LODWLQJWKH3DWLHQW¶V(\HVRQWKH'D\RI the Surgical
Operation
Preparing the Patient for the Department of Surgical
Services
Obtaining Consent Form Specific to the Surgical Operation
Filling Forms, Reports and Other Documents
Delivering the Patient to the Department of Surgical
Services
Taking the Patient from the Department of Surgical
Services
Taking the Patient to the Room and First Care
Giving the Patient Drops According to the Treatment
Plan
Preparing the Patient for Discharge
Total Performed (1)
Practical Capacity (2)
Unused Capacity (3)=(1-2)
Unused Capacity Ratio (4)= (3/2)

30
20

365 day
925 patient

0.19*
0.19

(d)=(axb)
Total
Consumed
Time (min)
10,950
18,500

(e)=(cxd)

30

925 patient

0.19

27,750

5,439

10
15
17.5
20
20
5
5
10
15
30

925 patient
925 patient
925 patient
925 patient
925 patient
925 patient
925 patient
925 patient
925 patient
365 day

0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.19

9,250
13,875
16,187.50
18,500
18,500
4,625
4,625
9,250
13,875
10,950

1,813
2,719.50
3,172.75
3,626
3,626
906.50
906.50
1.813
2,719.50
5,439

10

925 patient

0.19

9,250

1,813

10

925 patient

0.19

9,250

1,813

30

925 patient

0.19

27,750

2,146.20

10

925 patient

0.19

9,250

1,813

Total Activity
Cost ($)
2,146.20
3,626

5

925 patient

0.19

4,625

906.50

37.5

925 patient

0.19

34,687.50

6,798.75

10

925 patient

0.19

9,250

1,813

10

925 patient

0.19

9,250

1,813

15

925 patient

0.19

13,875

2,719.50

35

925 patient

0.19

32,375

6,345.50

10

925 patient

0.19

9,250
345,650
416,275.20
70,625.20
17%

1,813
67,747.40
81,554
13,806.60
17%

*0.196

TABLE 14
The Shares the Angiography, Types of Laser and Surgery Procedures Took from the Activity
Groups
A1
A2
A3
A4
A5
A6
Total
($)
($)
($)
($)
($)
($)
Cost ($)
Argon Laser Photocoagulation
0.10
3.49
6.60
10.19
Nd: YAG- Laser Capsulotomy-Synechotomy
0.10
3.49
3.60
7.19
Fluorescein Fundus Angiography (FFA)
0.10
3.49
6.60
10.19
Electrolysis (Via Argon Laser) Applied in Distichiasis
0.10
3.49
3.60
7.19
Phacoemulsification - IOL
0.10
3.49
3.31
62.01 213.03* 281.94
Conjunctival Plastic, With Grafts
0.10
3.49
3.31
67.86 213.03 287.79
Pterygium Surgery
0.10
3.49
3.31
62.01 213.03 281.94
Blepharoplasty Surgery (for one eye)
0.10
3.49
3.31
62.01 213.03 281.94
Eyelid Reconstruction (with Grafts or Flaps)
0.10
3.49
3.31
67.86 213.03 287.79
*
Since 3 days of hospitalization was done for the surgical procedures in the A6 activity group, 71.01 USD x 3 days= 213.03 USD
Surgery

Angiography/
Laser

Angiography, Types of Laser and Surgery Procedures

TABLE 15
Patient Unit Costs of Polyclinic, Angiography and Laser and Surgical Services
Cost Objects
Polyclinic Patient Cost
Angiography Patient Cost
Surgical Service Patient Cost

A1
($)
0.10
0.10
0.10

A2
($)
3.49
3.49
3.49
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A3
($)
5.35
-

A4
($)
3.31

A5
($)
43.45

A6
($)
71.01

Total
Cost ($)
3.59
8.94
121.36
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provided here together with the services provided in
the A2 activity group to reduce or eliminate the unused capacity. Thus, the unused capacity ratio of the
A3activity group will be reduced, and the area where
the A2 activity group health services are provided
will be available for other services. Also, to decrease
or eliminate the unused capacities in other activity
groups, the staff working in these activity groups
will be diverted to the busier departments that are in
need of staff, and this will contribute to improving
WKH KRVSLWDO DGPLQLVWUDWLRQ¶V HIILFLHQW PDQDJHPHQW
of capacity.
Examining the unit costs per patient in the activity groups in the ophthalmology department, the
activity groups A1, A2, A3, A4, A5 and A6 were calculated to be 0.10, 3.49, 5.35, 3.31, 43.45 and
ௗ86'UHVSHFWLYHO\7KHORZHVWFRVWZDVLQWKH
A1 activity group where consultation services are
given, while the highest cost was in the A6 activity
group where clinical care service is provided.
Examining the costs of angiography, laser and
surgical procedures given in Table 14, the unit cost
for argon laser photocoagulation and fundus fluorescein angiography procedures applied was found to
be 1ௗ86'ZKLOHWKHXQLWFRVWVRI Nd:YAG laser
capsulotomy- synechiotomy and distichiasis-electrolysis (via argon laser) procedures were found to
EH ௗ86' $OVR WKH XQLW FRVWV RI HDFK RI WKH
phacoemulsification with IOL, blepharoplasty surgery (for one eye) and pterygium surgery were calFXODWHGWREHௗ86'DQGWKHXQLWFRVWVRIHDFK
of the conjunctivoplasty and eyelid reconstructions
with (graft or flap) were calculated to be
ௗ86'
In Table 15, the cost of a patient receiving polyclinic services in the ophthalmology department
ZDVFDOFXODWHGWREHௗ86'WKHFRVWRIDSDWLHQW
receiving angiography and laser ZDVௗ86'DQG
a patient receiving a surgical procedure was
ௗ86'
Hospital management can make more accurate
decisions about capacity and cost objects thanks to
the TDABC method, and more reliable and up-todate results can be acquired about the source, activity
and process. The TDABC method not only provides
a more accurate calculation of the unit costs of the
activities it also provides important information to
the hospital management about these activities. As a
result of the activity analyses that can be performed,
activities that do, or do not, provide added value to
the hospital business can be determined clearly. Consequently, patient treatment cycle duration can be
optimized, workflow regarding the related process
can be improved and hospital management will be
able to provide activities efficiently thanks to this information resulting in an increase in profitability.
Since there were no previous studies conducted
on this subject in a state hospital, this study provided
an opportunity to hospital administration to apply

RESULTS AND DISCUSSIONS
7KHVXFFHVVRIWRGD\¶VEXVLQHVVZRUOGLQZKLFK
the economic life of information is very short depends on making decisions supported by accurate information. Considering that resources used are often
scarce and costly, and damage can be caused to the
environment by the production of new resources, it
is necessary to act more rationally in their use. The
best way to get the highest efficiency from resources
in business is to base decisions on accurate cost information.
The TDABC method not only provides accurate cost information for businesses, but also provides opportunities to identify and eliminate activities that do not provide added value. Managers will
reduce any waste of resources by making accurate
decisions thanks to accurate cost information. Therefore, as is the case in all businesses that want to be
ahead of their competitors, the cost advantage delivered by the TDABC method benefits hospital businesses by obtaining accurate cost information. The
shortcomings in the health services delivered can be
determined by the TDABC method. With this
method, hospital managers can detect the activities
that are unnecessarily time consuming, and they can
obtain better information on their staff costs and on
the efficiency of their staff. Also, since the cost is
calculated in an accurate way, unused capacity costs
can be identified. Thus, unused capacity costs will
not be reflected in the cost objects: angiography, laser and surgical services, so that more realistic cost
information is obtained.
In the present study, since the TDABC method
carries out cost calculation by considering the practical working capacity, information on the unused
capacities of the ophthalmology department is highlighted along with the costs of these capacities. In
this manner, examining the unused capacity ratios
and the costs of the activity groups in the ophthalmology department of the state hospital according to
the TDABC method, these values were found to be
49% and 6,215.7ௗ86'LQWKH$Patient Admission
Services DFWLYLW\JURXSDQGௗ86'LQ
the A2 Polyclinic Services activity group; 66% and
20,252.20ௗUSD in the A3 Angiography and Laser
Services DFWLYLW\JURXSDQGௗ86'LQWKH$
Patient Admission and Discharge Services activity
JURXSDQGௗ86'LQWKH$Surgical
Services activity group, and 17% and
ௗ86'LQWKH$Clinical Services activity
group.
Regarding the unused capacity ratios, the A3
activity group produced the highest, while the A2 activity group produced the lowest. In the A3 activity
group, the unused capacity ratio was high because it
operated 1 hour a day and 5 days a week. Since the
health services in the A3 activity group were provided by the staff in the A2 activity group, the hospital management can deliver the health services
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this study in other hospital units. Hospital administrations will have the chance to gain a better understanding of the amount and location of their unused
capacity. Also, hospital administrations will have an
idea about which units they should focus on and in
which units they should pay more attention to costs.
Calculation of the costs by the TDABC method will
be important for the future of hospital businesses.
Furthermore, state hospitals will have a system that
provides easier, faster, cheaper and more accurate
cost data thanks to the continuous application of the
TDABC method. This study provides hospital management with the opportunity to increase control of
hospital activities, to increase their efficiency and to
easily update cost management when service provision is redesigned.
Also, with the increasing technology and increasing population, the amount of medical waste
from hospital businesses is increasing. The environmental impact of controlling this increase is very important. Businesses using the TDABC method will
contribute significantly to both the operation and the
natural environment by eliminating the waste of consumed materials and controlling the production of
waste. In addition to calculating the costs according
to the TDABC method, these hospital businesses
should carry out an effective waste management program and related training programs. Thus, the medical wastes will be taken under control and a positive
contribution to the natural environment will be
achieved.
The present study showed that the TDABC
method can be applied to hospital businesses, which
have an important place in health institutions, and
that this method is necessary for those hospital businesses and will make a significant contribution to
hospital management in making strategic decisions.
Also, the study will contribute to published literature
and to society by encouraging hospital businesses
which currently avoid calculating costs to use this as
a model.
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endosperm. Starch has an important role in making
the rice harder and improving its quality. The degree
of starch gelatinization (DSG) provides an idea of
the behavior of starch in endosperm, which is mainly
responsible for the most of the properties of parboiled rice [5].
The response surface methodology (RSM) is a
unique combination of mathematical and statistical
approaches to evaluate the optimal conditions by reducing the number of experiments between factors
and responses [6]. It is an excellent approach which
has been used by many researchers for optimization
of the different factors in their research studies. For
instance, [7] has applied RSM to predict starch gelatinization in wheat, bread and potato while using
initial moisture content and baking temperature to
predict starch gelatinization and crumb softness of
the bread. In another study, [8] used RSM to study
combined effects of different components on biomass growth. [9] has optimized the effect of two independent variables (soaking temperature and
steaming time) on quality properties of parboiled
rice by RSM. RSM has also been used in optimization studies involving parboiling. For illustration,
[10] used RSM for optimization of parboiling conditions (soaking temperature, steaming time, and drying time) for HRY maximization. In addition, RSM
has been successfully applied in optimization of twostep hydrolysis of sweet potato starch [11].
The scope of this study covers the mathematical modeling of degree of starch gelatinization (DSG)
and rice quality properties during parboiling, by considering three independent variables (soaking temperature, soaking time, and steaming time). To the
best of our knowledge, no optimization study has focused on predicting the combined effect of soaking
temperature, soaking time, and steaming time on
DSG and quality parameters of parboiled rice.
Therefore, this study was conducted to fill this research gap. We aim to investigate the prediction of
DSG and parboiled rice quality indicators (HRY,
hardness, lightness, and color) by mathematical

The effect of soaking temperature, soaking
time, and steaming time min up to five levels on
DSG, percentage head rice yield (HRY), hardness,
lightness, and color of japonica rice variety Huaidao
5 were taken under consideration. The most appropriate model in prediction of DSG, HRY, hardness,
lightness and color was quadratic with R2 values of
0.92, 0.91, 0.94, 0.91, and 0.94 respectively by response surface method (RSM). Although, the DSG,
HRY, hardness, and color increased with the process
severity thereby lightness decreased. However, HRY
increased only up to some level before it started to
reduce. The predicted optimum soaking temperature,
soaking time and steaming time were 65˚C, 135 min
and 10.66 min respectively and the predicted DSG,
HRY, hardness, lightness and color under this condition was 82.38%, 73.44%, 32.38 N, 81.54, and
13.62 respectively with 0.897 composite desirability.
+)!$%
Gelatinization, hydrothermal, optimization, response surface method, rice quality

 &$!'&! 
Rice being a staple food is utilized by more
than half of the world’s population [1]. Parboiling is
a hydrothermal process of paddy rice where it is subjected to a number of treatments such as soaking,
steaming, and drying before milling [2]. Parboiling
helps rice to absorb water until it is hydrated during
soaking, and further in steaming process isolation of
starch in endosperm of grain. It turns the rice harder
which decreases milling breakage, and improves
HRY during milling, the nutritional value, and resistance to spoilage by insects [3, 4]. The hydrothermal treatment affects the rice starch structure by
changing its amorphous form into a strongly packed
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modeling by considering three independent variables
(soaking temperature, soaking time, and steaming
time).

China). The HRY was calculated as a percentage of
whole grains; the average of triplicate was considered [15, 16].

1@1>95:-@5;: ;2 4->0:1?? TMS-Pro hardness tester was used to calculate the hardness, threepoint breakage mechanism was considered in terms
of bending force. The load cell consisted of 500 N
was applied with accuracy level of 5% to measure
force using lab texture pro-computer program. Furthermore, the flat loading head of 1.0 mm thickness
with deformation rate of 0.5 mm/s was used to apply
force on horizontally placed rice kernel. The total
fifty randomly selected healthy grains were incorporated and average value was considered final hardness [2, 17].

534@:1??-:0;8;>91-?A>191:@ In order
to measure the color and lightness, precision color
reader model HP-200 was used. Prior to measurement, the instrument was calibrated with white and
black plates provided by the manufacturer. The results were expressed in term of L*, a*, b* values, L*
represents brightness from black to white, positive
and negative “a*” values represents redness/greenness and “b*” value represents yellowness/ blueness
respectively. The total ten measurements were done
on each sample by shaking sample gently to avoid
measurement error, and to gain more realistic results
the average values were encountered for further
analysis. The color value (B) of parboiled rice determined by using following Eq. 2 [20-22].
(2)
 +  (  

D<1>591:@-8 01?53: The Central composite
design (CCD) was utilized for model fitting to determine the polynomial equation, by using response
surface methodology (RSM). The experimental data
was executed using statistical software Design Expert 8.0.6 (Stat-Ease, Inc. USA). The coded and actual values of independent variables up to five levels
are presented in Table 1. The fourteen experiments
were investigated with combination of six replicates
to estimate pure error as shown in Table 2. A CCD
with three factors at five levels was investigated [23,
24]. The Investigated factors which were considered
to have a maximum effect on DSG, HRY and other
quality properties in literature were soaking temperature, soaking time and steaming time [9]. In current
study, with three (Soaking temperature, soaking time
and steaming time) independent variables and total
number A total of 20 experiments were performed,
and following relationship 2k+2k+6 were used for
calculation, where k is total number of factors.
In optimization, the responses can be related to
the factors by linear or quadratic models. A quadratic
model include linear model shown in Eq. 3 [24].

&$% &!%

%-9<81<>1<->-@5;:-:0<->.;585:3;2<-00E
The japonica rice Huaidao 5 (H5) variety with intermediate amylose content 16.85% was selected for
experimentation. The H5 was harvested in the year
2014 at experimental site of Nanjing Agricultural
University, China. After harvesting, paddy was dried
at safe moisture content (13±1) and stored for two
months at 4˚C for parboiling experimentation [12].
The paddy was processed using parboiling
technique to improve rice quality. The soaking and
steaming conditions were followed according to design expert 8.0.6 (Stat-Ease, Inc. USA) as shown in
Table 1 and values were rounded off to nearest digit.
The hydrated rice was obtained by hot soaking (97˚C)
in deionized water using electronically controlled
water bath (DK-600A, China). Moreover, extra water was drained out after soaking and samples were
tempered for 1 hour. The rice samples were steamed
in auto clave at 1 kg/cm2 pressure (121˚C) as proposed by design expert up to five levels [13], presented in Table 2. Each sample was tempered for 30
min after steaming and moisture content of samples
was found in the range of 22.61-34.31% (w.b). The
two-stage drying method was applied for fast removal of moisture content. Two temperatures 60 and
40˚C were used during first and second stage drying
respectively with three hours tempering time between two stages [14]. The initial moisture content
was measured at 120˚C for 16 hours. After drying,
samples were packed in polyethylene bags and
coded according to the treatment applied and stored
for further processing.

1@1>95:-@5;:;2013>11;2?@->/4318-@5:5F-
@5;:%The DSG was calculated by using following Eq. 1
"
(1)
 + / ) "0 * 
Where,  and   are enthalpy changes due
to gelatinization of parboiled and raw rice respectively. The instrument simultaneously thermal analyzer (STA 449 F3 Jupiter, Germany) was used to
measure the enthalpies. The 10 g of each sample was
ground in fine powder and sieved (160 microns). The
instrument was first calibrated using indium as reference material and then 3 mg sample was selected
from each treatment for DSG measurement. The
samples were then heated from 30˚C to 120˚C with
the rate 10˚C/min. The procedure was repeated for
all samples.

1@1>95:-@5;:;2$+ Approximately after
four days of drying, paddy was de-husked using laboratory stake rubber roller rice husker (THU35C,
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and responses. The fitness of polynomial model was
expressed by the coefficient of determination R2, and
its significance was also checked by F-test.

 +  ( , # # ( , ## # ( ,  , #$ # $ ( 
#!

#! #!

#!

(3)
Where Y is dependent variable, Xi and Xj are
independent variables; k is number of independent
variables, βo is intercept of the model. The coded values were calculated by following Eq. 4.
# + -# ) ' .
(4)
The run number and experimental conditions
arranged by central composite design with coded and
actual values are shown in Table 2. The design expert program was used to process the data by using
Eq. 2 as well as Analysis of variance (ANOVA), to
find the interactions between independent variables

$%'&% %'%%! 


-:09;01801B18;<91:@The parboiling
consists of soaking, steaming and drying of rough
rice. Generally, parboiling increases HRY, nutritional value and protects grain from insects due to
starch blindness. The actual and predicted values are
shown in Table 3.

&
D<1>591:@-8>-:31?-:081B18?5:-/@A-8-:0/;0102;>9
;010B->5-.8181B18?
G
;C
105A9
534
(->5-.81
%E9.;8
 
 


Soaking temperature (˚C)
X1
31.48
40
52.50
65
Soaking time (min)
X2
54.55
75
24.79
135
Steaming time (min)
X3
6.59
10
15.00
20

& 
1?53:;22;>5:01<1:01:@B->5-.81?

%@0;>01> $A:

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

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

;010B->5-.81?
*
-1
1
-1
1
-1
1
-1
1
-1.68
1.68
0
0
0
0
0
0
0
0
0
0

*
-1
-1
1
1
-1
-1
1
1
0
0
-1.68
1.68
0
0
0
0
0
0
0
0

*
-1
-1
-1
-1
1
1
1
1
0
0
0
0
-1.68
1.68
0
0
0
0
0
0

/@A-8B->5-.81?
*
40
65
40
65
40
65
40
65
31.48
73.52
52.5
52.5
52.5
52.5
52.5
52.5
52.5
52.5
52.5
52.5

*
75
75
135
135
75
75
135
135
105
105
54.55
155.45
105
105
105
105
105
105
105
105

*
10
10
10
10
20
20
20
20
15
15
15
15
6.59
23.41
15
15
15
15
15
15

X1= Soaking temperature, X2= Soaking time, X3= Steaming time
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534@:1??

;8;>.B-8A1

">105/@10

!.?1>B10

">105/@10

!.?1>B10

">105/@10

!.?1>B10

">105/@10

67.36
70.03
68.24
73.50
68.05
68.10
67.96
70.59
67.54
72.00
69.76
72.60
67.49
65.62
68.20
68.20
68.20
68.20
68.20
68.20

27.79
31.03
31.69
32.33
33.25
35.18
34.88
36.23
33.47
34.25
33.59
34.35
27.25
36.79
34.48
36.08
35.13
34.63
34.88
34.86

28.47
30.66
31.24
31.84
34.05
35.93
35.56
35.85
32.60
34.69
32.63
34.88
27.77
35.84
35.02
35.02
35.02
35.02
35.02
35.02

84.90
81.57
81.58
82.13
77.01
77.88
78.74
81.11
78.51
80.65
79.95
79.93
82.67
75.65
79.31
80.17
80.09
79.27
79.77
78.78

83.91
81.66
80.95
81.39
76.49
77.24
77.39
80.83
79.48
80.48
79.72
80.25
83.34
76.63
79.98
79.98
79.98
79.98
79.98
79.98

13.59
14.04
13.81
13.33
15.72
15.61
15.81
16.02
15.09
15.67
15.35
14.55
11.82
16.35
15.24
15.37
14.73
15.24
15.68
15.03

13.67
13.94
13.38
13.35
15.73
16.07
15.94
15.97
15.23
15.49
15.09
14.76
12.09
16.03
15.22
15.22
15.22
15.22
15.22
15.22

!.?1>B10

">105/@10

$A:
!.?1>B10

%@0;>01>

$+

1
20
76.79
77.82
67.97
2
1
80.03
79.65
69.99
3
19
81.69
81.03
68.17
4
9
82.33
81.77
74.31
5
10
83.25
84.08
67.46
6
16
85.18
86.11
68.40
7
18
84.88
85.53
68.23
8
17
87.23
86.47
70.21
9
13
83.47
82.50
67.52
10
11
84.25
84.83
71.70
11
14
83.59
82.28
69.70
12
2
84.35
85.28
72.34
13
6
76.25
76.72
66.82
14
7
86.79
85.94
65.97
15
12
84.48
84.85
69.50
16
5
86.08
84.85
67.97
17
3
85.13
84.85
67.09
18
15
84.63
84.85
68.96
19
4
83.88
84.85
68.11
20
8
84.86
84.85
67.63
*
DSG= Degree of starch gelatinization, HRY= Head rice yield

&
$13>1??5;:1=A-@5;:?2;>>1?<;:?1B->5-.81?
$1?<;:?1
=A-@5;:
DSG (%)
 (   (   (   )    (    )  )  )   )   
HRY (%)
 (  (   )   (    )    )  (   (   )   
Hardness (N)
  (   (   (  )   )    )  )   )   )  
Lightness
  (  (   )  (    (    (   (  (   (   
Color
  (   )   (   )    (   (  (   )  )  
(b-value)
*
DSG= Degree of starch gelatinization, HRY, Head rice yield, X1= Soaking temperature, X2= Soaking time, X3= Steaming time

&
221/@;25:01<1:01:@B->5-.81?;:>1?<;:?1B->5-.81?
;1225/51:@
%
$+
->0:1?? 
534@:1??
;8;>.B-8A1

84.85
68.20
35.02
79.53
15.22

0.69*
1.33*
0.62*
0.30NS
0.08NS

0.89*
0.84*
0.67*
0.16NS
-0.10NS

2.74*
-0.55*
2.40*
-2.00*
1.17*

-0.27
0.65*
-0.40*
0.67
-0.08

0.05
-0.65*
-0.07
0.75*
0.02

-0.44
-0.24
-0.31
0.97*
0.12

-0.42
0.56*
-0.49
0.23*
0.05

-0.38
1.05*
-0.45*
0.36
-0.10

-1.25*
-0.58*
-1.14*
0.08
-0.41*
R2
0.92
0.91
0.94
0.91
0.94
Adjusted R2
0.85
0.84
0.88
0.83
0.89
Lack of fit
0.1
0.11
0.08
0.08
0.33
*
All values (*) are significant at confidence of interval 5%, NS; Non-significant coefficients


Table 5 represented the effect of soaking temperature, soaking time and steaming time on response variables with correlation coefficient R2, adjusted R2 and co-efficient of equation. The quadratic
model properly studied the responses and R2 values

are in acceptable fitting. However, soaking temperature strongly affected DSG, HRY and Hardness but
lightness and color were found non-significant. In
case of soaking time, it affects DSG, HRY and hardness, and found significant (P<0.05), other
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as compared to soaking temperature and time, the
sharp curve indicated that DSG increased with increasing soaking temperature (31.48-73.52) ˚C,
soaking time (54.55-155.45) min and steaming time
(6.59-23.41) min. Similar observations were reported by [9, 29, 30]. The rice grains absorbed
enough water and it increased with the increase of
soaking temperature and time, which leads transformation of starch granules and gelatinization. DSG
increased with steaming time and same results were
observed in current study [18, 31].

coefficients were not affected by soaking time. Furthermore, steaming time had strongly affected all
variables but HRY and lightness were affected negatively. The goodness of fit was also evaluated by
coefficient of determination R2, for a good fitted regression model R2 value should be more than 80%,
for all these responses R2 values were found more
than 80% as presented in Table 5 [10]. Moreover,
lack of fit test was also found non-significant which
indicated the validation of treatment applied [25, 26].
Table 4 showed the regression equations of DSG,
HRY, hardness, lightness and color respectively.


$+ The maximum HRY 74.31% was obtained at run nine, when rice were soaked at 65˚C for
135 min and steamed at 10 min at 121˚C; predicted
HRY was found 73.50% on the same condition. The
maximum HRY at 65˚C soaking time for 6 min
steaming was similar with findings of [9]. Moreover,
the analysis of variance for quadratic model was
found significant (prob>F 0.0002 less than F-value
12.66) and goodness of fit was also evaluated by coefficient of determination R2 as shown in Table 5.
However, the current model was appropriate to navigate the design space.
The minimum HRY was observed at run seven
(65.97%), when paddy was soaked at 52.50˚C for
105 min and steamed for 23.41 min at 1 kg/cm2 pressure. The appropriate condition of parboiling increased HRY, which facilitates milling process of
parboiled rice [20]. The Figure 2 showed relationship between three independent variables and HRY.
The HRY greatly influenced by all three variables
but steaming time has more effective on it. Figure
2A depicted that with increase of soaking temperature and time, HRY initially increased then slightly
decreased and then increased again for longer duration soaking at higher temperature. The relationship
between soaking temperature and steaming time was
showed abrupt change in HRY as shown in Figure
2B, when soaked paddy was steamed, initially HRY
increased with steaming duration but for longer
steaming time HRY decreased. The decreasing trend
of HRY for longer duration of steaming showed that
starch granular fully gelatinize because of higher
soaking temperature for longer duration of steaming.
The physical appearance showed that for longer duration of steaming, grain shape was changed and
highly deformed. The Figure 2C clearly showed
same decreasing trend of HRY for longer soaking
and steaming durations. In addition, for longer
steaming time rice grain absorbed excessive water,
husk was also observed splitting [27]. Additionally,
parboiling process specially steaming time effect gelatinization of starch, if degree of gelatinization is
high then deformed grain would be obtained during
parboiling and deformed grains would lose along
with exuded part of endosperm. The experimental results for HRY was found agreed with [32], maximum HRY (73.88%) was obtained at lower steaming
time.

'$ 
221/@;2?;-75:3@19<1>-@A>1?;-75:3@591-:0
?@1-95:3@591;:%

221/@;24E0>;@41>9-8@>1-@91:@;:013>11
;2 %@->/4 18-@5:5F-@5;: The gelatinization of
starch plays an important role in rice quality. Table
3 showed that DSG varies from 76.25 to 87.23%
which is relatively similar to the findings reported by
other researchers [27, 28]. The soaking temperature,
soaking time and steaming time significantly affected DSG as shown in Figure 1. The Figure 1A
showed interactional relationship between soaking
temperature and time, with the increase of these two
variables DSG also increased. As shown in Figure 1
(A, B) the steaming time significantly affected DSG
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$+-221/@10.E4E0>;@41>9-8@>1-@91:@

'$
:@1>-/@5;:-81221/@;2@4>11B->5-.81?;:
4->0:1??;2>5/171>:18



->0:1??The hardness is important parameter in rice quality measurement, during parboiling
process because of high temperature application rice
turns harder as compared to unprocessed grains [33].
The R2 and adjusted R2 were 94% and 88% respectively, which suggested that quadratic model suitably described relationship between selected factors.
Figure 3 explained the effect of three independent
variables on grain hardness during parboiling. Furthermore, Figure 3 (A, B and C) showed that with
the increases of soaking temperature and time, it increased slightly, moisture absorbed by rice grains
during steaming cause melting of starch and decrease in ΔH at longer steaming duration [19, 34],
steaming time play vital role to harden the rice grains.
Similarly, soaking temperature and steaming time in
combination were shown in Figure 3, it can be seen
clearly steaming time influenced hardness up to
great extent. Furthermore, similar results were found
in soaking and steaming duration combination. The
maximum hardness (36.79 N) was observed at run
seven where steaming duration was maximum 23.41
min and lowest hardness (27.25 N) was seen at 6.59
min steaming duration. The results revealed that the
hardness increased with severity of parboiling process [35].


534@:1??The lightness ranges from 75.65 to
84.90, lightness values were relatively similar to
those reported by [29]. The R2 and adjusted R2 were
observed 91% and 83% respectively. The darkest
rice was observed when rice treated at 52.50˚C, 105
min and 23.41 min soaking temperature, soaking
time and steaming time respectively. Figure 4 represents response surface curves for lightness. The
quadratic effects of independent variables were revealed that lightness decreased with severity of parboiling process. Figure 4A showed that with the increase of soaking temperature and time, lightness decreased continuously. Similarly, lightness is highly
inclined by the steaming time [4, 36, 37]. The steep
curve in Figure 4B exhibited the effect of steaming
time on lightness of rice. The same results were observed in combination of soaking and steaming time
(Figure 4C). Consequently, based on the observations of Figure 4 it can be concluded that rice should
not be treated under severe hydrothermal treatment.
Higher temperature application could affect lightness of rice that leads to poor quality of rice and less
demand in market [38].
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calculated by solving regression equations using design expert presented in Table 4. Furthermore, above
predicted optimal condition was applied on three independent replicates to validate the predicted model.
The finding and results of current study showed that
RSM can be used to optimize the DSG, HRY, hardness, lightness and color in parboiling process by using soaking temperature, soaking time and steaming
time as independent variables.

'$
221/@;2?;-75:3@19<1>-@A>1?;-75:3@591-:0
?@1-95:3@591;:8534@:1??

;8;>The color of rice is very important indicator to measure quality of processed rice. Figure 5
(A, B and C) signified that color value highly affected by soaking temperature, soaking time and
steaming duration. The color was varied from 11.82
to 16.35, that is quite close to the findings of [9, 29],
darkest color was observed at run seven when soaking temperature, soaking time and steaming time
were 52.50˚C, 105 min and 23.41 min respectively.
The discoloration of rice caused by reaction of released sugar with amino acid of grain treated under
high temperature. Furthermore, rice bran pigments
penetrated into endosperm during parboiling leads to
dark color [30, 39]. The sharp curves in Figure 5 (B
and C) showed that steaming time highly affected
color during hydrothermal treatment of rice. Therefore, in rice parboiling process, it is necessary to
cook rice at lower temperature for better quality.

'$
221/@;2?;-75:3@19<1>-@A>1?;-75:3@591-:0
?@1-95:3@591;:/;8;>

! '%! 
The RSM was used to jointly optimize the set
of responses. The DSG, HRY, hardness, lightness
and color of parboiled rice were tried to predict by
taken three independent variables (soaking time,
soaking time and steaming time). Results showed
that responses are in acceptable limit in parboiled
rice quality measurement. Based on RSM data analysis, the predicted optimum soaking temperature,
soaking time and steaming time were 65˚C, 135 and
10.66 min respectively and predicted DSG, HRY,
hardness, lightness and color under this condition
were 82.23%, 73.44%, 32.38 N, 81.54, and 13.62

!<@595F-@5;: The optimal condition for paroling process was estimated as soaking temperature= 65˚C, soaking time= 135 min and steaming duration= 10.66 min. The predicted responses given by
design expert under above condition were DSG=
82.23%, HRY= 73.44%, hardness= 32.38 N, lightness= 81.54 and color value= 13.62. The optimal
values of independent variables for responses were
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respectively with composite desirability equal to
0.897. Findings of this study can be useful for industry to get desired quality of parboiled rice. This research is particularly helpful for peoples working
worldwide on commercialization of parboiled rice.
We intend to validate following technique in our further research.
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mans [4, 5]. In traditional disinfection systems, chlorine, ozone, chlorine dioxide and chloramines have
been widely used, however harmful disinfection byproducts (DBPs) can be formed. Among the most
dangerous DBPs, the trihalomethanes (THMs) have
the highest carcinogenic potential [6-11]. In order to
overcome the potential serious consequences of
those infectious pathogens and conventional disinfectants, nanotechnology and its products (nanomaterials, nanoparticles) for disinfection purposes
have been prompted [12-15]. The ideal disinfectant
should possess the following properties: (i) broad antimicrobial spectrum within short time; (ii) no generation of harmful by-products; (iii) low toxicity to
human health and ecosystems; (iv) low energy cost
and easy operation; (v) easy to store and must not be
corrosive; and (vi) capable of safe disposal [6].
Therefore, to reduce the formation of DBPs, to inactivate water pathogens and to mineralize the refractory organic compounds, advanced oxidation processes (AOPs) can be applied [16]. Among these
AOPs, heterogeneous photocatalysis employing
semiconductor nanoparticles (TiO2, ZnO, Fe2O3, etc.
NPs) has demonstrated its efficiency in disinfection
of pathogenic bacteria. Especially TiO2 NPs are excellent adsorbents and catalysts due to their large
specific surface area and high reactivity [17-19].
Matsunaga et al. [20] reported for the first time that
TiO2 photocatalyst could kill bacterial cells in water
by illumination, which could generate reactive oxygen species (ROS) in water medium. Since then, numerous photocatalytic disinfection studies under UV
light [21-24] and fewer studies under solar light [25,
26] using TiO2 photocatalyst studies have been reported. In addition to those studies, TiO 2 NPs [2729], TiO2 thin films [30], Ni doped TiO2 NPs [31],
Fe doped Ti-CNTs [32], Ce2O3/ TiO2 composites
[33], Ag doped TiO2 NPs [34], Al2O3-TiO2-Ag composites [35], solar and solar/H2O2 process [36], H2O2
electrophotocatalytic system [37] were employed to
inactivate S. aureus and/or B. subtilis bacteria.
In this study, the disinfection efficiency of TiO2
NPs on gram-positive S. aureus. and B. subtilis was
compared, and the objectives of this study were to
determine (a) the antibacterial NP concentrations,
(b) whether ionic strength of the suspensions affects
antibacterial activity, and (c) whether inactivation of
bacteria occurs in the absence of light.

ABSTRACT
In this study, photocatalytic semiconductor
TiO2 nanoparticles were used to remove gram- positive Staphylococcus aureus and Bacillus subtilis
bacteria which are important drinking water pollutants from aqueous solutions. Within the scope of
study, S. aureus and B. subtilis bacteria were exposed to different concentrations of TiO2 nanoparticles (10± 1000 mg/L), pH (6.5), different water contents (ionic strengths: 10± 100 mM). The results
were depicted as specific die-off rate (k') and survival fractions (N/No). TiO2 nanoparticles provided
cell inactivation in absence and presence of light
conditions. In addition, photocatalytic activity has
been observed even when visible light condition was
applied. The compared k' values for both bacterial
strains showed that B. subtilis bacteria were found to
be more resistant to TiO2 nanoparticles than S. aureus bacteria.

KEYWORDS:
Bacillus subtilis, Disinfection, Staphylococcus aureus,
TiO2 nanoparticles, Visible light

INTRODUCTION
In recent years, accessing to clean water is one
of the most important environmental problems that
one of 10 people has to use polluted water instead of
clean water [1]. According to a study [2], 9.7% of the
European population do not have access to adequate
sanitation, and moreover several countries in The
United Nations Economic Commission for Europe
(UNECE) region still do not have access to safe
drinking water and/or improved sanitation. US-EPA
(United States Environmental Protection Agency)
classifies water pollutants into six categories,
namely: plant nutrients, biodegradable waste, heat,
sediment, hazardous and toxic chemicals, and radioactive pollutants. Additionally, water pollutants can
be classified as organic pollutants, pathogens, industrial pollutants, and heavy metals [3].
The Gram (+) Staphylococcus aureus and Bacillus subtilis are highly infective pathogens. They
cause gastrointestinal and infectious illnesses in hu-
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Dose-Response Test. The numbers of viable
cells in cell suspensions were determined by plating
serially diluted suspensions onto LB agar plates.
The plates were incubated at 37°C for 24 h, and then
the numbers of colonies on the plates were counted
by using Lassany model digital colony counter. The
survival fractions (N/N0) and the specific die-off
rates (k', Eq 1) [36] were calculated by the following
equation from triplicated results:
ି୪୬ሺேΤேబ ሻ
݇Ԣሺି݃݉ܮଵ ሻ ൌ 
(1)

where N0 (CFU, colony forming unit) is the
population of the control cultures, N (CFU) is the
population of the NP exposed cultures after 1 h in
presence and absence of light, and C (mg L-1) is the
NP concentration.

MATERIALS AND METHODS
Culture of microorganisms. The Gram (+) S.
aureus (ATCC 43300) and B. subtilis (ATCC 6633)
were cultivated in 100 mL of Luria-Bertani (LB)
broth at 37°C on a rotary shaker (150 rpm) for 18 h.
The cells were harvested by centrifugation at
7,800×g for 10 min, and then resuspended in 10%
glycerol and LB Broth mixture. The stock cultures
with an initial population of 108±102 CFU mL-1 were
then kept in -20°C for further reactions. The final optical density at 600 nm of the suspension was determined as 1.30 with a Hach DR/2800 spectrophotometer.
TiO2 Nanoparticles. TiO2 NPs (32 nm) used in
experiments were purchased from Alfa Aesar. The
particle size, zeta potential and surface area of the
NPs were analyzed using dynamic light scattering
technique in DynaproNanostar (Wyatt Inc),
NanoZ90 zetasizer (Malvern Inc) and N2 gas adsorption BET analyzer (QuadraSorb Station, Quantochrome Ins., FL), respectively. A 1000 mg/L stock
suspension for each NP was prepared in 0, 10, 50 and
100 mM of deionized water immediately before the
experiments. The final concentrations of 10, 100 and
500 mg L-1 NPs were prepared by serially diluting of
the stock suspensions having different ionic strength.
All experiments were conducted in continuously
shaken aqueous slurry solutions to ensure mixing
and to prevent settling of the NPs. The bacteria were
added to the suspensions immediately prior to the
disinfection runs.

RESULTS AND DISCUSSION
The size and type are important attributes of
NPs. The major objective of the present research was
to determine the antimicrobial effect of NPs on the
survival of bacteria exemplified by S. aureus and B.
subtilis. The bacteria were exposed toTiO2 NPs for 1
h at various size classes and concentrations. During
the time of exposure, the average temperature was
25.0 ± 1.5ƕC and the average pH was 6.5 ± 0.2.
In order to characterize the NPs, particle size,
surface area and zeta potential of the NPs were measured. Table 1 shows the NP characterization results
and Figure 1 depicts the SEM imaging results and
amorphous background with aggregates of NPs.
TABLE 1
Characterization results of the
TiO2 nanoparticles used in the experiments.

Exposure Experiments. An orbital platform
shaker holding 100 mL plastic beakers was used to
conduct the exposure experiments in a covered biosafety cabinet. Four artificial light sources (color
temperature of 4300 K, and total light intensity of
7000 lux), mimicking the spectrum of natural solar
light, were placed 30 cm above the orbital shaker to
produce light intensity of 2.1 W cm-2. The temperature inside the cabinet was maintained at 25.0 ±
1.5ƕC. The shaker was set to mix at 150 rpm throughout all experiments. All antibacterial tests in presence and absence of light lasted 1 h. To determine
the effect of particle concentration and ionic strength
of the test media on the survival of bacteria, doseresponse experiments were conducted. Each beaker
contained an initial bacterial concentration of 106 ±
102 CFU mL-1. A stock solution of each NP was
freshly prepared in sterile deionized water (as control, 0 mM), 10, 50 and 100 mM using Na2HPO4,
KH2PO4, NH4Cl, and NaCl prior to the experiments.
A 45 mL of NP solution and 5 mL of bacteria prepared in 0, 10, 50 and 100 mM sterile test media
were added to each beaker to make initial NP concentrations of 0, 10, 100, and 500 mg L-1.

Analysis Applied
Primary Particle Size by DLS (nm)
Primary Surface Area (BET, m2g-1)
Zeta Potential at pH 6.5 (mV)
Particle Size by DLS (nm) (10 mM, pH 6.5)

Results
26.4
176.34
-20.3
287±25

Primary particle size shows the measured particle size directly sampled from the box. Nano-TiO2
primary particle sizes measured by DLS were
smaller than the measurement given by the manufacturer. When NPs were used in 10 mM and 50 mM
test media, a 10 - 55× increase was observed in average particle size. The surface areas were inversely
correlated to the particle sizes as expected. Zeta potential results showed that the NPs were not stable in
the test media.
Four different NP concentrations (10, 100, 500
and 1000 mgL-1), and dark and light (light intensity:
2.1 W cm-2) conditions were used to determine the
effect of NP concentration and light on the survival
of S. aureus and B. subtilis (Figure 2). Both NP concentration increase and changing the light condition
from dark to light increased the mortality rate of the
bacteria when 10 mM ionic strength of test media
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were 85 % (50 mM) and 75 % (100 mM) at 1000
mgL-1 NP concentration, while the highest antibacterial effect for S. aureus were observed at same NP
concentration were calculated as 83 % (100 mM) and
93 % (10 mM) in absence and presence of light, respectively. Figure 3 and 4 also depict the curve fits
obtained from the calculated survival fractions.
Ionic strength condition, and k' values were averaged (k'ave), where lower k'ave value means higher
antibacterial effect (Table 2). The lowest k'ave values
of S. aureus treated with TiO2 were calculated as
0.003 L mg-1 (Control) and 0.004 L mg-1 (50mM)
under dark and light conditions, respectively. On the
other hand, higher k'ave values of B. subtilis treated
with TiO2 were calculated as 0.017 L mg-1 (10 mMDark) and 0.007 L mg-1 (50 mM- Light).
In order to control the experimentally verified
k'ave values were used in Eq 1, the calculated survival
fractions were estimated. R2 values were presented
in order to correspond the curve fits with experimental results. Highest correspondence (R2) values
were obtained from B. subtilis data than that of S.
aureus data.

was used. However, the most effective antibacterial
impact was observed when 1000 mg L-1 of TiO2 NPs
were used in presence of light. In absence of light,
when NP concentration increased, the most increase
in mortality rates were observed as 57 % (500 mg L1)
in TiO2 NP setup. The results in Figure 2 confirms
that antibacterial effect of TiO2 NPs can be in absence of light. One possible explanation for higher
bacterial sensitivity in absence of light may be linked
to the NP-bacteria interaction or NP-specific mechanisms, since membrane damage due to the NP attachment to the cell membrane was shown in other
studies [38-40].
The effect of ionic strength and TiO2 NP concentration on the survival of S. aureus and B. subtilis
are depicted in Figure 3 and Figure 4, respectively.
The survival fraction of bacteria (N/N0) against TiO2
NPs decreased with increasing the concentration of
NPs and the ionic strength in absence of light. However, in presence of light, increase in ionic strength
inversely correlated with the survival fractions. S.
aureus and B. subtilis bacteria were not completely
killed at any NP concentration during 1 h of exposure. The highest antibacterial effect for B. subtilis

FIGURE 1
SEM image of TiO2 nanoparticles

FIGURE 2
The effect of nanoparticle concentration on the survival of S. aureus (a) and B. subtilis (b) under dark and
light conditions.
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FIGURE 3
The effect of ionic strength and TiO2 nanoparticle concentration on S. aureus under dark (a) and light (b)
condition.

FIGURE 4
The effect of ionic strength and TiO2 nanoparticle concentration on B. Subtilis under dark (a) and light (b)
condition.
TABLE 2
Averaged specific die-off rates (k'ave) and R2 values obtained from bacterial survival fractions.
Bacteria and
Condition
Ionic
Strength
Control
10 mM
50 mM
100 mM

B. subtilis

S. aureus
Dark
k'ave
0.003
0.008
0.007
0.006

Light
R2
0.919
0.730
0.759
0.786

k'ave
0.004
0.005
0.004
0.005

Dark
R2
0.859
0.839
0.869
0.823

k'ave
0.031
0.017
0.026
0.020

Light
R2
0.823
0.876
0.836
0.859

k'ave
0.009
0.008
0.007
0.027

R2
0.877
0.926
0.928
0.697

was clearly shown that TiO2 NPs promoted the inactivation of gram (+) bacteria. Based on the experimental results, S. aureus and B. subtilis showed
higher sensitivity to TiO2 NPs in both absence and
presence of light. Though TiO2 NPs showed more
antibacterial effect on S. aureus than that of on B.

CONCLUSIONS
Specific die-off rates of the NPs were calculated and were used in defining a factor promoting
the disinfection of the S. aureus and B. subtilis. It
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Dis. 18(2), 129-136.
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and Nanotechnology: A Promising Challenge. J
Environ Protection and Ecology. 10(4), 11461154.
[16] Chong, M.N., Jin, B., Chow, C.W.K., Saint, C.
(2010) Recent developments in photocatalytic
water treatment technology: A review. Water
Res. 44, 2997-3027.
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subtilis. However, the ionic strength of the water
lead to an aggregation of NPs which resulted in bigger particles and negation of antibacterial effect.
Therefore, dispersion and retention of NPs and the
sustainability of antimicrobial activity need to be
considered significantly. Since this study was conducted in relatively simple and clean solutions, the
sustainability of antimicrobial activities of NPs in
natural or waste water, whose constituents may interfere with the NP±bacteria interactions, is still unclear. Therefore, more research to further assess the
applicability and sustainability of NPs in disinfection processes and to address the limitations.
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Chitosan is a natural carbohydrate polymer
acquired by deacetylation of chitin, the second most
common polysaccharide in nature, has strong biological activity. Antifungal activities of four types
of chitosan were determined against plant pathogens of !" , ! ,
 "!, !%!   and 
&! . Biological activity studies were
carried out using the agar plate method with doses
0.2, 0.3, 0.5, 1 and 2 mg/ml of chitosan. Each chitosan type showed strong antifungal activity against
test fungi. Mycelial growth inhibition (MGI) rates,
Minimum fungicidal Concentration (MFC) and,
LD50 and LD90 values of chitosan were calculated.
100% MGI ratios were found in doses of 2 mg/ml
for each chitosan. Mycelial growth inhibition was
observed even at the lowest dose when compared to
the control. According to these results, all doses of
chitosan applied against the test fungi were obtained promising results. For the first time with this
study, antifungal activity of chitosans was examined against  "! plant pathogen. The
result showed that the biological activity of chitosan has been obtained different result according
to molecular weight and test fungi. Because of that
chitosan is a natural, non-toxic and inexpensive
compound, it can be easily used to control plant
pathogens.

antifungal property of chitosan, a natural carbohydrate polymers obtained by distillation of chitin,
(second most common polysaccharide in nature)
has been investigated. Chitosan is an important
polymer with antimicrobial activity [1-2] and antioxidant properties [3-4].
!"  Kleb., and !
 (Ellis & G. Martin) L.R. Jones & Grout,
which cause intense damage in tomato both in the
world and in our country, are two large groups of
pathogens.   is an early blight agent, which
is very common in tomatoes in Turkey [5]. 
 is a soil-borne pathogen causing verticillium
wilt disease in tomatoes [6].  "!
Honey is the cause of brown rot disease in areas
where apple farming is made [7]. &! 
 Kuhn is the agent of disease named root rot in
root and tuber of the potatoes, causes significant
crop losses in the potato [8]. !%!  Pers.,
causes grey mold disease in strawberries all around
the world [9].
Chitosan is a cheap and non-toxic compound
which has reactive amino group [10] can be easily
used in agriculture fields [11]. It has been mentioned in many studies that chitosan prevent disease
spreading in plants [12] increase the natural immunity of plants [13], and reduce the development
of phytopathogenic fungi in fruit and vegetables.
They stated that chitosan showed antifungal activity
against &!  [14-15], !"
 [16], !  [17-18] and !%! 
 [19-21] disease agents. Furthermore, they
observed that the antimicrobial activity of chitosan
produced at different molecular weights and structure and that this activity revealed dissimilar effects
to the test fungi [1]. However, the biological activity of chitosan depends on the viscosity and the
degree of distillation [22].
In our study, the biological activity of four different types (different molecular weight) of chitosan was investigated against five fungi species
(!" , ! , 
"!, !%!  and &! )
causing disease in plants.

+)"$%
Natural compounds, Chitosan, Plant pathogenic fungi,
Biological activity, Lethal doses

!&$"'&"!
Natural antifungal materials are used to control plant diseases from past to present day. The
research for these materials continues with the
advance of technology rapidly. Today, excessive
use of fungicides leads to environmental pollution
as well as increased fungicide resistance of pathogens. Therefore, alternative methods should be
developed against fungicides. In this study, the



2787

#"

  $ 









  !





&0<=>824
!"
! 
"!
!%! 
&! 

& 
4<=91=0<=1>824
";4248
Tomato ("% "L.)
Tomato ("% "L.)
Apple ( "  ! Borkh.)
Strawberry (   L.)
Potato ("!" " L.)

<96,=498:6,.0
Antalya/Turkey
Antalya/Turkey
Gümüşhane/Turkey
Antalya/Turkey
Tokat/Turkey



'$ 
960.>6,;<=;>.=>;09134=9<,8





&$%! &"%

molecular weight of 127 kDa, viscosity of 40 cPs
[23]. Chitosan -3 [Low molecular weight (50-190
kDa); Sigma Aldrich-448869] and Chitosan -4
[Medium molecular weight (190-310 kDa); Sigma
Aldrich-448877] were obtained from SigmaAldrich.

>824.>6=>;0 Five plant pathogens (Table 1)
isolates were obtained as a pure culture from Gaziosmanpasa University, Plant Protection Department
in Tokat. Each pathogen was inoculated on potato
dextrose agar (PDA) plates (~20 mL plate-1) and
incubated at 25±2oC. Seven-days-old fungal cultures were used for the experiment.

34=9<,8 :;9/>.=498  Shrimp waste sourced
from Marmara Sea (Turkey) was used for chitin and
chitosan production. The shrimp waste washed with
tap water, dehydrated at room temperature and
shred into pieces smaller than 2 mm using a blender
(Fakir Harmony 400, People’s Republic of China).
Optimum extraction conditions were carried out by
using the response surface methodology (RSM).
The chitin was experimented using 0.73-mol I−1
hydrochloric acid for 132.61 min at room temperature for demineralization and 0.95-mol I−1sodium
hydroxide for 75.65 min at 60.49°C for deproteinization. The obtained chitin was used to optimize
chitosan production and two chitosans were defined
as Chitosan-1 and Chitosan-2. Chitosan-1 was obtained by deacetylation with 40% sodium hydroxide
at 120°C for 300 minute and Chitosan-2 was carried out by deacetylation with 50% sodium hydroxide at 100°C for 720 minutes. The detailed information about optimization was provided by [23].
Chitosan-1 has deacetylation degree of 78.2%,
molecular weight of 182 kDa, viscosity of 120 cPs
and Chitosan-2 has deacetylation degree of 84.95%,

  ,8=41>82,6 ,.=4?4=A  The antifungal
activities of the chitosans (Chitosan-1, Chitoan-2,
Chitosan-3 and Chitosan-4) were determined by
agar plate method [24]. Chitosans were added to
PDA at 40 oC to give the final concentration of 0.2,
0.3, 0.5, 1 and 2 mg/mL for each chitosan (prepared
in 1% (v/v) acetic acid) and then the PDA with
chitosans were poured (~10 mL/plate-1) each alone
in petri plates (60mm in diameter). Seven-day-old
agar discs (5mm in diameter) bearing the desired
fungi mycelial growth was transferred in the petri
plates. These fungi cultures were incubated at 25±2
o
C for 10 days. Fungi mycelial growth were recorded daily [25]. Commercial fungicide [Thiram
80% (w/v)] was used as a positive control. Acetic
asid 1% (v/v) was used as a negative control. Each
chitosan was adjusted for pH 6.0 by NaOH. Experiment was set up 4 replications and repeated 2 times
[15]. The percentage of mycelial growth inhibition
was calculated accordingly the formula mentioned
by [26].
I=100×(dc˗dt)/dc
I; Mycelial growth inhibition
dc; Is the mycelial growth in control
dt; Is the mycelial growth in treatment
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%=,=4<=4.,6 8,6A<4<  Data were analyzed statistically using SPSS 16.0 program (SPSS, Chicago,
IL). Comparison of means was analyzed by Duncan’s multiple range test and differences were considered significant when <0.05. Lethal doses (LD)
were determined by Polo Plus program (LeOra
software).
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observed at 1% concentration of Chitosan against
 [1]. According to these results, each chitosan
used in our study exhibits antifungal effects at different levels against the test fungi (Figure 2, 3 and
4). Chitosan-4 (C4) which has been shown the
highest MW ratio and found to be more effective.
However, it was found less effective against 
 than other chitosans. The growth of mycelium against  at a dose of 2 mg/ml of C4
was 8.14 mm whereas 1.41 mm in Chitosan-1 (C1)
and it was not observed any growth in chitosan-2
(C2) and chitosan-3 (C3). Similarly, C2 was found
to be more effective than C1 against test fungi.
Statistically, significant rate of mycelium growth
inhibitions was observed for each chitosan dose
(Figure 2 and 3). All test fungi showed, 
59.05 mm,   60 mm,  "! 56.95
mm,  60 mm and   60 mm mycelium growth in negative control 10 days after inoculation. When compared to the negative control, the
average upper and lower bound mycelium growth
for each chitosan of   was found to be
from 35.01 to 0.00 mm. These rates were observed
respectively for the other test fungi. For  
from 34.49 to 0.00 mm, for  "! from
29.76 to 0.00 mm, for  from 27.28 to 0.00
mm and for   from 34.59 to 0.00 mm (Figure 2 and 3).

One of the most important bioactive properties
of chitosan is the antifungal activity. In our study, it
was observed that at each doses of chitosan 0.2, 0.3,
0.5, 1 and 2 mg/ml the inhibition of mycelial
growth was noticeable when compared to control
(Figure 2, 3 and 4). Mycelial growth inhibitions
depending on the dose increased. The rations have
been realized at different levels according to the test
fungi and each chitosan. Which is thought to be due
to the different molecular weight (MW) of chitosan.
A study has reported that the antimicrobial effect of
chitosan MW was decreases against   but
increases against !%" "" . At 0.75%
concentration against   305 kDA inhibition
was 50% while 48.5 kDA was 90%. Against 
"" , these rates were found 100% and 99%
respectively. Nevertheless, 100% inhibition was
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Photographs were taken at 10 days after incubated.
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(/
<
1
.
C0.2
0.3
0.5
1
2
C+
C0.2
0.3
0.5
1
2
C+
C0.2
0.3
0.5
1
2
C+
C0.2
0.3
0.5
1
2
C+

0,0±0,0
34,±0,3853±1,44
66±0,94
82±0,94
97±0,63
100±0,0
0,0±0,0
33±0,54
48±0,34
67±0,92
80±0,26
100±0,0
100±0,0
0,0±0,0
32±0,73
46±0,73
64±0,18
78±2,07
100±0,0
100±0,0
0,0±0,0
41±0,95
55±0,96
62±1,11
69±0,60
86±0,33
100±0,0

0,0±0,0
23±0,29
34±0,50
54±0,78
83±0,14
100±0,0
100±0,0
0,0±0,0
33±0,51
42±0,48
63±1,63
87±0,40
100±0,0
100±0,0
0,0±0,0
26±2,56
37±1,45
45±0,90
77±0,69
92±0,78
100±0,0
0,0±0,0
43±0,95
49±0,64
64±0,55
76±0,24
100±0,0
100±0,0

0,0±0,0
26±1,67
33±0,41
61±1,16
74±0,33
100±0,0
100±0,0
0,0±0,0
30±1,44
48±1,60
63±0,77
80±0,64
100±0,0
100±0,0
0,0±0,0
33±1,77
40±1,94
53±0,74
78±0,47
96±0,55
100±0,0
0,0±0,0
48±0,35
52±0,54
71±0,74
80±1,26
100±0,0
100±0,0

0,0±0,0
31±0,85
44±0,89
71±0,90
82±0,35
90±0,22
100±0,0
0,0±0,0
30±0,63
49±0,70
66±0,70
79±0,89
100±0,0
100±0,0
0,0±0,0
14±1,46
31±0,69
37±1,11
65±0,54
80±0,73
100±0,0
0,0±0,0
55±1,22
65±1,23
73±1,11
82±0,59
100±0,0
100±0,0

$<
0,0±0,0
18±0,87
46±2,57
56±0,05
73±0,18
100±0,0
100±0,0
0,0±0,0
42±1,14
51±0,51
54±0,59
65±0,39
100±0,0
100±0,0
0,0±0,0
42±0,91
60±1,37
80±1,00
94±0,19
100±0,0
100±0,0
0,0±0,0
27±2,96
41±1,40
78±1,45
86±1,05
100±0,0
100±0,0

,

Mycelial growth inhibition±-Standard error mean (SEM), !" (/, ! =<,
= 1, !%! = ., &! =$<, Negative control=Positive Control=

"!

&
4847>71>824.4/,6.98.08=;,=498?,6>0<91.34=9<,8<,2,48<==0<=1>824 
&0<=>824
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growth than C1 (Figure 4). It has been reported that
chitosan inhibits enzyme activities responsible for
mycelial growth in fungi, leading to morphological
abnormalities [27].
Fungicidal and fungistatic percent effects were
observed against test fungi of chitosan. These effects occurred between the chitosans C1, C2, C3
and C4 and at doses of 0.2, 0.3, 0.5, 1 and 2 mg/ml

Chitosan has been shown to inhibit mycelial
growth by causing morphological and structural
changes to the tested fungi. These changes have
occurred in the form of aerial mycelium growth,
stopping or reducing the formation of spores (Figure 4). In addition, at the same dose for each chitosan (1 mg/ml), C4 showed stronger antifungal
activity than C3, and C2 inhibited more mycelial
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activity of chitosan against  "! was not
found. First time with this study was determined
effect of chitosan against "! But, 5 and
10 mg/ml doses of chitosan were used against 
"! disease agents which is belonging to the
same genus. They stated that both doses used, significantly inhibited the growth of the disease [30].
They reported that the concentrations of 2, 4 and 6
g/l of chitosan were sprayed on the strawberry fruit
against  , and that disease growth was
significantly reduced [19]. They determined that
conidia germination 1 h after inoculation of chitosan on the fruit against grey mold caused by 
 in cucumbers decreased disease growth
65%, after 4 h and 24 h the rates were respectively
85% and 87% but the disease growth inhibited 51%
on leaves [31]. Some researchers have indicated
that chitosan provides protection against 
in !  # [20-21-32]. In a different study,
they stated that three types of chitosan showed
strong antifungal effects against   in rice
and that these chitosans protected rice seeds against
disease and inhibited mycelium growth from 69%
to 91% [15]. In another research it has been reported that chitosan protects tomato plants against 
 [33].

and for Vd from 32 to 100%, for As from 23 to
100%, for Mf from 26 to 100%, for Bc from 14 to
100 and for Rs from 18 to 100% (Table 2).
The minimum fungicidal concentration (MFC)
was determined as the lowest test concentration that
allows no mycelial growth of the plant pathogens
on agar medium (Table 3). Chitosan has been
shown to be antifungal activity against !%! 
, " " $% " and &!
. The minimum inhibitory concentrations
(MIC) reported for test fungi range from 10 to 1000
ppm [28].
Many studies have reported that chitosan has
strong antifungal effects against the disease agents
used in our studies. They determined that chitosan
increased the growth against  at doses of
0.5 and 1 mg/ml but decreased the growth at the
dose of 2 mg/ml [16]. Another study showed that
antifungal activities of chitosan and chitosan derivatives were different against  , that derivatives showed better inhibitory effect [17], and
that spraying chitosan into tomato leaves could be
used as a protective measure against   [29],
and that 1 mg/ml of chitosan inhibited the growth
of   and reduced the severity of early blight
disease in tomato leaves [18]. A study about the
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6474=<
6474=<
6474=<
LD
Low.
Upr.
LD
Low.
Upr.
LD
Low.
Upr.
0.31 0.27
0.34
0.33
0.28
0.36 0.34
0.29
0.38
1.15 0.97
1.45
1.21
1.01
1.53 1.25
1.03
1.62
2.23+/-0.17
2.25+/-0.16
2.26 +/- 0.16
1.07
1.10
1.32
13.87
14.35
17.13
0.41 0.38
0.45
0.34
0.31
0.37 0.46
0.42
0.51
1.19 1.05
1.40
1.06
0.92
1.26 1.96
1.62
2.48
2.78 +/- 0.17
2.57+/-0.17
2.05+/-0.14
0.81
0.83
0.62
10.51
10.77
8.05
0.41 0.36
0.47
0.34
0.30
0.38 0.39
0.34
0.43
1.38 1.12
1.85
1.20
1.01
1.51 1.68
1.39
2.14
2.43+/-0.16
2.33+/-0.17
2.01+/-0.15
1.70
1.05
0.56
22.07
13.67
7.26
0.33 0.29
0.38
0.33
0.29
0.38 0.68
0.61
0.76
1.62 1.34
2.07
1.21
1.01
1.56 3.34
2.63
4.56
1.87+/-0.14
2.28+/-0.16
1.85+/-0.13
0.69
1.26
0.50
8.94
16.33
6.47
0.42 0.36
0.48
0.33
0.22
0.43 0.24
0.21
0.27
1.38 1.10
1.91
2.04
1.31
4.87 0.70
0.62
0.82
2.48+/-0.16
1.62+/-0.140
2.76+/-0.22
2.17
1.67
0.17
28.20
21.52
2.17

34=9<,872 76
6474=<
LD
Low.
Upr.
0.28
0.22
0.34
3.53
2.42
6.25
1.16+/-0.13
0.37
4.77
0.30
0.24
0.35
1.39
1.08
2.02
1.91+/-0.15
1.72
22.37
0.25
0.20
0.30
1.22
0.96
1.73
1.88+/-0.16
1.48
19.28
0.19
0.14
0.23
1.10
0.87
1.55
1.68+/-0.16
1.30
16.90
0.33
0.29
0.37
0.92
0.78
1.14
2.89+/-0.19
1.53
19.84

Vd=!" ; As=! , Mf= "!; Bc=!%!  ; Rs= &!  LD:
Lethal Dose, Low.=Lower bound, Upr.=Upper bound, Het.= Heterogeneity, X2= Chi-square
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The lethal doses of the chitosans against the
tested fungi are given in table 4. Effective doses
LD50 (50% test fungi killing dose) and LD90 (90%
test fungi killing dose) values were determined
separately for each fungus species. It was stated
that the most effective lethal doses and chitosans
for the LD50 value against the tested fungi were, C4
with 0.28 mg/ml in Vd, C4 with 0.30 mg/ml in As,
C4 with 0.25 mg/ml in Mf, C4 with 0.19 mg/ml in
Bc, and C2 and C4 with 0.33 mg/ml in Rs. Similarly, these rates for LD90 were found respectively, C1
with 1.15 mg/ml in Vd, C2 with 1.06 mg/ml in As,
C2 with 1.20 mg/ml in Mf, C4 with 1.10 mg/ml in
Bc and C3 with 0.70 mg/ml in Rs (Table 4).
"!'%"!

Chitosan is preferred product the fact that it
has cheap, non-toxic, high antimicrobial properties
and positive effects on environment and human
health and because of the presence of many field
uses. Today, it is possible to obtain more effective
results by improving the derivatives of chitosans. It
is important that the chitosan types used in our
study show high antifungal activity against test
fungi, in order to be considered as an alternative
method of struggle for these phytopathogenic fungi
species, which have high level of problems in agricultural areas. According to our knowledge, for the
first time, the activity of chitosan was examined
against  "! pathogen in this study. For
other used pathogen groups, similar results were
obtained with other studies. In addition, the fact that
the produced chitosan types are derived from materials from different regions adds to innovation to
our study. Because of that, the reasons for the different pathogenicity and virulence of each pathogen
group and the different resistance against to the
used fungicides add to this study individuality.
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Corn production in less planr sensity has been
struggled over the last decades with differnt degrees
of accomplishment. This research was conducted on
the second crop growing season in 2016 at the Mustafa Kemal Univertiy, Turkey to determine the optimum plant density (8, 9, 10, and 11 plant/m2) for two
different maturitiy groups hybrid corn varieties of
P31 P 41 (FAO 650) and DKC 5741 (FAO 500).
Tasseling time, plant height, stem diameter, stalk
length, cob thickness, wedge weight, SPAD, leaf
area index, harvest index and grain yield were measured. The results indicated that there were sinificant
differences among the plant densities, and between
the varieties, and their intercations for almost all the
growth and yield trains of hybrid corn varieties. For
the plant density, wider spaced plants (8 plants/m2)
produced the highest values of stem diameter (SD),
SPAD reading, ear diameter (ED), grain weight
(GW), and grain yield (GY) followed by nearest
spaced plants (9 plants/m2) as compared to closed
spaced plants (10 and 11 plants/m2). Significant varietal differences were recorded in all studied traits
except SPAD falue and ED. However, the variety
DKC 5741 produced shorter plant, lesser LAI and
tasseled earlier but generated higher SD, EL (ear
length), GW, and GY than the variety P31 P 41.
Therefore, the early maturing maize variety DKC
6547 can be grown with maintaining 8-9 plants/m2
for obtaining maximum grain yield corn.



properties [2]. It belongs to family poeaceae, ranked
third among production fo ceral crop, in addition, it
is cultivated for grain production as well as fodder in
tropical, sub-tropical and temperate area of the globe
[3, 4]. It is one of essential plants global due tothe
production is high from grain and forage. It has wide
adapting attributes and is intensely cultivated in Turkey [5, 6, 7].
Crop phenology is the major essential aspects
of crop yield evaluation, and it is imprtant to predicting physiological performance under different field
conditions [8]. Moreover, seed row spacing is an agronomical management strategy used by producers
to maximize the husbandry of thensoil and plant ecosystem from planting to harvest with the target of
bolstering the crop production [8]. Gözübenli et al.
[9] revealed that optimum grain yield was achieved
from 7 plant/m2 in the East Mediterennean in second
crop season. While, Gözübenli et al. [1] steated that
cultivars and density variences was important while
interaction was not important and the maximum
yield is obtained with the plant density of 9
plants/m2. The planting densities have been observed
to contribute towards positive increase in production
of grain [10]. Maize yield response to density depends on the variety [11]. In addition, biomass yield,
plant height, and ear length have been observed to
improve with increase in density of plant [10], thus
leading to leaf area [12].
Recently, the improvment of hybrids are more
prone to withstand higher density of plant than older
hybrids and inbreds. The plant controlling is essential strategy of managing of plant because it can lead
to an increase in solar radiation interception, better
use of water and nutrients, resulting higher productivity [13]. To achieve high grain productivity it is
essential to maintain optimum plant density for
achieving available resources from the environment,
allowing better conditions for the plant growthand
development [14]. The objective of this research was
to determine the optimum plant densities for growth
and yields of corn in East Mediterenean conditions.

(' "#
Corn ( ), plant density, varieties, leaf area index,
SPAD value, grain yield

$" %$ 
Maize ( L.) is one of the most warm
season creals crop in the World [1]. It is an important
cereal which is used as human consumption, animal
feeding and a raw material for various agro-based industries throughout the globe. Several environmental factors, management practises, and genetic factors effect of forage maise productivity and quality
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;:81-5:9:):;96.9613=1:0+81:1+)3<)3;-*-.68-96=15/6.4)1@-
#6137867-8:1-9
Organic matter (%)
Lime (%)
Saturation (%)
Sand (%)
Silt (%)
Clay (%)
Teksture
pH
Conductivity(µS/cm)
Salinity
N (%)
P (ppm)
K (ppm)
Na (ppm)
Li (ppm)
Ca (ppm)
Fe (ppm)
Zn (ppm)
Cu (ppm)
Mn (ppm)
Mg (ppm)

-:06,
Walkley-Black
Calcimetric
With water

Potentiometric
Potentiometric
(EC meter)
Kjeldahl
Spektrofotometrik
Flame photometer
Flame photometer
Flame photometer
Flame photometer
MP-AES
MP-AES
MP-AES
MP-AES
MP-AES

):)?
1.39
23.42
101
17
25
59
Clay
8.22
974.6
0.05
0.036
6.40
287.3
231.3
4.0
4010.0
9.523
0.244
2.914
12.025
992.0


$ 
314):636/1+)3+65,1:1659,;815/:0-78-9-5:9:;,?)5,365/?-)89
6+):1659
May
June
July
August
September
October

-)50-):A
1940-2016
2016
21.9
21.7
25.2
26.4
27.7
30.1
28.8
29.3
26.4
28.4
21.4
22.7

!8-+171:):16544
1940-2016
2016
14.2
26.8
1.5
0
0.1
0
0.1
0
9.9
0
29.5
24.6



$"#$ #

6+):165 )5, /86=15/ +65,1:1659 This research was conducted at the Mustafa Kemal University, Turkey in 2016, to determine the optimum plant
for two different maturitiy groups hybrid corn on
second crop growing season. The soil was clay loam
having pH 7.12, low in available phosphosus (7.41
kg/ha-1), and organic matter (1.93%). Nitrogen fertilizer was added as urea at rates of 240 kg N ha-1. It
was applied at planting process 80kg K ha-1 as K2O
and 80kg P2O5 ha-1 as basal doses during final land
preparartion. Regarding N implementation, half of
each rate was applied at planting as a band close to
the seed with a combine drill, and the other half was
applied by broadcasting when the plants were about
50 cm high. Plants were irrigated every 10 to 15 days
intervals to avoid any growth restrictions due to
drought. Grain yield (adjusted to 15% moisture), and
other treits were determined in the centre 2 rows of
each sub-plot. Soil samples were collected and analyzed for various physicochemical properties (Table
1). Mean temperature and precipitation in the growing season are presented in (Table 2).

>7-814-5:)3 ,-91/5 )5, :8-):4-5:9 The
experiment was laid out in Split Plot design with
three replications. Experimental factors were: Maize

;41,1:?
1940-2016
2016
63.1
56.8
63.2
54.4
64.0
49.6
63.2
61.3
61.0
57.1
59.2
62.8

hybrid cultivars represented in main plots and densities represented in sub-plots. Sub-plots were 4 rows
(70 cm) wide by 5 m long. Two different maturitiy
groups hybrid corn varieties viz. 31 P 41(FAO 650),
and DKC 5741 (FAO 500) were cultivated at four
plant density (8, 9, 10, and 11 plants/m2).

#)47315/ )5, 4-)9;8-4-5:9 6. /8)15 ?1-3,
:8)1:9At harvesting time, data on various yield components was collected by using standard procedures.
The number of plants and ears were counted separately. Yield components like plant height (cm), ear
height (cm), ear-up stem length (cm), ear diameter
(mm), grain weight (g), grain yield (kg m-2) and harvest index (%) were measured [15].

LAI = Leaf area/ plant, Area. LAI: Leaf
area index, YA: leaf area (cm2), PA: Plant area
(cm2).
#! The SPAD value of 10 plants ear leaf
were measured (SPAD-502, Minolta Ltd. Osaka, Japan) during the tasseling time.

)8<-9:5,->Harvest index was measured with the help of the following formula:
HI= [grain weigth/total plant weigth)*100].
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5)3?9196.<)81)5+- &964-73)5:7)8-4-:-819:1+9
Source of
variation
Replication
Cultivars(C)
Error
Density (D)
CX D
Error
Total
CV (%)

F values
D.F
2
1
2
3
3
12
23

TT

PH

SD

LAI

SPAD

EL

ED

GW

HI

GY

0.5135

16.44

132.43**

917.15**

0.1258
77.21*

0.6316
47.162*

0.2708
2.0315

2.412
34.03*

0.5172
0.1488

0.6138
42.5979*

0.3328
442.891*

1.2001
58.219*

2.33

2.76
3.21

5.91*
1.63

9.089**
3.3026

18.462**
19.896**

2.751
0.974

5.5656*

0.1888

8.1015**
0.6499

0.1267
0.1751

9.225**
0.6610

2.52

4.32

7.76

3.03

3.83

2.03

9.02

19.65

14.43

1.79
2.14

*, ** significant P<0.05, P<0.01 levels, respectively; ns: not significant; CV: coefficient of variation; TT: tasseling time; PH:
plant height; SD: stem diamete; LAI: Leaf area index, EL: ear length; ED: ear diameter; GW: grain weight; HI: harvest index;
GY: grain yield


#:):19:1+)3)5)3?919All data collected for two
years average and obtained results were calculated to
analyses of variance according to Gomez and Gomez
[16]. Significant means were separated by the Least
Significant Difference (LSD) at the 0.05 significance
level (P≤0.05). The estimation of correlation for
traits was calculated by MSTAT-C software package.


"#%$##%## 

different nitrogen levels and plant densities was reported by Gökmen et al. [19].

!3)5:0-1/0:+4Plant height is an essential
attributes which helps determining the growth attained during the growing stage [20]. In our study, it
was found that plant height was significantly influenced by cultivras, but the variables plant height
were not affected by an increase in plant dentsities.
Nonetheless, the plant height gradually increased
from 8 to 10 plants/m2 in both the cultivars but the
cultuvar P31 P 41 was more responsive the another
one. The cultuvar P31 P 41 produced remarkably
higher plant height (173.617 cm) than the plant
highet (162.350 cm) of DKC 5741 (Table 2). [1]
Calonego et al. [17] and [1] Gilo et al. [21] reported
that the reduction of the spacing between the lines
did not influenced plant height. Lima et al. [22] observed no statistical differences for plant height,
when studying three plant populations (50,000,
55,000 and 60,000 plants ha-1). [1] Silva et al. [23]
observed higher plants for larger populations, due to
the increased inter plants competition for light, water, and nutrients.

The analysis of variance showed that the effect
of all treatments on all traits under studied were significant. It was found that the cultivars and plant density significantly influenced almost al the the studied
charecteristics for hybrids. The interaction effect between the plant population x cultivars on the SPAD
value was significant (Table 3). The previous studies
revealed that plant desnsity significantly influenced
the growth and yield of maize cultivars [1]. According to Calonego et al. [17], it was observed that the
spacings of 0.45 m and 0.90 m, and three plant populations viz. 45, 60 and 75 000 plants ha-1 did not
record any positive interaction effect between spacing x plant population influencing agronomic traits
and grain yield. Plant population increase could lead
to morphological and physiological changes in
plants, higher plant height, higher height of the cob
insertion and lower stem diameter, enabling greater
lodging and caused reduction in productivity [14].

$)99-315/:14-The tasseling time is an essential yield-related properties and influences the
productivity. Early maturing hybrids are favour in
corn cultivation. The tasseling time was not affected
by plant dentsities. The differences of tasseling period between the two hybrids were statistically significant. However, the hybrid DKC 5741 had the earliest tasseling time (50.92 days) over the cultivar P31
P 41 (56.75 days) (Table 4). The earlier-flowering
corn plants produced smaller plant size and longer
kernel-filling stages [18]. A significant variation in
the days up to tasseling stage of popcorn with

#:-4 ,1)4-:-8 44 Plant density significantly influenced the stem diameter and stem diameter was decreased with the increase in plant density,
and the highest stem diameter (19.0 mm) was obtained at 8 plants/m2 and the lowest stem diameter
(17.1 mm) was recorded at 11 plants/m2 (Table 4).
The comparison of the mean values of hybrids
showed that DKC 5741 cultivar had the highest stem
diameter. Similar results were also observed by
Calonego et al. [17] who reported that the stem diameter decreased with the increase in plan population and the highest plant population of 75,000 plants
ha-1 produced the minimum stem diameter. Stem diameter was lower in the high reat of plant densities
as a consequence of inter plant competition, and
maize hybrids did not achieve significant inffluence
on stem diameter [24].
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..-+:96.!3)5:,-591:?65$$ #)5,#!6.+6850?*81,915/86=15/9-)965
Parameters

Plant density (plant/ m2)
9
10
50.33
51.66
55.33
56.66
52,83
54,16

Cultivars
8
DKC 5741
50
TT (day)
P31 P 41
57.66
Mean
53,83
LSD
DKC 5741
163.467
164.933
165.433
P31 P 41
167.967
175.167
176.267
PH (cm)
Mean
165.717
170.050
170.850
LSD
DKC 5741
20.183
19.633
19.153
P31 P 41
17.823
16.967
17.453
SD (mm)
Mean
19.0 a
18.3 a
18.3 a
LSD (Density)
0.9881
DKC 5741
3.593
3.847
3.920
P31 P 41
4.317
5.527
5.380
2
2
LAI (cm /cm )
Mean
3.955 b
4.187 b
4.650 a
LSD (Density)
0.43
DKC 5741
56.3 a
52.4 c
52.5 bc
P31 P 41
54.9 ab
52.6 bc
48.9 d
SPAD
Mean
55.6a
52.4 b
50.7 bc
LSD
Densty 1.981
Interaction 2.65
TT: tasseling time; PH: plant height; SD: stem diamete; LAI: Leaf area index

11
51.66
57.33
54,5

Mean
50.92 b
56.75 a

155.567
175.067
165.317

162.350 a
173.617 b

17.530
16.717
17.1 b

19.125 a
17.240 b

4.040
5.717
4.878 a

3.850 a
4.985 b

44.4 e
53.9 abc
49.2 c

51.3
52.5


$
..-+:96.!3)5:,-591:?65')5,(6.+6850?*81,915/86=15/9-)965.
Plant density (plant/ m2)
9
10
11
39.6
38.9
38.5
39.6
38.3
37.9
39.6 ab
38.6 bc
38.2 c

Cultivars
8
DKC 5741
39.9
ED (mm)
P31 P 41
39.7
Mean
39.8a
LSD(Density)
0.995
DKC 5741
17.6
17.1
17.5
P31 P 41
15.9
15.4
15.4
EL (cm)
Mean
16.8
16.3
16.4
LSD
DKC 5741
31.6
31.9
32.8
P31 P 41
23.5
27.1
23.8
HI (%)
Mean
27.5
29.5
28.3
LSD
DKC 5741
206.7
207.0
173.3
P31 P 41
133.6
136.2
120.9
GW (g)
Mean
170.1 a
171.6 a
147.1 b
LSD(Density)
17.80
DKC 5741
734.7
660
540.5
P31 P 41
459.6
477.1
344.9
GY (kg/da)
Mean
597.2 a
568.5 a
442.7 b
LSD(Density)
91.81
EL: ear length; ED: ear diameter; GW: grain weight; HI: harvest index; GY: grain yield

 -). )8-) 15,-> LAI is an important
growth trait which influences the yield of maize. In
this study, plant density and cultivar significantly influenced the important growth paramerer of LAI.
However, the higher LAI was recorded at the cultivar P31 P 41 (4.985 cm2/cm2) than the the cultivar
DKC 5741 (3.850 cm2/cm2). The LAI gradually increased with increasing plant density for both the
cultuvars. The plant density of 11 plants/m2 produced the highest average LAI (4.878 cm2/cm2)

Mean
39.2
38.9

16.2
15.3
15.8

17.1 a
15.5 b

31.5
25.5
28.5

31.9 a
24.9 b

171.9
105.9
138.9 b

189.7 a
124.2 b

497.4
331.8
414.6 b

608.1 a
403.3 b

which was statistically identical with the plant density of 10 plants/m2. On the other hand, the lowest
LAI (3.955 cm2/cm2) was recorded at the plant density of 8 plants/m2 that was staitistically similar
(4.187cm2/cm2) with the plant density of 9 plants/m2
(Table 4). Valadabadi and Farahani [25] concluded
that leaf area is influenced by genotype, plant population, climate and soil fertility. The increase in plant
density improved plant morphological traits and
thereby increased maize yield [26]. Previous studies
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grain mass was influenced by the change in plant
spacing [14]. The Low rate of grain weight in high
rate of plant density could be due to availability of
less photosynthates for grain development on account of high inter-specific competition which resulted in low rate of photosynthesis and high rate of
respiration [31, 20]. This characteristic is greatly influenced by environmental factors, and resulted a reduction in growth and productivity [32, 33, 34].

8)15 ?1-3, 2/,) The data on grain yield
indicated that grain yield was significantly affected
by plant population densities and hybrid cultivars
(Table 5). The grain yield was influenced by plant
densities, and the highest yield (597.2 kg/da) were
obtained from the plant densities of 8 plants/m2, followed by 9 plants/m2 treatment (568.5 kg/da), However, the lowest GY was recorded with ple plant density of 11 plants/m2 which was statistically similar to
10 plants/m2 (Table 5). The performance of the cultivar DKC 5741 (608.1 kg/da) considering grain
yield was superior to the cultivar P31 P 41 (403.3
kg/da). Sharratt & McWillians [35] observed that the
corn yield increased with decrease in plant spacing.
Silva et al. [36] achieved an increase of 11% grain
yield with an increase of plant density from 78 to 100
thousand plants ha-1. Abuzar et al. [20] revealed taht
the highest grain yield was achieved with the highest
plant population of 80000 plants ha-1 which possibly
due to higher number of ears (plant-1) and number of
grain rows (ear-1) in that treatment. A reduction in
the spacing between plant rows (0.90 to 0.45 m) and
an increase in population density (from 60,000 to
90,000 plants ha-1) resulted in higher yield for the
hybrid 30K75, without changing their agronomic attributes [37, 14]. Yield differences across planting
density have also been reported by Seyed Sharifi et
al. [38] and Zhang et al. [39].

revealed the relationship between LAI and plant density to be generally positive as density increases until
optimum, but at the expense of LAI per plant, which
decreases as plant density increases [27]. It was reported taht higher maize density increased leaf area
index than lower density during maize growth [28].

#! <)3;-9 The effect of plant densitities
and cultivars on the SPAD value was significant (Table 4). The comparison of the mean values of the
SPAD for plant density showed that the closer plant
density of 8 plans/m2 treatment had the highest
SPAD value, wheareas the wider plant spacing of 11
plants/m2 treatment had the lowest SPAD value.
However, the comparison of the mean values of the
SPAD values for hybrid cultivar treatments did mot
show any significant differences between them regarding the SPAD values. The increase of panting
density accelerated leaf senescence [29], increased
the shading of leaves [30], and caused a reduction in
net assimilation of individual plants.
)8 ,1)4-:-8 44 The ear diameter decreased with increases in plant density, and the thickest ears (39.8 mm) were produced at low plant density (8 plants/m2) treatment that was statistically
identical with 9 plants/m2 density treatment, while
the narrower ears (38.2 mm) was recorded at wider
plant spacing (9 plants/m2). The comparison of the
mean values of the ear diameter for hybrid cultivars
did not show any statistical differences (Table 5).
Konuskan and Gozubenli [24] revealed that plant
densities influenced the ear diameter and the thinner
of ears were produced at high densities. Contrary,
plant populations did not influence considerably on
the cob diameter as reported by Lima et al. [22].

-)83-5/:0+4The comparison of the mean
values of the ear length among four levels of plant
densities, no statistical differences were recorded in
this study. However, the ear length of the cultivars
varied significantly, and the levated ear length
(17.1cm) was obtained in the DKC 5741 hybrid cultivar and the lower ear length (15.5 cm) was recoded
in P31 P 41 cultivar (Table 5). Lima et al. [22] found
did not observe any differences for cob length, when
studying with three plant populations. The cob
length did not differe between the different spacing
and plant populations [14].

)8<-9:5,->Harvest index was not significantly influenced by different plant densities (Table
5). The mean values of the HI for hybrids showed
that the cultivar DKC 5741 hybrid had the significantly higher HI (31.9%) than the HI (24.9%) of the
hybrid cultivar P31 P 41. It is reported that the biomass yield decreases progressively as the number of
plants increases in a given area because the production of the individual plant reduces [40]. The harvest
index declines when plant density increases above
the critical plant density in maize [31].

8)15 =-1/0: / The findings regarding
1000-grain weight are showed in table (Table 5). The
result indicated that grain weight was significantly
influenced by variance plant densities and cultivars.
Moreover, the cultivar DKC 5741 showed that the
higher grain weight than the cultivar P31 P 42. The
GW gradually decreased with increasing plant densities (Table 5). The differences were significant for
plant densities and 8 cm and 9 cm plant density treatments had the optimum grain weight. The thousand

 %# 

The present study indicated that adequate plant
densities per unit area significantly influenced the
most of yield contributing traits which finally produced a good yield of maize hybrids. The performance of the cultivar DKC 5741 was better than the
cultivar P31 P41 considering yield traits and yield. It
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can be concluded that the hybrid maize cultivar DKC
5741 can be grown with maintaining plant density of
8-9 plant/m2 for achieving maximum grain yield in
Turkey.
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tabolized to aflatoxin M1 (AFM1) in the liver, and
can be found in milk after 12-24 hours of the consumption of contaminated feed [6]. Although carcinogenic potential of AFM1 is about ten times
lesser than AFB1, AFM1 has been classified as
group 2B, a possible human carcinogen [7].
The previous studies have shown that milk and
milk products such as yoghurt, cheese, butter,
cream, milk powder and breast milk are often contaminated with AFM1. [1, 3, 8-10].
According to the European Commission Regulation and Turkish Food Codex, the maximum
AFM1 level is  ȝJNJ IRU UDZ PLON KHDWtreated milk and milk for the manufacture of milkbased products [11, 12].
Aflatoxin production is strongly associated
with environmental conditions, especially high
temperature and water stress as well as cropping
system, harvesting time and storage condition [1].
Almost a quarter of the crops harvested in the world
are contaminated with mycotoxins every year [13].
Therefore, monitoring of aflatoxins is important in
order to take necessary preventive measures.
The aim of this study was to investigate the
presence and level of AFM1 in homemade yoghurt
marketed in ùDQOÕXUIDDQG0DUGLQSURYLQFHVORFDWHG
in Southeastern region of Turkey.

ABSTRACT
This study was performed to determine the
presence and levels of aflatoxin M1 (AFM1) in
yoghurt produced by traditional methods in small
scale enterprises in Mardin DQGùDQOÕXUIDSURYLQFHV
located in Southeastern Turkey and to evaluate the
yoghurt in terms of food safety. A total of 90 yoghurt samples, 42 from Mardin and 48 from
ùDQOÕXrfa were collected from small-scale retailers
and tested for AFM1 by enzyme-linked immunosorbent assay (ELISA). AFM 1 was detected in 34
(37.8 %) of 90 yoghurt samples at the levels ranging from 10 to 515 ng/kg. Five (11.9 %) samples
(ranging from 10 to 515 ng/kg) from Mardin and 29
(60.4 %) samples (ranging from 10 to 101 ng/kg)
IURPùDnlÕXUIDZHUHIRXQGWREHFRQWDPLQDWHGZLWK
AFM1. There was a statistically significant difference between the samples collected Mardin and
ùDQOÕXrfa concerning the presence frequency of
AFM1 (p=0.000). The AFM1 levels of 16 (17.8 %)
positive yoghurt samples were higher than the legal
limits. The results of this study have revealed that
the traditionally produced homemade yoghurt is
contaminated with AFM1 and poses health risk for
consumers.
KEYWORDS:
Aflatoxin M1, ELISA, milk product, traditional yoghurt,
Turkey

MATERIALS AND METHODS
Sample collection. In this study, a total of 90
yoghurt samples traditionally produced from cow
milk were analyzed. The 42 of the samples from
Mardin and 48 VDPSOHV IURP ùDQOÕXUID SURYLQFHV
were purchased from different small retailers selling local products between May and July 2016. The
samples were transported to the laboratory in refrigerated containers (4 ϶C) and stored at ± 20 °C
until analysis.

INTRODUCTION
Yoghurt constitutes an important part of the
daily diet in Turkey and it is still produced with
traditional methods in small farming businesses in
rural areas besides industrial production.
Aflatoxins are naturally occurring highly toxic
secondary metabolites mainly produced by Aspergillus flavus, Aspergillus parasiticus and rarely by
Aspergillus nominus [1]. Among the main classes
of the aflatoxins (B1 B2, G1, and G2), aflatoxin B1
(AFB1) is the most important compound because of
being frequently produced mycotoxin [2, 3] and has
toxic, carcinogenic, mutagenic and teratogenic
effects [4]. Animals are exposed to AFB 1 by consumption of contaminated feeds [5]. AFB 1 is me-

Sample preparation. Yoghurt samples were
heated at 80 °C for 3 minutes in a water bath for
pasteurization [14]. Then 10 grams of the sample
that was cooled to room temperature was diluted
1:10 by adding 100 ml of PBS-buffer (pH 7.2). The
diluted samples were homogenized for 3 minutes
with a Stomacher Lab-Blender and 100 ml of ho-
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mogenized samples were used for the ELISA test.

RESULTS

Analysis of the samples. The detection of
AFM1 in the samples was performed by a commercially available competitive ELISA (R-Biopharm
GmbH, Germany (RIDASCREEN, Art No.: R1121)
kit with 5 ng/kg detection limit. The AFM1 standard
solutions (0, 5, 10, 20, 40 and 80 ng/kg) supplied by
the kit were used in the assay.
The ELISA procedure was briefly as follows:
A 100 μl of diluted antibody solution was added at
the bottom of the each well and mixed gently by
shaking manually and then the liquid was poured
out and the well was manually washed twice with
250 μl of washing buffer following incubation at
room temperature (20-25 RC) for 15 minutes. Then
100 μl from each standard solutions and 100 μl
from each diluted sample solutions were poured
into wells in duplicate and manually mixed gently
and incubated 30 minutes at room temperature in
the dark. Then wells were manually washed twice
with washing buffer as described above. In the next
step, a 100 μl of diluted enzyme conjugate was
added into each well and mixed gently. After 15
minutes incubation at room temperature in the dark,
washing process was repeated. The 100 μl of substrate/chromogen was added into each well and the
reaction was stopped with the stop solution after 15
minutes incubation at the same conditions mentioned above. The plate was read within 15 minutes
after addition of stop solution. The optical density
was measured at 450 nm by an ELISA plate reader
(Perkin Elmer Victor 3-1420 Microplate Reader).

In this study, AFM1 was detected in 34 (37.8
%) of 90 yoghurt samples at the levels ranging from
10 to 515 ng/kg. Fifty-six samples (62.2 %) did not
reveal the presence of AFM1. Five (11.9 %) of the
42 samples taken from Mardin and 29 (60.4 %) of
WKHVDPSOHVWDNHQIURPùDQOÕXUIDZHUHIRXQGWR
be contaminated with AFM1 at the levels ranging
between 10-515 and 10-101 ng/kg respectively.
The AFM1 level of 16 (17.8%) yoghurt samples was above the legal permissible limit. The
number of the samples had AFM1 positive results
higher than 50 ng/kg was 4 (9.5 %) and 12 (25 %)
LQ0DUGLQDQGùDQOÕXUIDUHVSHFWLYHO\ 7DEOH1).
The presence frequency of AFM1 in the samSOHV FROOHFWHG IURP ùDQOÕXUID ZDV VLJQLILFDQWO\
higher than Mardin (p=0.000). There was no signifLFDQW GLIIHUHQFH EHWZHHQ 0DUGLQ DQG ùDQOÕXUID
concerning the presence level of the AFM 1
(p=0.089) and AFM1 level of the positive samples
containing AFM1 above 50 ng/kg (p=0.855) (Table
1).

DISCUSSION
The presence of AFM1 in milk and subsequently milk-based products pose an important
public health problem. The results of this study
showed that 37.8 % of yoghurt samples were contaminated with AFM1 on the ranges between 10515 ng/kg. Studies in different parts of Turkey
revealed variable results; the frequency of AFM1 in
yoghurt samples ranges from 3.3 to 100 % (Table
2). The 11.9 % AFM1 positive result detected in
Mardin was highly lower than the results ranged
from 44.4 to 100 % in the previous studies [14-19].
On the other hand, the result was higher than the
UHVXOWVRIùDKLQHWDO>@,QRXUVWXG\ % of
the AFM1 positive results detected in samples taken
frRP ùDQOÕXUID ZHUH KLJKHU WKDQ WKH ILQGLQJV RI
.RFDVDUÕHWDO>@DQGùDKLQHWDO>@ However
RXU UHVXOW ZDV VLPLODU WR WKH UHVXOWV RI (UWDú HW DO
[15] and was lower than those reported by some
other researchers in Turkey [14, 16, 18, 19, 21]
(Table 2).

Evaluation of data. The mean value of the
absorbances for the standards and the samples was
evaluated with the Rida- Soft Win program (Ridavin.exe) prepared by R-Biopharm AG. The recoveries of AFM1 from the samples spiked at levels of 5,
10, 20, 40 and 80 ng/kg were 104 %, 93 %, 95 %,
102 % and 98 % respectively. The mean recovery
rate was 98.4 %.
Statistical analysis. Descriptive statistical
analysis was carried out with SPSS ver. 21.0. Sign
Test, Chi-Square Test and Mann-Whitney U Test
were used to determine the differences between
ùDQOÕXUIDDQG0DUGLQFRQFHUQLQJSUHVHQFHDQGOHYHO
of AFM1 in yoghurt samples. Value of p <0.05 was
considered statistically significant.

All samples
Mardin
ùDQOÕXUID

TABLE 1
Presence of AFM1 LQ\RJKXUWLQ0DUGLQDQGùDQOÕXUIDSURYLQFHV7XUNH\
Samples with AFM1
Total
Positive
AFM1 (ng/kg)
Mean±sd (min-max)
n
n (%)
!50 ng/kg, n(%)
90
34 (37.8)
65,7 ± 87.8 (10-515)
16 (17.8)
42
5ab (11.9)
174.6 ± 203.4 (10-515)
4c (9.5)
ab
47 ± 26.2 (10-101)
12c (25)
48
29 (60.4)

P values: ap 0.000, bp =0.089, and c p =0.855
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TABLE 2
Compilation of data concerning AFM 1 in yoghurt in Turkey
Location
Ankara
Kayseri
Erzurum
Burdur
ùDQOÕXUID
Kayseri
Ankara
Çorum
ùDQOÕXUIDMardin

Total
n
40
50
80
45
50
100
19
60
90

Positive
n (%)
32 (80)
28 (56)
70 (87.5)
20 (44.4)
50 (100)
100 (100)
17 (89.5)
2 (3.3)
34 (37.8)

Min-max
(ng/kg)
61.6-365.6
2.5-78
10-475
50-360
40.6-72
2.7-79.3
7.3-107.2
23-28
10-515

Samples with AFM1
!50 ng/kg, n (%)
32(100)
7(14)
16 (20)
20 (44.4)
10 (20)
7 (7)
5 (29.4)
0 (0.0)
16 (17.8)
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levels in the investigated yogurt samples may be
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AFM1 in milk and dairy products. Products that are
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WKH \RJKXUWV VROG LQ ùDQOÕXUID PD\ EH SURGXFHG LQ
the small scale enterprises from the mixed milk
obtained from different farms. The less frequent
AFM1 positive result obtained the samples taken
from Mardin may be due to the fact that the farmers
in this province are more effective in taking
measures against contamination of feeds with aflatoxin.
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were above the permissible level of 50 ng/kg (Table
1). Therefore, the detection of higher level of AFM1
than the allowed limit in the investigated yoghurt
samples in both provinces have shown that traditionally produced homemade yoghurt poses a risk
for public health. The difference between Mardin
DQG ùDQOÕXUID FRQFHUQLQJ WKH IUHTXHQF\ RI WKH
AFM1 positive samples containing AFM1 above 50
ng/kg (p >0.05) was not significant. In the studies
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the copper pollution problem [5, 6]. The most commonly used methods for copper pollution treatment
in soil include immobilization, soil washing, and
phytoremediation. The soil washing is not suitable
for large-scale site because of its high cost while
phytoremediation is always affected by local climate
and other factors that can influence plant growth [7].
Thus, immobilization has been proved to be a promising treatment for heavy metal pollution [8, 9].
Solidification/stabilization (S/S) technology
for immobilization of hazardous wastes have been
used for many years [10, 11, 12]. Presently, this technology is widely applied for the immobilization of
pollutants in contaminated soils [13, 14]. Cement is
a kind of inorganic cementitious materials that can
induce hydration reaction when adding water. Hydration product can also fix the waste and then produce a hydration reaction to form a hard cement
block [15]. Cement-based S/S has been used widely
in inorganic solid wastes treatment that contain
heavy metals such as As, Cd, Cr, Cu, NI, Pb and Zn.
For instance, Cu can be effectively immobilized using cement-based materials [16, 17, 18].
It’s of great importance to detect the pollution
degree and the S/S effect of copper-contaminated
soil. A traditional detection method that combines
chemical sampling with laboratory analysis is not
suitable for pollution detection because of its long
period and weak practicality. The electrical resistivity is a basic parameter of the soil, which is defined
in the formula  ,where is the electrical resistivity,  is the length of the material, is the area,
and is the resistance. Initially, electrical resistivity
method was used to study the microstructure of saturated sandstones. and an electrical resistivity structure model of cohesionless saturated sand and rocks
called Archie formula was proposed by Archie [19].
The electrical resistivity method can also provide an effective method for pollution control in environmental engineering. Many studies applied this
method in groundwater pollution and original waste
disposal research, contaminated soil analysis, and
landfill leachate contamination sandy soil studies
[20, 21, 22, 23]. The value of soil electrical resistivity depends on soil properties such as porosity, water
content, saturation degree, soil particle ingredients,

In this study, the electrical resistivity properties
of copper-contaminated sand before and after cement solidified/stabilized, the effect of curing time
on unconfined compressive strength and leaching
toxicity of cement-treated sand were investigated.
The results showed that the electrical resistivity of
copper-contaminated sand increased with the increase of porosity and decreased with the increase of
copper ion content and water content. An accurate
electrical resistivity formula of copper-contaminated
sand was also obtained. For the cement-treated copper-contaminated sand, the unconfined compressive
strength increased with the increase of curing time,
and high copper concentration could suppress the
unconfined compressive strength. The electrical resistivity increased with the increase of the curing
time and decreased with the increase of the copper
ion content. In addition, there was a positive correlation between the electrical resistivity and unconfined
compressive strength. The leaching toxicity increased with the increase of the copper ion content
and the curing time. Through this study, electrical resistivity measurement can be possibly used as a nondestructive method to evaluate the pollution situation of copper-contaminated sand before and after
cement solidification/stabilization.


,*#%&
copper-contaminated sand, electrical resistivity, stabilization, unconfined compressive strength
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In recent years, copper pollution has become a
hot topic in the field of environmental geotechnics
which is caused by abandoned mines, industrial
zones, unsanitary landfills, etc [1]. The copper pollution situation in water, air, soil, and other areas
have become more and more serious [2, 3]. Therefore, it is of great public value to take effective remediation measure for copper soil pollution caused
by copper [4]. Many researchers have studied about
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Copper-contaminated sands with different copper ion contents, water contents, and porosities were
artificially prepared in the laboratory by mixing DI
water, ISO standard sand and Cu(NO3)2•3H2O in designed ratios. The test parameters are shown in Table
1. The predetermined sands were put into a polyvinyl
chloride column in diameter of 10mm and height of
20mm by compaction test in five layers. Two circular copper electrodes were placed on the top and bottom sides of the specimen. The electrical resistance
was measured using TH2828A Digital Bridge, which
was connected with two copper electrodes of the
specimen.

    



shape and orientation, particle-size distribution, cation exchange capacity, ion composition, and ionic
strength of soil solution [24, 25]. The electrical resistivity method has been applied in different kinds
of saturated and unsaturated soil in geo-environmental engineering. The resistivity characteristics of unsaturated soils was quantitatively analyzed and the
resistivity formula by generalized Archie law that
applied in the assessment of soil electrical conductivity was founded by Shah and Sing [26]. The electrical resistivity structure model of unsaturated clay
soil based on the experimental results was established by Zha [27]. Literature shows that electrical
resistivity can be used as a timely and cost-effective
way to evaluate the physical and mechanical properties of cement-stabilized heavy metal-contaminated
soils [28, 29, 30]. It is expected that the electrical
resistivity method can be widely used for checking/controlling the quality of soil–cement in practice [31].
The aim of this paper is to evaluate the related
properties of copper-contaminated sand before and
after S/S using the electrical resistivity method. Specially, the paper addresses two aspects: 1) the electrical resistivity of copper-contaminated sand under
different current frequency, water content, copper
content and porosities; 2) the unconfined compressive strength (UCS) and electrical resistivity of cement-treated copper-contaminated sand.

100
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60
50
40
30
20
10
0
100

10
1
0.1
Particular size (mm)

(% 
$.>@6082?6F216?@>6/A@6;:;3?@.:1.>1?.:1
Cement and standard sand were mixed in the
mixer evenly to produce cement sand. Copper nitrate
solution with designed concentration was poured
into the cement sand and was sufficiently mixed; The
mixtures were then compacted into standard steel
molds with the dimensions 70.7×70.7×70.7 mm. The
test parameters are shown in Table 2. After standing
without disturbance in the molds for 2 days, the specimens were carefully removed from the mold and
cured under a constant temperature of 20°C and relative humidity of 95%. At the curing time of 3, 7, 14,
28, and 60 days, the electrical resistance and UCS of
the specimens were tested.
The electrical resistance was measured by
TH2828A Digital Bridge and then was converted
into electrical resistivity by following equation:
                                 (1)

!'% &"!'#& 
International Organization for Standardization
(ISO) standard sand was used in this study. Figure 1
shows the particle-size distribution of sand which
was
classified
as
medium-sized
soil.
Cu(NO3)2•3H2O with analytic grade was used to
form contaminants. The reagent was bought from
Taiyuan Jiejin Chemicals Company Limited in
China. The copper-contaminated sand with representative ratios were selected to be stabilized. Ordinary Portland cement with strength grade of 42.5
was used as the S/S blinder.


'  
'2?@<.>.92@2>?;30;<<2>0;:@.96:.@21?.:1
Parameters
Porosity (%)
Water content (%)
Current frequency (Hz)
Copper content (mg/kg)

Values
33; 36; 39; 41
3; 6; 9; 12
50; 102; 5×102; 103; 5×103; 104; 5×104; 105; 5×105; 106
0; 10; 25; 50; 100; 250; 500; 1000; 2500; 5000


'  
'2?@<.>.92@2>?;30292:@@>2.@210;<<2>0;:@.96:.@21?.:1
Parameters
Dry soil: cement: water (mass ratio)
Copper ion content (mg/kg)
Current frequency (Hz)
Curing age (d)

0.01

Values
1:0.15:0.173
0; 50; 100; 250; 500; 1000; 2500
50; 102; 5×102; 103; 5×103; 104; 5×104; 105; 5×105; 106
3;7;14;28;60
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where is the electrical resistance of the specimen,  is the area of the electrode piece,  is the
distance between the two electrode pieces,  is the
electrical resistivity of the sand.
The cement-treated sand samples were crushed
and the specimen particles were sieved through a 9.5
mm diameter mesh. The leaching toxicity test was
conducted according to a standard solid waste-extraction procedure while the copper content analyzed
by Shanghai Jingke instrument 361MC atomic absorption spectrophotometer [32].

in electrical resistivity. When the copper ion content
was higher than 250mg/kg, the influence of the copper ion content caused on the electrical resistivity of
copper-contaminated sand would be obviously
smaller, and the trend gradually tended to be stabilized. This is because the conductivity of coppercontaminated sand is mainly determined by the conductivity of the pore solution. As the water content
remains constant, the number of charged ions in the
pore solution is the main factor that can determine
the conductivity of the pore solution. The increase of
copper ion content can lead to an increase of charged
ions in the pore solution that can improve the conductivity of copper-contaminated sand and reduce
the electrical resistivity. When the copper ion content
reaches a certain value and the number of charged
ions reach a saturation state, the influence of the copper ion content caused on the electrical resistivity is
reduced and the electrical resistivity gradually become stable [24, 34].
The relationships between the electrical
resistivity and the copper ion content can be fitted as
follows:

26
Before Curing
After Curing

25


24
23
22
21
0.0

2.0x105 4.0x105 6.0x105 8.0x105 1.0x106

 

 

ρ = 1 (1 + )

(% 
'52>28.@6;:?56</2@C22:@522820@>60.8>2?6?@6B6@E
.:10A>>2:@3>2=A2:0E


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

%28.@6;:?56<? /2@C22: 2820@>60.8 >2?6?@6B6@E
.:1 0A>>2:@ 3>2=A2:0E In comparison with direct
current (DC), the alternating current (AC) test can
avoid the undesirable influences caused by dynamic
phenomenon and electrochemical phenomena in the
DC test. The current frequency is an important factor
for electrical resistivity. As shown in Figure. 2, the
electrical resistivity decreased with the increase of
current frequency in both copper-contaminated sand
and solidified copper-contaminated sand. 50kHz was
a turning point of the changing trend. When the current frequency was less than 50kHz, the electrical resistivity decreased quickly. In current frequency
higher than 50kHz, the electrical resistivity decreased slowly and tended to be stable. This was similar to the change situation of water and saturated
sand with current frequency [33]. Thus 50kHz was
chosen as the current frequency of electrical resistivity in this research.

820@>60.8 >2?6?@6B6@E 05.>.0@2>6?@60? ;3 0;<
<2>0;:@.96:.@21?.:1The relationships between
the electrical resistivity and the copper ion content
under different water contents and porosities are
shown in Figure 3. It can be seen that the electrical
resistivity decreased with the increase of copper ion
content. When the copper ion content was less than
250mg/kg, the electrical resistivity was very sensitive to the copper ion content. That is, a small change
in copper ion content could lead to dramatic change

1

(2)
where  is electrical resistivity of coppercontaminated sand (Ω•m);  is copper ion content
(mg/kg); 1 and 1 are the fitting parameters.
Table 3 shows the fitting parameters of
relationships between copper ion content and the
electrical resistivity. Since 1 is very close, the
average value of 1 (-0.35) was chosen in this
equation. Equation (2) can be expressed as follows:
(3)
ρ = 1 (1 + )-0.35
The relationships between the electrical
resistivity and the water content under different
copper contents and different porosities are shown in
Figures 4(a) and 4(b). It can be seen that electrical
resistivity decreased with the increase of the water
content. Once the water content was less than 6%,
the sand was in a dry state and the electrical
resistivity value had highest value. A little change of
the water content can greatly influence the electrical
resistivity. When the water content was higher than
9%, the electrical resistivity decreased slightly with
the increase of water content. This is because the
sand particles in copper-contaminated sand are of
great impedance and the main conductive medium is
the pore solution [35, 36]. In lower water content,
there were little adsorbed solution in the sand surface,
which could not form enough current paths. This
resulted in the weak conductivity of coppercontaminated sand. With the water content
increasing from 3% to 6%, the current paths
established by the solutions gradually increases.
Similarly, the conductivity also increased by
reducing electrical resistivity. As the water content
value exceeds 6%, most current paths were
established and the influence of the water content on
the electrical resistivity was less. As found by Zha,

2809

$# 

! %      



  !"  ! 


The relationships between the electrical resistivity and porosity under different copper contents
and different water contents are shown in Figures
5(a) and 5(b). It can be seen that the electrical resistivity increases with the increase of the porosity. The
electrical resistance of sand particles is so large that
its conductivity can be overlooked. The conductivity
of copper-contaminated sand is mainly realized by
the pore solution. The greater the porosity is, the
looser the sand is and the less touch areas there are
between the sand particles. As a result, the current
paths formed by the pore solution become lesser.
Then, the conductivity of the copper-contaminated
sand decreases and the electrical resistivity increases
[29].

increasing of water content changed magnitude of
electrical resistivity in small values [27].
The relationships between the electrical
resistivity and the water content can be fitted as
follows:

ρ = 2 (1 + )

2

(4)
where,  is electrical resistivity of coppercontaminated sand (Ω • m);  is water content (%);
2 and 2 are the fitting parameters.
The relation between the water content and the
electrical resistivity is shown in Table 4. Since all 2
are very close, the average value of 2 (-1.15) is
chosen in this equation. Thus, Equation (4) can be
expressed as follows:

ρ = 2 (1 + ) −1.15

(5)
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'  
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/ mg/kg
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/ mg/kg
/ %
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3
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ρ = 108.33(1 + ) −0.35 (1 + ) −1.15 (1 + )1.35

The relationship between the electrical
resistivity and the porosity can be fitted as follows:

(8)
In order to verify the accuracy of the electrical
resistivity calculation, the electrical resistivity
values of copper-contaminated sand with other
copper ion contents, water contents, and porosities
were tested and compared with the calculated values
obtained by this formula. As shown in Figure 6,
corresponding points between measured values and
calculated values were in the vicinity of a straight
line of 1:1, and all points are between the + 10%
error line and the -10% error line. When the copper
ion content is low, a few points were distributed near
the ± 10% error line. By increasing copper ion
content, most of the points were in the vicinity of a
straight line of 1:1. It was indicate that the electrical
resistivity calculation formula was close to the actual
situation. Therefore, the electrical resistivity
calculation formula can be applied in the detection
of an actual copper ion pollution site.

(6)
where  is electrical resistivity of coppercontaminated sand (Ω • m),  is porosity (%), 3 and
3 are the fitting parameters
The parameters are shown in Table 5. Since all
3 are very close, the average value of 3 (1.35) is
chosen in this equation. Equation (6) can be
expressed as follows:
(7)
ρ = 3 (1 + )1.35
In this study, all the parameters (copper ion
content, water content, porosity) can affect the
electrical resistivity of copper-contaminated sand
and the calculation formulas between the electrical
resistivity and single variable were obtained. Based
on the above three mentioned calculation equations,
a calculation formula of copper-contaminated sand
can be obtained in which copper ion content,
porosity and water content are considered, this
equation can be developed as follows:

2811

$# 

! %      



  !"  ! 


with curing time was very similar to the electrical resistivity. With the increase of curing time, the hydration reaction gradually enhanced and the UCS gradually increased. Further analysis showed that in copper ion content of less than 1000mg/kg, the strength
increased rapidly with the increase of curing time.
When the copper ion content was more than
1000mg/kg, the strength increases rapidly at first (T
≤14d), and then increases (T>14d) slowly with the
increase of curing time. This showed the hydration
of cement throughout the total curing process of cement-based materials, and that the cement hydration
process can be influenced by the copper pollutants
[40].
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Figure 9 shows the relationships between UCS
and copper ion content. It can be seen that copper
ions at a certain concentration enhanced the UCS of
cement-treated sand. The maximum strength value
can be obtained when the copper ion content was 100
mg/kg. The reason may be that a certain concentration copper can significantly promote the hydration
reaction and the formation of ettringite. However, at
high concentrations, hydration is considerably suppressed to some extent and UCS tends to reduce [37,
41]. Therefore, the curing effect was the best when
the copper-contaminated sand of a copper ion concentration was solidified by cement in a practical application.
Figure 10 shows that the electrical resistivity
decreases with the increase of copper content. This
phenomenon can be attributed to the influence of
copper concentration on hydration development. As
discussed in the previous section, the generation of
hydration products can be suppressed with the
copper content growing, which consequently causes
the downward tendency of electrical resistivity [30].
With the development of cement hydration,
both UCS and electrical resistivity increased as analyzed in the previous section. The curing time and
the copper content are two important factors that can
influence the cement hydration. The use of electrical
resistivity to represent the UCS of copper-contaminated sand can offer a monitoring means for the field
of engineering.

820@>60.8 >2?6?@6B6@E .:1 (& 05.>.0@2>6?
@60?;30292:@@>2.@210;<<2>0;:@.96:.@21?.:1
Figure 7 shows that the electrical resistivity of cement-treated copper-contaminated sand increased
with the increase of curing time. These results are
similar to the case of cement-treated non-contaminated sand as reported by other researchers [37, 38].
This phenomenon is attributable to the development
of hydration reaction in the cement-sand system. As
the curing time increasing, more hydration products
such as crystalline calcium hydroxides and precipitated copper compounds were generated. These
products filled the pore spaces of sand, resulting in a
denser structure and generating a more tortuous
pathways for electric current. On the other hand, the
free copper ions are gradually fixed by chemical fixation, adsorption and physical inclusion, which can
also reduce the conductivity and increase the electrical resistivity. Consequently, all of these above actions lead to the same result: The electrical resistivity
of the cement-treated copper-contaminated sand increased with the increase of curing time [39].
Figure 8 shows that the UCS of cement-treated
copper-contaminated sand increased with the increase of curing time. The change tendency of UCS
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60 toxic leaching. This indicates that the curing
effected the cement on the copper-contaminated
sand may deteriorate when the curing age was
relatively long. The relationship between the
leaching toxicity and the copper ion content can be
fitted with a good fitting degree as shown in Table 6.
This fitting formula can be used to predict the
leaching toxicity of the cement-treated coppercontaminated sand and the stability of S/S situation
in a copper-contaminated site.
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Based on the results, the following conclusions
can be drawn.
1) The electrical resistivity of copper-contaminated sand before and after stabilization decreases
with the increase of current frequency, and 50KHz is
a turning point.
2) The electrical resistivity of copper-contaminated sand decreases with the increase of copper ion
content and water content, but increases with the increase of porosity.
3) The electrical resistivity calculation formula
was related to the copper ion content, water content
and porosity was established and verified accurately.
4) When the copper-contaminated sand was
stabilized by cement, the electrical resistivity and
UCS increased with the increase of curing time. A
high copper concentration can suppress the cement
hydration, and influence the electrical resistivity and
UCS.
5) The leaching toxicity increased with the increase of the copper ion content.
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0;:@.96:.@21 ?.:1 Figure 11 shows the relationship between the leaching toxicity and the copper ion
content of cement sand with 28 and 60 days of curing
time. It can be seen that in higher copper ion content,
the leaching toxicity was higher. Furthermore, the
leaching toxicity was very small and increases
slowly in ion content less than 1000 mg/kg. When
the copper ion content was more than 1000 mg/kg,
the leaching toxicity increased rapidly.
With increase of curing age, the leaching
toxicity increased by comparison of day 28 and day
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tion, and domestic use. Especially in semi-arid and
arid regions groundwater resources are widely utilized and the acute increased water demand have
caused important decrease of phreatic surface and
well yields. A number of dramatic environmental
disasters occur due to the decrease of groundwater
level such as disappear of lakes, endemic species,
landslide triggering etc. Apart from these, the natural disaster risks by uncontrolled urbanization such
as flood is an invisible negative effect of the acute
population increase especially in arid regions. To
achieve these problems, a multipurpose engineering
approach which consist of a water retaining structure (aquifer recharge dam) in Bahla city is applied
in order to recharge the Bahla aquifer and protect
the city from flood disaster.
Aquifer recharging is an engineering work
which should be well planned and requires a detailed knowledge of hydrogeology. Artificial recharge systems and aquifer recharging are studied
by many researchers [2 - 7]. Various techniques of
aquifer recharging such as bank filtration, dune
filtration, percolation tank, rainwater harvesting and
underground dam have been noted by many researchers [8]. The main advantages of the aquifer
recharge are the economic yield and safety potable
water supply.
One of the water accumulation technique is
the construction of dam. Dams are studied by many
researchers in terms of geotechnics and hydrogeology from different perspectives such as grout curtain optimization, natural structural materials, landsliding, liquefaction etc. [9 - 25]. In fact, dams as
water retaining structures are mainly used techniques for water storage all around the world such
as Atatürk Dam (Turkey), Keban Dam (Turkey), Al
Wehdah Dam (Jordan), Douera Dam (Algeria),
Berke Dam (Turkey) etc. However, the environmental impacts of these dams negatively affect the
local communities in terms of social, economic and
civil life. Finding also a suitable dam axis location
consists of complex engineering processes. Apart
from these, the cost of feasibility, planning and
application stages of a dam is too much. In addition,
for arid and semi-arid regions such as Oman, long
term water accumulation in dams is not efficient
and productive due to the evaporation losses and

Under favour of advancing pumping technologies, groundwater is utilized all around the world
for many purposes such as agriculture, potable
water supply, industry etc. Due to the benighted use
of groundwater, irreparable damages are occurred
in phreatic surfaces. To recover the decreased
groundwater level water retaining structures are
widely used for aquifer recharge. In this study,
feasibility stage design of groundwater recharge
Wadi Keed dam (Bahla, Sultanate of Oman) was
assessed considering hydrogeological conditions
and geotechnical parameters of dam location and
proximity. Within this context, field, office, and
laboratory works had been conducted. Field works
consist of a drilling program, excavation of trial pits
and in-situ tests such as falling head permeability
tests and Lugeon tests. The laboratory works had
been performed on the core samples handled from
the drill-holes and the soil samples obtained from
trial pits. In context of office studies, the results
obtained from field and laboratory works had been
evaluated and the recharge dam was designed based
on the geotechnical properties and hydrogeological
conditions of dam location. In this regard, Wadi
Keed dam is optimized for a groundwater recharge
purpose based on the geotechnical and hydrogeological data. It is predicted to percolate 400 000 m3
water per year for recharging the Bahla aquifer and
this percolation will uplift 8 m the phreatic surface
around Bahla City.
)( #$
Aquifer recharging, Geotechnical characterization, Environmental Justice, Infiltration characteristics, Bahla
Aquifer, Wadi Keed Dam
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Rapid increase in population due to the unforeseeable refugee influx in a very short period of
time caused a notable demand on water in Middle
East [1]. This situation reveal the importance of
effective use water resources for agricultural irriga-
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precipitation regime. The risk of terrorist attacks
(such as attack on the dam embankment which can
lead a sudden discharge or mixing a hazardous
substance to the dam reservoir) is also a weak point
of dams.
The objective of this study is to project an aquifer recharge dam for arising the groundwater level
and increase the well yields of Bahla Aquifer which
is over-exploited. In this region, rainfall cause
flooding generally due to the unstable precipitation
regime. The root engineering idea behind the projection of Wadi Keed dam which is planned to be
located in the upstream of Bahla city is to impound
the surface runoff and reducing the flow rate. With
this reduction of flow rate it is planned to be protected from flood disaster and to infiltrate the retarded surface water. In infiltration excess runoff
phenomenon the flow rate and the percolation
amount are inversely proportional. For this reason,
reduced flow rate in Wadi Keed Valley will lead to
recharge Bahla aquifer and arise the groundwater
level around Bahla City.
Within the context of this study, office prestudies, field pre-studies, field studies and drilling
program, laboratory studies, and detailed office
works have been conducted. A suitable dam axis
was found with the use of aerial photographs and
1/25 000 scaled topographical map with office prestudies. Within the field pre-studies detailed geology of the study area and the borehole locations to be
drilled are determined. Based on these works a
drilling program is followed and the in-situ tests
have been conducted within field studies. The laboratory works have been performed on the core
samples handled from the drill-holes. Ultimately,
the feasibility stage design of the Wadi Keed Dam
for aquifer recharging was assessed in terms of


geotechnical characterization and hydrogeological
conditions of the studied site.
#
#%#$%$ $%&)#
Project area is located in Bahla City, North
Sultanate of Oman. The Wadi Keed dam which is
planned to be constructed for aquifer recharging
and flood protection purposes is projected to construct on Keed River, Wilayat Bahla, Al-Dakhiliyah
Governorate. The dam axis is planned to be located
at 4.5 km northwest of Bahla Settlement. Transport
to the study area is provided by asphalt road for
four seasons (Figures 1 and 2).
The terrain is characterized by the Batinah
coastal plains between the gulf of Oman on the east
and the piedmonts with increasing relief towards
the west. The N – S trending Oman Mountain range
lie further west of the piedmonts. The highest elevation is 1100 m in the western mountains. The main
drainage flows from West to East and feed the aquifers in Batinah coastal plains. The groundwater
level surveys conducted in the boreholes drilled in
the study area show that the phreatic surface varies
between 12 – 15m depth from the soil surface in the
study area. This finding indicates that the effect of
rainfall on the groundwater level fluctuations is not
prepotent because of the high flow rate of surface
runoff and infiltration characteristics of the existing
soil. Limited agricultural lands exist in gentle
slopes which are irrigated by groundwater while
extensive desert and sand dunes cover the highest
and steepest elevations.
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of the present day Oman Mountains which superposed on the earlier Eoalpine Mountains. The Alpine Oman Mountain belt, extending along the
north eastern edge of the Arabian platform for over
700 Km, from the Musandam peninsula in the north
to the Batain coast in the south east, was uplifted by
the end of Miocene.
In the Wadi Keed Dam axis location Paleozoic, Mesozoic and Cenozoic aged geological units
are dominantly observed. Permian aged Tectonized
Harzburgites (Hz) are founded in base of stratigraphic array. Tectonized Harzburgites is covered
discordantly by Late Cretaceous aged Ophiolites
(Pd) and Upper Cretaceous aged Conglomerates
(Cg). Finally, Quaternary aged Alluvium deposits
(Qal) cover all these units discordantly (Figure 3).
In the study area Quaternary is represented by
the Alluvium Deposits (Qal) and Clay Deposits.
The Alluvium Deposits are made of quaternary
gravels (pebbles & cobbles) present in the active
streams throughout the Dam area. The origin of
fluvial sediments are peridotite and limestone gravels and sand of different sizes ranging between 1-40
cm. These sediments are considered to be efficient
to infiltrate the groundwater for aquifer recharging.
There are partial clay deposits observed around the
quaternary sediments which are potentially residual
soil. The Quaternary deposits represent more than
30% of the total mapped area.
Comprising the Eastern part of the proposed
Dam site (Left Bank of Wadi Keed Dam), the cemented gravels and sand forms the conglomerate
(Cg) rock unit. Mainly consisting of 30 cm size
gravels and sand size sediments. The cementing
matrix is mostly calcareous. The conglomerate is
made of limestone, dolomites, chert and shale,
derived from the Hawasinah Mountains at the
northern and eastern part of the proposed dam site.
This rock unit occupies about 25% of the total Dam
area. This sediments are considered to be efficient
for groundwater storage.

The climate can be defined as arid or semi- arid which is also known as desert climate. The
weather is generally hot and dry. The mean annual
rainfall of this climate is 70 mm/year with an unstable precipitation regime. Due to the mountainous
topography of the study area, the moisture income
from Red Sea becomes sudden and abundant precipitation on the windward sides of the mountain
and generally leeward slopes persist dry. The study
area is located trough the windward side of the
Hajar Mountain chain which cause flood hazards
due to the sudden and abundant precipitation regime.
/85813-+5 $/==371 80 $=>.B ;/+ The topography of Oman is dominated by a west -east
oriented mountain chain in the north of the country
(Figure 3). This chain is known as the Hajar Mountains, comprises elevations of up to 3000 m and
stretches from Musandam Peninsula in the north to
Ras al Hadd in the southeast. The arcuated mountain chain is bordered by huge alluvial fans to the
north and south. The Batinah coastal plain in the
North of the country is composed of gravel and
sand, eroded from the adjacent Hajar Mountains.
The mountains form a dome structure representing
basement cored anticlines. Jebel Akhdar, Jebel
Nakhl and the Saih Hatat culminations form geological windows, which allow insight down to the
pre-Mesozoic and partly pre- Paleozoic basement.
The terrain is characterized by the Batinah
coastal plains between the gulf of Oman on the east
and the piedmonts with increasing relief towards
the west. The N – S trending Oman Mountain range
lie further west of the piedmonts. The highest elevation is 1100 m in the western mountains. The main
drainage flows from West to East and feed the aquifers in Batinah coastal plains.
The Oman Mountains constitute a composite
hill range, uplifted during two major tectonic
events/ cycles. The Eoalpine cycle of late Permian
to late cretaceous age resulted in the building of
Eoalpine belt. The Alpine cycle led to the building
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The Ophiolite Terraces lie at the vicinity of the
tectonized mountain chain, the gravels are of different sizes ranging in size between 40 cm- sand size.
The origin of this unit mainly consists of
Harzburgite, dunite and other sedimentary rocks
gravel that occupy about 30% of the total study
area. This rock unit forms the Western bank of the
proposed dam (Right Bank of Wadi Keed Dam).
These sediments are also considered to be efficient
for groundwater storage.
This rock unit is the lower part of the ophiolite
sequence, and occupies vast areas at the upstream
of the Dam site. The Harzburgite is highly weathered fragile rocks, and subject to erosion by wind
and water. It forms the Western Edge of the Dam
site, it is anticipated that this rock unit extends in
the subsurface to form the bed rock under the Quaternary sediments.

pose of the dam. The Wadi Keed Dam body is extended over large area to increase the infiltration
pattern and cross 4 different geological units (Figure 3).
Because of the heterogeneity of ground conditions in Wadi Keed Dam axis in terms of bearing
capacity and hydraulic conductivity, a number of
geotechnical and hydrogeological works have been
conducted in the study area. In order to enlighten
the ground condition, a drilling program including
in-situ tests was followed. Within this context, 5
boreholes and 75 m total depth of drilling were
performed and 5 test pits for foundation investigations were excavated along the Wadi Keed Dam
axis (Figure 3).
In the drilled boreholes standard penetration
tests, falling head permeability tests and Lugeon
tests were carried out as in-situ tests. The core samples obtained from the boreholes and the soil samples handled from the trial pits have been subjected
to the laboratory tests for the hydrogeological and
geotechnical characterization of the study area.
Based on these studies the geological description
and geotechnical properties of the subsurface material encountered in the boreholes for each depth
interval are shown in Table 1. In addition, the A-A’
and B-B’ subsurface profiles mentioned in Figure 3
was determined (Figure 4).

 %#%#*% 
Wadi Keed Dam body is projected as clay core
homogenous earth fill dam with a crest length of
2356 m. The height of dam from thalweg is 8.7 m
and from the foundation is 10.7 m. The maximum
water elevation of the reservoir area is 584.8 m and
any spillway, sluice, cofferdam, grout curtain were
not designed due to the groundwater recharge pur-
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The maximum dry density of the core and soil
samples obtained from field studies varies between
2.00 – 2.18 g/cm3 based on the standard proctor
tests and the optimum moisture contents varies
between %3.90 – %9.80. The Unconfined Compressive Strength (UCS) of the core samples shows
that the ground is weak. The UCS values varies
generally between 1 – 13 kg/cm2.

The principal aim of Wadi Keed Dam is to
transfer the surface water into the subsurface with
reducing the flow rate. For this purpose, the ground
permeability and infiltration characteristics of the
study area should be enlighten by hydrogeological
investigations. To determine the permeability of
alluvium and soil like material falling head permea-
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bility tests have been conducted. For the permeability of rock units Lugeon tests have been performed.
These tests are realized in ground investigation
boreholes drilled on dam axis.
Lugeon test is an in-situ test applied in a borehole with the purpose of hydraulic conductivity
determination of rock masses under variable hydraulic heads [26]. Lugeon test is called as water
pressure test and packer tests also. The application
of Lugeon test in Turkey is generally performed
with test intervals of 2 m to 5 m. Relevant to this
matter, Akyuz [27] mentioned that engineering
judgement should be considered as for the permeable rock masses, the test interval could be diminuted down to 1m to reflect the heterogeneous character of the formation, contrarily, for impermeable
rock masses the test interval could be raised up until
10 m due to the uniform and homogeneous charac-

ter of rock medium.
The Lugeon tests performed under field studies were carried out on the rock formations at the
depths specified by the engineering judgements.
The Lugeon test comprises of the measurement of
the volume of clear water that can escape from an
uncased section of borehole in a given time under a
given pressure. The flow is confined between
known depths by means of packers- two packers in
the double packer test and between one packer and
the bottom of the borehole in the single packer test.
In all the boreholes double packer test method was
used as specified by Akyuz [27]. The results of the
Lugeon tests are shown in Table 2 and in that table
the equivalence of hydraulic conductivity of
Lugeon values are calculated based on the method
proposed by Canoglu and Kurtulus [10].
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3.61E-05


In addition to the Lugeon tests, falling head
permeability tests have been performed in order to
determine the hydraulic conductivity of the soil
type material. In falling head permeability test the
pressure in the borehole is increased by introducing
water into it, commonly referred as falling head or
inflow test to assess the permeability of the
soil/rock. Subsequent monitoring is realized at
given time intervals with respect to head drop. The
tests were carried out in the selected boreholes at
selected depths with the consideration of engineering judgement as for the Lugeon tests. The results
of the falling head permeability test results are
shown in Table 3.

A = 350 000 m2

Eq. 3

K=1.93x10-5 m/s

Eq. 4

So,
Q = 1.93 x 10-5 x 350 000 x 0.01125 = 0.076 m3/s
Eq. 5
The total infiltration rate of the alluviums in
the reservoir area of Wadi Keed dam is 76 l/s. Considering the mean phreatic surface (13 m depth
approximately) the groundwater level uplift in
Bahla aquifer around the study area is expected to
be 8 m approximately.

/=/;637+=387 80 7035=;+=387 #+=/ The infiltration rate is calculated considering the vertical
saturated flow in the alluviums under a hydraulic
gradient based on the hydraulic conductivity of the
alluviums. The vertical flow rate of groundwater
can be estimated by Darcy law with the assumption
of alluvium is homogenous and isotropic. Hereunder;
Darcy Law is expressed as
Q=AxKxi
Eq. 1
In this formula “Q” is the vertical flow rate of
the infiltrated water, “A” is the cross-section of
alluvium perpendicular to the water flux (infiltration area), “K” is the hydraulic conductivity of
alluvium, “i” is hydraulic gradient. For the calculation of the flowrate it is assumed that the mean
alluvium thickness is estimated to be 5 m based on
the subsurface profile of the study area. In addition,
the infiltration area is considered as the reservoir
area of Wadi Keed Dam which is 350 000 m2 and
the hydraulic head is assumed as the free water
level (9 m). Finally, the hydraulic conductivity is
assumed as the average of the falling head permeability test results.
In this case,
i= hydraulic head / horizontal distance
Eq. 2
= 9 m / 800 m
i = 0.01125

#$&%$ &$ $
The aim of the study was to assess the geotechnical feasibility and the characterization of
hydrogeological conditions of the Wadi Keed Dam
which is an aquifer recharge dam. For this assessment field and laboratory works have been conducted. As a result of these works the projected
Wadi Keed Dam will contribute to the groundwater
76 l/s in case of precipitation. This value would rise
approximately 8 m the groundwater level of Bahla
Aquifer around the study area.
The ground conditions and the geotechnical
suitability of Wadi Keed Dam are investigated. It
can be deduced from the UCS and the SPT tests
results that the dam axis location is suitable for the
construction of Wadi Keed Dam. As Wadi Keed
dam will be constructed for aquifer recharge purpose, any slurry trench or grout curtain was not
projected for construction. For this reason, there is a
risk of piping in the alluviums under Wadi Keed
Dam embankment due to the hydraulic pressure.
This is an important matter which has the potential
of fatal accidents. Construction of a blanket on the
upstream side of the dam embankment is expected
to avert the risk of piping. In addition, 2 m of stripping excavation is planned to ensure the stability of
dam embankment in order to be on safe side.
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Another important benefit of the Wadi Keed
Dam is the prevention of the flood risk caused by
the irregular precipitation regime. It is foreseen that
after the construction of the Wadi Keed Dam the
flowrate of the surface water would be reduced and
the potential flood events which run out of patience
of the local people in Bahla city would be avoided.
It is inferred that with the aquifer recharge
dam projected around Bahla city, the use of
groundwater in agricultural activities is augmented
and the utilization of the arable lands would be
more effective. In addition the water losses caused
by the evaporation would be minimized with underground storage. Finally, with the contribution on
the groundwater level, many environmental complications were averted.
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ABSTRACT

INTRODUCTION

This research was designed to determine about
the possible potency of medicinal plants Viscum
album L. and its major polyphenolic ingredient, ocoumaric acid on rat liver cholesterol and bile acid
metabolizing enzymes. Bioactive compounds of V.
album extracts were identified using LC-MS technique. The water extracts of V. album (10 mg/kg)
and o-coumaric acid (30 mg/kg) were injected intraperitoneally for 9 days. Then, in vivo effects of
this plant and its major phenolic ingredient (ocoumaric acid) on rat liver cholesterol and bile acid
metabolizing cytochromes P450s were analyzed by
determining protein and mRNA expression levels
using western blotting and qRT-PCR techniques,
respectively. The results showed that V. album
caused a 0.9 fold decrease in protein expression of
CYP7A1 and CYP7B1, but 1.4 and 1.3 fold increases in protein expression of CYP27A1 and
CYP8B1, respectively. V. album caused 9, 1.3 and
2.4 fold decrease in mRNA expression of CYP7A1,
CYP27A1, CYP7B1, respectively, however, 4.2
fold increase in mRNA expression of CYP8B1.
Injection of o-coumaric acid to rats resulted 0.8 fold
decrease in protein expression of CYP7A1,
CYP27A1, CYP8B1 and CYP7B1. However, ocoumaric acid caused 1.8, 1.3, 2.3 and 2.3 fold
increase in mRNA expression of CYP7A1,
CYP27A1, CYP8B1 and CYP7B1, respectively.
According to results, even though V. album and ocoumaric acid caused fold change in protein and
mRNA expressions of bile acid metabolizing CYPs,
serum cholesterol levels remained unchanged.
Thus, the idea can be taken about the role of this
plant and its major polyphenolic ingredient in drug
discovery and development.

In mammals, excessive cholesterol is removed
mainly through conversion to bile acids. Cytochromes P450s initiate all quantitatively significant
pathways of cholesterol metabolism and bile acid
biosynthesis [1, 2]. The bile acid pathway is very
important in maintaining normal cholesterol levels.
If cholesterol homeostasis is changed, some conditions such as atherosclerosis, cholestasis and neurological diseases can be seen because of accumulation of cholesterol in one or more compartment in
the body [3].
There is a great promise towards traditional
medicine such as herbal remedies or dietary supplements. European mistletoe is named as Viscum
album (VAT) in Latin because it has white, viscous
and sticky fruit [4]. V. album includes many active
ingredients such as viscotoxins, oligo- and polysaccharides, alkaloids, flavonoids and phenolic acids
(digallic and o-coumaric acid) [5- 9]. Due to having
a huge phenolic profile, mistletoe has many different biological functions. These include anti-tumor,
apoptosis-inducing, anti-oxidant, anti-mitotic, antibacterial, anti-viral, anti-diabetic, anti-epileptic,
anti-cancer and immunomodulatory activities [1016].
VAT and its major polyphenolic ingredients, ocoumaric acid (2-hydroxycinnamic acid-OCA) have
been used as CAM (Complementary and Alternative Medicine). It has been very popular to research
effects of total plant extract, but there is a big dilemma about using total plant extract because plants
include many different polyphenolic compounds.
To solve this problem, researchers began to prefer
investigate polyphenolic compounds which are
isolated from plants rather than use of total plant
extracts.
So far, it has been generally studied antioxidant activity of herbs. This study was to investigate the relevance of the biosynthesis of bile acids
from cholesterol and phytochemicals. The specific
aims were to research and compare possible effects
of VAT and its major ingredient OAC on rat liver
cholesterol and bile acid metabolizing CYPs.

KEYWORDS:
Viscum album L., o-coumaric acid, bile acids, CYP450s,
medicinal plants.
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Folin-Ciocalteu method [19] was used to determination of total phenolic content. VAT extracts
were diluted in dH2O with serial dilutions as 1
PJPO DQG  PJPO  ȝO RI VDPSOHV ZDV PL[HG
ZLWK  ȝO GLVWLOODWHG ZDWHU  ȝO )ROLQCiocalteu reDJHQW GLOXWLRQYY DQGȝORI
15% Na2CO3 solution. Then, the mixture incubated
at room temperature for 2 hours in the dark. The
absorbance was measured at 765 nm using a spectrophotometer (Shimadzu). The results were expressed in mg gallic acid equivalents (GAE)/g fresh
matter.
Determination of total flavonoid content was
performed by colorimetric method of Chang et al.
[20]. VAT extracts were diluted in dH2O with serial
dilutions as 1 mg/ml and 2 mg/ml. 10 % (w/v) sample in methanol was mixed with 1.5 mL of methanol, 0.1 mL of 10 % aluminum chloride, 0.1 mL of
1 M potassium acetate, and 2.8 mL of distilled
water, and incubated at room temperature for 30
min. The absorbance of the mixture was measured
at 510 nm using a spectrophotometer (Shimadzu).
Total flavonoid content was calculated based on the
calibration curve prepared by using catechin solutions at concentrations from 50 to 300 μg/ml.

MATERIALS AND METHODS
Chemicals. Primary antibody CYP7A1 (sc25536), CYP27A1 (sc-14835), CYP8B1 (sc-23515)
and CYP7B1 (sc-26087) were purchased from
Santa Cruz Biotechnology, Texas, USA. Secondary
antibody AP rabbit (A3687), sodium dodecyl sulfate (SDS; L4390), sodium-potassium tartarate (S2377), trisma base (T1503), tween 20 (P1379) were
the products of Sigma-Aldrich, Germany. Nitrotetrazolium blue chloride (NBT; A1243) was obtained from AppliChem GmbH, Darmstadt, Germany. 5-bromo 4-chloro 3-indoyl phosphate (BCIP;
R0821), dichlorodiphenyltrichloroethane (DDT;
R0861), gene rulerTM 50 bp DNA ladder
(SM0371) and pre-stained protein ladder (SM0671)
were taken from Fermentas, USA.
Plant material. The location, habitat, distribution, and blooming time of Viscum album L. was
identified based on publishes of Davis [17, 18]. The
plant was collected from unpolluted field and their
ORFDWLRQVIURP0HOLNJD]L9LOODJH3ÕQDUEDúÕ.D\Veri, Turkey, 1800 m altitude in August. Voucher
specimen (No: AEF 25945) of Viscum album L.
was deposited in the Herbarium of Faculty of
Pharmacy at Ankara University. Air dried and powdered plant samples (50 g) were subjected to maceration in sterile ddH2O. Plant extracts obtained
were filtered through Whatman filter paper, dried in
freeze dryer (Christ Gamma 2-16 LSC), and
weighed. The extracts of plant were gassed with
nitrogen, and held in at -20°C until use for the assays.

Animals. This part of the study was carried
out with the collaboration of Pamukkale University,
Biology Department. Permissions of Ethical Committee were taken from Pamukkale University Experimental Animal Ethics Committees and METU.
12 weeks old healthy male Wistar Albino rats (Rattus norvegicus) which weighing 200-250 g were
purchased from Experimental Research Department
of Pamukkale University, Denizli. They were
housed University Animal House in standard conditions and fed with standard diet with water and
libitum. The water extracts of VAT and its major
polyphenolic ingredients (o-coumaric acid-OCA)
were intraperitoneally (i.p.) injected to the rats. For
the experiment, animals were divided into 3 groups:
C- Control (no injection): Rats in this group never
made any application but they were kept under the
same conditions with other groups during the experiment. VAT: The water extract of Viscum album L.
was injected intraperitoneally as 10 mg/kg for 9
days. OCA: o-Coumaric acid was injected intraperitoneally as 30 mg/kg for 9 days. At the end of the
treatment protocol given above and after 16 h of
fasting, the rats were euthanized with decapitation.
Blood was collected by heart puncture and the livers were isolated and stored at -80 ϶C till preparation of microsomes and S1.5 fractions.

Plant Profile. Identification and quantification
of VAT bioactive compounds was carried out by
Liquid Chromatography Mass Spectrometry (LCMS). Mobile phase was prepared using 2 solvent
systems; Solvent 1: 0.05 % Formic acid + 5 mM
ammonium formate (10 mM Ammonium acetate for
ellagic acid) and Solvent 2: Methanol (MS grade).
The spectra of eluted samples were monitored between 200 and 500 nm. Flow rate was arranged as
0,3 ml/min., analysis length was 13 minutes with
gradual mobile phase flow and injection volume
ZDVȝ/ 6WDQGDUGFXUYH ZDVGUDZQEDVHGRQWKH
serial dilution of samples (0,15-0,31-0,625-1,252,5-5-10 ppm). Mass Spectrometry was carried out
in Agilent 6460 LC-MS. After choosing MRM
(Multiple reaction monitoring) as an analysis mode,
gas temperature, sheath gas temperature, gas flow
rate, nozzle voltage and capillary voltage were
arranged to 350°C, 350°C, 10 ml/ml, 500 V and
4000V, respectively. The following pure standards
were used for analysis of phenolic content of VAT
extract; chlorogenic acid, gallic acid, caffeic acid,
quercetin dehydrate and o-coumaric acid. Agilent
G3793AA Mass Hunter Optimizer software was
used for analysis.

Protein Expression. The impacts of VAT and
its major polyphenolic ingredient (o-coumaric acidOCA) on protein expressions of cholesterol and bile
acid metabolizing CYP7A1, CYP27A1, CYP8B1
and CYP7B1 were determined according to the
method of Towbin et al. [21] with some optimiza-

2826

© by PSP

Volume 28 ± No. 4/2019 pages 2825-2834

Fresenius Environmental Bulletin

free form or esterified form. In this method, enzymes (cholesterol esterase and cholesterol oxidase)
are very specific to determine the forms of cholesterol. Cholesterol esterase converted the cholesterol
esters into the cholesterol. Next, the cholesterol was
oxidized by cholesterol oxidase to produce ketone
cholest-4-en-3-one and hydrogen peroxide. After
reaction, a colored compound obtained gave an
absorbance at 570 nm. Different concentrations of
standard (cholesterol) were prepared. After 45
minutes incubation of samples with enzymes, samples were compared to known concentrations of
cholesterol.

tions. Before application of Western Blot immunedetection technique, proteins were separated using
SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) method as reported by
Laemni et al. [22]. Protein samples were diluted
with 4X sample dilution buffer in a ratio 1:3 (1 part
buffer and 3 parts sample) to obtain 2 mg/ml of
protein. Before the electrophoresis unit was connected with power supply (Bio Rad Laboratories,
CA, USA) to run at 15 mA-150 V for stacking gel
and 30 mA-300 V for separating gel, gel running
module was put in running tank. Samples transferred from gel to PVDF membrane was carried out
at 400 mA-90 V for 90 minutes in cold room. End
of this proceVVµEORW¶DPHPEUDQHLQFOXGLQJWUDQsferred proteins, was obtained. The blot was incubated with primary antibody and secondary antibody.
Finally, the image was photographed by a gel imaging instrument which based on a computer, (Infinity
3000, Vilber Lourmat, Marne-la-Vallee Cedex1,
France) through Infinity-Capt Version 12.9 software. The density of protein bands was quantified
using Image J visualization software (Scion Image
Version Beta 4.0.2).

TABLE 1
Quantitative LC-MS analysis of selected
bioactive compounds from VAT; and total
phenolic and flavonoid content of this plant.
Bioactive compound
Gallic acid
Cafeic acid
Quercetin dhydrate
Chlorogenic acid
o-coumaric acid
Total phenolic content

Gene Expression. The impacts of VAT and
OCA on CYP7A1, CYP27A1, CYP8B1 and
CYP7B1 gene expressions were analyzed by quantitative Real Time PCR (qRT-PCR) using Corbett
Rotor Gene 6000 (Corbett life Science, PO Box
435, Concorde, NSW 2137). Quantitative Real
Time PCR was carried out by using Light Cycler
FastStart DNA MasterPlus SYBR Green I (Roche
Applied Science, Basel, Switzerland). Assay was
SHUIRUPHG PDQXIDFWXUHU¶V SURWRFROV 7KH SULPHUV
were designed using NCBI and the blasts were
confirmed the based on Rottus norvegius.

Total flavonoid content

Viscum album L.
SSP
SSP
SSP
1,0528±0,0453
Spm
57 ±1,756
(mgGAE/g dried
extract±SD)
19,0278 ±1,2615
(mg CE/g dried
extract±SD)

RESULTS
Biological compound. LC-MS chromatogram
of phenolic compounds of VAT is presented in the
chromatogram was used as a fingerprint of VAT and
to quantify its phenolic compounds (Fig. 1). According to quantitative LC-MS analysis carried out
in the present study, chlorogenic acid (1.0528 ppm)
was the dominant compound in the VAT. Gallic acid

Total Cholesterol. Total cholesterol was determined in the Düzen Clinical Laboratory, Ankara.
Cholesterol is found in two forms in the blood as

FIGURE 1
LC-MS chromatogram of VAT extract. Grey line shows mixture of standards (total 1.25 ppm).
Red line shows VAT extract (10 mg/ml).
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FIGURE 2
(A) Representative immunoblot of liver CYP7A1 (58 kDa), CYP27A1 (60 kDa), CYP8B1 (57 kDa), and
CYP7B1 (58 kDa) proteins in experimental control and Viscum album L. treated animals. (B) Comparison
of CYP7A1, CYP27A1, CYP8B1, and CYP7B1 protein expressions of the control (n=11) and VAT- treated
(n=11) groups.
Band quantification was expressed as the mean ±SD of the relative intensity with respect to that of the internal control
GAPDH. *Significantly different from the respective control value p<0.005.

FIGURE 3
(A) Representative immunoblot of liver CYP7A1 (58 kDa), CYP27A1 (60 kDa), CYP8B1 (57 kDa), and
CYP7B1 (58 kDa) proteins in experimental control and o-coumaric acid treatment. (B) Comparison of
CYP7A1, CYP27A1, CYP8B1, and CYP7B1 protein expression of the control (n=6) and OCA-treated
(n=9) groups.
Band quantification was expressed as the mean ±SD of the relative intensity with respect to that of GAPDH, used as the
internal control. *Significantly different from the respective control value *p<0.05.

ware program. The protein expressions of CYP7A1,
CYP27A1, CYP8B1 and CYP7B1 in VAT-treated
rats were significantly different from control rats
(p<0.005). VAT caused a 0.9 fold decrease in protein expression of CYP7A1 and CYP7B1, but a 1.4
and 1.3 fold increase in protein expressions of
CYP27A1 and CYP8B1, respectively (Fig. 2B).
Protein expression of CYP7A1, CY8B1, and
CYP7B1 in OAC treated rats was significantly
decreased compared to control (p<0.05). OAC
caused a 0.8 fold decrease in the protein expressions of CYP7A1, CYP27A1, CYP8B1 and
CYP7B1 (Fig. 3B).
The effects of VAT and OCA on the mRNA
expression of CYP7A1, CYP27A1, CYP8B1, and
CYP7B1 was evaluated using quantitative real time
PCR (qRT-PCR). Real time-PCR results of
CYP7A1, CYP27A1, CYP8B1, and CYP7B1
mRNA levels are shown in Fig. 4-5. The Livak
method [23] was applied to determine the mRNA
expression changes of CYPs. VAT treatment caused

and quercetin dehydrate amounts were less than
0.31 ppm. Caffeic acid and OCA values were calculated less than 0.15 ppm and 0.27 ppm, respectively
(Table 1). Also, the data represented in Table 1
revealed that the amount of total phenolic content of
VAT was 57±1.756 mg GAE/g dried extract and, the
result of total flavonoid of VAT was 19.0278
±1.2615 mg CE/ g dried extract.
Biological activity. The effects of VAT and
OCA on rat liver CYP7A1 (58 kDa), CYP27A1 (60
kDa), CYP8B1 (57 kDa), and CYP7B1 (58 kDa)
protein expression was measured via western-blot
by using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (37 kDa) as an internal control. Protein levels were compared relative to GAPDH expression. Fig. 2-A and Fig 3-A illustrated the results
of Western-blot analysis of CYP proteins with
GAPDH co-immunostaining. The intensity of each
band was analyzed as an arbitrary unit, relative
peak area (RPA), with the help of the Image J soft-
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significant changes in the mRNA expressions of
CYP7A1, CYP8B1, and CYP7B1. VAT caused 9,
1.3, and 2.4 fold reductions in mRNA expression of
CYP7A1, CYP27A1, and CYP7B1 respectively,
with respect to controls, and a 4.2 fold increase the
expression of CYP8B1 (p<0.05). Relative mRNA
expression of CYP7A1, CY8B1, and CYP7B1 in
OCA-treated rats was significantly increased compared to control animals (p<0.05) (Fig. 5). OCA
treatment induced a 1.8, 1.3, 2.3, and 2.3 fold in-

crease in mRNA expression of CYP7A1,
CYP27A1, CYP8B1, and CYP7B1 respectively,
compared to controls and normalized with GAPDH
expression as an internal reference.
Serum samples obtained from VAT and OCA
treated rats were determined and results were given
in Table 2. When cholesterol concentration of serum samples from VAT and OCA treated rats were
compared to control animals, no significant change
was found.
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TABLE 2
Blood serum total cholesterol values of control, VAT and OCA treated animals.
Sample
Total cholesterol (mg/dL)
Control
70.5±1.905
Viscum album L.
61.25±2.333
o-coumaric acid
68±2.793

FIGURE 4
Comparison of in vivo effects of VAT on rat liver CYP7A1, CYP27A1, CYP8B1, and CYP7B1 mRNA
expressions.
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FIGURE 5
Comparison of in vivo effects of OCA on rat liver CYP7A1, CYP27A1, CYP8B1, and CYP7B1 mRNA
expression.
The quantities are expressed as mean ±SD of the relative expression.
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176.87 ± 0.003 mg GAE/g fresh matter. The highest
total flavonoid content in Viscum album by hosted
Robinia pseudoacaci was determined as 21.86 mg
CE/ g fresh matter whereas the lowest total flavonoid content in Viscum album by hosted Malus
domestica was 0.36 mg CE/ g fresh matter. Sengül
et al. [32] determined of total phenolic content of
Viscum album as 42.29 mgGAE/g dry extract. Also,
Pietrzak et al. [9] analyzed total phenolic and flavonoid content of Viscum album subsp abietis as
37.152 ±1.895 mgGAE/g dry extract and
9.955±0.482 mgCE/g dry extract, respectively. As a
result of these experiments total phenolic and flavonoid content are correlated with LC-MS result
and also our results are very similar with literature
for Viscum album extract.
Mengarelli, et al. [33] worked with Argentinean mistletoe to investigate the effect of blood
fluidity through the hemorheological behavior on
treated wistar rats. The red blood cell membrane
composition was changed by blood cholesterol
content. Argentinean mistletoe-treatment decreased
plasma cholesterol levels and increased the viscosity and reduced deformation of red blood cell. Cholesterol excretion (bile acids) and cholesterol biliary
secretion also lead to reduction of plasma cholesterol level. Increment of bile acid excretion was
same with bile flow increment. Later, Poruthukaren
et al. [34] evaluated the anti-hypertensive effect of
Viscum album. Viscum album was given patients
newly diagnosed and had not used any drug for
hypertension. After 12 weeks administration of
mistletoe, serum total cholesterol and serum triglyceride levels was statistically evaluated. There
was not any significant change of serum cholesterol
level while serum triglyceride was significantly
decreased.
Another
research
about
antihypertensive activity elucidated that Viscum album
decreased the blood pressure in hypertensive rats
>@$OVR$YFÕet al. [36] chose five plants including Viscum album from Turkish flora to research
anti-hypercholesterolemic and antioxidant activity
of these five plants. They investigated the impacts
of water and ethanol extracts of plants on serum
total cholesterol, triglyceride, HDL-C, LDL-C,
glucose, AST and ALT concentrations in mice fed
with cholesterol-rich diet. The ethanol extracts of
Viscum album decreased the total serum cholesterol
level while water extract did not affect significantly
the total serum cholesterol concentration. Level of
HDL was increased and, meanwhile LDL level was
decreased by the ethanolic extract of Viscum album.
Under the light of the data they suggested that ethanolic extract of Viscum album has a beneficial effect in the deal with atherosclerosis and cardiovascular diseases.
Sen et al. [37] investigated anti-cancer activity
of OCA in human breast cancer cells. Since OCA
stimulates apoptosis and tumor suppression, they
suggested that OCA can be used an alternative

DISCUSSION
Until now, it has been proved that Viscum album L. has important pharmacological impacts.
Since ancient times this plant has been used to cure
of different diseases such as diabetes mellitus, dizziness, nervous tachycardia, hysteria, hypertensive
headache, atherosclerosis, stroke, chorea, periarthritis, and arthritis [24 -26]. Also, since 1927, the plant
has been used as a supportive element especially
oak mistletoe for cancer treatment since it stimulates immune response-system [27]. According to
clinical experiments, total mistletoe extracts and its
isolated polyphenolic compounds have essential
effects in treatment of cancer. Viscum album includes many bioactive compounds and we chose to
work with o-coumaric acid. o-Coumaric acid, which
also named as trans-o-hydroxycinnamic acid, is
found in many plant products, such as vinegar,
coffee, tea, beer, oats and peanuts. Researches evaluated that o-coumaric acid has many biological
activities, such as anti-lipidemic, anti-obesity, antioxidant, and anti-carcinogenic activities [28, 29].
According to quantitative LC-MS analysis carried out in the present study, chlorogenic acid
(1.0528 ppm) was the dominant compound in the
Viscum album L. Gallic acid and quercetin dehydrate amounts were less than 0.31 ppm. Caffeic acid
and o-coumaric acid values were calculated less
than 0.15 ppm and 0.27 ppm, respectively (Table
1). Also, the data represented in Table 1 revealed
that the amount of total phenolic content of VAT
was 57±1.756 mg GAE/g dried extract and, the
result of total flavonoid of VAT. was 19.0278
±1.2615 mg CE/ g dried extract.
9LFDú et al. [8] worked with Viscum album
from different host trees (Acer campestre, Fraxinus
excelsior, Populus nigra, Malus domestica, and
Robinia pseudoacacia). Gallic acid, a phenolic acid,
was only found in Viscum album hosted by Robinia
pseudoacacia. The mistletoe hosted by Fraxinus
excelsior contains very high concentration of cafIHLF DFLG LQ OHDYHV  ȝJJ GU\ PDWWHU  DQG
VWHPV ȝJJGU\PDWWHU 7UDQV-cinnamic acid
(o-coumaric acid), a phenolic compound, was identified in stem of Viscum album hosted by Acer
campestre. Moreover, Haas et al. [6] and Materska
[30] showed that quercetin, a flavanol, and its methyl derivatives founded in mistletoe, have strong
antioxidant activity. Also, Condrat et al. [31] determined that quercetin was found very low concenWUDWLRQ LQ PLVWOHWRH H[WUDFWV  ȝPROJ GU\ PDtter). Luczkiewicz et al. [5], analyzed the Viscum
album hosted by Populus nigra, they displayed the
main component of mistletoe was chlorogenic acid
PJ ,QWKHVDPHUHVHDUFK9LFDúet al. [8]
identified the highest total phenolic content of mistletoe hosted by Robinia pseudoacacia was 200.51
± 0.00 mg GAE/g fresh matter, while the lowest
value of misletoe hosted by Malus domestica was
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CYP7B1 respectively, with respect to controls and
normalized with GAPDH expression as an internal
reference. There is no correlation between relative
mRNA and protein expressions of OCA treated
CYP7A1, CYP27A1, CYP8B1 and CYP7B1 as
shown Fig. 5.
There is a correlation relative to protein and
mRNA expression of CYP7A1, CYP8B1 and
CYP7B1 in VAT-treated samples. While according
to all western-blot and qRT-PCR results clearly not
corroborated for OCA-treated samples. Bussing et
al. [39] theorized that whole plant extract of Viscum
album is more efficient than purified phenolic and
flavonoid compounds. According to our data (Fig.
4), we obtained same conclusion. When we compared VAT and its phenolic compound (OCA), VAT
is more effective than o-coumaric acid. European
mistletoe extracts are still provoking intense discussion; hence research should be conducted with a lot
of caution.
Herbs are one of the members of the inducers
and/or inhibitors. It appears that in Fig. 4 and Fig. 5
when mRNA and protein expression of CYPs were
compared, there was no significant correlation. The
expressions of CYPs gene is regulated transcriptionally, post-transcriptionally, translationally and
post-translationally. These mechanisms are important for steady-state protein concentration. There
are some reasons for these poor correlation or noncorrelation. Translation and protein degradation are
as important as mRNA transcription and stability of
the final product of protein.
The first and rate limiting enzyme of neutral
SDWKZD\ LV FKROHVWHURO Į-hydroxylase (CYP7A1).
Bile acids can regulate cholesterol homeostasis via
bile acid synthesis pathway. Bile acid synthesis is
regulated by many factors, including bile acids,
nutrients, diets, and hormones, especially through
regulating transcription of CYP7A1 gene. Besides,
many liver specific transcription factors, commonly
nuclear receptors have an important role in cholesterol and bile acid metabolism [3, 40-42].
According to our protein and mRNA expression results, VAT repressed the CYP7A1 transcription. A mentioned above, regulating transcription of
CYP7A1 gene is very important bile acid synthesis.
LXR and FXR play a crucial role coordinately way
on bile acid synthesis, transport and absorption in
liver and intestine, and cholesterol metabolism in
the liver and peripheral tissues. When cholesterol
LQFUHDVHVLQOLYHUR[\VWHUROVDFWLYDWH/;5ĮZKLFK
stimulates conversion of cholesterol to bile acids by
inducing CYP7A1 transcription. Increased bile acid
synthesis and pool stimulate FXR, which inhibits
CYP7A1 to decrease bile acid synthesis but stimulates BSEP (bile salt export pump) expression to
excrete bile acids into bile. Thus, bile acid- regulated genes and nuclear receptors are promising target
for drug development for decreasing the serum
cholesterol and triacylglycerol levels, and liver and

agent for curing of breast cancer. Sen et al. [38]
continued to research anti-cancer activity of OCA
and studied the impact of OCA on mRNA and protein expression of CYPs in human hepatocarcinoma
cell line. They suggested that OCA induces expression of CYP2E1 and CYP1A2 which metabolize
some toxic chemicals such as benzene and pyridine.
Thus, it has been offered OCA may be used for
treatment of some hepatic diseases. Hsu et al. [29]
looked into anti-obesity impacts of o-coumaric acid
and rutin in obese rats. Rats separated into 2 groups
as obese and control. o-Coumaric acid and rutin
were administrated 100 mg/kg and 50 mg/kg respectively. Tissues weight and serum profile of
lipid, insulin, leptin, hepatic cholesterol and triacylglycerol were compared between control and obese
rats. Research parameters showed a decrease in ocoumaric acid and rutin treated obese-rats compare
to non-treated obese rats. Especially, hepatic cholesterol and triacylglycerol levels were drastically
diminished. They determined the total cholesterol
level as 53±5.0 mg/dl in normal rats, 76.2±13.0
mg/dl in fed with high fat diet. After administration
of low and high doses of o-coumaric acid, total
cholesterol levels were determined as 67.3±11 and
65.2±7.0 respectively. According to these results,
they suggested that intake of o-coumaric acid and
rutin may be important agent for repression of oxidative stress, hepatosteatosis and dyslipidemia in
rats, and also o-coumaric acid can be promising
parameter for the treatment of obesity.
Determination of serum total cholesterol level
is one of the important biomarker for especially to
identify of cardiovascular diseases. When we compared the total cholesterol level of the water extracts
of VAT (61.25±2.333) and OCA (68±2.793) treated
samples to control (70.5±1.905) in this study there
was no significant change in total cholesterol levels
and also our results are very similar with literature
for Viscum album extract.
In this study, protein and mRNA expressions
of bile acid metabolizing enzymes were analyzed in
VAT and OCA acid-treated samples. According to
results, VAT caused 0.9 fold a decrease in protein
expression of CYP7A1 and CYP7B1, but 1.4 and
1.3 fold increase in protein expression of CYP27A1
and CYP8B1, respectively. VAT caused 9, 1.3 and
2.4 fold decrease in mRNA expression of CYP7A1,
CYP27A1, CYP7B1, respectively, with respect to
controls and normalized with GAPDH expression
as an internal reference, however, 4.2 fold increase
in mRNA expression of CYP8B1. It indicates that
the decrease of CYP27A1 mRNA expression does
not interpret with a proper decrease of CYP27A1
protein levels (Fig. 4).
In present study, OCA caused 0.8 fold decrease in protein expression of CYP7A1,
CYP27A1, CYP8B1 and CYP7B1. OCA caused
1.8, 1.3, 2.3 and 2.3 fold increase in mRNA expression of CYP7A1, CYP27A1, CYP8B1 and
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[3] Chiang, J.Y.L. (2002) Bile Acid Regulation of
Gene Expression: Roles of Nuclear Hormone
Receptors. Endocrine Reviews. 23(4), 443±
463.
[4] Ergun, F., Deliorman, D. (1995) Viscum album
L. (Mistletoe) Chemical Composition. Ankara
Faculty of Pharmacy Journal. 24(2), 95-107.
[5] Luczkiewicz, M., Cisowski, W., Kaiser, P.,
Ochocka, R., Piotrowski, A. (2001) Comparative analysis of phenolic acids in mistletoe
plants from various hosts. Acta Poloniae Pharmaceutica-Drug Research. 58(5), 373-379.
[6] Haas, K., Bauer, M., Wollenweber, E. (2003)
Cuticular waxes and flavonol aglycones of mistletoes. Z Naturforsch. 58, 464-470.
[7] 9LFDú6,5XJLQ', Leopold, L., Pintea, A.,
Socaciu, C. (2011a) HPLC Fingerprint of Bioactive Compounds and Antioxidant Activities
of Viscum album from Different Host Trees
Notulae Botanicae Horti Agrobotanici Cluj.
39(1), 48-57.
[8] 9LFDú 6, 5XJLQD ' 6FRQWD = 3LQWHa, A.,
Socaciu, C. (2011b) The In Vitro Antioxidant
and Anti-Proliferative Effect and Induction of
Phase II Enzymes by a Mistletoe (Viscum album) Extract. Bulletin of University of Agricultural Sciences and Veterinary Medicine
Cluj-Napoca Agriculture. 68(2), 482-491.
[9] Pietrzak, W., Nowak, R., Olech, M. (2014)
Effect of extraction method on phenolic content and antioxidant activity of mistletoe extracts from Viscum album subsp. abietis.
Chemical Papers. 68 (7), 976±982.
[10] Hajtó, T., Hostanska, K., Berki, T., Pálinkás,
L., Boldizsár, F., Németh, P. (2005) Oncopharmacological perspectives of a plant lectin
(Viscum album Agglutinin-I): overview of recent results from in vitro experiments and in
vivo animal models, and their possible relevance for clinical applications. Evidence-based
Complementary and Alternative Medicine. 2,
59-67.
[11] Orhan, D.D., Aslan, M., Sendogdu, N., Ergun,
F., Yesilada, E. (2005) Evaluation of the hypoglycemic effect and antioxidant activity of
three Viscum album subspecies (European mistletoe) in streptozotocindiabetic rats. Journal of
Ethnopharmacology. 98, 95-102.
[12] Onay-Ucar, E., Karagöz, A., Arda, N. (2006)
Antioxidant activity of Viscum album spp.
Fitoterapia. 77, 556-560.
[13] Çetin, E.A., Özçelik, N. (2007) A poptotic
mechanism of Mistletoe (Viscum album) extract used in the treatment of cancer. Reviews:
Journal of Medical and Health Sciences. 27,
533-539.

cardio-vascular diseases [3, 40].
Nuclear receptors involved in bile acid and
FKROHVWHURO PHWDEROLVP 5;5 /;5 );5 33$5Į
+1)Į)7)6+3DQG3;5 FDQUHJXODWHQRWRQO\
the main transcription but also feedback regulation
of CYP7A1 gene and other bile acid metabolizing
related enzymes [3]. For example, peroximal proliferator activator receptors (PPARs) are activated by
polyunsaturated fatty acids. PPARs show a dual
role in the regulating cholesterol metabolism as
ZHOODVUHJXODWLQJRIIDWW\DFLGPHWDEROLVP33$5Į
stimulates LXR, so LXR promotes reverse cholesWHUROWUDQVSRUWSDWKZD\WROLYHU,QWKHOLYHU33$5Į
induces the expression of CYP8B1 and represses
the expression CYP7A1 enzyme.
Addition to nuclear receptors, there are other
factors to regulate the CYP7A1 expression. Rodent
model studies have established that CYP7A1 is
highly regulated by physiological factors that influence hepatic bile acid biosynthesis, including cholesterol feeding, diurnal factors, and bile acids,
which feedback inhibit the overall biosynthetic
pathway in large part at the level of CYP7A1 gene
expression. CYP7A1 is down-regulated via chenodeoxycholic acid and induced via dietary cholesterol. Moreover, the disruption of CYP7A1 gene
leads to reduce of bile acid biosynthesis, so
CYP7A1 gene is upregulated to compensation of
bile acid synthesis. As a same way, the CYP27A1
gene expression is upregulated via cholesterol and
down regulated via bile acids. Also, CYP8B1 gene
is inhibited at the pretranslational level by thyroid
hormone and insulin, and induced by bile acids,
subsequent CYP7A1 mRNA increases.
Cholesterol homeostasis is essential for the
living organisms. If cholesterol levels increase in
blood, dangerous consequences can be occurred. In
mammals, excessive cholesterol is removed mainly
through conversion to bile acids, and only a small
portion is utilized for production of steroid hormones and other endogenous compounds. Cytochromes P450 (P450s or CYPs) play an important
role all quantitatively significant pathways of cholesterol metabolism and bile acid biosynthesis.
Consequently, our results showed that Viscum album L. and o-coumaric acid are considerable for
drug discovery and development.
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Geosphere-Biosphere Programme (IGBP) and International Human Dimensions Programme Change
(IHDP), which promoted the in-depth study of the
response relationship between human activities and
land use [4-6]. So the ecological environment affected by land use is evaluated in the space and time,
and appropriate interventions are carried out to
achieve the coordinated and sustainable development of land use and ecological environment. In the
past few decades, most research has focused on the
causes, the results, driving factors of land use for
policy makers to optimize land use [7-9]. However,
there is a lack of analysis of trends in land use patterns in a typical energy and chemical area.
As one of the regions with the richest reserves
of mineral resources in China, the study area has the
most abundant coal and oil reserves. With the development of economy and the intensification of urbanization, large-scale energy and mineral resources
have been developed, and the exploitation of largescale energy minerals has led to rapid changes in
land use. The land use pattern in this region has a
huge impact on the stability of the regional ecological environment, which makes the ecological vulnerability of the study area increase, and the regional
sustainable development is seriously threatened [1011]. By analyzing the spatiotemporal variations of
land use in the region, it can provide reasonable suggestions for the sustainable development of social
economy and environment, and promote the rational
use of regional water resources and land resources.
Strengthening the monitoring of land use in the region can effectively prevent the damage caused by
the unreasonable activities of human society to the
ecological environment, and ensure the safety of the
production in China's energy and chemical bases. At
the same time, it can also improve the research on
the impact mechanism of human activities on environmental change and promote research in interdisciplinary fields.
The purpose of land use prediction is to analyze
the trend of future land use structure change through
reasonable mathematical model, so as to provide reference for regional land use policies [12-13]. The
gray model GM (1,1) is suitable for predicting regional objects with short time span and obvious
changes, and can well reveal the development trend

The Energy and Chemical Industry Base
(ECIB) in the Loess Plateau is the key area for soil
erosion in the Loess Plateau. The implementation of
the project of returning farmland to forests (grass)
has a significant impact on the structure and pattern
of land use in this region. Based on the interpretation
of the TM images of the ECIB in 1997, 2004 and
2011, the GIS spatial analysis and mathematical statistics analysis methods were used to analyze temporal and spatial variation characteristics of land use.
In order to better respond to the impact of land use
change, the gray system dynamic model (GM) was
used to predict the dynamic change of land use in the
study area. The results showed that the area of woodland, grassland and building land increased significantly, but the water body, cultivated land and unutilized land area all showed a significant decrease
trend. From 1997 to 2011, the index of the ECIB
was less than 0, indicating that the rate of land use
change was small and in an adjustment period. Using
this predictive model, the proportion of woodland,
water body and building land in the study area would
continue to increase, and the rate would be slowed
down compared with the previous period. Then the
area of grassland, unutilized land and cultivated land
would be further reduced by 2020, and the policy
factors had a greater impact on land use types and
patterns.

$# 
Land use pattern, energy and Chemical Industry Base,
gray system dynamic model (GM)

!"!
Land use change directly affects human living
environment and agricultural food security, meanwhile human economic and social development
plays an important role in land use [1-2]. On a global
scale, land use has a significant effect on the hydrothermal cycle in the water and land cycle [3]. At the
end of the twentieth century, research on land use
change was jointly proposed by the International
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ecological regions, which suffer from serious soil
erosion.

of the predicted series[14-16]. Based on regional natural characteristics, economic and social factors,
land use type should be predicted [17-18]. It is fully
considering the development needs of human society
production and life, and the land use in the early and
present. On the basis of the type, quantitative analysis of future land use development aims to grasp the
trend of future land use change and provide decisionmaking basis for the optimal allocation of agricultural industry. In this study, the grey system prediction model[19] was used to predict land use trends
according to the result of land use interpretation from
1997 to 2011.

(:((*7;090:054 The original data mainly involves TM5 remote sensing image. The sequence
Numbers of remote sensing images are (127, 33),
(127, 34) and (128,34)respectively. And the acquisition time of remote sensing image is June of corresponding year. Remote sensing data could be obtained from the Geospatial data cloud
(http://www.gscloud.cn/). Meanwhile, the cloud
quantity of the selected remote sensing image is controlled below 5% (Table 1).
(4+ ;9, */(4., 3(.40:;+, (4+ +,.8,,
35+,2 Based on the comprehensive analysis
method of land use degree, the land use degree was
divided into four levels according to the natural equilibrium state of the land natural complex under the
environment of social factors, and the classification
index was given respectively (Table 1) [20-21]. 
The quantitative expression of the land use
comprehensive index [17] is:


 = 100 × ∑ 

(1)

 =1

is the comprehensive land use degree index
of a research area;  is the -level land use degree
classification index of the study area, and  is thelevel land use degree percentage of the study area.
The expression of the land use change model
[17] is as follows:
(2)
Δ  −  =   − 

=

"
5*(:054(4+,2,<(:054*/(4.,5-:/,9:;+>(8,(

  − 

(3)


Δ  −  is the amount of change in land use; R

is the rate of change in land use; y and x are the
comprehensive index of land use degree of time period y and x respectively. If Δ  −  >0 or >0, the

! ! 

,9*806:0545-9:;+>(8,(Energy and Chemical Industry Base is located at 36 ° 57' to 39 ° 34'N
and 108 ° 28 ' to 111 ° 15'E, which is in the boundary
of Loess Plateau and Mu Us Desert. It is the gully
region with the elevation descending from southwest
to northeast, varying from 556 m to 1911 m. The
study area covers 12 counties with an area of 43578
Km2. This region includes Yuyang District, Fugu
County, Shenmu County, Hengshan County, Jingbian County and Dingbian County Suide County,
Mizhi County, Jiaxia County, Qingjian County,
Wubu County and Zizhou County. The northern region is rich in mineral resources, while the southern
region has a developed agricultural economy. Therefore, the ecological environment of the southern region is good for the northern region. There are large
amounts of the mineral resources such as coal, gas
and oil. Because of the excessive exploitation and
harsh weather conditions, it is one of most fragile

land use of this area is in the development period,
otherwise it is in the adjustment period or the recession period (Table 2).
8,+0*:0<,35+,2This study selected the gray
system dynamic prediction model GM(n,h), which
was mainly used in many research fields of social
and economic development, and could well predict
the future land dynamic change process [22-23].
This study used the dynamic prediction model, based
on the cumulative characteristics, and then the land
use system was applied to different types. The woodland, grassland, cultivated land, water body, building
land and unutilized land were analyzed, and the specific model was selected as the GM (1, 1) model. The
general form of the model is as follows:
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,35:,9,4904.+(:(8,7;08,+-58:/,9:;+>(8,(
Row number

Resolution

Time
1997.06.13 2004.05.31
2011.06.30
1997.06.13 2004.05.31
2011.06.30
1997.06.23 2004.06.07
2011.07.23

12733
30m

12734
12834

!
(4+;9,8(:04.9*(2,& '
Type
classification
Land use
type
Graded
index

Unutilized land
level
Unutilized land

Extensive use of
land level
Woodland, Grassland,
Water body

Intensive
land use level
Cultivated
land

Urban settlement
land level

2

3

4

1

Building land



 is a time series and can be taken in years,
quarters or months.
It refers to a system with completely clear information as a white system and a system with unknown information as a black system. A system with
some clear information and some unclear information is called a gray system [29].


 "!  "  

,35:,9,4904.03(.,04:,868,:(:054(4+8,
9;2:<,80-0*(:054 With the support of remote sensing
image processing system, according to the spectral
characteristics of the features and the established interpretation marks, the typical regions of each type
were selected on the image, and the classification
template was established. The maximum likelihood
method was used to supervise and classify the image
of the study area. After repeated selection, calculation, observation, verification and evaluation, until
the classification results meet the required accuracy.
Finally, post-processing was carried out, and then
the three-stages of classification data were obtained.
Through classification accuracy assessment, the
overall accuracy of classification in 1997 reached
85.52%, and Kappa statistic value was 0.80. The
overall accuracy of classification in 2004 reached
85.35%, and the statistical value of Kappa was 0.81,
which achieved better accuracy. The overall accuracy of classification in 2011 reached 83.17% and
the statistical value of Kappa was 0.79, which
achieved better accuracy. Then statistical analysis of
land use in 1997, 2004 and 2011 TM images of the
ECBI was conducted.

/(4.,9 04 :/, 4;3),8 5- 2(4+ ;9, :>6,9
From 1997 to 2011, various land areas had undergone varying degrees of changes in the study area.
The main changes were shown in Figure 2.

The variable X(0)=[X(0)(i), i=1,2,...,n] is a
non-negative monotonic raw data column of a certain prediction object, in order to establish a gray
prediction model. Firstly, X(0) performs an accumulating sequence by generating an accumulating sequence [25-28]:
 (1)[ (1)()12…]
Among them


 (1)()

∑

 (0)(i)

 =1

 (1)(1)+ (0) ()
(4)
The following albinism differential equation can be established for (1):

 (1)
 +  (1)(5)
That is the GM (1, 1) model.
∧

The parameter sequence is
can be solved by

∧

∧

a  a [,]T , a

∧

) -1 T (6)
In the formula:
—data array;
—data column.
⎡ 1
⎤
(1)
(1)
1 ⎥
⎢− 2 (  (1) +  (2))
⎢
⎥
 ⎢ 1 (  (1) (2) +  (1) (3))
(7)
1 ⎥
⎢ 2
⎥
⎢
⎥
...
⎢
⎥
⎢ 1 1
⎥
(1)
⎢ (  (n - 1) +  (n)) 1 ⎥
⎣ 2
⎦
( (0)(2),  (0)(3),…,  (0) ())T  
(8)
The solution of the above whitening differential equation is (discrete response):

a (



−

 (1)(+1)( (0)(1)-  )  +  
∧

(9)
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relatively slow from 2004 to 2011. It increased by
418,800 hectares and 141,133 hectares in
1997~2004 and 2004 ~2011 respectively.
The area of building land had been increasing
from 1997 to 2011. However, unutilized land had
been declining for the past 15 years, and the magnitude of the change had been large, during that time it
was reduced by 50%. The water body area was also
decreasing less, but the latter reduction was in a
small state.
It can be seen from Figure 3 that the area of
woodland, grassland and building land had increased
significantly within 15 years. The increase areas of
woodland, grassland and building land were 54.21%,
30.52%, 12.03%, respectively. The area of woodland
and grassland and their proportion varied greatly
from 1997 to 2004, but they changed little during the
period from 2004 to 2011, which was extremely
slow. The change of building land was in a growing
trend, and the later period was larger than the previous period.
The water body, cultivated land and unutilized
land area all showed a significant decrease trend,
with the reductions being 3.66%, 38.45% and

During 1997-2011, the cultivated land in ECIB
had been decreasing, and the reduction of cultivated
land area in the previous period was higher than that
in the later period. 1997-2004 and 2004-2011, the
area of cultivated land reduced by 586667 hectares
and 36600 hectares respectively. Through data analysis, the previous period of reduction was significantly larger than the latter period, mainly due to the
impact of the state's policy of protecting the cultivated land, coupled with a slowdown in population
growth.
From 1999 to 2004, the area of grassland had
been increasing. Conversely, from 2004 to 2011, the
grassland area began to decrease again. From 1997
to 2011, it increased by 372,666 hectares, and the
later period decreased by 114,400 hectares. Relatively speaking, the growth rate of grassland in the
early stage was relatively high. Obviously, it reached
372,667 hectares, which was second only to the increase in woodland. The area in the later period was
relatively reduced, but the reduction was small.
Woodland had been increasing from 1997 to
2011. The area of woodland increased significantly
from 1997 to 2004, but the increase rate was
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unutilized land to solve the prediction equation.
Land use data for 2011 was obtained by using the
prediction equation and compared with the results of
interpretation, which was the original means of verification. Finally, the land use prediction in the ECIB
was carried out (Figure 4).
The difference between each type of land data
and actual data was not more than 5%, so it could be
used to predict changes in land use structure in the
area. According to the analysis results, the area of
cultivated land, water body and unutilized land in
study area would continue to decrease in the future,
and the reduction of cultivated land would be small.
By 2025, the area of cultivated land will be reduced
by 38.15%. Grassland and building land will continue to increase the trend, but the rate of growth will
be smaller than the previous period.
Since 1997, woodland has increased by 73.89%
by 2025, and the grassland will increase by 21.25%.
It shows that the country's policy of returning farmland to forests plays a considerable role [30], and the
results are based on the assumption that the factors
affecting land use remain unchanged. However,
most of the factors affecting land use are always
changing, such as socio-economic factors and natural factors, which lead to the changing types of land
use. In the past few years, the implementation of returning farmland to forests was mainly affected by
socio-economic factors and natural factors, which
slowed the relative change rate of cultivated land and
building land, could promote changes in other land
use types.

56.53%, respectively. The area of cultivated land and
unutilized land and its proportion varied greatly from
1997 to 2004. The rate of change of unutilized land
was greater than that of cultivated land between 2004
and 2011. From 1997 to 2011, the proportion of water body had been decreasing, but the reduction was
small.

5368,/,490<, 2(4+ ;:020?(:054 (4(2>909
The degree of land use could describe the extent to
which humans and the environment interact on the
land. It not only reflected the natural attributes of the
land itself, but also reflected the combined effects of
human factors and natural environmental factors. It
could be seen from Table 3 that the land use in the
study area had developed to a certain extent. The
comprehensive index of land use degree had decreased from 234.01 in 1997 to 224.74 in 2004, and
then increased to 225.99 in 2011. The change in
comprehensive index of land use degree was 8.023.
The land use index was 2, which was divided by 100,
2.34 for 1997, 2.24 for 2004, and 2.25 for 2011, indicating that the overall land use of the study area
was from extensive use to intensive land use. From
1997 to 2011, the of the ECIB was less than 0, indicating that the rate of change in land use during this
period was small and in an adjustment period.

(4+;9,68,+0*:054This paper examined the
land use of three spans and representative periods in
1997, 2004 and 2011, using the GM (1, 1) gray system dynamic prediction model for woodland, cultivated land, grassland, water body, building land and

!
(4+;9,*5368,/,490<,04+,=

224.74
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From 1997 to 2011, the land use type of ECIB
had undergone great changes. The area occupied by
cultivated land was the largest, and the area transformed into grassland was the largest. The area of
cultivated land decreased first and then increased
slightly, but eventually it was in a decreasing trend.
The area of grassland increased from 1997 to 2004,
but gradually decreased between 2004 and 2011. The
woodland had been increasing during this period;
however the increase rate in the previous period was
obviously greater than that in the latter stage. The
building land was always growing, and the unutilized land and water body decreased between 1997
and 2011, and the area of unutilized land decreased
by 50%.
Through the analysis of the comprehensive degree of land use, the results showed that the overall
land use of the study area was from extensive use to
intensive land use. From 1997 to 2011, the of the
ECIB was less than 0, indicating that the rate of
change in land use during this period was in an adjustment period.
Using the grey dynamic forecasting model, by
2025, the proportion of woodland and building land
in the region will continue to increase, but the speed
will slow down significantly. Unutilized land, water
body and cultivated land will be further reduced, and
then policy factors have a greater impact on future
land use types and patterns.
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In this study, the bodyweight of Brushtooth lizardfish was estimated through the use of artificial
neural networks (ANNs) by applying various normalization techniques to the morphometric data (total length, fork length, standard length) of the fish,
and the best normalization method was selected
based on the results. Z-Score, Median, Sigmoid,
Min-max and D-Min-Max methods were applied in
the given order, and the best MAPE and MSE values
in the ANNs were calculated to be 3.187–0.001 for
D-Min-Max and 3.784–0.001 for Min-max. Since
the estimates obtained from the application of these
two methods will turn out to be more accurate according to the results of ANN analyses, they are the
methods recommended to be employed.



The training of an ANN in relation to data can
be made more effective by carrying out certain processes on the inputs and outputs. Normalization
methods in particular are the most significant among
such processes, being employable in cases where
data is recorded at different scales or codes such that
they disrupt data integrity, and it may also be used to
prevent the repetition, loss or insufficiency of data
during the design of the database. Training a network
with a non-normalized data set will both prolong the
training time of the network and decrease its efficiency.
There are various normalization methods, and
so researchers should attempt to estimate the best result using several methods rather than a single normalization technique in their studies [6].
Although ANN has been used in many
branches of science for a long time, it has only been
used in ecological modeling studies since the early
1990s [7]. Recently, it has been employed in studies
of aquaculture [8, 9, 10, 11, 12, 13, 14, 15, 16] as an
alternative to conventional statistical methods.
In this study, various normalization methods
were applied to morphometric data (total length, fork
length, standard length) of Brushtooth lizardfish, and
the method that gave the best result in estimating the
body weight by means of ANNs was determined.

('"#
Artificial Neural Networks, normalization, estimation,
Brushtooth lizardfish 
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The functioning of Artificial Neural Networks
(ANNs) is inspired by the human brain. These programs are logical software that learn by reviewing
the obtained data, that formulate results based on
what they learn and that can be developed to generalize these conclusions, just like in a human [1].
They can be used in many areas as a result of such
advantages they offer as, for example, their ability to
be run quickly and reliably for the resolution of nonlinear complex problems; the store calculation methods within their databases; their toleration of errors;
their ability to make generalizations about circumstances that they have never encountered before using known examples by means of their ability to
learn; their ability to be run with missing data; and
their ability to process an unlimited number of parameters [2, 3]. In modeling systems that lack classification, conceptualization, clustering or linearity,
statistical analyses commonly used in aquaculture
studies, such as optimization and time series, can be
easily conducted through ANN [4, 5].

$"#$#

Brushtooth lizardfish is a Lessepsian species
that originated in the Indo-Pacific region and migrated to the Mediterranean Sea via the Suez Canal
[17, 18]. Having found a suitable habitat, Brushtooth
lizardfish colonized almost all of the Mediterranean
Sea and became a species of significant commercial
value [19, 20]. It reaches a maximum length of 50
cm, and is caught in a range of 20–30 cm [21].
:<303-3+5 /=:+5 /<?8:4; Certain preliminary processes are carried out on the inputs and outputs of Artificial Neural Networks, rendering training more efficient. Normalization processes are carried out on raw data to ensure the preparation of a
data set suitable for the training of the network. If the
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)#-8:/ /<28. The fact that some of the
values in the data set are less than 0 and some are
more than 0 indicates that the distances between the
data, particularly the outliers, will have a strong impact on the results. The normalization of the data ensures that each parameter in the input set of the training contributes equally to the estimation of the
model. The application of the Z-score method eliminates the distances between the data and reduces the
outliers among the data (Equation 3).

raw data is not normalized, it may slow the functioning of the network. The normalization of data in
multi-layered networks severely affects the performance of the network, in that it makes the distribution of the values in the data set regular.
This study was conducted on 321   
  obtained from commercial fishermen in
Karataş, Adana between 2012 and 2013. In the ANN
created using this fish, the input values were total
length (TL), fork length (FL) and standard length
(SL), whereas the estimated output value was weight
(W). The structure of the network created for the input and output data in the ANN is presented in Figure
1.
A Feed Forward Backpropagation Algorithm
was used in the network, and the training function
used was the Trainlm function; the learning function
used was learngdm (backpropagation), and the activation functions were Tansig and Logsig. Additionally, a multi-layered network consisting of 1 to 10
strata was used [10], and the iteration was run between 300 and 800.
The output values obtained were the body
weights of      . Of the 321 input
values, 70 percent (224) were used as the training set
and 30 percent (97) were used as the test set. A
Matlab R2013b was employed for the application of
ANN.
In order to measure the performance of the network, Mean Absolute Percentage Error (MAPE)
(Equation 1) and Mean Square Error (MSE) (Equation 2) values were calculated.

 =

∑




 − 

*100(%)


1 
 = ∑ ( − )2
 1

χ  − μ
σ
In which χ ' is the normalized data, χ
χ'=



is the

input value, μ is the mean of the input set, and σ 
is the standard deviation of the input set [6, 24, 25].

/.3+78:6+53B+<387A median normalization method is applied to each sample, being unaffected by extreme deviations (Equation 4).

χ
(4)
( )
In which χ ' is the normalized data, χ  is the
χ'=

input value, and ( )is the median of the input set.
#31683. 8:6+53B+<387 In sigmoid normalization, data is classified between 0 and 1 or -1. There
are various non-linear sigmoid functions. The applied sigmoid model is given in Equation (5).

χ'=

(1)

 χ  − − χ 
  + − 

(5)

In which χ ' is the normalized data, χ  is the input value and “e” is the natural logarithm value.

37+@8:6+53B+<387In this method, the
minimum and maximum values in a group of data
are addressed, and all remaining data is normalized
according to these values. The purpose is to normalize the data such that the minimum value is 0 and the
maximum value is 1, and to propagate all remaining
data to the range of 0–1 (Equation 6).

(2)

In which  is the actual value,  is the estimated/calculated value and N is the number of items
of data [22, 23].

8:6+53B+<387 /<28.; The normalization
methods used in this study are Z-Score, Medyan,
Sigmoid, Min-max and D-Min-Max, respectively.

(3)
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χ − χ min
(6)
χ max − χ min
In which χ ' is the normalized data, χ  is the
input value, χ min is the minimum number in the input set and χ max is the maximum number in the in-

be trained without performing normalization, and
can give goods results, as in the case in Table 1. This
indicates that the data has an even distribution.
Comparisons of the MAPE and MSE values
obtained performing normalization are given in Figures 2 and 3, respectively.
Figures 2 and 3 show the MAPE and MSE results of the values calculated from the normalization.
According to the two figures, two methods (Minmax and D-Min-Max) gave better results, as their
means are low. A comparison of the estimation values obtained by the D_Min_Max normalization
method and the actual values is presented in Figure
4.
Figure 4 indicates that the values calculated using the D_Min_Max normalization method are closest to the actual values, and it can therefore be considered the best method.


%#

In conclusion, various normalization techniques were applied, one-by-one, to the morphometric data of    to estimate its body weight
by means of ANN. D_Min_Max and Min_Max
methods were found to perform better in the ANN,
meaning that they gave results closer to the actual
values. It was found that the results of the data analyzed through the use of ANNs after applying normalization techniques were close to the actual values. Since normalization renders the distribution of
the values in the data set regular, it also makes the
performance of the network regular, and thus an
ANN can provide answers to questions it has never
seen before with an acceptable level of error. As
more accurate results will be obtained after using the
appropriate normalization techniques in estimating
the relationship between dependent and independent
variables in the ANN, it can be used as an alternative
to conventional statistical methods. It is recommended in particular to be used as a quite successful
means of evaluating data that cannot be resolved by
means of conventional methods.

χ'=

put set ([6, 22, 26].
*37+@8:6+53B+<387Using the equation below, all data were normalized between 0.1 and
0.9 (Equation 7).

χ ' = 0,8*

χ − χ min
+ 0,1
χ max − χ min

In which χ 'is the normalized data,
put value,
set and

(7)

χ  is the in-

χ min is the minimum number in the input

χ max is the maximum number in the input set

[27, 28].
"#%$##%##
This study identifies which normalization technique gives the best result in estimating the body
weight of Brushtooth lizardfish caught in the Gulf of
Iskenderun between 2012 and 2013 based on morphometric data (total length, fork length and standard length) of the fish. The activation functions used
in the ANN, namely, tangent sigmoid (tansig) and
logarithmic sigmoid (logsig), are given in Table 1,
and the best MAPE and MSE results for the values
obtained are given in Table 2.
The MAPE and MSE results of the various
models are given in Tables 1 and 2. The MAPE value
of 3.187 and the MSE value of 0.001 were found to
be the best values in the Tansig (10,1,2) model, and
the MAPE value of 3.784 and MSE value of 0.001
were found to be the best values in the Logsig
(10,1,4) model. There are extremely high and low
values among the inputs and outputs of ANNs, and
when calculating net inputs, these outliers may result
in the network being misled [27, 29]. Network can

"/;=5<;
)C#-8:/
37*+@
/.3+7
*37*+@
#31683.
"+?.+<+
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$:3+5"/;=5<;80<2/8./5;08::<303-3+5/=:+5/<?8:4;
$+7;31   
$+7;31   
81;31   
81;31   
MAPE(%)-MSE
MAPE(%)-MSE
MAPE(%)-MSE
MAPE(%)-MSE
7,854–0,032
7,921–0,033
8.317–0.38
8,915–0,031
4,458–0,002
3,974–0,001
3,784–0,001
4,074–0,001
6,921–0,005
6,998–0,005
6,923–0,005
6,930–0,004
3,215–0,001
3,187–0,001
3,205–0,001
3,478–0,001
16,750–0,216
16,345–0,184
16,059–0,187
15,784–0,187
4,624–2,845
4,023–2,174
4,892–3,032
4,154–2,418

Tansig (10,1,2) refers to the number of layers, number of hidden layers and number of neurons in the hidden layer, respectively.

2844

#"

  $    





  !




$ 
/;< +7.#:/;=5<;

79=< +:+6/</:;
 #
*37*+@
$+7;31   
3,187–0,001
37*+@
81;31   
3,784–0,001
/.3+7
$+7;31   
6,921–0,005
)#-8:/
$+7;31   
7,854–0,032
#31683.
81;31   
15,784–0,187




%" 
869+:3;8780 :/;=5<;+0</:78:6+53B+<387




%" 
869+:3;8780#:/;=5<;+0</:78:6+53B+<387
D in MAx
M

1.2
1.1
1

S.undosquamis A₣Û
rlÛ
klar

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0

50

100

150

200

250

300

350

N


%" 
869+:3;8780<2/;<36+<387&+5=/;,<+37/.,A*37*+@8:6+53B+<387/<28.+7.<2/-<=+5
&+5=/;

2845

#"

  $    





  !




'$#

[12]Benzer, R. and Benzer, S. (2015) Application
of artificial neural network into the freshwater
fish caught in Turkey. International Journal of
Fisheries and Aquatic Studies. 2(5), 341-346
[13]Morimoto E., Taira Y. and Nakamura M. (2009)
Identification of Fish Species using Neural Networks. J of National Fisheries University. 58(1),
65-71.
[14]Sun, L., Xiao, H., Yang, D. and Li, S. (2009)
Forecasting Fish Stock Recruitment by Using
Neural Network. Global Congress on Intelligent
Systems. 96-100.
[15]Huang, C.F., Huang, A.C., Pai, T.Y., Ni, R.X.,
Chu, F.J., Wan, T.J. and Shi, D.H. (2017) Prediction and diagnosis of extraordinary situations
for wastewater treatment systems using neural
network approach. Fresen. Environ. Bull. 26,
3293-3299.
[16]Nikoo, M., Razavi, S.A. and Hadzima-Nyarko,
M. (2018) Artificial Neural Network Combined
with Imperialist Competitive Algorithm for Determination of River Sediments. Fresen. Environ. Bull. 27, 4658-4667.
[17]Ben-Tuvia, A. (1966) Red Sea fishes recently
found in the Mediterranean. Copeia. 2, 254-275.
[18]Gücü, A.C., Bingel, F., Avşar, D. and Uysal, N.
(1994) Distribution and occurrence of Red Sea
fish at the Turkish Mediterranean coast northern
Cilician basin. Acta Adriatica. 34, 103-113.
[19]Ismen, A. (2003) Maturity and fecundity of Lizardfish (Saurida undosquamis Richardson,
1848) in Iskenderun Bay (Eastern Mediterranean). Turkish Journal of Zoology. 27, 231-238.
[20]Manaşırlı M., Avşar D. and Yeldan, H. (2011)
Population dynamical parameters of brush tooth
lizard fish Saurida undosquamis (Richardson,
1848) from the Northeastern Mediterranean
Coast of Turkey. Ege Journal of Fisheries and
Aquatic Sciences. 28(4), 111-115.
[21]Gokce, G., Sangün, L., Özbilgin, H. and Bilecenoğlu, M. (2007) Growth and mortality of the
brushtooth lizardfish (Saurida undosquamis) in
Iskenderun Bay (eastern Mediterranean Sea) using length frequency analysis, Journal of Applied Icthyology. 23(2007), 697-699.
[22]Ghaedi, A.M. and Vafaei, A. (2016) Principal
Component Analysis-Artificial Neural Network
and Multiple Linear Regression for The Removal of Basic Blue Dye by Alumina Nanoparticle Loaded on Activated Carbon Prepared
from Palm Kernel. Fresen. Environ. Bull. 25,
6215-6217.
[23]Lei, T., Sun, X., Xianghong Guo, X. and Ma, J.
(2017) Analysis of The Importance of The Factors That Influence Urea Hydrolysis Through an
Artificial Neural Network. Fresen. Environ.
Bull. 26, 618-6190.


This study was supported financially
(AMYO2011BAP4) by the Resource Fund of Cukurova University (Turkey).


""#

[1] Yazıcı, A.C., Öğüş, E., Ankaralı, S., Canan, S.,
Ankaralı, H. and Akkuş, Z. (2007) Artificial
Neural Networks Overview Turkey Clinics. J.
Med Sci. 27, 65-71. (in Turkish).
[2] Bayır, F. (2006) An Application on Artificial
Neural Networks and Prediction Modeling.
Master Thesis. Istanbul University Institute of
Social Sciences. İstanbul.
[3] Mammadova, N.M. and Keskin, I. (2015) Application of neural network and adaptive neurofuzzy inference system to predict subclinical
mastitis in dairy cattle. Indian J. Anim. Res. 49,
671-679.
[4] Warner, B. and Misra, M. (1996) Understanding
Neural Networks as Statistical Tools. The
American Statistician. 50(4), 284-293.
[5] Dunis, C. and Huang, X. (2002) Forecasting and
Trading Currency Volatility: An Application of
Recurrent Neural Regression and Model Combination. Journal of Forecasting. 21(5), 317354.
[6] Nayak, S.C. Misra, B.B. and Behera, H.S.
(2014) Impact of Data Normalization on Stock
Index Forecasting. International Journal of
Computer Information Systems and Industrial
Management Applications. 6, 257 – 269.
[7] Özesmi, S.L., Tan, C.O. and Özesmi, U. (2006)
Methodological issues in building, training, and
testing artificial neural networks in ecological
applications. Ecological Modelling. 195(1-2),
83-93.
[8] Brosse, S., Guegan, J., Tourenq, J. and Lek, S.
(1999) The use of artificial neural networks to
assess fish abundance and spatial occupancy in
the littoral zone of a mesotrophic lake. Ecological Modelling. 120(2-3), 299-311.
[9] Suryanarayana, I., Braibanti, A., Sambasiva,
R.R., Ramam, V.A., Sudarsa, D. and Rao, G.N.
(2008) Neural Networks in Fisheries Research
Science Direct. 92, 115-139.
[10]Manimannan, G., Arulkumar, C. and Lakshmi
Priya, R. (2016) Classification of agricultural
productivity index of Cauvery delta zone using
artificial neural network. Agric. Sci. Digest.
36(4), 261-266.
[11]Hyun, K., Song, M.Y., Kim, S. and Chon, T.S.
(2005) Using an artificial neural network to patternize long-term fisheries data from South Korea. Aquat. Sci. 67, 382–389.

2846

#"

  $    





  !




[24]Yüksek, A.G., Bircan, H., Zontul, M. and
Kaynar, O. (2007) An Application on Forming
Air Quality Model with Artificial Neural Networks in. Cumhuriyet Üniversitesi İktisadi ve
İdari Bilimler Dergisi. 8(1), 97-112.
[25]Jayalakshmi, T. and Santhakumaran, A. (2011)
Statistical Normalization and Back Propagation
for Classification. International Journal of Computer Theory and Engineering. 3(1), 89-93.
[26]Bugday, E. (2018) Application of Artificial
Neural Network System Based on ANFIS Using
GIS For Predicting Forest Road Network Suitability Mapping. Fresen. Environ. Bull. 27, 16561668.
[27]Yavuz, S. and Deveci, M. (2013) The Effect of
Statistical Normalization Techniques on the
Performance of Artificial Neural Network.
Erciyes Üniv. İktisadi ve İdari Bilimler
Fakültesi Dergisi. 40, 167-187
[28]Mohagheghian, M., Ghaedi, A.M. and Vafaei,
A. (2016) Application of Genetic AlgorithmAdaptive Neuro-Fuzzy Inference System and
Genetic Algorithm-Multiple Linear Regression
for Simultaneous Determination of Glycyrrhizic
Acid and Liquiritin in Licorice Root. Fresen.
Environ. Bull. 25, 6218-6223.
[29]Öztemel, E. (2003) Artificial neural networks.
Papatya Yayınları. 44.

"/-/3>/.
  
--/9</.
  


""# %$"
/>/7<#+71=7
University of Cukurova,
Vocational School of Adana,
P.O. Box 01160,
Çukurova, Adana – Turkey
e-mail: leventsangun@gmail.com

2847

Volume 28 ± No. 4/2019 pages 2848-2854

© by PSP

Fresenius Environmental Bulletin

SINTERING CHARACTERISTICS OF CERAMSITE
OBTAINED FROM LAKE SEDIMENTS, CLAY, AND
LIRIODENDRON
Zhulai Wang1,2,*, Zuhui Fan2, Zizeng Lin2, Yali Liu2
1

Ministry of Education Key Laboratory of Integrated Regulation and Resource Development on Shallow Lakes, Hohai University,
Nanjing 210098, PR China
2
School of Civil Engineering, Nanjing Forestry University, Nanjing, Jiangsu Province 210037, PR China

research. Previously, the raw materials for producing ceramsite are these matters, such as clay, shale,
and so on, which are the non-renewable resources.
In recent years, the amount of solid wastes such as
sewage sludge [3], coal ash [4], sediment [5-7], and
so on, as the raw materials for producing ceramsite
gradually increased. Lake sediment as the raw material for producing ceramsite both solves the environment harm of lake sediment and provides the
new approaches for the choice of the raw material
of ceramsite.
The objective of this paper is the evaluation of
the feasibility that the three raw materials of lake
sediment, clay, liriodendron were mixed for producing ceramsite and examine their sintering characteristics. The lake sediment is the main raw material, while the clay and liriodendron are the additives, which provide the viscosity and the organic
matter, respectively. The effect of the process parameters on the specific surface area, pore size
distribution, bulk and apparent density of these
ceramsites manufactured above was examined. The
process parameters included the mass ratios of the
three raw materials, preheating temperatures and
duration, and sintering temperatures and duration.
This research provides the theoretical basis for the
actual production of ceramsite.

ABSTRACT
In order to evaluate the feasibility that the
three raw materials of lake sediment, clay, liriodendron were mixed for producing ceramsite and examine their sintering characteristics, the specific
surface area, pore size distribution, bulk and apparent density were chosen as the study object. The
results showed that at the lower preheating and
sintering temperatures and duration, many small
pores were formed in the inner of the ceramsites,
while at the higher preheating and sintering temperatures and duration, small pores started melting to
form larger pores resulting in the decline of the
specific surface area and the increase of the bulk
and apparent density. As the lake sediments decreased, the specific surface area of the ceramsites
also declined and the bulk and apparent density
increased, while as the amount of the liriodendron
rose, the specific surface area would also increase
and the bulk and apparent density decrease. In addition, the influence for the increase of the organic
matters was greater than the influence for the decline of the preheating and sintering temperatures
and duration.

KEYWORDS:
Ceramsite, Lake sediment, Clay, Liriodendron, Sintering
characteristics

MATERIALS AND METHODS
Materials. Lake sediment, clay, and liriodendron were the three raw materials of producing
ceramsite in this study. Lake sediment was obtained
from Xuanwu Lake in Nanjing, China and dewatered through a filter press. Both clay and liriodendron came from Nanjing Forestry University,
Nanjing, China, and clay was in the work site while
liriodendron was the leaves dropped from the trees.
The plasticity index of clay was greater than 17.
The chemical compositions of lake sediment
and clay mentioned above are shown in Table 1.

INTRODUCTION
Booming economy and rapid modernization
have resulted in the gradual growth of solid waste
in the world, especially in the developing countries
[1]. The harm of solid waste to the environment is
becoming more and more serious. In China, solid
waste was divided into industrial waste, hazardous
waste, and municipal waste [2]. Lake sediment is
one of municipal wastes, and its harm to environment is also very serious. How to utilize the sediment in lakes is one of the hotspots in the current
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TABLE 1
Chemical compositions of raw materials analyses
Chemical compositions
Lake sediment (wt-%)
Clay (wt-%)

Type of ceramsite
TLA
TLB
TLC
TLD
TLE
TLF

Number
1
2
3
4
5
6

SiO2
52.63
84.62

CaO
3.21
0.82

MgO
2.84
1.03

Al2O3
16.56
7.33

K2O
1.83
1.86

Fe2O3
7.69
4.09

TABLE 2
Sample contents and ratios
Lake sediment (wt-%)
Clay (wt-%)
95
5
90
10
85
15
90
5
80
10
70
15

Na2O
1.52
0.03

MnO2

TiO2

0.05

0.62

Ignition loss rate
13.72

Liriodendron (wt-%)
0
0
0
5
10
15

TABLE 3
Preheating and sintering temperatures and duration of ceramsite
Preheating temperature and duration
Sintering temperature and duration
300 oC, 10 min
750 oC, 10 min
300 oC, 20 min
750 oC, 20 min
400 oC, 10 min
850 oC, 10 min
400 oC, 20 min
850 oC 20 min
500 oC, 10 min
950 oC, 10 min
500 oC, 20 min
950 oC, 20 min
ceramsite had not been preheated. The preheating
temperatures and duration and the sintering temperatures and duration were given in Table 3 as follows. The ceramsite was heated in a chamber electric furnace (SX2-12-10, Shanghai experimental
electric furnace factory ˈ China) at a 10 oC/min
every preheating and sintering temperature. In accordance with the preheating temperatures and
duration and the sintering temperatures and duration, the numbers of the ceramsite were identified
as 1, 2, 3, 4, 5, and 6.

The chemical composition of liriodendron is
mainly the organic matter including cellulose, polysaccharide, protein, and so on. The three raw materials were dried at 105 oC for 2h in a drying oven
and then ground with a TYSP-200 high-speed pulverizer (Zhejiang Yongkang red sun electromechanical Co., Ltd., China) at sizes below 100 meshes to be ensure well thorough mixing. The dry
weight ratios of lake sediments : clay : liriodendron
were examined in this study and given in Table 2.
The ratios were identified as TLA, TLB,
TLC,TLD,TLE, and TLF.

Detection methods. The specific surface area
and pore size distribution of the ceramsite were
conducted by specific surface area and pore size
analyzer (V-Sorb 2800, Beijing golden APP Technology Co., Ltd., China). The chemical compositions of lake sediment and clay were determined by
electron energy disperse spectroscopy (INCA 250
EDS, UK). The detection method for the bulk density of the ceramsite was that a certain volume of
ceramsite was put in a measuring cylinder and the
volume was read out, while the weight of the
ceramsite was weighed by electronic analytical
balance. The testing method for the apparent density of the ceramsite was that on the basis of the vol-

Methods. Preparation of ceramsite. In view
of the sample contents and ratios above in Table 2,
the raw materials were mixed and added some
proper water (with the formation of ceramsite just
as the basis), and then the ceramsite was manufactured at the particle sizes of 6-8 mm by hand. The
ceramsite made above was left in a room at a temperature of about 20 oC for 2 days.
Preheating and sintering of ceramsite. After
the preparation of ceramsite, the next step was the
preheating and sintering of the ceramsite. The crack
would appear on the surface of the ceramsite if the
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tures varied 300-500 oC and 750-950 oC, respectively, the specific surface area of the ceramsites
increased first and then decreased up to the minimal. The explanation of the phenomenon above was
that at a certain preheating and sintering temperature and duration, the organic matters started decomposing to form CO2, CO, and C and Fe2O3
reacted to produce CO2, CO, too. These gases volatilized from the interior of the ceramsite to form
pore structures. At 300 oC, 20 min, and 750 oC ,20
min, these pore structures mainly were small pores,
which resulted in the specific surface area was the
maximum, while at 500 oC, 20 min, and 950 oC ,20
min, there were some small pores started melting to
form larger pores resulting in the appearing of the
minimal specific surface area.

ume of the ceramsite above, some water was added
in the measuring cylinder to ensure these water
submerged just and the volume that the volume of
the bulk density subtracted the water volume was
the volume of the apparent density of the ceramsite.
The calculation formulas of the bulk and apparent
density were as follows.
y
Bulk density=
(1)
pp
y
Apparent
density=
(2)

RESULTS AND DISCUSSION

Effect of mass ratios of the raw materials
on specific surface area. To examine the effect of
the mass ratios of the raw materials on the specific
surface areas of the ceramsites, the experiment was
also conducted in view of Table 3. The results are
shown in Fig. 2 as follows.

Effect of process parameters on specific
surface area of ceramsite. Effect of preheating
and sintering parameters on specific surface
area. In order to examine the effect of the preheating and sintering temperatures and duration on the
specific surface area of the ceramsite, the experiment was conducted in view of Table 3. The results
are shown in Fig. 1 as follows.

FIGURE 2
Effect of mass ratios of the raw materials on
specific surface area
FIGURE 1
Effect of preheating and sintering parameters on
specific surface area

It can be seen from Fig. 2 that at the lower
preheating and sintering temperatures and duration,
as the ratio of the lake sediment decreased and the
ratios of the clay and the liriodendron increased, the
specific surface areas of the ceramsites declined
first and then started rising. Meanwhile, at the higher preheating and sintering temperatures and duration, as the types of the ceramsites varied from TLA
to TLF, the specific surface areas of the ceramsites
had no evident difference. This phenomenon can be
explained as a result of at the lower preheating and
sintering temperatures and duration, the influence
for the decrease of the lake sediment was greater
than the increase of the clay and the liriodendron
and the organic matters of the lake sediment were
more than the clay and the liriodendron. In addition,
at the lower preheating and sintering temperatures

It can be seen from Fig. 1 that at the same preheating and sintering temperatures, as the preheating and sintering duration varied from 10 min to 20
min, the specific surface areas of the ceramsites
gradually increased, and especially as the preheating and sintering temperatures were 300 oCand 750
o
C, respectively, the variation of the specific surface
area of the ceramsite was the most evident and the
data of this specific surface area was the maximum
as the duration of 20 min. Meanwhile, the variation
of the specific surface area of the ceramsite was the
the minimum as the preheating and sintering temperatures were 500 oC and 950 oC, respectively. In
general, as the preheating and sintering tempera-
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in the 5-15 nm range, and as the temperatures and
duration increased, the larger pores appeared,
whose quantity was relatively less. In contrast, at
the higher preheating and sintering temperatures
and duration, the pore diameters in 5-15 nm were
not many, and as the increase of the temperatures
and duration, the quantity of the larger pores started
rising. It can be seen from Fig. 4 that the preheating
and sintering temperatures and duration varied from
300 oC,10 min and 750 oC,10 min to 300 oC,20 min
and 750 oC,20 min, the cumulative pore area was
larger and finally, at the latter preheating and sintering temperatures and duration, the cumulative pore
area was the most in all temperatures and duration.
Meanwhile, at the lower pore diameter, the increment of the cumulative pore area was very evident.
The explanation of the phenomenon above was that
at 300 oC,10 min and 750 oC,10 min, the small
pores formed not completely, while at 300 oC,20
min and 750 oC,20 min, owing to the evaporation of
the water and the decomposition of the organic
matters, the small pores formed completely and
their quantities reached the most. As the temperatures and duration increased, these small pores
appeared before started melting to form the larger
pores and the complex crystalline phases.

and duration, the influence for the increase of the
liriodendron was over than the decrease of the lake
sediment, and the amount for the organic matters of
the liriodendron was more than the organic matters
of the lake sediment. In contrast, at the higher preheating and sintering temperatures and duration, the
influence for the variation of this temperatures and
duration was over than the mass ratios of the raw
materials.
Effect of process parameters on pore size
distribution of ceramsite. Effect of preheating
and sintering parameters on pore size distribution. In order to evaluate the effect of the preheating and sintering parameters on the pore size distribution, the sample of TLD was chosen as the study
object. The preheating and sintering temperatures
and duration were given in Table 3. The results are
shown in Fig. 3-4 as follows.

Effect of mass ratios of the raw materials
on pore size distribution. In order to examine the
mass ratios of the raw materials on the pore size
distribution of the ceramsite, the samples of TLA,
TLB, TLC, TLD, TLE, and TLF were chosen as the
study objects. The preheating and sintering temperatures and duration were 300 oC,10 min and 750
o
C,10 min. The results are shown in Fig. 5-6 as
follows.

FIGURE 3
Effect of preheating and sintering parameters on
pore area increment

FIGURE 5
Effect of mass ratios of the raw materials on
pore area increment

FIGURE 4
Effect of preheating and sintering parameters on
cumulative pore area
The difference of the pore area increment between the lower and higher preheating and sintering
temperatures and duration can be seen from Fig. 3.
At the lower preheating and sintering temperatures
and duration, the average pore diameter mainly was
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FIGURE 7
Effect of preheating and sintering parameters on
bulk and apparent density

FIGURE 6
Effect of mass ratios of the raw materials on
cumulative pore area

It can be seen from Fig. 7 that as the preheating and sintering temperatures and duration increased, no matter 10 min or 20 min, the bulk density of the ceramsite had no evident difference,
while the apparent density rose sharply. As the
preheating and sintering duration varied from 10 to
20 min, both the bulk density and the apparent
density of 20 min were more than 10 min. The
explanation of the phenomenon above was that the
rising of the preheating and sintering temperatures
had no evident influence on the bulk density and
this was because the rising of the temperatures
resulted in only the melting of the inner pores,
while the diameter of the ceramsite in outer surface
had no change. Meanwhile, as the temperatures
increased, owing to the melting of the inner pores,
the amount of the pores connected with the outer
surface of the ceramsite rose, which resulted in the
decline for the volume of the ceramsite bodies, and
finally, the apparent density of the ceramsites gradually became greater than before. In addition, as the
preheating and sintering duration prolonged, the
reason for the increase of the bulk and apparent
density was still the melting for the inner pores of
the ceramsite.

The difference of the pore area increment can
be seen from Fig. 5 as the types of the samples
varied from TLA to TLF. The pore area increment
for the samples of TLA, TLB, TLC was less than
the samples of TLD, TLE, TLF in a 10-30 nm
range. As the average pore diameters were over
than 50 nm, the pore area increment was smaller
and no evident difference in all types of the samples. It can be seen from Fig. 6 that the cumulative
pore areas were the largest as the samples were
TLA, TLB, and TLF, while the cumulative pore
area of the sample of TLC was the smallest. As the
average pore diameters varied from 0 to 30 nm, the
all cumulative pore areas increased significantly,
while over than 30 nm, the increment of the cumulative pore areas was not evident. The phenomenon
above can be explained as a result of that as the
types of the samples varied from TLA, TLB, TLC
to TLD, TLE, TLF, the mass of the lake sediment
was the decrease while in contrast, the content of
the liriodendron was the increase. The results
showed that the influence of the increase of the
liriodendron exceeded the influence of the decrease
of the lake sediment and it further proved the organic matter content of the liriodendron was more
than the content of the lake sediment. The contribution of the small pores to the specific surface area
was more than the large pores because of the more
amount of the small pores.

Effect of mass ratios of the raw materials
on bulk and apparent density. In order to examine the effect of mass ratios of the raw materials on
the bulk and apparent density of the ceramsites, the
samples of TLA, TLB, TLC, TLD, TLE, and TLF
were as chosen as the study objects. The preheating
and sintering temperatures and duration were 300
o
C, 10 min and 750 oC, 10 min, and 300 oC, 20 min
and 750 oC, 20 min. The results are shown in Fig. 8
as follows.

Effect of process parameters on bulk and
apparent density of ceramsite. Effect of preheating and sintering parameters bulk and apparent
density. To evaluate the preheating and sintering
parameters on the bulk and apparent density of the
ceramsite, the sample of TLA was chosen as the
study object. The preheating and sintering temperatures and duration were given in Table 3. The results are shown in Fig. 7 as follows.
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than the influence for the decline of the preheating
and sintering temperatures and duration.

ACKNOWLEDGEMENTS
The study was supported by the Fundamental
Research Funds for the Central Universities (No.
2017B20514) and PAPD.

REFERENCES
FIGURE 8
Effect of mass ratios of the raw materials on
bulk and apparent density

[1] Song, Q., Li, J., Zeng, X. (2015) Minimizing
the increasing solid waste through zero waste
strategy. Journal of Cleaner Production. 104,
199-210.
[2] He, C., Yu, R., Chen, Z., Sun, H. (2016) Research on unattended hoisting in solid waste
disposal. International journal of hydrogen energy. 41, 15817-15820.
[3] Li, J., Yu, G., Xie, S., Pan, L., Li, C., You, F.,
Wang, Y. (2018) Immobilization of heavy
metals in ceramsite produced from sewage
sludge biochar. Science of the Total Environment. 628-629, 131-140.
[4] Qin, J., Cui, C., Cui, X.Y., Hussain, A., Yang,
C.M. (2015) Preparation and characterization
of ceramsite from lime mud and coal fly ash.
Construction and Building Materials. 95, 1017.
[5] Qi, Y., Dai, B., He, S., Wu, S., Huang, J., Xi,
F., Ma, Y., Meng, M. (2016) Effect of chemical constituents of oxytetracycline mycelia residue and dredged sediments on characteristics
of ultra-lightweight ceramsite. Journal of the
Taiwan Institute of Chemical Engineers. 65,
225-232.
[6] Yue, D., Yue, Q., Gao, B., He, H., Yu, H., Sun,
S., /Õ, Q., Wang, Y., Zhao, Y. (2014) Preparation and bloating mechanism of porous ultralightweight ceramsite by dehydrated sewage
sludge and Yellow river sediments. 12, 10291035.
[7] Li, T., Sun, T., Li, D. (2018) Preparation, sintering behavior, and expansion performance of
ceramsite filter media from dewatered sewage
sludge, coal fly ash, and river sediment. J Mater Cycles Waste Manag. 20, 71-79.

As the samples varied from TLA to TLF, the
bulk density of 10 min was over than 20 min except
from TLA to TLB, and but the difference of the
bulk density between 10 and 20 min was not evident. Meanwhile, as the samples varied from TLA
to TLD, the apparent density of 20 min was greater
than 10 min while it was contrary from TLD to
TLF, and the difference of the apparent density
between 10 and 20 min was larger than the bulk
density except from TLD to TLE. The phenomenon
above can be explained as a result of the difference
of the preheating and sintering duration and the
difference of the mass ratios of the raw materials.
As the samples varied from TLA to TLC, owing to
the decrease of the lake sediment, the decline of the
organic matter resulted in the bulk density increase,
while as the samples varied from TLC to TLF, the
increase of the liriodendron was the reason of the
decline of the bulk density. The influence of the
increase of the organic matter was over than the
variation of the duration from 10 to 20 min. The
reason of the change of the apparent density was
similar with the bulk density.

CONCLUSIONS
Based on the results obtained in this study, the
conclusions are drawn as follows:
(1) At the lower preheating and sintering temperatures and duration, many small pores were form
-ed in the inner of the ceramsites, while at the
higher preheating and sintering temperatures and
duration, small pores started melting to form larger
pores resulting in the decline of the specific surface
area and the increase of the bulk and apparent density.
(2) As the lake sediments decreased, the specific surface area of the ceramsites also declined
and the bulk and apparent density increased, while
as the amount of the liriodendron rose, the specific
surface area would also increase and the bulk and
apparent density decrease. In addition, the influence
for the increase of the organic matters was greater
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stand temperatures of -2.2, -3.3 °C and small fruits
(about in diameter of 1 cm) can stand temperatures
of -1.1, -2.2 °C. Apple trees blossom in late period
so they are damaged less by late spring frosts.
Types of apples show differences in terms of resistance to low temperatures. Undoubtedly, resistance to cold changes depending on the type,
rootstocks and applied cultivation systems [2, 3].
It is confirmed that the temperature within the
interval of 30-40 days following the blossoming of
commercial apples has significant impact on the
ripening period of the fruit to reach optimum size,
firmness of fruit flesh at harvest, cell size and specific weight [4]. One of the most important environmental factors affecting growth and yield of the
plants is temperature. The changes in seasonal temperatures year by year affect the yield of apple trees
but temperature is not the only factor in this respect
[5]. Warrington et al. [4] have determined that
growth of apples is largely affected by the temperature during the early ripening period following
blossoming and the fruits are less sensitive to temperature in medium and late periods.
The fruit load expressed as the number of
fruits per tree is affected by many environmental
factors such as light, temperature, and photosynthesis and by product management applications. The
most important fruit orchard management applications that affect fruit load and quality of fruits are
rootstock and blossom and fruit thinning applications [6, 7]. While dwarf and semi-dwarf rootstocks
breeding and the use of obtaining rootstocks in
apple tree growing has been started to be used effectively in the world a century ago, use of clonal
rootstocks with different characteristics for apple
tree farming has only been started in the years of
1968 and 1970 in our country. In comparison to the
other fruit species, apple is the most common and
successful fruit type for intensive breeding.
Rootstocks have important effects on the performance of the apple cultivar; early fruit maturing,
the crown shape and size, the rate of photosynthesis; growth rate and duration, resistance against
various soil conditions, cold weather, drought, disease and pests and also the intake of nutrients from
the soil, bud breaking time and various fruit features [1, 8-10]. Fruit size is one of the most important determinants of price [9, 10]. Fruit varieties,

The apple tree that grows in temperate, especially cold-temperate climatic regions between the
latitudes of 30° - 50° in the world is also successfully being grown in subtropical climate conditions by
using the cultivars with low chilling needs. In this
study, phenological, pomological and some chemical features of ‘Anna' apple cultivar on different
rootstocks were determined in the conditions of
Sanliurfa, which shows a semiarid climate characteristic, between 2014 and 2015. In the research,
fruit diameter measurements of the fruits were
made at 5-day intervals from fruit set to fruit harvest. According to the results obtained, it was determined that the growth of fruit diameter on three
different rootstocks in Anna apple cultivar showed
a growth that would form a single sigmoid curve. It
was determined that Anna apple cultivar is grafted
on different rootstocks reached to the earliest full
blooming stage (18th March) and the earliest harvest
date (5th July) on M9 rootstock. The biggest fruits
(221.42 g) were obtained from the trees on MM 111
rootstocks, the smallest fruits (179.76 g) were obtained from the trees on seedling rootstocks, minimum Brix degree (14.8%) was obtained from the
trees on seedling rootstocks, and minimum titratable acidity (0.61%) was obtained from the trees on
MM 111 rootstocks. In Anna trees, the period from
full flowering to harvest varied between 109 days
(for M9) and 115 days (for seedling rootstocks).
The highest fruit set rate was obtained from the
trees on the seedling rootstock with 22.6%.


)(!#$
Apple rootstocks, fruit growth, fruit drop ratio, fruit set
ratio, flower drop, M9


 %#!&%! 
Being a temperate climate and particularly a
cool temperate climate fruit, apple is grown between 30°- 50° north and south latitudes [1]. During
winter the trunk and main branches of apple trees
stand temperatures of -35, -40 °C and old branches
stand temperatures up to -20 °C. Blossoms can
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In order to popularize apple farming in Sanrootstock, tree age, crop load, alternate bearing,
liurfa and in the territory, it is necessary to identify
position of flower on spur, etc. such as genetic
scion/rootstocks components that are suitable for
factors, pruning, disease and pest control, thinning,
the ecological conditions of the region and to repeat
nutrition, irrigation, external hormone applications
these studies with the current apple cultivars. Besuch as cultural factors and environmental factors
cause of the varieties and rootstocks developed
such as soil, humidity, light, temperature, wind and
every year, apples are grown in rather different
gases affect fruit size on the tree [4, 9, 11-15].
ecologies than other species of fruits. Due to breedMany of the studies on the influence of rootstocks
ing works, these newly developed and preferred in
on the scion variety did not show consistency from
foreign trade should be tested in different ecologies
site to site and varied over time. Rootstocks affect
[19]. On the other hand, as apple fruit has variety
the fruit quality characteristics such as ripening,
and rootstock riches suitable for different ecologies
storability, mineral composition [16], size and fruit
and soil structures, these varieties and rootstocks
firmness [9, 17] of the scion cultivar.
should also be tested in varying ecologies without
Fruit; they expand at unequal proportions from
losing time.
fruit set to maturity. In most fruits, development
This study was carried out with the aim of deforms are defined as single or double sigmoid
termining the performance of early ripening ‘Anna’
curves. The development of fresh weight or fruit
apple cultivar, which ripens in July on 3 different
diameter after flowering creates a sigmoid growth
rootstocks under the conditions of Sanliurfa.
curve pattern. Fruits with single sigmoid growth

curves exhibit slow growth at the beginning and at

the end stages of growth, while growths are much
%#$
faster at the mid-development stage. Apples, avocados, bananas, oranges, pears, pineapples, strawberries, melons and tomatoes are examples of fruits
The research was carried out on 9-year-old
that have this development model. On the other
Anna apple trees that were grafted on seedling
hand, the fruit with a double sigmoid growth curve
rootstock, M9 and MM 111 rootstocks in Research
pattern exhibits two rapid growth rate periods sepaand Application Garden (37º10’ N and 38º59’ E;
rated by a relatively slow growth period. This type
altitude: 535 m) of Horticulture Department of the
of fruit includes peaches, apricots, plums, sweet
Faculty of Agriculture in Harran University becherries, sour cherries, figs, blackcurrants, bluebertween the years of 2014 and 2015. The planting
ries, raspberries, grapes and olives [11, 18].
distances of the trees that were grafted on seedling
While fruit growth and development of an aprootstocks and MM 111 rootstocks were 5 x 5 m,
ple tree grafted on a particular rootstock may be
and the planting distances of the trees that were
good, the performance of another type on the same
grafted on M9 rootstocks were 5 x 2.5 m. The irrirootstock may not be good. In other words, while
gation in the garden where the research was carried
fruit efficiency and development of an apple variety
out was through the drip irrigation system. The
on a rootstock are quite good, the performance of
trees were subjected to a central leader pruning and
the same variety may not be good on another roottraining system. Technical and cultural processes
stock. Therefore, because of the effect of rootstock
such as fertilization, disease, and pest control were
on fruit efficiency and fruit size, selection of suitacarried out regularly in accordance with the standble scion/rootstocks components is one of the most
ards, and fruit thinning was not applied.
important considerations for the garden setting.
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:=2< -2*5.<.: -.>.4785.6< Fruit diameter
measurements were made on the fruits on grafted
trees on 3 different rootstocks of Anna apple cultivar at 7-day intervals for the first 50 days after the
full blooming date, and at 10-day intervals after that
date. By the calculations on the results of diameter
measurement made by a digital caliper, the daily
diameter development rates of fruits were determined [22].

$<*<2;<2,*4 *6*4A;2; The research was based
on a randomized block trial design with 3 repetitions and with 2 trees for each repetition. JMP 8.0
package software was used to compare the results
obtained from the experiment. LSD Test (p≤0.05)
was used to compare the differences between the
averages.


#$&%$ $&$$! 

425*<2,/.*<=:.;According to the meteorological data obtained during the study from the
meteorological station that was established in the
research and application garden where the research
was carried out (Table 1), the average temperature
was 19.1 ºC, the highest temperature was 45.2 ºC,
the lowest temperature was -4.7 ºC, and the total
precipitation was 389 mm. The average relative
humidity was 49.10%. Relative humidity increases
to the highest level (70.3%) in February and decreases to the lowest level (25.5%) in June.

$7248:78.:<2.;The soil (0-40 cm) of the garden where the study was carried out was medium
textured, fertile and contained 40% of clay, 33.2%
of silt, 21.4% of sand and varying amounts of organic material between the rates of 0.48 and 1.16%.
The soil pH was between 8.20 and 8.45, and CaCO3
content varied between 19% and 25% (w/w). N and
P values of organic matter in the garden soil were
low, and the K value was high.


%!$

"1.674702,*4 ,1*:*,<.:2;<2,; The results of
the phenological observations made on Anna cultivar apple trees that were grafted on seedling rootstock, M9 and MM 111 rootstocks in Sanliurfa
conditions are given in Table 2.
According to the observations, the earliest and
latest bud swellings occurred on the trees grafted on
MM 111 (1st March) and seedling rootstocks (8th
March) in the years of 2014 and 2015, respectively.
The earliest (6th March) and latest (12th March) bud
break and the earliest (12th March) and the latest
(19th March) first blooming occurred on the trees
grafted on M9 and seedling rootstocks, respectively.
While the trees grafted on M9 rootstocks were in
full bloom period on March 18, the trees grafted on
seedling rootstocks reached the full bloom period
on March 27 at the latest. Blooming on the rootstocks ended between the dates of March 26 (M9)
and April 4 (seedling rootstock), and the fruits
reached the earliest harvesting maturity on the trees
grafted on M9 rootstock (5th July) and the latest on
the trees grafted on seedling rootstock (20th July).
It was determined that Anna apple cultivar
grafted on seedling rootstocks, M9 and MM 111
reached the earliest blooming and the earliest fruit
maturity on M9 rootstocks and the latest blooming
and the latest fruit maturity on seedling rootstocks.
Atay et al. [14] reported that Jersey Mac, Galaxy Gala and Braeburn cultivars grafted on MM
106 rootstocks were on blooming stage in 20th, 22nd
and 20th April in 2006, respectively, and they
reached the blooming stage in the conditions of
Egirdir on 28th April, 1st May and 28th April in
2007, respectively. Researchers stated that Jersey
Mac, Galaxy Gala and Braeburn varieties reached
the harvesting stage on 30th July – 03rd August, 27th
August – 31st August and 31st August – 22nd October in 2007, respectively.

.<.:526*<276 7/ 81.674702,*4 ,1*:*,<.:2;
<2,;As for phenological characteristics; bud swell,
bud break, first blooming, full bloom, post-bloom
and harvest date of the fruit trees were separately
determined according to rootstock differences. Bud
break, the beginning of blooming, full bloom, postbloom, and harvest dates were observed. The dates
were determined as follows: The beginning of
blooming; as 5% of the flowers were bloomed, full
bloom; as 70% of the flowers were bloomed and
post-bloom; as 95% of the petals of the flowers
were dropped [19, 20].

"7574702,*4 ,1*:*,<.:2;<2,; For the examined Anna apple cultivar, pomological characteristics such as fruit width (mm), fruit height (mm),
fruit weight (g), fruit volume (cm³), fruit flesh
hardness [measured by 11.1 mm probes of the penetrometer], total oBrix (%) and titratable acidity (%)
were examined on 20 fruits picked from each scion/rootstock combination in a way that to represent
the general characteristics of the cultivar [19, 20].

47?.: *6- /:=2< -:78 :*<. *6- 8.:27-;.
From Anna apple trees on each rootstock, 5 similar
trees were identified, and at least 500 flowers were
counted on the selected branches and in different
directions of these trees, and these figures were
recorded. Shedding of flowers and fruits on the
branches, which were marked and flower counts
made, were determined from the starting date of full
bloom until fruit maturity. Determination of shedding of flowers and fruits was made at 7-day intervals until the 30th day after full blooming and later
at 10-day intervals [21, 22].

2857

%$

" &   









 " #!"!


% 
$75.81.674702,*47+;.:>*<276:.;=4<;7/66**884.,=4<2>*:0:*/<.-76-2//.:.6<:77<;<7,3;
*>.:*0.7/<1.A.*:;
 
#77<;<7,3;

).*:;
$





 
2014
05. Mar.
11. Mar.
16. Mar.
25. Mar.
01. Apr.
14. Jul.
111
$..-4260
2015
08. Mar.
12. Mar.
19. Mar.
27. Mar.
04. Apr.
20. Jul.
115
2014
03. Mar.
06. Mar.
12. Mar.
18. Mar.
26. Mar.
05. Jul.
109

2015
04.Mar.
08. Mar.
16. Mar.
23. Mar.
30. Mar.
11. Jul.
110
2014
01.Mar.
07. Mar.
14. Mar.
20. Mar.
28. Mar.
08. Jul.
110
 
2015
05.Mar.
09. Mar.
18. Mar.
25. Mar.
31. Mar.
14. Jul.
111
B.S.: Bud swell, B.B.: Bud break, B.F.: Beginning of flowering, F.B.: Full bloom, E.F.: End of flowering, H.D.: Harvest date,
DNFFBH: Number of days from full bloom to harvest


In a study carried out in Nigde between 2006
and 2007, number of the days from full blooming to
harvest were found as 122 days (Galaxy Gala / M9
and Mondial Gala / M9) and 168 days (Granny
Smith / M9) for 14 old apple tree cultivars grafted
on M9 and MM 106 rootstocks, respectively [23].
Phenological observations made on apple cultivars in our country and in foreign countries have
obtained different results. This means that blooming
of apple varieties differ depending on the ecological
conditions of the farming region. The fact that climatic factors vary from year to year in the region of
fruit orchard is also one of the most important reasons why blooming dates and blooming duration of
fruit trees differ. Blooming time and duration (full
blooming) in fruit garden can differ depending on
cultivar, rootstock, ecology, and applied cultural
processes, and high weather temperatures during
the blooming period will shorten the blooming time
[26]. The latitude and longitude, altitude, warm and
cold winds of the place where the production is
being made, rootstocks and cultural practices significantly influence the flowering process.

In a study carried out in Nigde-Sazlica, according to the results of two years observation on
apple cultivars grafted on M9 and MM 106 rootstocks, the dates of bud swell, bud break, first
blooming, full blooming, post blooming and harvesting dates were determined as March 22nd (Galaxy Gala / M9), April 14th (Fuji / M9), March 29th
(Galaxy Gala / M9, Mondial Gala / M9) - April 21st
(Fuji / M9), April 14th (Galaxy Gala / M9) - May 5th
(Fuji / M9), April 19th (Mondial Gala / M9) - May
10th (Fuji / M9), April 25th (Galaxy Gala / M9) May 17th (Fuji / M9) and August 20th (Galaxy Gala
/ M9) - October 17th (Granny Smith / M9), respectively [23].
The performance of 10 apple cultivars grafted
on MM 106 rootstocks was examined during the
Apple Cultivars Adaptation Experiment conducted
in the Directorate of Fruit Research Station of
Egirdir between the years of 2003 and 2009. In
examined cultivars, bud swell occurred between
21st and 25th March, bud break occurred between
29th March and 1st April, first blooming occurred
between 19th and 25th April, full blooming occurred
between 24th and 27th April, post-blooming occurred in 1st and 5th May and harvesting maturity
occurred in 23rd August (for Rubinstein), 14th November (for Cripps Pink (Pink LadyTM), respectively [19].
In an investigation carried out in the conditions of Sanliurfa between 2008 and 2012, bud
swelling, bud breaking, first blooming, full blooming, post-blooming and harvesting dates of Anna
apple cultivar grafted on M9 rootstock were on 6th
March, 11th March, 20th March, 25th March, 2nd
April and 13th July, respectively, and the same phenological characteristics occurred 1-2 days later for
Anna cultivar apple trees grafted on MM 106 rootstocks [24].
According to the results of phenological observations made on Mondial Gala apple variety
grafted on M9, M26, MM 106 and MM 111 rootstocks between the years of 2003 and 2009, the date
of bud swell was determined as between 20th-25th
March, bud break as between 29th March and 5th
April, first blooming as between 17th and 21st April,
full blooming as between 1st and 7th May, and harvesting dates as between 25st August and 1st September [25].



"7574702,*4 ,1*:*,<.:2;<2,; The fruit characteristics of Anna apple trees grafted on seedling
rootstocks, M9 and MM 111 rootstocks are given in
Table 3. The average fruit weights of Anna apple
cultivar trees grafted on seedling rootstocks, M9
and MM 111 rootstocks vary between 179.76 (for
seedling rootstock) - 221.42 g (for MM 111), fruit
width varies between 71.80 (for seedling rootstock)
- 75.65 mm (for MM 111), fruit height varies between 72.39 (for seedling rootstock) - 77.30 mm
(for MM 111), fruit volume varies between 189.87
(for seedling rootstock) - 238.71 cm³ (for MM 111),
fruit flesh hardness varies between 16.4 (for seedling rootstock) - 18.6 lb/cm² (for MM 111), oBrix
varies between 14.8 (for seedling rootstock) 15.4% (for MM 111) and titratable acidity content
varies between 0.61 (for MM 111) - 0.77% (for
M9) (Table 3).
According to the results obtained based on the
averages of two years, it is determined that weight,
volume, size, firmness and TSS content of fruits of
clonal rootstocks are higher than those of seedling
rootstocks.
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Seedling
71.80 b
72.39 b
179.76 b
189.87 c
16.4 b
14.8 c
0.75 ab
M9
72.54 b
76.59 ab
209.09 ab
214.58 b
17.2 ab
15.1 b
0.77 a
MM 111
75.65 a
77.30 a
221.42 a
238.71 a
18.6 a
15.4 a
0.61 b
Within columns, means followed by different letters are significantly different according to the LSD test (≤0.05).
#77<;<7,3;

:=2<?2-<1
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:=2<4.60<1
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Atay et al. [14] determined fruit weights of
Galaxy Gala and Jerseymac apple cultivars grafted
on MM 106 rootstocks in the conditions of Eğirdir
as 150.14 g and 135.71 g, fruit flesh firmness as
13.25 lb/cm² and 19.62 lb/cm², oBrix as 13.19% and
12.36%, pH level as 3.41 and 3.09, and titratable
acidity level as 0.38% and 0.55%, respectively.
Bozbuğa and Pırlak [23] determined the average fruit weight of apple cultivars grafted on M9
and MM 106 rootstocks in the conditions of Nigde
as between 144.6 g (for Galaxy Gala / M9 ) - 216.3
g (for Fuji / M9), fruit diameter as between 70.1
(for Galaxy Gala / M9) – 81.7 mm (for Fuji / M9),
fruit height as between 57.6 (for Mondial Gala /
M9) – 70.3 mm (for Granny Smith / M9), brix degree as between 12.2 (for Granny Smith / M9) 16.5% (for Fuji / M9) and fruit flesh firmness as
between 11.90 (for Early Red One / MM 106) –
18.96 lb/cm² (for Granny Smith / M9), respectively.
In the conditions of Egirdir (Isparta), in a kind
of adaptation trial where 10 apple cultivars grafted
on MM 106 rootstocks were involved; fruit weight
of the cultivars was determined as between 162 (for
Rubinstein) - 287 g (for Crown Gold), fruit width as
between 69 (for Early Red One)- 84 mm (for Novaja), fruit length as between 57 (for Gala Selecta) –
77 mm (for Topred), fruit flesh firmness as between
5.30 (for Crown Gold) – 21.05 lb/cm² (for Cripps
Pink (Pink LadyTM)), pH as between 2.48 (for
Cripps Pink (Pink LadyTM)) - 4.14 (for Topred),
titratable acidity as between 0.31 (for Topred) 1.12% (for Cripps Pink (Pink LadyTM)) and brix
degree as between 12.20 (for Scarlet spur) - 16.40%
(for Cripps Pink (Pink LadyTM)), respectively [19].
For Gala apple cultivar grafted on M9 rootstocks in Čelarevo (Serbia), average fruit weight
(g), fruit width (mm), brix degree (%) and titratable
acidity level were determined as 174.4 g, 75.0 mm,
12.4% and 0.16%, respectively [27].
In a study conducted by Ikinci and Bolat [24]
in Sanliurfa between 2008 and 2012, for Anna apple cultivar grafted on M9 rootstocks, fruit weight
was determined as 93.42 g, fruit diameter as 71.14
mm, fruit height as 81.98 mm, fruit volume as
234.58 cm³, fruit flesh firmness as 18.58 lb/cm²,
brix degree as 14.40% and titratable acidity as
0.45%. The findings obtained in our study on Anna
fruit characteristics had similarities with the findings of Ikinci and Bolat [24].
In fruit growing, the fruit dimensions and the

chemical structure of the fruit are significantly
affected by the ecologies where they grow. Rootstocks, cultural practices (such as fertilization, irrigation etc.) and differences in fruit set rates also
have very important effects on fruit quality characteristics. In particular, it has been reported that the
rootstocks the cultivars are grafted on affecting the
size of the fruit, acidity and brix degree content of
the fruit and fruit skin color. The studies conducted
on different fruit species have reported that the brix
degree varies depending on the strength of the rootstocks.
:=2< 0:7?<1 :*<. *6- -*24A 26,:.5.6< 7/
/:=2< -2*5.<.: The fruit diameters of Anna apple
cultivar grafted on seedling rootstocks, M9, and
MM 111 rootstocks were determined as 14.61,
15.28 and 16.86 mm, respectively, 14 days after full
blooming, and daily diameter growth rate in that
period was determined as 0.83, 0.80 and 0.99
mm/day, respectively (Figure 1). The fruit diameters after 28 days of full blooming according to fruit
samples taken from Anna trees grafted on the same
rootstocks reached to 34.50 mm, 31.99 mm and
34.52 mm, respectively, and daily diameter growth
rates in the fruits of the same period reached the
highest levels of 1.91 mm, 1.30 mm and 1.37 mm,
respectively. After this date, the diameter growth of
the fruits started to slow down, and 60 days after
full blooming, diameters of the fruits reached 53.89
mm, 60.38 mm and 51.56 mm, respectively, 60
days after full blooming, the daily diameter growth
rate of Anna fruits decreased to 0.62, 0.90 and 0.68
mm/day, respectively (Figure 1). Golden Delicious
and Granny Smith apple cultivars were grown in
Zubin Potok (Kosovo) conditions were found to
have average fruit growth of 14.3-14.9 mm 25 days
after petal fall [21].
Janković et al. [21], Golden Delicious and
Granny Smith cultivars grafted on M9 rootstock
were determined that the daily fruit growth rate in
apple cultivars is in two stages. In the first stage,
when the fruit size was 5 mm, they reported that the
daily fruit growth varied between 0.1-0.5 mm. The
researchers found that in the second stage when the
fruit size was above 5 mm, the daily fruit growth
varied between 0.5-1.7 mm.
While the fruits on the trees grafted on seedling rootstocks reached the harvest stage 115 days
after the full blooming, the fruit diameter deter-
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mined as 71.8 mm, and diameter growth rate was
determined as 0.14 mm/day in that period. The
fruits on the trees grafted on M9 rootstocks reached
the harvest stage 110 days after the full blooming
(Figure 1). Average fruit diameter on Anna trees
grafted on M9 rootstocks reached 75.65 mm during
the harvesting period, and the daily diameter increase was 0.13 mm/day in this period. While the
fruits of Anna trees grafted on MM 111 rootstocks
were reaching harvest maturity 110 days after the
full blooming, such as the ones on the trees grafted
on M9, their diameters decreased to 72.54 mm and
daily diameter rate has decreased to 0.27 mm/day
on average in this stage.
Average fruit diameters of 'Red Delicious',
'Granny Smith' and 'Gala Smith' apple cultivars

grafted on seedling rootstocks, MM 106 and M.7a
rootstocks in Arizona's arid climate conditions in
1990-1991 were varying between 56 mm (for
Granny Smith / seedling rootstock) and 73.8 mm
(for Red Delicious / M.7a). It was determined that
while ‘Red Delicious’ and ‘Granny Smith’ cultivars
grafted on MM 106 and M.7a were producing bigger fruits than the ones grafted on seedling rootstocks, there was no significant effect on fruit diameter of all 'Gala' cultivar rootstocks [28]. In the
ecological conditions of Wisconsin (USA), it was
determined that there was no significant effect of M
26, Ottawa -3, M9 Pajam -1 and Vineland-605-1
rootstocks in terms of fruit diameter growth, fruit
weight and efficiency effect of Gala apple cultivar
[9].
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In a two-year study in the United States (Arizona), the daily average fruit diameter growth rates
of ‘Red Delicious’, ‘Granny Smith’ and ‘Gala’
apple cultivars grafted on seedling rootstocks, MM
106 and M.7a were determined as between 0.33 mm
(for Granny Smith / seedling rootstocks) and 0.49
mm (for Red Delicious / M.7a) [28]. In our research
that we carried out in the conditions of Sanliurfa,
the average daily fruit diameter growth rate of Anna
apple cultivar grafted on seedling rootstocks, M9,
and MM 111 rootstocks was determined as 0.62,
0.70 and 0.65 mm, respectively, from full blooming
to harvest period. The daily diameter growth rate
determined in our study was about two times more
than the ones determined in arid conditions of Arizona state of US.

Yuri et al. [29] reported that absolute daily
growth rate of the fruits of Ultra Red Gala apple
cultivar grafted on MM 111 rootstocks continuously increased to 2.5 g/day from full blooming to the
90th day, and their growth rate have slowed down
after the 90th day, and the absolute growth rate of
the fruit slowed down to 1.75 g/day 130 days after
full blooming. Similarly, Bastias et al. [30] determined that while absolute growth rate of 3-yearsold ‘Fuji’ apple grown in pots under blue, red, gray
and white shade (control) covers in Bologna (Italy)
was 0.75-1.0 g/day 50 days after the full blooming
of the fruits, the absolute growth rate of the fruit
reached 2.1 - 2.2 g/day 103 days after the full
blooming.
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While the shedding rates of flowers and fruits
have reached the level of 52% 5 days after the full
blooming of Anna apple trees grafted on seedling
rootstocks, flower and fruit shedding sharply decreased to the rate of 8.4% 15 days after the full
blooming (Figure 2). While the flower and fruit
shedding rate decreased to 0.8% after 45 days of
full blooming, it increased slightly to 3% again 55
days after the full blooming. After this period which
is called June drop, the fruit shedding rate slowed
down incrementally, and there was no fruit shedding between 105th and 115th days after the full
blooming (Figure 2).
The fruit set rate (%), which was accepted as
100% initially, decreased to 48% 5 days after the
full blooming (Figure 2). While the fruit set rate
was at 26.6% 55 days after the full blooming, the
fruit set rate decreased to 22.6% in the harvesting
period (115 days after the full blooming).
While flower-fruit shedding rate was 27.6% 5
days after the full blooming of Anna apple cultivar
grafted on M9 rootstocks, the flower-fruit shedding
rate increased to 33.2% 15 days after the full
blooming (Figure 2). For the trees grafted on MM
111 rootstocks, while the flower-fruit shedding rate
was 62.4% 5 days after the full blooming, it decreased to 13.4%, similar to the trees grafted on
seedling rootstocks, 15 days after the full blooming.
While the fruit set rate was 72.4% 5 days after the
full blooming of Anna trees on M9 rootstocks, the
fruit set rate of the trees grafted on MM 111 was
determined as 37.6%.
65 days after full blooming on Anna cultivars
grafted on M9 and MM 111 clonal rootstocks, a
very small increase in fruit shedding was determined, which could be named as June drop. During
the harvest period (115 days after the full bloom),
on Anna trees grafted on M9 and MM 111 rootstocks, fruit set rates were determined at the levels
of 17.6% and 14.2% respectively.


! &$! 

clonal rootstocks. According to the results obtained
from the research, for intensive apple growing, it is
determined that the performance of Anna cultivar
grafted on M9 and MM 111 rootstocks is better
when the soil is suitable for apple growing and
where irrigation is possible in Sanliurfa and in the
region.
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,'&)"'$%&)" Fisch. et Mey. (Papilionaceae) and (&%+'&((A. Los. (Polygonaceae) are the common psammophytes of Northwest China and are distributed widely in arid drifting
sand dunes or inter-dune areas of desert regions in
Inner Mongolia, Gansu, Ningxia and Xinjiang Provinces. They not only are the key species in the desert
ecosystem but also play important roles in the artificial revegetation of arid regions. However, the survival and retention rates of these species during artificial afforestation are still low, and the growth of
their seedlings is slow as well. Furthermore, as the
global climate changes, the effects of drought stress
are more likely to increase gradually [1, 2]. As photosynthesis is important for the survival and biomass
accumulation of plants, while it is strongly affected
by drought [3, 4], it is necessary to investigate the
responses of the photosystem to increasing drought
stress and thus provide targeted scientific management strategies for these psammophytes [5]. 
Under drought conditions, the water deficit
causes the relative excess of light energy, and the
balance of electron production and consumption is
disturbed [6]. Hence, the contents of reactive oxygen
species (ROS) in chloroplasts, the primary sites of
photosynthesis, increase sharply [6-8], which will
cause the inactivation of enzymes, degradation of
proteins [9], and especially damage to the thylakoid
membrane structure. Consequently, the chloroplast
is quite sensitive to ROS accumulation caused by
drought [7]. As the main photosynthetic apparatus, if
the chloroplast is injured and its functions are lost,
the photosynthetic activity of mesophyll cells will
decrease sharply, and the normal metabolism of the
whole plant will also be hindered. Fortunately, plants
have developed a self-contained antioxidant system
to maintain the balance of the production and removal of ROS, thus avoiding oxidation injuries [10].
Relative to studying the plant- or tissue-level antioxidant response to drought stress [11, 12], investigating the response mechanism of the chloroplastic antioxidant system is more helpful to fundamentally

%&$&

A water-controlled pot-culture experiment was
conducted to clarify the mechanism of the photosystem adaptability of ,'&)" '$%&)" and
(&%+'&((to drought stress, with the responses of the chloroplastic antioxidant defense system and characteristic parameters of the light/CO2
response curves of these shrubs detected. The results
indicated that (1) for '$%&)", its chloroplastic
SOD and DHAR activities significantly increased by
233% and 52% in light drought (LD) soil, its SOD
and DHAR activities and AsA and GSH contents increased by 209%, 37%, 96% and 100% in moderate
drought (MD) soil, and its SOD, GR and DHAR activities and AsA, GSH and Car contents significantly
increased by 57%, 51%, 37%, 42%, 63% and 179%,
but the accumulation of H2O2 and MDA (54.9% and
146.5%) was also observed in the serious drought
(SD) soil. For &((, its chloroplastic GR and
DHAR activities and AsA content significantly decreased by 20%, 57% and 19% in LD soil with the
accumulation of MDA (214%) simultaneously observed. In the MD and SD soils, the SOD activity
and AsA, GSH and Car contents significantly increased by 63%, 40%, 32% and 135%, while the accumulation of H2O2 and MDA was also observed
(194% and 145-245%). (2) The nmax,  and 
of  '$%&)" significantly decreased by 22%,
19% and 13% in MD soil, while the nmax, ,
cmax, max,  and ! significantly decreased by
52%, 19%, 31%, 21%, 26% and 16% in SD soil.
However, m significantly increased by 130% in SD
soil. For &((, its nmax,  and  significantly decreased by 50%, 19% and 35-41% in all
types of drought soil. In conclusion, in the revegetation of desert regions, '$%&)" can be planted
in LD and MD conditions, while  &(( can
only be planted in LD conditions.


*("$%
Chloroplastic antioxidases and antioxidants, desert shrubs,
drought stress, light/CO2 utilization
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Hence, in this study, the responses of the chloroplastic antioxidant defense system and characteristic parameters of the light/CO2 response curves of
'$%&)" and &(( to light, moderate and
severe drought stresses were detected. The goal was
to (1) clarify the mechanism of the adaptability of the
photosystem of these species to increasing drought
stress and providing a scientific basis for choosing
targeted scientific management strategies for these
shrubs during revegetation in desert regions and (2)
quantitatively assess their drought resistant ability,
thus choosing suitable shrubs to be planted in regions
with specific drought degrees. It was hypothesized
that these 2 shrubs could resist increasing drought
stress by (1) an effective chloroplastic antioxidant
system, which might be observed as increases in
both the chloroplastic antioxidase activities and the
antioxidant contents, as well as low H2O2 and MDA
contents; (2) the ability to maintain light and CO2
utilization in drought, which might be observed as
the changes in characteristic parameters of light/CO2
response curves. The research approach is shown in
Fig. 1.

clarify the impacts of drought on photosynthesis.
Few efforts have been made to investigate the responses of the chloroplastic antioxidant system to
drought stress [13-15]; however, in consideration of
the physiological differences among plant species,
investigations of the specific antioxidant response of
these 2 shrubs are still necessary.
In addition to the regulation of the chloroplastic
antioxidant defense system, plants can also adjust
gas exchange and metabolic activity to resist drought
stress [16, 17]. For instance, $(#)'$,& can
increase the apparent quantum yield () and Rubisco activity in light drought conditions and decrease the stomatal conductance to maintain proper
water content and water utilization efficiency [18].
In addition, plants can decrease mesophyll conductance to decrease photosynthetic metabolism and
adapt to drought conditions [19-21]. Plants can also
adjust the light/dark respiratory rates to dissipate the
excess light energy to protect the photosynthetic apparatus from injury [22]. Certainly, serious drought
will significantly decrease the photosynthetic efficiency of plants. As examples, previous studies
demonstrated that drought will cause significant decreases in maximum net photosynthetic rate (nmax),
maximum electron transfer rate (max), triose phosphate utilization rate (), maximum carboxylation rate(cmax)/max and  [3, 4, 23-26]. The determination of the abovementioned characteristic parameters of light/CO2 response curves is helpful to
estimate whether photosynthesis is functioning and
to assess the ability of plants in drought conditions
to utilize light and CO2. Hence, simultaneously investigation of the alterations of the mentioned parameters and the chloroplastic antioxidant system
can clarify the drought resistance mechanism of
plants more comprehensively and is helpful for
quantitatively measuring the drought resistance ability of plants.

&$%! &"%

%=>/B ,;0, The pot cultivation experiment
was carried out in the nurseries of Northwest A&F
University, Yangling, China. The climate here is
classified as a warm semi-humid continental monsoon climate, with an average annual sunshine duration of 2150 h, an average annual precipitation of
635 mm, an average annual humidity of 70%, an average annual temperature of 12.9°C, an annual effective accumulative temperature (over 10°C) of
4169.2°C, and a frost-free period of 221 d.
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,=0;4,6< The one-year-old seedlings of 
'$%&)" and  &(( used for experiments
were purchased from Yanchi County, Ningxia Province, China. The sandy soil used for experiments was
collected from Yangling, China and uniformly mixed.
The defects in the samples were removed, and then
the field water holding capacity and other basic characteristics were measured (Table 1).

determinations (each seedling was randomly chosen
from one barrel, and a total of 3 barrels were randomly chosen from the barrels sharing the same
treatment).
0=0;748,=498 91 =30 .369;9:6,<=4. ,8=49A4
/,8=48/4.0<The upper fresh mature leaves of seedlings were collected at 9:00 a.m.-10:00 a.m. for the
determination of chloroplastic antioxidant indices.
The methods for obtaining chloroplasts were suggested by Kao [27] and modified. Specifically, 10 g
of leaves was frozen in liquid nitrogen, ground and
extracted with 50 mL of cold buffer solution (pH 7.8)
containing 0.05 mol L-1 of Tris, 0.4 mol L-1 of sucrose and 0.002 mol L-1 of EDTA. Homogenates
were filtered through four layers of cheesecloth. The
filtrate was centrifuged first at 500xg at 4°C for 5
min. The supernatant was centrifuged again at
2000xg for 15 min with Percoll reagent. The deposits
were rinsed with the extracting buffer and centrifuged again. The obtained chloroplasts (deposits)
were stored in a -50°C freezer, and a portion of them
was suspended and used for the following determinations. Each 0.5 mL of the suspension was mixed
with (1) 3 mL of 0.05 mol L-1 of phosphate buffer
(PBS, pH 7.8) containing 0.015 mol L-1 of methionine, 65 μmol L-1 of nitroblue tetrazolium (NBT), 0.1
mmol EDTA, 2.0 μmol L-1 of riboflavin. The reaction was conducted in 4000 lux of light for 15 min
and terminated in dark, and the absorbance was immediately detected at 560 nm. The superoxide dismutase (SOD, EC 1.15.1.1) activity unit was performed as the amount of enzyme required causing a
50% inhibition in the rate of %-nitro blue tetrazolium
chloride reduction [28]. (2) Additionally, the sample
was mixed with 3 mL of 0.025 mol L-1 of PBS (pH
7.0) containing 0.1 mmol L-1 of EDTA, 5 mmol L-1
of AsA and 0.02 mol L-1 of H2O2, and the absorbance
alteration over 1 min was detected at 290 nm (extinction coefficient=2.88 mmol L-1 cm-1). The ascorbate
peroxidase (APX, EC 1.11.1.11) activity unit was
measured as the amount of enzyme required to consume AsA at 1 μmol min-1 [29]. (3) Then, the sample
was mixed with 3 mL of 0.05 mol L-1 of PBS (pH 7.8)
containing 2.4 mmol L-1 of NADPH, 10 mmol L-1 of
oxidized glutathione, and the absorbance alteration
over 3 min was detected at 340 nm (extinction coefficient=6.22 mmol L-1 cm-1) for calculating the glutathione reductase (GR, EC 1.6.4.2) activity [30]. (4)
Then, 0.5 mL of the suspension was mixed with
0.025 mol L-1 of PBS (pH 7.0) containing 8 mmol
L-1 of DHA, 70 mmol L-1 of reduced glutathione

A:0;4708=,6/0<428In this study, an outdoor
pot-culture experiment was conducted. In late February 2012, 18 kg of the prepared soil sample was
placed in plastic barrels (which are 29 cm in upper
diameter, 25 cm in bottom diameter and 35 cm in
height), and a total of 60 barrels of soil samples were
prepared. Well-grown '$%&)" seedlings were
planted in 30 barrels, and the &(( seedlings
were planted in the remaining 30 barrels. A total of 3
seedlings were planted in the same barrel. After
planting, the soil was sufficiently watered to maintain the survival and growth of the seedlings.
On the 15th of July, the seedlings were moved
to a removable canopy, and the water-controlled experiment was conducted. According to previous
studies, 3 types of drought conditions were designed:
light drought (LD, 65% of field water holding capacity, soil moisture of 12.81%), moderate drought
(MD, 50% of field water holding capacity, soil moisture of 10.54%) and serious drought (SD, 35% of
field water holding capacity, soil moisture of
7.38%). The soil with suitable water moisture (75%
of field water holding capacity, soil moisture of
15.81%) was used as a control (CK). The water control was conducted by weighing the cultural barrels.
To eliminate the error caused by seedling weight, for
each shrub species, the 3 seedlings in one pot were
pulled up and weighed to adjust the standard weight.
When controlling the soil moisture, the barrels were
not watered until the soil moisture decreased to the
designed values. Subsequently, plastic film was covered on the barrels to prevent excessive evaporation.
The barrels were weighed at 6:00 p.m. every day and
watered by reserved rigid plastic pipes, which were
buried in the soil (depth: 20 cm and diameter: 2 cm)
according to the weight loss, to maintain the soil
moisture consistency. When the soil moisture
reached the designed level, seedlings in one barrel of
each treatment (each species × each type of drought
soil) were pulled up and weighed to adjust the standard weight on the 15th and 28th days. Within a week
after the 30th day, on sunny, cloudless days, three
seedlings were chosen as replicates for the following
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(GSH) and 0.1 mmol L-1 of EDTA, and the absorbance alteration over 3 min was detected at 265 nm
(extinction coefficient=14.6 mmol L-1 cm-1) to calculate the dehydroascorbate reductase (DHAR, EC
1.8.5.1) activity [31]. All enzymatic units were expressed as specific activity, with the protein content
determined using the Bradford [32] method.
For the determinations of ASA, GSH, H2O2 and
MDA, the chloroplasts were obtained according to
the abovementioned method, mixed with 20 mL of
trichloroacetic acid (TCA), and centrifuged at
3000×g; the suspension was used for the following
determinations: (1) 0.1 mL of the suspension was
mixed with 1.5 mL of 0.5% TCA, 1 mL of ethyl alcohol, 0.5 mL of 0.4% phosphoric acid-ethyl alcohol
solution, 1 mL of 0.5% 2’-bipyridyl-ethyl alcohol
solution and 0.5 mL of 0.03% FeCl3 -ethyl alcohol
solution; the mixture was stored at 30 for 60 min
and the absorbance was determined at 534 nm. The
AsA content was calculated according to Tanaka et
al. [33] as μg mg-1 chloroplasts (chl for short); (2) 1
mL of the suspension was mixed with 0.5 mL of
Na2PO4-NaOH buffer and 0.5 mL of 4 mmol L-1
5,5’-dithiobis-2-nitrobenzoic acid (DTNB). The
mixture was diluted to 5 mL and stored at 25°C for
5 min, and the absorbance was determined at 412
nm. The GSH content was calculated according to
Ellman [34] as µg mg-1 chl; (3) 1 mL of the suspension was mixed with 0.1 mL of 20% titanium tetrachloride in concentrated HCl and 0.2 mL of ammonium hydroxide. The mixture was centrifuged at
3000×g. The precipitate was washed five times with
ice-cold acetone and solubilized with 3 mL of 1 mol
L-1 H2SO4, and the absorbance was determined at
410 nm. The H2O2 content was determined as titanium-peroxide complex yield: mmol mg-1 chl [35];
(4) 2 mL of the suspension was mixed with 2 mL of
0.67% thiobarbituric acid (TBA), the mixture was
heated in boiling water for 25 min and quickly
cooled in an ice bath, and the absorbance of the mixture was determined at 532 and 600 nm. The amount
of MDA was calculated based on an extinction coefficient of 155 mmol L-1 cm-1, and its content was calculated according to Chen and Wang [31] as nmol
mg-1 chl. For the determination of Car content, the
chloroplasts were extracted in 80% acetone in the
dark at -30°C, the extracts were filtered through a
0.45 mm membrane, and the absorbance was determined at 470, 645 and 662 nm. The Car content was
calculated according to Chen and Wang [31] as μg
mg-1 chl.

USA) and Li-6400 illuminant (Li-6400-02B) was
used to provide photosynthetically active radiation
(PAR) with different light intensities: 2000, 1600,
1200, 1000, 800, 600, 400, 300, 200, 150, 100, 50,
20 and 0 μmol m-2 s-1. The net photosynthetic rate
corresponding to different light intensities was determined. During the determination, the air flow velocity was maintained at 500 ml min-1, the temperature
was 30°C, the CO2 concentration was 380 μmol
mol-1 and the relative environmental moisture was
40-60%.
Subsequently, the light response curve (photosynthetic rate- PAR) was simulated by the non-rectangle hyperbola model suggested by Farquhar et al.
[36] (Eq. 1), and the maximum net photosynthetic
rate (nmax, μmol CO2 m-2 s-1), light compensation
point ( , μmol m-2 s-1), light saturation point
( , μmol m-2 s-1) and dark respiratory rate (d,
μmol·m-2·s-1) were calculated according to the methods suggested by Farquhar et al. [36]. In addition, the
light response curve within a weak light scope (
≤ 200 μmol m-2 s-1) was analyzed by linear regression, and the apparent quantum yield (, µmol
µmol-1) was calculated.
n =

 ⋅  + n max −

(  ⋅  + n max )

2

− 4  ⋅  ⋅  ⋅ n max

2

− d

(1)
in which n is the net photosynthetic rate and
is the curvature factor of the light response curve.
Measurements of CO2 response were conducted in terms of light response, including leaf
choice, determination time and equipment. A CO2
mixing system of Li-6400 was used as the gas source
for providing different CO2 concentrations: 2000,
1800, 1600, 1400, 1200, 1000, 800, 600, 400, 300,
200, 150, 120, 90, 60, and 30 μmol·m-2·s-1, and the
net photosynthetic rate corresponding to different intercellular CO2 concentrations (i, μmol·mol-1) was
determined. During the determination, the air flow
velocity was maintained at 500 ml min-1, the temperature was 30°C, the light intensity was 1400 μmol
mol-1 (saturated light intensity) and the relative environmental moisture was 40-60%.
A modified photosynthetic biochemical model
[37] was used for the simulation of the CO2 response
curve (photosynthetic rate- i). The model was divided into 3 parts:
(1) in low i conditions (< 200 mol mol-1), as
nwas limited by Rubisco, the model is presented as
Eq. 2:

0=0;748,=49891=30.3,;,.=0;4<=4.:,;,70
=0;< 91 6423= "  ;0<:98<0 .>;?0< Measurements
of the light response were taken on the same leaves
as above but were exposed to full sunlight. Three
leaves were chosen as replicates (n=3) and came
from the three seedlings selected as replicates previously. At 8:00 a.m.-11:00 a.m., a Li-6400 portable
gas exchange system (Li-Cor Inc., Lincoln, NE,

⎡
⎤
i − Γ∗
n = cmax ⎢
⎥ − l
⎣ i + c (1 +  / o ) ⎦

(2)

⎡ i − Γ∗ ⎤
n =  ⎢
− l
∗ ⎥
⎣ 4i + 8Γ ⎦

(3)

(2) along with the increase in i (> 300 mmol
mol-1), as n was limited by the reproduction of
RuBP, the model is presented as Eq. 3:
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$0<:98<0<91=30,8=49A4/,8=/0108<0<B<=07
48=30.369;9:6,<=<91=30<3;>-<>8/0;/4110;08=
<946794<=>;0<Increasing drought stress caused different responses to the antioxidant defense system in
the chloroplasts of the 2 types of shrub species (Fig.
2-4). For'$%&)", in general, its chloroplastic
SOD activity exhibited an increase-decrease with increasing drought degrees, while its GR and DHAR
activities and antioxidant contents exhibited an obvious increasing tendency. Specifically, in LD soils,
only the chloroplastic SOD and DHAR activities significantly increased by 233% and 52% (P < 0.05). In
MD soil, the activities of SOD and DHAR significantly increased by 209% and 37% again (P < 0.05),
and the contents of AsA and GSH started to exhibit
significant increases relative to the CK levels (96%
and 100% increased, P < 0.05). In SD soil, the SOD
activity sharply decreased by 75% (though it was
still significantly higher than that in CK, P < 0.05),
whereas the GR activity and Car content started to
exhibit significant increases relative to the CK levels
(51% and 179%, P < 0.05), and the DHAR activity
and AsA and GSH contents were significantly higher
than those in MD soil (51%, 42% and 63% increased,
P < 0.05). However, the H2O2 and MDA contents in
the chloroplasts significantly increased by 54.9%
and 146.5% in SD soils relative to CK, respectively
(P < 0.05).

(3) along with the continuous increase in i, as
nwas limited by , the model is presented as Eq.
4:
(4)
n = 3 − l
where n is the net photosynthetic rate, cmax is
the maximum carboxylation rate,  is the intercellular CO2 concentration, m is the mesophyll conductance, /* is the photosynthetic compensation point
(the dark respiration under light was not included),
c and o are the Michaelis-Menten constants of Rubisco to CO2 and O2, is the CO2 concentration in
the chloroplast (210 mmol mol-1), lis the dark respiratory rate under light,  is the electron transport
rate, max is the maximum electron transport rate and
is the triose phosphates utilization rate.
Based on the abovementioned analyses, the
cmax, max,  and l were calculated using the
methods suggested by Sharkey et al. [37] and Long
and Bernacchi [38], while the m was calculated using the method suggested by Sharkey et al. [37].

%=,=4<=4.,6 ,8,6B<0< Statistical analysis was
conducted using SPSS 19.0 for Windows. Data were
subjected to one-way analysis of variance (ANOVA)
and Duncan’s multiple range test (P < 0.05). The normality assumption was tested with the Kolmogorov
and Smirnov test and the equal variance assumption
with the method of Bartlett. SigmaPlot 12.5 software
was used for drawing.

'$ 
&30,.=4?4=40<91,8=49A4/,8=08CB70<48=30.369;9:6,<=<91,8/48/4110;08=<946
794<=>;0<
The SOD activity unit was performed as the amount of enzyme required to cause a 50% inhibition in the rate of p-nitro blue
tetrazolium chloride reduction, and the activity of other enzymes was measured as the consumption rate of substrates in one
minute by one mg of protein, with the protein content determined using the Bradford [32] method. CK: control, LD/MD/SD:
light/ moderate /severe drought. The different letters above the same circles indicate significant differences at the 0.05 level.
This information also applies to the legends below.
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'$ 
&30.98=08=91,8=49A4/,8=<48=30.369;9:6,<=<91,8/48/4110;08=<946794<=>;0<
All contents were performed as μg in one mg FW of chloroplasts (chl for short).

'$
&30.98=08=91 " ,8/ 48=30.369;9:6,<=<91,8/48/4110;08=
<946794<=>;0<

For  &((, in general, its chloroplastic
GR and DHAR activities decreased with increasing
drought stress, while the SOD activity and antioxidant contents exhibited an obvious increasing tendency. Specifically, in LD soils, the GR and DHAR
activities and AsA contents exhibited significant decreases relative to CK (20%, 53% and 19%, P <
0.05), while the MDA content significantly increased by 214% (P < 0.05). In MD soil, the SOD
activity significantly increased by 63%, while the activities of GR and DHAR were maintained at the levels found in LD soil (P < 0.05). Simultaneously, significantly higher AsA, GSH and Car contents than
those in CK were observed (40%, 32% and 135%
higher, P < 0.05). In addition, although a significant
increase in the H2O2 content was observed (194.4%

of the CK level, P < 0.05), the MDA content did not
significantly increase (P < 0.05). In SD soil, the SOD
activity and AsA and Car contents were maintained
at levels similar to those in MD soil, while the activities of GR and DHAR decreased by 51% and 49%,
respectively (P < 0.05). In contrast, the GSH content
exhibited a significant increase relative to the MD
level (45% increased, P < 0.05). In addition, the
H2O2 content remained at a high level in MD conditions, while the MDA content exhibited a further significant increase (29%, P < 0.05).

$0<:98<0< 91 .3,;,.=0;4<=4. :,;,70=0;< 91
6423= "  ;0<:98<0 .>;?0< 91 =30 <3;>-< >8/0;
/4110;08= <946 794<=>;0 60?06<In general, for both
shrub species, drought stress caused significant
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effective AsA-GSH cycling to remove excess ROS,
at least in MD conditions [8, 40]. This might be because drought-induced increases in ROS production
induced the expression of drought resistance genes,
thus activating the components of the antioxidant
system and maintaining ROS injury at a controllable
level [8]. However, in contrast to hypothesis (1), the
antioxidant system of '$%&)" could not completely protect its chloroplasts from ROS damage
under SD conditions. Similar to the previous findings of Yao et al. [15], in which 400-600% and 6.294% increases in the chloroplastic H2O2 and MDA
of "&$"!)' and )%#'' were found under 25% polyethylene glycol treatment, 54.9% and
146.5% increases in H2O2 and MDA accumulation
were observed in the chloroplasts of  '$%&)"
under SD conditions (Fig. 4). This might be attributed to the fact that the molecular structure of
SOD in '$%&)" chloroplasts might have been
destroyed by ROS [5], leading to a decrease or loss
of its enzyme activities—in SD conditions, the SOD
activity decreased by 75% relative to in MD conditions, which was similar to the findings of Yao et al.
[15], who observed 50-57% decreases in the chloroplastic SOD activities of  "&$"!)' and 
)%#'' under the 15-25% treatments of polyethylene glycol. Consequently, although the antioxidant
contents and other antioxidase activities in the chloroplasts are maintained at relatively high levels, the
discordant in the antioxidant system still cause ROS
accumulation and peroxidation of the cytomembrane.
However, in contrast with hypothesis (1), it was
not possible for  &(( to increase both the
chloroplastic antioxidase activities and antioxidant
contents under increasing drought stress, although
the SOD activity and AsA, GSH and Car contents
increased with increasing drought stress, and the activities of GR and DHAR immediately exhibited
continuous decreases. As observed, the chloroplastic
GR and DHAR were inhibited (or destroyed) even in
LD conditions, which was contrary to the findings of
Yao et al. [15], who found 25% increases in the chloroplastic GR activity of  "&$"!)' and 
)%#'' under weak drought stress, indicating
that the adaptability of the enzymatic antioxidant
ability of  &(( to increasing drought stress
was very limited. The possible reasons might be the
inhibitory effects on gene expression and protein
modification caused by drought [41]. Hence, the efficiency of AsA-GSH cycling decreases due to the
decrease in enzyme activities [42, 43]. It is noteworthy that under LD conditions, although no significant
increase in H2O2 content was observed, the peroxidation of the cytomembrane was noticed. This might
be caused by the unvaried SOD activity in chloroplasts leading to a weak ability to catalyze the dismutation of superoxide radicals (O2·-) into H2O2 and
O2. Thus, excess O2·- may cause cytomembrane injury but does not lead to H2O2 accumulation. In MD

decreases in the photosynthetic response characteristic parameters (Fig. 5). Under LD conditions, the
characteristic parameters of the light/CO2 response
curves of '$%&)" did not exhibit significant alterations. Under MD conditions, the nmax,  and
 exhibited significant decreases (22%, 19% and
13%, P < 0.05). Under SD conditions, the nmax and
 exhibited a further significant decrease (52%
and 26% decreased again, P < 0.05),  maintained
a level similar to that under MD conditions, and
cmax, max and l started to exhibit a significant decrease relative to the CK condition (31%, 21% and
16% decreased, P < 0.05); however, m significantly
increased by 130% (P < 0.05).
Under LD conditions,nmax,  and  of
 &(( significantly decreased by 50%, 19%
and 35% (P < 0.05, Fig. 5). Under MD and SD conditions, #max and  were maintained at low levels
similar to those under LD conditions, while  exhibited a continuous significant decrease (13% and
17% decreased, P < 0.05).
%'%%"!%!"!'%"!%

"8=30;0<:98<0<91=30.369;9:6,<=4.,8=49A
4/,8=/0108<0<B<=07=9/;9>23=<=;0<<Consistent
with hypothesis (1), it was confirmed that 
'$%&)" could resist increasing drought stress by
simultaneously increasing the chloroplastic antioxidant activities and antioxidant contents. As observed,
its SOD and DHAR activities increased in LD conditions, which is similar to the investigation of Yang
et al. [39], who found that the activities of SOD in
$%)!)' ###'' and  (,# significantly increased by 1.5% and 3.5% in drought conditions (the soil moisture was 50% of the field water
holding capacity), indicating that O2·- and H2O2
could be scavenged solely by enzymatic reactions in
LD conditions. Along with the increasing drought
degree, as was assumed (hypothesis 1), 
'$%&)" relied on increases in both the antioxidase
activities and the antioxidant contents to protect its
chloroplasts: the chloroplastic SOD and DHAR activities increased in MD conditions, and SOD,
DHAR and GR activities increased in SD conditions,
while the chloroplastic AsA and GSH contents increased in MD conditions, and the AsA, GSH and
Car contents increased in SD conditions. The results
were contrary to the findings of Yao et al. [15], in
which the chloroplastic SOD of !)' "&$"!)'
and  )%#'' significantly increased by 2057%, while the AsA and GSH contents significantly
decreased by 50-60% and 36-62% under 0-15% polyethylene glycol treatments, indicating that the function of the chloroplastic antioxidant system of 
'$%&)" could be more effectively activated than
in !)' plants, and the coordinating operation of
antioxidases and antioxidants could start highly
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conditions, in contrast, the increased SOD activity
accelerated the dismutation of O2·-, thus leading to
the accumulation of H2O2. However, because the increase in the antioxidant contents and the injury
caused by O2·- is weakened, the peroxidation of the
cytomembrane is not aggravated. Under SD conditions, similar to that in the chloroplasts of 
'$%&)", the strong suppression of the antioxidant
enzymes (especially on GR and DHAR) under
drought causes quite low efficiency of AsA-GSH cycling; thus, the peroxidation of the cytomembrane
aggravated again.
Notably, it was found that the chloroplast antioxidant system of the 2 shrubs exhibited diverse responses to increasing drought stress; that is, 
'$%&)" tended to intensify the synthesis of
antioxidases and antioxidants, while  &((
tended to increase the synthesis of antioxidants. The
abovementioned results are similar to the results of
Reddy et al. [6], which demonstrated that there are
obvious interspecific differences in antioxidant regulating mechanisms. These might be caused by the
following reasons: (1) because of the differences in
the biological and physiological properties, such as
the water absorption and stomatal conductance adjustment abilities of the 2 shrubs, their relative water
contents (or leaf water potential) could be quite different in the same drought condition, leading to different antioxidative responses; (2) as reviewed by
Zhang [44], even having the same relative water contents, the possibility could not be ruled out that the
sensitivity of the related genes or antioxidants to
drought of the 2 shrubs were dissimilar, thus causing
differences in their responses to increasing drought
stress. Certainly, as the related indices were not detected in the present study, further investigations are
still needed to clarify the actual mechanism.
"8 =30 ;0<:98<0<91.3,;,.=0;4<=4. :,;,70
=0;< 91 6423= "  ;0<:98<0 .>;?0< =9 /;9>23=
<=;0<< In contrast to hypothesis (2),  '$%&)"
and &(( could not maintain highly effective
light and CO2 utilization in drought stress, at least in
MD and SD conditions: our results demonstrated
that under MD conditions, not only the net photosynthetic capacity (nmax) and the abilities of utilizing
weak light () were inhibited but the efficiency
of utilizing TP to combine other organic matters
() of  '$%&)" was also lowered. This reduction might be caused by the hydrolyzation of
starch and the accumulation of saccharides in leaves,
which hindered the output of photosynthetic production. These results were also supported by the findings of Wu et al. [24], Wang et al. [26] and Xia et al.
[25], in which 12-21% decreases in nmax of $%$&
* were observed under 20-40% water field capacity conditions, while 39-59% decreases in nmax
and 40% decreases in  of &%!$'%)" were
observed under 30-45% water field capacity conditions. Under SD conditions, the ability to utilize high

'$
3,;,.=0;4<=4.:,;,70=0;<916423= " ;0<:98<0
.>;?0<91,8/
48/4110;08=<946794<=>;0<
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light of '$%&)" was inhibited further, but it can
still maintain the ability to utilize weak light to some
extent to maintain photosynthesis. However, the decreases in cmax and max demonstrated that the potential of CO2 utilization and electron transport efficiency of '$%&)" are greatly decreased, which
was in line with the findings of Martin-StPaul et al.
[3], who found that the cmax and max of )&)'!+
decrease by 13% and 10%, respectively, along with
increasing drought stress. These decreases might
have resulted from the photosynthetic apparatus being destroyed or degraded under drought stress [8,
45], leading to decreases in Rubisco activity, the
combination of ATP and NADPH and the reproduction of RuBP [46-48]. In the present study, we observed obvious accumulation of H2O2 and membrane
lipid peroxidation injury in  '$%&)" chloroplasts (Fig. 4), which might be the dominant reasons
for the abovementioned structural damage and loss
of function of the photosynthetic apparatus. In addition, under drought conditions, the lack of water results in an insufficient electron donor, thus affecting
the max. Notably, '$%&)" could adjust the !
to reduce the consumption of photosynthetic production and consequently maintain the balance of carbon payments to adapt to drought stress, which was
supported by the finding of Li et al. [18]. In addition,
unlike other plants that decrease their mesophyll
conductance and reduce the diffusion of CO2 to chloroplasts to reduce metabolism for adapting drought
[19-21], the mesophyll conductance of '$%&)"
even exhibited a significant increase, which is in line
with the findings of Sperlich et al. [49], demonstrating that  '$%&)" could partially maintain its
photosynthesis ability by adjusting CO2 diffusion
within leaves in severe drought stress [49]. It was
speculated that  '$%&)" could adjust the expression or activity of water channel proteins to regulate leaf mesophyll conductance [50, 51]. Certainly,
it would be expected that mesophyll conductance decreases as the water deficit increases to a critical degree [20, 21], further studies are still needed to
clarify the potential mechanisms.
Relative to  '$%&)", thenmax,  and
 of  &(( significantly decrease even in
LD stress (Fig. 5), which was similar to the results
reported by Wang et al. [26] and Xia et al. [25], indicating that the maximum photosynthetic capacity
and the ability to absorb/transfer the light energy
(both of high and weak light) of &(( were
significantly decreased and its light ecological amplitude was narrowed [26]. These phenomena might
be caused by the decreases in the Rubisco activities
and electron transport rate of PSII [52] and the injury
to photosynthetic pigments [42, 53, 54], which is
also supported by our abovementioned results observing the membrane injury of &(( chloroplasts in LD conditions (Fig. 4). Under MD and SD
conditions, thenmax and  of &(( were
maintained at the level observed in LD conditions,

while  exhibited a continuous decrease, which
was in line with the findings of Wu et al. [24], Wang
et al. [26] and Xia et al. [25]. These results suggest
that in MD and SD, &(( could maintain only
a weak ability to utilize high light to some extent;
however, its ability to utilize weak light exhibited a
further sharp decrease, leading to decreases in the
transformation efficiency of light energy.
Similar to the responses of the chloroplastic antioxidant system, there are also obvious differences
in the mechanism of the response of photosynthetic
metabolism to drought stress, demonstrating that the
self-adjustment of photosynthesis to drought is directly associated with the plant species [55], resulting from the long-term evolution process. 
'$%&)" is not affected under LD conditions; however, under MD conditions, its ability to utilize high
and weak light decrease, while under SD conditions,
although its abilities of utilizing high light and CO2
decrease sharply, '$%&)" can still maintain its
ability to utilize weak light to some extent and can
adapt to drought stress by adjusting respiration metabolism and gas diffusion. For  &((, it
mainly maintains the ability to utilize high light to
some extent under drought conditions, especially under MD and SD conditions. In addition, its ability to
utilize CO2, respiration and mesophyll conductance
is not affected at all times. Comparatively, the selfadjustment and adaptation of  '$%&)" under
different drought conditions are more effective and
flexible. In addition, all characteristic parameters of
 '$%&)" are much higher than those of 
&((;hence, '$%&)"exhibits higher levels of photosynthetic metabolism and drought resistance, and it might be more suitable to be used in
the revegetation of desert regions that are subject to
droughts.
In conclusion, the responses of chloroplastic
antioxidant defense and the photosynthesis characteristics (biological properties) ofthe 2 shrub species
to drought stress highly matched their habitat conditions in the revegetation of desert regions; 
'$%&)", which exhibits anti-drought abilities, can
be planted in drifting sand dunes with relative poor
soil water conditions (MD and SD), while 
&(( can only be planted in inter-dune areas
with favorable water conditions (LD). Of course, for
the revegetation in these regions, proper drought-resisting methods, such as utilization of water-retaining agents and ROS scavengers, genetic engineering
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we need antioxidants to prevent the excessive stress
occurred as a result of today's living conditions.
Wheatgrass is a product with a high antioxidant
effect used in recent years. For this reason, wheatgrass is rapidly taking its place among the foods to
be consumed in our daily life.
The formation of free radicals, which are initiators of some vital chronic diseases that cause various damage to the organism, as the result of oxidation during the metabolism process, have increased
the importance of antioxidant compounds while
fighting them [2]. Cytotoxic aldehydes such as
malondialdehyde, which is the result of lipid peroxidation, cause damage by binding to proteins and
DNA [3].
Gentamicin is a group of aminoglycoside antibiotics that have nephrotoxic effects and are used in
urinary tract infections. Clinical symptoms are
occurred as a result of nephrotoxicity when gentamicin is used over 2 mg/kg daily and over 5 days.
Serum creatinine concentration is elevated in creatinine clearance after administration of gentamicin,
which is used in healthy animals at a dose of 10
mg/kg for one week at 8-hours intervals. Urine
volume increased slightly due to increased tubule
secretion and decreased reabsorption, whereas in
urine sediment; tubular epithelial cells, dense cell
debris, cellular and granular particles were observed
[4].
This study aimed to determine the effect of
wheatgrass on oxidative stress and DNA damage in
the case of renal failure.

ABSTRACT
In this study, it was aimed to evaluate the effect of wheatgrass on antioxidant capacity and
DNA damage in rats with renal failure. In the study,
200-300 g 24 healthy Wistar -Albino male rats
obtained from YYU Experimental Animal Unit
were used. The rats were randomly divided into 4
groups and each group was formed with 6 rats.
Groups were allocated as; 1. Control Group, 2.
Renal Failure Group (Genta Group) 3. Renal Failure + Wheatgrass Group (Genta +Wheatgrass) 4.
Wheatgrass Group. Gentamicin sulfate was given
intraperitoneal at a dose of 50 mg/kg for 1 week and
once a day to the groups with renal failure (Groups
2 and 3). Wheat grass extract (10 ml/kg) was added
to the drinking water of the wheatgrass group rats
(3rd and 4th groups) once a day. This practice lasted for 4 weeks. Total oxidant, antioxidant quantities, DNA damage were evaluated at the end of 4
weeks. The result that wheatgrass could be useful in
renal failure was reached.

KEYWORDS:
Rat, TAS, TOS, Wheatgrass, Renal failure

INTRODUCTION
Wheatgrass contains many vitamins, SOD,
mucopolysaccharide, cytochrome oxidase. Thus,
the cellular activity is increased by the abundant
amount of enzymes contained therein. With some
important enzymes such as SOD, some pathological
changes that can occur can be prevented. Wheatgrass can reduce the burden of digestive system and
kidneys by clearing blood circulation and help in
the treatment of kidney inflammation [1].
In stress or disease states, as the quantity of
oxidizing agents that occur with organs and tissue
disorders increases, fulfilling physiological functions for cells, tissues and organs become difficult.
Antioxidants are molecules that can prevent these
negative effects of oxidant molecules. Therefore,

MATERIALS AND METHODS
In this study, 200-300 g Wistar arAlbino 24
healthy male rats were used. The rats were randomly assigned to 6 groups and fed adducts with standard pellet feed and water for 7 days to ensure adaptations. After adaptation of the rats, the cages were
grouped as follows.
Group 1 (Control Group): The rats in the control group were fed with adlibitum pellet feed and
water.
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ative, apoptotic and antioxidant activities of the
wheatgrass (Triticum aestivum L.) extract in the
KML (K562) cell line, and they found that the
highest observed apoptotic and antiproliferative
effect was seen in the cell series (P <0.001) treated
at the extract of wheatgrass in the water at the 48th
hour and that the MDA level, CAT and SOD activities were elevated. The wheatgrass extract has antioxidant activity, indicating that it inhibits the proliferation of leukemia cells and induces apoptosis.
It has been reported that wheatgrass may inhibit hematological disorders associated with
chemotherapy in patients with breast cancer [10]. It
has been proved that wheatgrass is useful under
various conditions such as anemia, diabetes, cancer,
eczema, constipation, kidney diseases and colds
[11].
Gentamicin is known to accumulate in proximal renal tubules, leading to renal toxicity through
lysosomes, mitochondria, or membrane damage
[12]. Some antioxidants have a protective effect on
this toxicity, suggesting that these damages may be
related to radical metabolism [13].
In this study, the serum urea and creatinine
values of the rats in the gentamicin group were
measured as the highest, and the values in the
wheatgrass+ gentamicin and gentamicin groups
were close to the control group values.
The damage of free radicals in the tissues is
thought to be the main cause of heart disease and
vascular stiffness. At the same time, free radicals
also affect the nucleic acids of cells. Excessive cell
death leads to early aging and on the other hand,
cells undergo changes to form cell lines that support
cancer and other similar diseases. Antioxidants
neutralize free radicals and prevent cells from being
damaged [14]. Increased free radicals can lead to
loss of membrane integrity and genetic mutations
[15]. Reactive oxygen species such as hydroxyl,
superoxide anion, and oxygen radicals are believed
to cause carcinogenesis, mutagenesis, aging, and
arteriosclerosis. Endogenous antioxidants have been
found to protect the body against reactive oxygen,
but there is an interesting increase in the protective
functions of natural antioxidants found in plants
[16].

Group 2 (Genta group with Renal Failure):
gentamicin sulfate with a dose of 50 mg / kg was
given intraperitoneally for 1 week and once a day.
Group 3 (Genta + Wheatgrass group): In this
group, rats were given intraperitoneal injection of
gentamicin sulfate at a dose of 50 mg / kg for 1
week and once a day. Wheat grass extract was added to drinking water at a dose of 10 ml / kg every
day for 4 weeks.
Group 4: (Wheatgrass Group): Wheatgrass extract of wheatgrass was added to drinking water of
wheatgrass group for 4 weeks.
At the end of the study, blood samples were
taken from all groups under ketalar anesthesia [5].
Urea, creatinine, TAS, TOS, 8OHdG values were
measured from the obtained serum samples. Colorimetric kits (Rel Assay Diagnostics) were used to
measure TAS TOS values [6, 7]. The 8OHdG value
was reacted with the Elisa kit (Enzo).

RESULT
Serum TAS (mmol Trolox Equiv/L), TOS
(μmol Equiv/L), OSI (Arbitrary Unit), 8OHdG
(ng/ml), urea (mg/dl) and creatinine (mg/dl) values
of all groups were given at Table 1.
Rats in the Genta group had serum urea, creatinine, TOS, p <0.05; OSI was found to be higher
than the other groups with p <0.01 significance, but
these values were similiar to the control group in
the rats in the Genta + Wheatgrass group. However,
TAS values were significantly higher in the wheatgrass group than in the other groups. Serum 8OHdG
level was higher in the Genta group than in the
other groups but not statistically significant (Table1).

DISCUSSION
.DUDGD÷ DQG KLV FROOHDJXHV >@ investigated
the effects of wheatgrass on CML cells. In this
study, they showed that apoptosis is decreased in
wheatgrass applied cells and this decrease was
caused by decrease of ROS. They found that
wheatgrass increased SOD and CAT antioxidant
enzymes. AYDOS et al. [9] studied the antiprolifer-

Parameters
8OHdG
TAS
TOS
26ø
Ürea
Creatinine

Fresenius Environmental Bulletin

TABLE 1
TAS-TOS-OSI 8OHdG, urea and creatine values of all groups
Control
Wheatgrass
Genta
Wheatgrass+Genta
Mean±SD
Mean±SD
Mean±SD
Mean±SD
16,13±5.74
19.35±4,56
17.57±6,25
12.54±4.78
0,92±0,34a
0.41±0,13b
0.56±0,21b
0.63±0,25b
6.38±1,52b
5,25±1,44b
10,13±2,34a
7.4±1,76b
b
c
a
0,57±0,57
2,47±1,8
1,32±0,84b
1,01±0,59
c
c
a
35.65±5,36
61,25±7,58
43,45±3,78b
33,45±4,58
0,52±0,03b
0,69±0,06a
0,55±0,05b
0,51±0,04b

a, b, c: The difference between the mean group with different letters in the same line are statistically significant
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ABSTRACT

protected. Various policies are being developed
both in Turkey and in other world states to ensure
the proper use and preservation of natural resources. The Water Framework Directive, one of
the most up-to-date directives of the European
Union, is one of them. In the framework of harmonization studies in the Water Framework Directive
in Turkey, some regulations have been issued. One
of these is the Water Quality Regulation on Surface
Water prepared by T.C Forestry and Water Affairs
Ministry. The aim of this regulation is to protect the
quality of water resources in the framework of
ecosystem principles and to improve the quality of
water in line with the needs of the country and the
quality classification of drinking water and surface
waters have been done. [1]. In line with the objectives of this regulation, it is necessary to determine
the quality classes of freshwater resources and take
the necessary precautions. There are various biological resources and physicochemical parameters used
for determination of water quality but benthic macroinvertebrates are the most important water
source effective in determining water quality. In
this context, studies on mollusks and their ecology,
which constitute a large part of indicator species
that are important in determining water quality, are
particularly valuable. There are few studies on
mollusks and their ecology in the inland waters of
Turkey. [2-3], [4], [5], [6-7], [8-9], [10-11], [1215]. This is a major deficiency in water quality
assessment approaches. Although there are studies
on the benthic macroinvertebrate fauna of Sapanca
Lake [16]. there is no such study about the feeding
streams of Sapanca Lake. For this reason, five
VWUHDPV 0DúXNL\H <DQÕN .XUWN|\ 0DKPXGL\H,
and Istanbul) which feed Lake Sapanca have been
chosen as a study area and the distributions, diversity and ecological preferences of the mollusks species were determined seasonally.
This study was aimed to determine the
relationship between species and environmental
variables of malacofauna in feeding streams of
Sapanca Lake.

To understand the relationship between water
quality and species composition of streams and to
evaluate the effects of water pollution and climate
change, mollusks are widely used in ecology. In
this study, we investigated the malacofauna in feeding streams of Sapanca Lake, and the relationship
between species and environmental variables. This
study was conducted at 0DúXNL\H<DQÕN.XUWN|\
Mahmudiye and Istanbul streams that are feeds of
Sapanca Lake between January 2015 - September
2015. A total of 7 taxa which is including one taxon
from Prosobranchia (Valvata naticina) and six taxa
from Pulmonata (Ancylus fluviatilis, Physella
acuta, Radix labiata, Radix ovata, Planorbis
planorbis and Planorbarius corneus) were reported.
All of them were reported from the area for the
first time. Also, some physicochemical parameters
(water temperature, dissolved oxygen, electrical
conductivity, pH, nitrite, nitrate, phosphate, total
phosphorus, flow rate, depth, and width) were analyzed. According to CCA results, electrical conductivity is the most important environmental parameter affecting the distribution of the determined species. Alpha and beta diversity indices showed that
the richest and poorest streams were Mahmudiye
Stream and Istanbul Stream, respectively. Obtained
results from the relationship between species and
environmental variables showed that the investigated streams are no dangerous dimension in terms of
water pollution but there is a possibility of pollution
on the streams. For this reason, it is necessary to
take precautions for these streams.

KEYWORDS:
Malacofauna, Diversity, CCA, Sapanca Lake, Turkey

INTRODUCTION
The available freshwater resources in the
world are rather limited. Therefore, the sustainable
use of existing water resources must be ensured and
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jars and fixed with 70% alcohol. The identification
of the Mollusc specimens extracted from this sediment was made according to [17-19]. Crusts of
species are housed in Istanbul University Faculty of
Aquatic Sciences inland water biology laboratory.
Four major water variables (water temperature (°C),
dissolved oxygen (DO/mg/l), electrical conductivity
EC (μS/cm) and pH) were measured in situ. Nitrite
NO2-N (mg/L), nitrate NO3N (mg/L), phosphate
PO4-P (mg/L) and total phosphorus (TP) analyzed
in the laboratory using the ion chromatography.
Flow rate was measured by using a flow-meter. The
maximum, minimum and average values of some
physicochemical parameters are shown in Table 1.

MATERIALS AND METHODS
Study Area. Istanbul, Kurtköy, Keçi,
0DKPXGL\H<DQÕN.DUDoD\%DOÕNKDQHdLIWHoÕQDU
7X]OD .DUOÕWDUOD (úPH .XUX 0DGHQ dDWDO|O
$OWÕNXUXú+DUPDQODU$\JÕU&HKHQQHPYH $ULIL\H
streams are the feeds of Sapanca Lake. These
streams, which are usually fed by the snow of the
6DPDQOÕ 0ountains and seasonal rains, play an
important role in the water level of the lake. Five of
WKH DFWLYH VWUHDPV 0DúXNL\H <DQÕN .XUWN|\
Mahmudiye and Istanbul) feeding the Sapanca Lake
has been selected and a total of ten stations were
sampled between January 2015 and September
2015 seasonally. Coordinates were recorded with a
geographical positioning system (GPS-Garmin
brand) unit (Figure1).

Statistical Analyses. To understand the
relationships between the obtained species and the
environmental variables, and also to compare the
streams in terms of species diversity, some statistical analyzes were performed. In these analyzes,
which are based on the species composition and
abundance, species included at least three times and
more in the five streams that make up our study
area participated in the calculation.

Sampling Procedures and Measurements.
In the sampling, a hand grab made of Müller materials with an opening of 0.25 mm was used and an
area of 1 m2 in which water vegetation was concentrated was selected and the area was scanned reversely to the bottom sediment flow direction.
Scanned bottom sediment was transferred to plastic

FIGURE 1
Study aUHDDQGVDPSOLQJVWDWLRQV 08SSHU0DúXNL\H6WUHDP0'RZQ0DúXNL\H6WUHDP0
8SSHU<DQÕN6WUHDP0'RZQ<DQÕN6WUHDP08SSHU.XUWN|\6WUHDP0'RZQ.XUWN|\
Stream, M 7: Upper Mahmudiye Stream, M 8: Down Mahmudiye Stream, M 9: Upper Istanbul Stream ,
M 10: Down Istanbul Stream).
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M3

M4

M5

M6

M7

M8

M9

M10

8.7
12.1
15.5
8.8
14.85
20.9
7.6
13.5
19.4
7.7
12.1
16.5
8.3
13.05
17.8
9.07
14.085
19.1
6.2
11.1
16
8.3
15.5
22.7
7.7
13.4
19.1
7.7
16.1
24.5

0.33
0.66
0.99
0
0.47
0.94
0.2
1.4
2.6
0
0.68
1.36
0.63
0.9125
1.195
0.44
0.66
0.88
0.5
0.773
1.046
0.54
0.963
1.386
0.37
0.69
1.01
0
64
1.28

6
18.35
30.7
9
16.05
23.1
0.89
13.695
26.5
6
25.2
44.4
6.1
20.7
35.3
6.6
33.85
61.1
12
16.65
21.3
7.4
19.85
32.3
10
24.6
39.2
3.75
20.775
37.8

245
397.5
550
98
299
500
310
415
520
370
440
510
101
548
995
530
737.5
945
512
721
930
290
394
498
530
628
726
250
445
640

0.01
0.01575
0.0215
0.0139
0.0392
0.0645
0.0068
0.01545
0.0241
0.0017
0.0092
0.0167
0.0049
0.01045
0.016
0.0206
0.03885
0.0571
0.003
0.00575
0.0085
0.0077
0.03605
0.0644
0.006
0.00975
0.0135
0.0051
0.0257
0.0463

0.0243
0.0787
0.1331
0.0101
0.0611
0.1121
0.0141
0.04045
0.0668
0.0141
0.05685
0.0996
0.0088
0.03145
0.0541
0.0214
0.46635
0.9113
0.0111
0.04195
0.0728
0.0208
0.0395
0.0582
0.0158
0.036
0.0562
0.0089
0.0561
0.1033

0.0007
0.00315
0.0056
0.0003
0.00675
0.0132
0.004
0.00755
0.0111
0.0014
0.0027
0.004
0.0003
0.00985
0.0194
0.0057
0.006
0.0063
0.0025
0.0044
0.0063
0.0022
0.0095
0.0168
0.0006
0.0039
0.0072
0.0024
0.02595
0.0495

TP (mg/L)

P04 (mg/L)

N03-N (mg/L)

N02-N (mg/L)

6.03
8.98
11.93
2.35
5.76
9.17
6.25
9.785
13.32
6.09
8.43
10.77
6.18
9.34
12.5
6.24
9.115
11.99
6.06
9.28
12.5
6.17
8.38
10.59
6.32
9.76
13.2
6.05
7.57
9.09

Width (cm)

244
287
330
257
315.5
374
122
246
370
227
306.5
386
146
213
280
165
220.5
276
105
152
199
135
190
245
170
241.5
313
190
243.5
297

Depth (cm)

7.35
7.545
7.74
6.95
7.4
7.85
6.72
7.375
8.03
6.83
7.085
7.34
7.14
7.395
7.65
7.22
7.735
8.25
6.62
7.07
7.52
6.67
7.17
7.67
6.88
7.365
7.85
7.14
7.465
7.79

Flow Rate (m/s)

DO (mg/L)

M2

0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.
0ø1
AVG.
MAX.

EC (μS/cm)

M1

pH

Stations

Temperature Û&

TABLE 1
The highest and lowest and average values of the measured physiochemical parameters from 10 different
stations. [Wt: Temperature (0C), DO: dissolved oxygen (mg/L), pH, NO2-N (nitrite nitrogen mg/L),
NO3²N (nitrate nitrogen mg/L), PO4: phosphate (mg/L), EC: electrical conductivity (μS/cm),
TP: total phosporus (mg/L), Flow rate (m/s), Depth (cm), Width(cm)].

0.0055
0.01015
0.0148
0.0046
0.01065
0.0167
0.0046
0.0143
0.024
0.0037
0.02135
0.0392
0.0051
0.00625
0.0074
0.0047
0.01365
0.0226
0.0015
0.0116
0.0217
0.0097
0.0203
0.0309
0.0057
0.01295
0.0202
0.0049
0.0206
0.0363

FIGURE 2
CCA diagram of six environmental variables (arrows) and seven species (triangle) found more than three
times during the study.

2882

© by PSP

Volume 28 ± No. 4/2019 pages 2880-2888

Fresenius Environmental Bulletin



Autumn 2015

Summer 2015

Spring 2015

Winter 2015

TABLE 2
Distribution of 7 species determined by seasons (Vn: Valvata naticina, Af: Ancylus fluviatilis,
Pa:Physella acuta, Rl: Radix labiata, Ro: Radix ovata, Pp: Planorbis planorbis, Pc: Planorbarius corneus).
Pa
Rl
Ro
Af
Vn
Pc
Pp
TOTAL
1
1
3
1
5
2
2
1
2
2
1
8
3
1
1
4
4
4
5
6
1
1
7
1
1
8
1
1
9
10
1
1
2
1
1
1
2
23
8
17
48
21
7
27
151
3
1
1
4
1
1
5
1
2
3
6
2
3
5
7
1
4
5
8
1
1
9
2
2
10
2
1
3
1
7
7
2
16
12
8
3
6
2
5
52
3
4
128
30
20
9
36
18
3
244
5
1
1
6
32
10
7
5
10
6
11
81
7
8
1
1
9
1
1
10
2
2
1
1
2
3
2
1
3
4
3
1
1
4
1
1
5
2
2
6
6
3
3
6
5
6
1
30
7
1
1
8
5
7
3
7
16
9
3
50
9
2
2
10
6
1
7
250
72
58
82
101
52
71
686

terms of species diversity within themselves (alpha
diversity) and among them (beta diversity). The
calculations were made utilizing various indices
[Shannon-:LHQHU +¶ 0DUJDOHI ' %ULOORXLQ ' 
Simpson (D and 1/D) and Berger-Parker Dominance (d) indices for Alpha diversity (Table 4);
Whittaker index for Beta diversity (Table 5)] and
according to the "Species Diversity and Richness,
version 4 program [21]. Also Randomization Test
was conducted using a Shannon Wiener index with
10000 random partitions [22] for a significant difference in diversity between two samples.

The Canonical Correspondence Analysis
(CCA) [20]. was conducted with the Monte Carlo
test (499 permutations) after Detrended Correspondance Analysis (DCA), explains to the suitability of
data for CCA, using the CANOCO version 5 program to understand the effect of environmental
factors on species. In order to minimize the arc
effect, it was selected that seven species and the six
most influential environmental variables for CCA
(Figure 2, Table 3).
In order to determine the similarities/
differences between the species diversity in the
studied areas, the streams have been examined in
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individuals. The physicochemical parameters of
water are quite effective in the distribution of species. When we investigate our study area and its
seasonal characteristics, the highest dissolved oxygen level was found at station 3 (13.32 mg/L) at the
autum season in XSSHU <DQÕN 6WUHDP The lowest
nitrite nitrogen level was seen at station 4 (0.0017
mg/L) in GRZQ<DQÕN6WUHDP and the lowest nitrate
nitrogen (0.0088 mg/L) and phosphate (0.0003
mg/L) values were determined at station 5.
The amount of dissolved oxygen is one of the
most important indicators of water quality and is
the regulator of metabolic events in the environment [23]. Low concentrations of oxygen are expected in areas under intensive pollution pressure
due to environmental pollutants. The minimum
average oxygen level in our study was measured as
5.76 mg / L. This value was detected at the station 2
in the down 0DúXNL\H6WUHDP.

RESULTS AND DISCUSSION
A total of 7 taxa and 686 individuals were encountered between January 2015- September 2015.
One species belongs to Prosobranchia [Valvata
naticina, Menke, 1845] and six species belong to
Pulmonata [Ancylus fluviatilis, O.F. Müller, 1774;
Physella acuta Draparnaud, 1805; Radix labiata,
Rossmässler, 1835; Radix ovata (Draparnaud,
1805); Planorbis planorbis (Linnaeus, 1758) and
Planorbarius corneus (Linnaeus, 1758)] were reported. These taxa are the first record for the region.
Distribution of species by stations and seasonal
density of gastropod taxa in the streams are shown
in Table 2, Figure 3 respectively.
The highest number of individuals was found
at station 4 while the lowest individuals were determined at station 3. In our study, Physella acuta
was found to be the most common species with 250

FIGURE 3
The seasonal density of gastropod taxa in the streams.
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TABLE 3
The summary table of permutation test results of CCA with six environmental variables and seven species
(Test of significance of all canonical axes; F-ratio= 1.676, P-value= 0.022).
Axis 1
Axis 2
Axis 3
Axis 4
Eigenvalues
0.1772
0.0556
0.0243
0.0181
Explained variation (cumulative)
18.67
24.52
27.08
28.98
Pseudo-canonical correlation
0.7407
0.4974
0.4159
0.5023
Explained fitted variation (cumulative)
63.20
83.03
91.69
98.13
TABLE 4
Results of alpha diversity indices values along with variance (Var. H) and expecte(Exp. H) values for
five different streams.
Stream
Name
0DúXNL\H
<DQÕN
Kurtköy
Mahmudiye
øVWDQEXO
All Sample
Index
Jackknife
Std Error

Shannon
Wiener
+¶

Margalef
D

Brillouin
D

Simpson
D

Simpson
1/D

1.849
1.461
1.806
1.859
0.708

1.102
1.084
1.247
1.465
0.6792

1.786
1.407
1.702
1.68
0.5774

6.027
3.073
5.382
6.507
1.763

0.16592
0.3254149
0.1858045
0.15368065
0.5672149

Berger
Parker
Dominance
d
0.2338
0.5296
0.3415
0.2667
0.7368

1.78

0.9187

1.754

4.945

0.20222447

0.3644

7

0.1265

0.0521

0.1258

1.276

0.78369906

0.1102

0

Variance
+¶

Exp
+¶

Species
No.

0.0007945
0.003537
0.002712
0.003471
0.03092

6.354
4.309
6.087
6.42
2.03

7
7
7
7
3

er, when the streams are investigated in terms of the
obtained species, it is seen that a total of 6 of 7
species belong to the Pulmonata group, which live
in habitats that generally have eutrophic conditions
[29]. Also, it is known that when there is deterioration in an environment or eutrophic conditions
occur, susceptible species living there are affected,
while persistent species remain in the environment.
In other words, the fact that the ratio of noncosmopolitans (sensitive) to cosmopolitan species
in an environment is lower than 1 indicates the
presence of a degradation / low water quality in this
environment [30]. Therefore, this situation can be
explained as a sign of pollution in the streams.
These species have been seen in particular at points
where human influences were observed in our study
area. Also, these species were detected more intensely at the stations near the Sapanca Lake.

Nitrite nitrogen is either absent or at trace level in clean waters [24]. High concentrations can be
reached in the water where organic pollution is
present [25]. According to [26] nitrite nitrogen has
a toxic effect on aquatic organisms and persistent in
the water may be harmful to aquatic organisms.
There is no major risk in our study since it is between 0.0001 and 0.0645 mg / L but because of the
8. the station at the bottom of Mahmudiye is an
organic input, the rate has increased and requires
measures. During the summer and autumn seasons,
the nitrite nitrogen values at the station 8 were
found relatively high. (0.0644, 0.0626).
The amount of orthophosphate in the
wastewater pollution is a suitable indicator and the
amount of orthophosphate in the uncontaminated
waters does not exceed 0.1 mg / L and is usually
0.03 mg /L. When the upper limit of 0.1 mg / L is
exceeded, pollution can be mentioned [27]. No
values exceeding 0.1 mg / L were detected in our
study. [28] the pH value is a decisive factor for
mollusk species. It has also been reported that low
pH (<6) may prevent or even kill mollusks. In our
study, the pH value is measured at the range of
6.62-8.25 so there is no limiting effect.
On the other hand, the CCA results have provided a possible correlation of approximately 50%
between species and environmental variables (Table
3). Accordingly, electrical conductivity (EC, p =
0.002, F = 4.1) is the most statistically significant
variable on species (p < 0.01) (Fig.2).
According to the environmental variables
which are measured, the streams can be considered
in the 1st and 2nd quality water classes [1]. Howev-

TABLE 5
Results of beta diversity indices for five different
streams
Index
Whittaker Bw
Cody Bc
Routledge Br
Routledge Bi
Routledge Be
Wilson & Shmida Bt
Harrison 1
Harrison 2
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2
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CONCLUSION

When analyzed the streams for alpha diversity
(Table 4), according to this, Shannon-WienHU +¶ 
which is one of the most frequently used indices,
and the other values, it was seen that the richest
stream is the down Mahmudiye Stream +¶ 859).
7KLV ZDV IROORZHG E\ 0DúXNL\H +¶ .849) and
.XUWN|\ +¶  806) streams with close values. In
addition to this, randomization test, which is based
on the Shannon Wiener index, results showed that
WKHVH DSSUR[LPDWH YDOXHV DPRQJ WKH +¶ YDOXHV RI
Mahmudiye 0DúXNL\H, and Kurtköy streams are
non-critical, and can refer to the same diversity.
However, the similarity between Mahmudiye and
0DúXNL\Hstreams is higher than Kurtköy, and estimated probability diversities are almost equal and
the difference between indices is low (Delta=
0.010) (p< 0.05). While the other alpha indices
values, 0DUJDOHI¶s DQG 6LPSRQ¶V LQGLFHV '  VXpported to the Shannon index results, the Brillouin
index has lower values. This situation can be explained by [31] as ³%RWKWKH6KDQQRQDnd Brillouin
indices give similar and often correlated estimates
of diversity. However, when two indices are used to
measure the diversity of a particular data set, the
Brillouin index will always produce the lower value. This is because the Brillouin index describes a
known collection about which there is no uncertainty. The Shannon index, by contrast, must estimate
the diversity of the unsampled as well as the samSOHGSRUWLRQRIWKHFRPPXQLW\´Also, probably that
0DKPXGL\H 0DúXNL\H, and Kurtköy streams have
similar species produced the insignificant differences in the other indices results. The poorest
stream was found to be the Istanbul Stream repreVHQWHG E\ WKH ORZHVW +  YDOXH +¶    It is
supported by Margalef (D), Brillouin (D), Simpson
(D) indices. In addition to this, it is known that a
decrease in the value of the diversity index is associated with a reduction in diversity and an increase
in dominance. Therefore, Istanbul Stream seems to
have the highest values in terms of dominance.
High values of Berger-Parker (d) and Simpson
(1/D) indices, generally representing occurrences of
predominant species, show particularly high predominance in the Istanbul Stream. In the last instance, when this diversity index results were reviewed on the basis of the Shannon Wiener index, it
LVVHHQWKDWWKH+¶YDOXHVZKLFKRIWHQIDOOEetween
1.5 and 3.5 [31] are low generally for all the studied
streams and this situation is related that there is no
variance in the species identity of individual [32]
When viewed from this aspect to the results of beta
diversity indices (Table 5), it is seen that representing similar species almost in all the streams caused
the beta value to be low.

This study is the first study to determine the
relationship between malacofauna and species and
HQYLURQPHQWDO YDULDEOH RI 0DúXNL\H <DQÕN
Kurtköy, Mahmudiye and Istanbul streams. Valvata
naticina, Ancylus fluviatilis, Physella acuta, Radix
labiata, Radix ovata, Planorbis planorbis and
Planorbarius corneus were the first to record for
the 0DúXNL\H <DQÕN .XUWN|\ 0DKPXGL\H DQG
Istanbul streams. All of these streams are a possibility of contamination according to the parameters
measured and the species composition determined.
For these reasons, measures must be taken for the
following processes. From this point of view, during the study period, due to the six of seven species
were obtained from streams are pulmonary gastropods which can be defined as "cosmoecious species" [33] with wide ecological tolerance levels and
cosmopolitan characters feature and only one species (Valvata naticina) that can be defined, is another sign of a deterioration/pollution in the
streams.
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variable particle size, and optical properties [3]. BC
has been identified as the second contributor to regional atmospheric warming [4]. Aerosol BC can
strongly absorb solar radiation from the visible to
the infrared wavebands to affect atmospheric visibility and surface albedo so as to make the atmosphere warm [1]. Previous studies have also illustrated that aerosol BC can change regional atmospheric stability and movement to significantly influence hydrologic cycle and regional climate [5, 6].
Aerosol BC is also reported to have strong influences on human health due to its potential of inducing cardiovascular and respiratory diseases as
well as increasing blood pressure [7].
Aerosol BC can be transported into soils via
dry or wet deposition [8]. BC captured from the
atmosphere is generally stored in soils for a long
term to subsequently contribute to global carbon
sequestration and reduction of greenhouse effect to
some extent [9]. More than 90% of BC produced
from the imcomplete combustion was reported to
be remained in terrestrial ecosystems [10] while BC
sequestered in soils could accordingly increase the
content of aerosol BC if it was released [11]. Furthermore, wind erosion is another factor capable of
transporting a huge amount of soil BC into the atmosphere [12]. Therefore, relationship between soil
BC and aerosol BC might exist due to the potential
interaction of them.
Known as “the third Pole”, the Qinghai-Tibet
Plateau has attracted global interests due to its
unique features including high elevation, harsh natural conditions, fragile ecosystem, and relatively
weak anthropogenic disturbance [13]. However,
unexpected soil/air pollution has occurred in this
plateau to exert the potential risks to the ecosystem
and humans [13-16]. The Qinghai-Tibet Plateau is
one of the most climate-change sensitive regions in

The aerosol black carbon (BC) plays an important role in climate change. This study investigated the distribution of aerosol BC in the northeastern Qinghai-Tibet Plateau. The concentrations
of aerosol BC in the study area ranged from 0.184
to 4.920 µg m-3 with average value of 1.135 µg m-3.
No significant correlations existed between soil BC
and aerosol BC. Four different health endpoints
including low birth weight (LBW), percentage lung
function decrement of school-aged children (PLFD),
cardiovascular mortality (CM), and lung cancer (LC)
were used to evaluate the potential health risks
posed by aerosol BC. The highest health risks of
LBW, PLFD, CM, and LC reached 14.922, 39.580,
14.475, and 6.821 numbers of equivalent passively
smoked cigarettes (PSC), respectively. The highest
concentration and health risk of aerosol BC occurred in the industrial area. The concentrations and
health risks of aerosol BC in the study area were at
a middle level among global regions.


(&"# 
Aerosol black carbon, The Qinghai-Tibet Plateau, Anthropogenic influences, Health risk

$"%$
Black carbon (BC), generally produced from
the imcomplete combustion of fossil fuels or biomass [1], exists ubiquitously in various environmental matrices such as air, soil, sediment, snow,
and glacier [2]. BC possesses unique physic-chemical characteristics such as large specific
surface area, feature with 3-dimentional structure,
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area, mining area, and industrial area. The background area covered the regions with the least anthropogenic disturbance, mainly including Gyaring
Lake, Har Lake, and Ngoring Lake. The agricultural and pastoral area mainly covered the agricultural
fields and pastures. The industrial area included
regions with the chemical and petrochemical factories. The mining area mainly covered coal and iron
mining regions. The salt-lake area included the
main salt lakes in the northeastern Qinghai-Tibet
Plateau. The urban area mainly covered Delingha
City and Golmud City.

the world to attract wide attention [17], with annual
increase in temperature of 0.03 °C during the past
three decades [18]. Moreover, the northeastern
Qinghai-Tibet Plateau was reported to exhibit the
most significant effects of climate change [19].
Some studies have shown that BC has significant
impacts on the climate change as well as the fate
and transport of contaminants during soil-air exchange process [20, 21]. However, studies on health
risks of aerosol BC and relationship between aerosol BC and soil BC around the northeastern Qinghai-Tibet Plateau are still limited although some
research work on aerosol BC around the Qinghai-Tibet Plateau has been performed [22-24].
Therefore, this study performed field work,
analysis, and evaluation to investigate the distribution and health risks of aerosol BC as well as relationship between aerosol BC and soil BC around
the Qinghai-Tibet Plateau. The final aim of this
study is to provide comprehensive information on
aerosol BC for the similar high-elevation areas.


$"#$#

#;<,@ )9-) The northeastern Qinghai-Tibet
Plateau area is selected as the study area (Figure 1)
because it is disturbed by more anthropogenic activities than other regions of this plateau [14]. The
average elevation, annual precipitation, the annual
temperature, and the annual evaporation of the
study area are >3100 m, <100-300 mm, approximately -5 °C, and 1200 mm, respectively [25, 26].
The study area covered the background area,
salt-lake area, urban area agricultural and pastoral

-;-9415);165 6. :613  )5, )-96:63 
The field work was performed during June 14th to
June 29th of 2017. Total 147 topsoil (0-20 cm)
samples were collected. Contents of BC in soils
determined by the chemo-thermal oxidation
(CTO-375) [27] and dichromate oxidation
(K2Cr2O7/H2SO4) [28] were marked as BCT and
BCD, respectively. The concentrations of aerosol
BC were in situ monitored by a microAeth AE51
real-time monitor (Aethlab Inc., San Francisco, CA,
USA) using the 880-nm optical absorption. The
flow rate was set at 100 mL min-1 for all monitoring
experiments. The time interval of AE51 measurements was set as 1 min. The concentration of aerosol BC at each monitoring site that was the same
sampling site for each soil sample was continuously
monitored for 30 min. The average 1-min concentration of aerosol BC was used to represent the aerosol BC concentration at each site. A total of 147
data on concentration of aerosol BC were obtained
(Figure 1).

%"
65+-5;9);165:6.)-96:63*3)+2+)9*6515;0-569;0-):;-95!15/0)1$1*-; 3);-)<

2890

#" 

  $ 







                       !




-)3;0 91:2 )::-::4-5; Health risks posed
by aerosol BC was evaluated by the previously reported method [13, 29]. Health risks were assessed
using four health endpoints including low birth
weight (LBW) that described a birth weight < 2.5
kg after 37-week gestation, lung cancer (LC), cardiovascular mortality (CM), and percentage lung
function decrement of school aged children (PLFD).
The detailed information on calculation of LBW,
LC, CM, and PLFD referred to the references [29].
The numbers of passively smoked cigarettes (PSC)
was used to show the potential health risks [29].
The lowest concentration of aerosol BC in site Eboliang of this study (0.184 µg m-3) was chosen as
background BC concentration.


"#%$##%##

[35]. The aerosol BC in this study area might be
caused by the incomplete combustion due to “plateau effects” such as relatively low pressure and
oxygen content. Combustion of fossil fuels and
biofuels such as yak dung and crop residues contributes to aerosol BC with certain percentage in the
northeastern Qinghai-Tibet Plateau [36]. In addition,
the northeastern Qinghai-Tibet Plateau offered ideal
conditions including scarce vegetation, windy
weather, and little precipitation for transport of aerosol BC.
47)+; 6. )5;09676/-51+ )+;1=1;1-: 65 ,1:
;91*<;165 6. )-96:63  The statistical summary
on concentrations of aerosol BC in 6 different functional areas was shown in Figure 2. The concentrations of aerosol BC of the background area ranged
from 0.460 to 1.539 µg m-3 with an average value
of 0.913 µg m-3. The concentrations of aerosol BC
in background area were comparable with those at
Tengchong monitoring station of the southeastern
Qinghai-Tibet Plateau [37], but higher than those at
Waliguan meteorological station [38] and Nam Co
[39]. The average concentration of aerosol BC in
salt-lake area was 0.981 µg m-3, higher than that in
Salt Lake City [40]. Production activities for utilization of salt-lake resources might be an important
factor influencing distribution of aerosol BC in this
area. The average concentration of aerosol BC in
the urban area reached 1.302 µg m-3, lower than
that in Xiamen [41], Shenzhen [42], and Beijing
[43]. Less frequent industrial activities and low
population density might contribute to relatively
low concentration of BC in urban areas when compared with big cities. The concentrations of aerosol
BC in agricultural and pastoral area ranged from
0.201 to 3.145 µg m-3 with an average value of
0.887 µg m-3, possibly influenced by combustion of
yak dung in this area. The concentrations of aerosol
BC in the industrial area ranged from 0.219 to
4.856 µg m-3 with an average value of 1.641 µg m-3
while those in mining area ranged from 0.184 to
3.003 µg m-3 with an average value of 0.981 µg m-3.
The concentrations of aerosol BC in the industrial
area were lower than those in an industrial city of
southern Taiwan during summer [44] and an industrial city (Kanpur) of northern India [45]. The results of this study indicated that the average concentration of aerosol BC in industrial area was the
highest and that in agricultural and pastoral area
was the lowest. The average concentration of BC in
salt-lake area was similar with that in mining area,
lower than that in urban area, and higher than that
in background area. Industrial activities, mining,
traffic, combustion of biomass, and tourism might
contribute to the distribution of aerosol BC in the
study area to different extents, which was also
proved by previous studies [46].

1:;91*<;165 6. -96:63  The concentrations of aerosol BC drastically varied at different
monitoring sites of the study area (Figure 1). The
concentrations of aerosol BC ranged from 0.184 to
4.920 µg m-3 with an average value of 1.135 µg m-3.
The maximal concentration of aerosol BC in this
study area, occurring at Chaka town, was consistent
with week-averaged concentration of aerosol BC in
one monitoring site of Xining [13]. The minimal
concentration of aerosol BC occurred at a Yardang
landform park in Eboliang. The concentrations of
aerosol BC in this study area were similar with the
average daily concentrations of BC in Lulang that
was in southeastern Qinghai-Tibet Plateau [30]. The
concentration of aerosol BC at the Qinghai Lake
(0.219 µg m-3) was relatively low, even lower than
that previously reported (0.36 µg m-3) [24]. The
average concentration of aerosol BC in this study
area (1.135 µg m-3) was consistent with the average
daily concentration of BC (1.331 µg m-3) in Mt.
Muztagh Ata of the Western Qinghai-Tibet Plateau
[31] and the mean concentration of BC (1.391 µg
m-3) in Ranwu of the southeastern Qinghai-Tibet
Plateau [12], but higher than that of Western
Trans-Himalayas (0.75 µg m-3) [32] and that of
Linzhi in the southeast of Tibetan Plateau (0.76 µg
m-3) [33]. The relatively high concentrations aerosol
BC might reveal that the impact of anthropogenic
activities in the northeastern Qinghai-Tibet Plateau
was greater than that in other regions of this plateau.
The average concentration of aerosol BC in the
northeastern Qinghai-Tibet Plateau was significantly lower than the mean value of BC at Maitri
(8.25 µg m-3) and Larsemann Hills (6.03 µg m-3) of
Indian Antarctic stations [34]. Moreover, some
studies have showed that the distribution of aerosol
BC was significantly affected by different factors
including altitude and meteorological conditions
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-)3;0 91:2: 76:-, *@ )-96:63  15 ;0-
:;<,@ )9-) Four endpoints including were used to
evaluate the potential health risks caused by aerosol
BC. The results indicated that potential health risks
caused by aerosol BC at different sites drastically
varied (Figure 4). The distribution pattern of health
risks posed by aerosol BC was identical with that of
aerosol BC concentration in this study area. Health
risks of LBW, PLFD, CM, and LC were in the
ranges
of
0.001-14.922,
0.002-39.580,
0.001-14.475, and 0.000-6.821 equivalent numbers
of PSC, respectively. The average health risk of
LBW, PLFD, CM, and LC was 2.903, 7.700, 2.816
and 1.327 equivalent numbers of PSC, respectively.
Compared with other three health endpoints, the
health risks of PLFD possessed the highest values.
The health risks of four health endpoints followed
the order of PLFD>LBW>CM>LC. The highest
health risk posed by aerosol BC occurred at Chaka
town while the lowest health risk occurred at the
Yardang landform Park of Eboliang. The average
potential health risk posed by aerosol BC in the
study area was lower than that in Xining [13].


$0- +699-3);165 *-;>--5 :613  )5, )-96
:63  The contents of total BC (BCD) and soot
BC (BCT) in soils were in the ranges of
0.504-74.381 and 0.400-15.200 g kg-1 with an average value of 5.152 and 1.719 g kg-1, respectively.
The contents of soil BC in agricultural and pastoral
areas, industrial areas, and mining areas were significantly higher than those in other functional areas.
No significant correlations existed between
concentrations of soil BC and aerosol BC (Figure 3).
Some studies showed that rainfall, snowfall, and
wind could influence the aerosol BC [47]. Moreover, photochemical decomposition and microbial
degradation also contributed to aerosol BC [24].
Soil BC was affected by multiple factors such as
soil physic-chemical properties and organic matter
[48]. Therefore, more complex intern relationships
between aerosol BC and soil BC needs to be further
explored although interaction between soil BC and
aerosol BC exists.





%" 
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The health risks of LBW, PLFD, CM, and LC
in different function areas were shown in Figure 4.
Health risks of LBW, PLFD, CM, and LC in background area were in the ranges of 0.870-4.269,
2.308-11.324, 0.844-4.141 and 0.398-1.952 numbers of PSC with average values of 2.296, 6.089,
2.227 and 1.049 numbers of PSC, respectively.
Health risks of LBW, PLFD, CM, and LC in
salt-lake area were in the ranges of 0.483-14.922,
1.281-39.580, 0.469-14.475 and 0.221-6.821 numbers of PSC with average values of 2.510, 6.659,
2.435 and 1.148 equivalent number of PSC, respectively. The average risk of LBW, PLFD, CM, and
LC in urban area reached 3.523, 9.346, 3.418 and
1.611 equivalent number of PSC while that of LBW,
PLFD, CM, and LC in agricultural and pastoral area
reached 2.215, 5.875, 2.149, and 1.013 equivalent
number of PSC, respectively. Health risks of LBW,
PLFD, CM, and LC in industrial area were in the
ranges
of
0.111-14.721,
0.294-39.048,
0.107-14.281 and 0.051-6.730 equivalent number
of PSC with the average values of 4.591, 12.176,
4.453 and 2.098 equivalent number of PSC, respectively. Health risks of LBW, PLFD, CM, and LC in
industrial area were in the ranges of 0.001-8.881,
0.002-23.558, 0.001-8.615 and 0.000-4.060 equivalent number of PSC with average values of 2.511,
6.659, 2.435 and 1.148 equivalent number of PSC,
respectively. The distribution pattern of health risks
posed by aerosol BC in different function areas was
similar with that of aerosol BC concentration.
Compared with global cities/regions, the health
risks of aerosol BC in the northeastern Qinghai-Tibet Plateau were at the middle level [13].
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The contents of aerosol BC in the study area
was in the range of 0.184-4.920 µg m-3 with a mean
value of 1.134 µg m-3. No significant correlations
existed between soil BC and aerosol BC. The health
risk posed by aerosol BC were evaluated using
LBW, PLFD, CM, and LC with the highest values
of 14.922, 39.580, 14.475, and 6.821 equivalent
numbers of PSC, respectively. The health risks of
aerosol BC showed the same pattern with concentrations of aerosol BC in study area. The highest
concentration of aerosol BC and health risk occurred in the industrial area, while the lowest occurred in the agricultural and pastoral area. Compared with global regions, the concentrations and
health risks of aerosol BC in the northeastern
Qinghai-Tibet Plateau were at the middle level.
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cult to extinguish and some coal fields can burn for
even
centuries
(e.g.,
Changji,
Xinjiang,
Liuhuanggou coal field:1874-2003). In China, coal
supplies more than 60% of its energy consumption,
but there are more than 56% of coal mines are
prone to spontaneous combustion [7].
Spontaneous combustion of coal is a complex
physicochemical reaction in natural [8]. Coal oxidation reaction exothermic then the heat from the
reaction may accumulate under given conditions
and lead to coal spontaneous combustion, and mine
fire may occur ultimately if the state continues.
Early detection is critical to successfully prevention
coal mine fire. In order to prevent coal spontaneous
combustion and assess its risk many methods were
proposed. Many kinds of gases released to mine
atmosphere accompanied by the oxidation of coal
processes. The most important indicator gases to
determine the stages of coal oxidation include:
carbon monoxide, ethylene, propylene, acetylene
[9]. This method has been widely used all over the
world because of its practicability and reliability
which by observing the concentration of gases generated from coal self-heating process. Carbon monoxide as a main indicator gas especially for early
detection due to the linear relation between its concentration and coal temperature at the early stage of
coal spontaneous combustion [10, 11]. However, a
strange phenomenon appeared frequently during
production process in some Chinese mines. The
phenomenon is that carbon monoxide concentration
is very high at normal temperature, such as Lin
Nangcang, Xun Yao and Ping Zhuang the concentration of CO were more hundred times compared
to the permissible maximum concentration of
“Safety Regulations of Coal Mine”, but without
coal spontaneous combustion [12, 13]. In the light
of the above, coal spontaneous combustion isn’t the
unique source of CO in coal mine. Therefore, early
prediction and forecast of mine fire were affected,
and lots of unnecessary control measures were still
adopted. In addition, carbon monoxide is a poisonous gas, which threatens human health and life. To
find out sources for unusual high concentration of
carbon monoxide and improve the accuracy of mine
fire prediction and forecast, a few studies have been
reported.

Coal spontaneous combustion is a major disaster in underground mine. CO as a common indicator
gas due to its good correlation with coal selfheating temperature. However, abnormal high concentration of CO was detected without coal fire
during production process of some underground
mines that not only impact production but also
threat the safety of miners. To investigate the
sources appointment of abnormal CO without coal
spontaneous combustion, quantitative analysis of
primordial and oxidation product were conducted
with self-designed vacuum desorption and coal/gas
interaction testing apparatus. The results indicated
that CO as a gaseous product generated from coal
oxidation under ambient temperature (18-22) was
the main source in underground mine. Coal oxidation ability under ambient temperature was too
partial to completely demonstrate coal spontaneous
combustion propensity. Infrared spectra and ESR
indicated the mechanism of coal oxidation under
ambient temperature. It showed that oxygencontaining functional groups were prone to oxidation under ambient temperature. The results of the
research could be improve the accuracy of early
detection with CO for coal spontaneous combustion.


(&!"
Carbon monoxide, primordial gas, ambient temperature
oxidation, coal spontaneous combustion

#!$#
Coal spontaneous combustion continues to be
a serious problem around the world such as China,
USA, Australia and India [1-5]. Coal spontaneous
combustion events are quite common in underground mining, coal stockpiles, transport. All the
time, researchers pay attention to the problem due
to its threats to human health and life, safety production, the environment. Coal fires are response
for the increase in greenhouse gases, and doubles
the risk of lung cancer who expose to smoke from
coal fires [6]. In addition, some coal fires are diffi-
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It is a well-established fact in coal mining that
carbon monoxide occurs naturally in coal beds.
Zwak [14] detected carbon monoxide gas in underground mines without coal spontaneous combustion. Crushing experiments and dissolution experiments of coals were carried out by Charles E. Melton et al. under high-vacuum mass spectrometry.
High concentration carbon monoxide was detected
under these conditions and primordial CO in coal
seams was the source of it [15]. During the transformation of plant into coal, gases naturally accumulated in coal seams. This can lead to gases detected in underground mine may be derived from
the natural gases [16]. Natural gases as free gases
accumulated in coal macro-pores, fractures and
fissures, and they can be adsorbed in the coal structure [17,18]. The gases detected in underground
mines, the high concentration gases may be caused
by desorption of gases naturally accumulated in
coal seams. Similar conclusions were draw in the
work presented by Qi et al [19]. Three sources of
carbon monoxide emitted from coal in the grinding
process were examined by B·Taraba, include: (1)
desorption; (2) oxidation; (3) mechanically activated decarbonylation of coal [20].
Carbon monoxide, as well as carbon dioxide
and water, are the main products of coal oxidation,
being evolved already under ambient temperature.
The reaction of coal oxidation begins as soon as
coal contacts with oxygen in air. Coal weathering
and coal self-heating occur simultaneously during
the process, in coal stockpiles, transported coal and
coal preparation processes [21]. Figure 1 shows
self-heating of coal stockpile under ambient temperature. Air transported oxygen into coal stockpile
for the oxidation of coal. The heat released from the
reaction of coal and oxygen accumulates whilst
away from the stockpile. Water vapour is transported either into the stockpile or away from the stockpile depending on the relative humidity of the at-

mosphere and the equilibrium relative humidity
within the coal for a given coal water content [22].
There is a slow process taking days to several
months, and these differences are depend on the
characteristics of coal. Unlike other combustions,
released H2O, CH4, CO between 20 to 100 without a visible flame [23-26]. Tang [27] studied the
low-temperature from 25 to 100 with characteristics tester and gas chromatograph. Low rank coals
were more easily oxidized under ambient temperature and resealed a certain CO. The oxidation of
coal under ambient temperature was closely related
to coal spontaneous combustion propensity.
Previous studies indicate that CO as a primordi
al gas accumulates in coal seam and as a combustio
n product generated from coal oxidation at low tem
perature. Therefore, the values of gas detected in pr
actice can’t reflect states of coal spontaneous comb
ustion objectively because of the existence of primo
rdial carbon monoxide. Based on above theories, th
e aim of this research is to improve the prediction a
nd foresting of coal spontaneous combustion accura
cy. Primordial CO accumulated in coal and CO fro
m the oxidation of coal under ambient temperature
were considered. A self-design testing equipment (v
acuum-desorption) was conducted to determine pri
mordial CO accumulated in coal. The amount of C
O emitted during the oxidation of coal under ambie
nt temperature was investigated by the coal/gas inte
raction testing equipment designed by ourselves. Th
at can improve the accuracy of early detection and b
etter reflect the real condition of coal spontaneous c
ombustion. Most of the previous studies paid attenti
on to gases generated due to coal spontaneous comb
ustion. In the study, mechanism of unusual high con
centration of carbon monoxide under ambient temp
erature without coal spontaneous combustion were
analyzed with FTIR and ESR.
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%)+;;4 -9687:165. In order to measure
primordial CO accumulated in coal, a vacuum desorption experimental device was designed. Figure
2 is the structure of the device which include: vacuum pump, coal sample chamber, crush and grind
system. Four coal samples were grinded in a vacuum after that N2 was filled into the coal sample
chamber to keep one atmosphere. The gas of coal
sample chamber was siphoned and detected every
other day until the CO concentration was kept constant with time. Primordial CO in coal can be calculated by the equation as follow:

")473-9 For the purpose of the experiments,
four coal samples were selected from LNC coal
mine of Kailuan (group) Co., Ltd., China which has
been obsessed by high concentration CO. two coal
samples were collected from 11# coal seam (samples denoted 1 and 2), others were collected from
12# coal seam (samples denoted 3 and 4).
In order to eliminate particularities of each
coal sample, coal samples at three points were selected every two meters and mixed adequately.
Coal samples were directly extracted from the coal
wall, and stripped of the oxide layer on the surface
of coal seam. The coal samples were crushed in a
cylinder crusher in order to separate particle size
60~80 and below 200 meshes, then were dried in a
drying oven with 40 and vacuum for 2h. The
samples were prepared according to the standard
GB-474-2008. Four representative coal samples
were obtained from each sample with the method.

=

(1 − 2 − 3 )
×


1

Where is the amounts of primordial carbon
monoxide; ml/g,  is the volume of coal sample
chamber; cm3,  is the volume of coal sample in
coal sample chamber; cm3,  is the volume of the
grinding media; cm3, M is the quality of coal sample; g, C is the volume percent; %.
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>1,):165 ;5,-8 4*1-5: #-47-8):;8-
The oxidation of the selected coals at ambient temperature were investigated by self-design testing
equipment. The structure of the coal/gas interaction
testing equipment is shown in Figure 3. The basics
of the research were the two devices: reaction
chamber under controlled temperature and gas
chromatography. In order to conduct the experiment, four coal samples of grain size 60-80 mesh
and 80g in turn were placed in the reaction chamber
which was under ambient temperature (18-22).
The temperature of coal samples were controlled
under ambient temperature (error ±1) and continued for 32 days in air atmosphere. The concentration of CO from coal samples oxidation at ambient
temperature was detected every 1h until it sustained
steadily for 24+h.

30 times.
"!"7-+:8) The ESR spectra were obtained
with high attenuation, microwave frequency of
9035 MHz, and microwave power of 1 mW to
avoid signal saturation. Additionally, the central
magnetic field was 322.054 mT, while the scanning
width was 5 mT. The modulation width was 0.2
mT, and the time constant was 0.03 s. The scanning
time was 30 s, whereas a magnification of 20 was
used.


!"$#""$""
")473- 0)8)+:-81@):165 The results of the
proximate and ultimate analyses of examined samples are given in Table 1. The selected coal samples
differ in terms of chemical and physical properties
which enabled the assessment of the effects of CO
generation on coal oxidation under ambient temperature. Coal sample 1 contains the lowest carbon
content and the highest ash content compared to the
remaining coal samples selected. The volatiles
content of the four selected coal samples are all
between 10% w/w to 37% w/w. The coal samples
are all bituminous coals based on Chinese National
Standards of Chinese classification of coals
(GB/T5751-2009).

81468,1)3  Vacuum desorption experiments were conducted on coal samples. Coal reaction chamber is a standard cylinder with 9.6cm
diameter and 5.8cm height. The coal samples density is 1.3 g/cm3. Primordial CO can be calculated by
equation (1), the results are shown in Table 2.

>1,):165):6=#-47-8):;8- CO concentration generated from coal oxidation at lowtemperature was investigated by the coal/gas interaction testing experiment as shown in Figure 3. Dry
air flowed into coal sample chamber with the rate of
100 ml/min, the temperature enclosure was set to
increase from 20°C to 280 °C at a programmed rate
of 0.3 °C/min. During the process of coal oxidation,
the CO gases emitted from the outlet were analyzed
by gas chromatography.
5.8)8-, "7-+:8;4 Coal samples with particle sizes of 200 meshes were selected for infrared
spectrum. A KBr powder background was collected
prior to sample analysis as a baseline reference.
Prepared coal samples and KBr were dried in vacuum drying oven under ambient temperature. Coal
and KBr were mixed, grinded and pressed with
mass ratio1:150. Experimental wavenumber range
was 400 to 4000 cm-1 and samples were scanned for
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parameter

unit

Carbon, 
Hydrogen, 
Oxygen,
Nitrogen,
Sulfur,
Moisture, 
Ash, 
Volatiles,
Fixed Carbon, FCad

1
50.68
3.71
8.833
0.77
0.307
2.42
33.28
28.72
35.58

% w/w
% w/w
% w/w
% w/w
% w/w
% w/w
% w/w
% w/w
% w/w

Coal samples no.
2
3
57.49
59.97
4.227
3.992
15.437
3.083
0.81
0.78
0.456
0.275
2.44
1.62
19.14
30.28
35.12
27.82
43.3
40.28

4
62.31
4.027
12.434
0.85
0.449
2.33
17.60
34.78
45.29


# 
81468,1)3)++;4;3):-,15+6)39)473-9
Sample
1
2
3
4

M/g
919.03
726.80
835.36
705.20

V1/cm3
1866.52
1866.52
1866.52
1866.52

V2/cm3
706.95
559.08
642.58
542.46

V3/cm3
60
60
60
60

2900

C/%
0.0025
0.0256
0.0013
0.0006

primordial CO X/mL.g-1
2.99×10-5
4.46×10-4
1.84×10-5
1.08×10-5
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The selected coal samples are all contain primordial CO, and coal sample 2 has the most and
coal sample 4 has the least, but there is no significant difference among the four coal samples. Carbon monoxide naturally accumulated in coal macropores, fractures and fissures during the transformation of plant material into coal which as a result
of bio-geo-chemical process.

 786,;+:165 ;5,-8 )4*1-5: :-47-8)
:;8- CO generated from four coal samples oxidation under ambient temperature was determined by

Sample
1
2
3
4

self-designed coal/gas interaction testing experiment. The detected values of CO of the four coal
samples include coal oxidation products and gases
accumulated in coal. The values of CO are given in
Table 3. The results show that all the coal samples
have been oxidized to yield CO under ambient
temperature. CO release form coal under ambient
temperature is several and dozens times compare to
primordial coal (sample 1:45 times, sample 4:10
times). The results of the comparison are shown in
Figure 4.


# 
#0-)46;5:96.4/
primordial CO
The release CO
2.99×10-5
1.36×10-3
-4
4.46×10
1.07×10-3
-5
1.84×10
1.92×10-4
-5
1.08×10
4.5×10-5

Oxidized products
1.33×10-3
6.24×10-4
1.74×10-4
3.42×10-5
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For the purpose of comparison, coal sample 2
contains the most volatile matter that is more subject to spontaneous combustion than other samples.
But CO generated from coal sample 1 oxidation
under ambient temperature is the most. It is evident
that oxidant capacity of coal under ambient temperature can’t prove high capacity of spontaneous
combustion. This result is consistent with the status
in coal mines where high concentration of CO
without coal spontaneous combustion. Based on the
analysis of the experiment, it demonstrated that the
values of detected CO for early prediction and forecasting of mine fire may be overstated, relatively.

 786,;+:165 ;5,-8 ) :-47-8):;8-
786/8)44-,9?9:-4Figure 6 shows the CO concentration of coal oxidation under low-temperature.
CO concentration of four coal samples oxidation
are all relatively low and CO from coal sample 4 is
the lowest below 80. But CO concentration of
coal sample 4 oxidation rapidly increased with the
temperature, compared to other coal samples above
80. The CO concentration of coal sample 4 oxidation is obviously higher than that of other coal samples after 100. It is evidence that oxidization
ability of coal under ambient temperature can’t
represent which in the whole oxidation process
under low-temperature. CO detected under ambient
temperature for early prediction and forecasting of
mine fire may be overstated or understated. 

This phenomenon indicates that ambient temperature oxidation was reacted between coal and
oxygen. CO of oxidized product as the primary
source of its release detected. They ranked in the
following order staring with the most to the least
under ambient temperature:
sample 1 > sample 2 >sample 3> sample 4
Under ambient temperature, coal sample1 with
the lowest carbon content is the most prone to oxidation. CO production generated from coal sample
1 oxidation is significantly higher than coal sample
4 that with highest carbon content. CO of oxidation
products tend to decrease with the increase of carbon content in coal. Coal surface was oxidized into
unstable carbon-oxygen compounds that decomposed into CO under ambient temperature. The
oxidation reaction can continue, with the surface of
coal increased as the decomposition of carbonoxygen compounds and the release of CO. Two
pathways of CO production during coal oxidation
were proposed by Haihui Wang: (1) the direct
burnoff reaction (2) the decomposition of the stable
oxygenated complexes containing -CO groups
(Figure 5) [28].
It has already been verified that low rank coal
with high volatile, and is more susceptible to spontaneous combustion. The volatile matter contents of
selected coal samples were ranked in the following
order staring with the most content to the least content:
sample 2 > sample 4 >sample 1> sample 3
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To prove LNC coal samples can produce CO
with the increased temperature especially under
ambient temperature, three coal samples from QJY,
TS and LJT of Kailuan (group) Co., Ltd. China
which were without high CO concentration during
mining process were selected. Particle sizes of 6080 meshes, 80g of the each coal sample was prepared for temperature-programmed system. CO
emission from coal samples was detected during the
temperature rise from 20  to 280 , and was
recorded to study the production of CO during the
oxidation of coal samples. As shown in Figure 7,
the concentration of CO increased with the increase
in temperature during the oxidation of coal samples.
The CO concentration of LNC was the highest
among all the coal samples. CO emission from
LNC begin with 20, form other coal samples
begin with 60. It is indicate that there is no primordial CO accumulated in QJY, TS and LJT coal
samples, and they can’t appear oxidation under
ambient temperature. However, there are evidences
to prove that primordial CO may accumulate in
LNC and more importantly LNC coal sample may
be oxidized under ambient temperature. CO concentration from LNC was higher than that from
other coal samples during the whole oxidation pro-

cess (20 to 280). The growth rate of CO generated from the four coal samples increased with
temperature, which from LNC grew more rapidly
than other coal samples especially above 70 that
is the critical temperature of LNC.
The process of coal spontaneous combustion
can be divided into three stages by critical temperature and crack temperature. Before critical temperature is called low oxidation reaction stage, from
critical temperature to crack temperature is called
rapid oxidation reaction stage, above crack temperature is called drastic oxidation reaction stage.
The critical temperature is the transition point from
low to rapid oxidation. The first point of acceleration in the CO concentration curve of coal-oxygen
reaction is the critical temperature. Furthermore, the
intersection between the tangent of the critical temperature and maximum tangent of the CO production rate is the cracking temperature [29]. The characteristic temperatures of selected coal samples
were shown in Table 4. Critical temperature and
crack temperature of LNC were significantly less
than those of other coal samples. It is obvious from
the above that LNC coal sample was more prone to
oxidation than other three coal samples which may
be related to coal molecular structure.
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Coal sample
LNC
QJY
TS
LJT


# 
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Critical temperature ()
Crack temperature ()
70-80
145-155
90-100
200-210
80-90
210-220
90-100
220-230
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-+0)5194 From coal macromolecular structure, aromatic structures are the basic structure units
of coal macromolecules. The basic structure units
are connected by bridges whose side chains connect
active functional groups in coal surface including
alkyl, aryl, carbonyl, carboxyl and hydroxyl moieties. These active functional groups are subjected to
attack by oxygen or energy from sunlight or thermal
radiation, and so on. The type and qualitative analysis of functional groups in coal can be determined
by infrared spectrum experiment. To discuss the
mechanism of CO production from the oxidation of
LNC coal sample under ambient temperature, QJY,
TS and LJT coal samples were prepared for infrared
spectrum and ESR experiments. Function groups in
coal molecule of the each coal sample under ambient temperature were scanned, with the results
shown in Figure 8. The data collected by FTIR
demonstrate that the content of oxygen-containing
functional groups in LNC coal sample were obviously higher than these in other coal samples. These
oxygen-containing functional groups include: associate hydroxyl groups (wavenumber: 3684-3697
cm-1, stretching vibration and bending vibration),
free hydroxyl groups (3684-3697 cm-1, stretching
vibration and bending vibration of alcohols or phenol free groups), carbonyl groups (wavenumber:
1740-1800cm-1, stretching vibration), carbonoxygen single bond (wavenumber: 1120-1080cm-1,

stretching vibration). Because of the active chemical property of these oxygen-containing functional
groups, they were oxidized as coal exposed in air
atmosphere, then the chemical bonds were ruptured,
and functional groups became unstable oxides
which decomposed into carbon monoxide and other
functional groups.
Figure 9 shows the changes in concentrations
of free radicals of LNC, QJY, TS and LJT coal
samples with temperature. It is obviously free radicals concentration of LNC were higher than those
of QJY, TS and LJT start with 20. It is illustrated
the reasons of oxidation of LNC coal sample under
ambient temperature and high concentration of CO
was detected underground LNC coal mine during
the production process. The free radical concentration of LNC sharply increased with a fast rate above
70, which is correspond with CO emission characteristics. Because of high concentration in LNC
coal molecular from 20 to 180, LNC coal sample was more vulnerable to oxidation than QJY, TS
and LJT. Considering these investigated experiments, it was believed that the oxidation of the
oxygen-containing functional groups under ambient
temperature was the major source of CO. Equation
(5)-(7) showed the reactions of these oxygencontaining functional groups in LNC coal sample.
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combustion. It is possible that other unclear
source(s) of CO that influences the effect of forecast and predict. In order to predict coal spontaneous combustion accurately, various sources of CO
should be considered.

The sources of abnormal CO without coal
spontaneous combustion were investigated by experiments with self-designed experimental facilities
and the main conclusions are as follows:
(1)Conventionally, people thought that the
coal spontaneous combustion is the only reason
caused CO emission in underground mine. However, the experimental studies of vacuum desorption
and oxidation of coal samples under ambient temperature proved that two other sources of carbon
monoxide in coal mine under ambient temperature.
One source is desorption of adsorbed primordial
CO, the other source is oxidation products of coal
under ambient temperature. The two sources of CO
may be the main causes of the high concentration
CO underground mine.
(2) The value of fire indices calculated on the
basis of the concentration of gases with primary and
oxidation products under ambient temperature may
be incorrect. Carbon monoxide detected underground mine may be overstated respectively as the
result of primordial CO and oxidation products.
(3) The oxidation of coal samples experiments
under low-temperature temperature proved that
oxidation ability of coal is different in the course of
the oxidation process. It is evidence that coal with
weaker capacity in the initial stage of oxidation
process may become stronger than other coals with
coal oxidation spontaneous combustion.
(4) Associate hydroxyl groups, free hydroxyl
groups, carbonyl groups and carbon-oxygen single
bond are prone to oxidation to release carbon monoxide under ambient temperature that is the source
of CO during coal oxidation under ambient temperature.
Finally, carbon monoxide as an indicator gas
consistently for prediction of coal spontaneous
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compounds, such as SF6 as electrical insulator
[4,5], as well as coal combustion [6]. Moreover, HF
gas in humidity will corrode the metal and
insulation materials, and then break down the life of
electric apparatus. Then again, the HF gas would
yield in the running of pulse chemical laser based
on the discharge of SF6 and hydrocarbons, which
would sharply decrease the performance of the laser
[7]. Additionally, HF is the target analyte liberated
in the hydrolysis of fluorinated G-type chemical
warfare agents [8]. Therefore, to avoid the health
threat and environmental pollution as well as to
preserve the life of industrial equipment, it is very
important and necessary to find an efficient method
for detecting and eliminating HF gas [9].
Since the Industrial Revolution, coal and other
fossil fuels are widely used everywhere in the
world. Meanwhile, due to high contents of Scontained compounds in fossil fuels, million tons of
SO2 are emitted into air per year by burning for
energy, causing serious air pollution. The most
effective way to control the emission of SO2 from
flue gas by combustion of fossil fuels is flue-gas
desulphurization (FGD). Up to now, many
absorbents, such as limestone, magnesium oxide,
ammonia water and seawater, are used to capture
SO2 and all of them can decrease the pollution of
SO2. However, SO2 is also a useful resource in the
chemical industry. Most of the processes and
absorbents only pay attention to the control of air
pollution caused by SO2 and ignore the recycle of
SO2, because the absorbents are very difficult to
regenerate and recover SO2. The adsorption
processes are irreversible and can result in
secondary pollution. Although organic amines can
be used to reversibly absorb SO2 from flue gas, the
process suffers from solvent loss. Therefore, it is
urgent to explore new absorbents for the reversible,
efficient, and environmentally-friendly capture of
SO2.
Plants not only have a certain degree of
resistance to atmospheric pollutants in a certain
concentration range, but also have a considerable
ability to absorb harmful gases. Through the pores
on the leaves and the lenticels on the branches, the
plants absorb atmospheric pollutants into the body,
neutralize them in the body through redox
processes to form non-toxic substances, or excrete

ABSTRACT
To enhance the ability of indigenous tree
species in Ta-pieh Mountains to decontaminate
toxic gases, Euonymus japonicus, Salix babylonica
and Morus alba are surveyed by means of
fumigation experiments for sensitivity to SO2 and
HF. Response surface methodology is applied to
adsorption and purgation ability of indigenous tree
species on SO2 and HF. The results show that trees
can absorb and accumulate the contaminants in the
atmosphere through the leaves, and the amount of
adsorption and accumulation is large. The tree
species have adsorption and purgation ability to air
pollutants, and have differences according to the
type of pollutant gas. After treating them in
fumigation chamber, the weakest one, Morus alba,
contains 9.5 mg/kg of sulfur while the strongest
one, Euonymus japonicus, contains 478.9 mg/kg.
The weakest one, Salix babylonica, contains 6.9
mg/kg of fluorine while the strongest one, Euonymus japonicus, contains 401.5 mg/kg.

KEYWORDS:
Indigenous tree species, artificial fumigation method,
absorbency, SO2 , HF

INTRODUCTION
The issue of emission reduction of industrial
air pollutants is a major environmental concern of
most developing countries due primarily to the air
pollution at both the national and the global level.
Hydrogen fluoride (HF) is the principal source
of fluorine for the synthesis of many important
compounds
including
pharmaceuticals
and
polymers, thus is widely used in very large
quantities in industries such as the semiconductor
and petroleum industries [1]. As well known, HF is
a very hazardous reagent because of its low boiling
point and high toxicity [2,3]. However, in the
practical production and employ processes, the
excess of HF used is difficult to avoid the
smuggling of small portion of HF gases completely.
On the other hand, HF and/or other fluoride gases
can generate in the application of fluoride
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RESULTS AND DISCUSSION

them through roots, or accumulate and store them
in an organ. Inside. The adsorption, degradation,
accumulation and discharge of air pollutants by
plants actually play a role in purifying air pollution
[10-15].
In order to find the native tree species with
high adsorption and purification ability, this paper
studies and discusses the adsorption and
purification ability of some native tree species in
the Dabie Mountains to the main atmospheric
pollutants through artificial simulation of the
fumigation method, thus providing a theoretical
basis for the scientific selection of soil-sucking
native tree species. This paper studies the field of
environmental protection and air pollutants can be
effectively removed by indigenous tree species.

Surface plot of sulphur adsorption (mg/kg) vs
ambient temperature, humidity is shown in Fig.1.
The high concentration of SO2 gas will greatly
exceed the plant¶s ability to withstand, causing the
plants to fall off the leaves in a short period of time
(1 to 2 days or a few hours), and the growth and
development are severely blocked until they die.
Due to the long-term pollution of SO2 in plants,
plants gradually produce some symptoms that are
not easily noticed by people, causing plants to grow
to varying degrees. Plants have not shown any
symptoms under the influence of low concentration
of SO2 for a long time, but the physiological
activities inside the plant have been invaded and
growth and development are hindered. The strong
light and high temperature, the more sensitive the
plant is to sulfur dioxide, the more susceptible it is
to damage. It is seen that sulphur adsorption increases when ambient temperature and light time
increases.
Surface plot of sulphur adsorption (mg/kg) vs
humidity and smoke time is shown in Fig.2. It is
seen that sulphur adsorption increases when smoke
time and humidity increases. Sulfur dioxide enters
from the pores and gradually spreads to the sponge
tissue and the palisade tissue cells. The damage of
sulfur dioxide to plants begins at the cell membrane
and changes the permeability of the membrane. The
initial damage is the cell membrane of the most
active palisade tissue cells of photosynthesis, and
then the cell membrane of the sponge tissue is damaged. Chloroplasts and chlorophyll are successively
destroyed. At the same time, the cytoplasm is separated, the tissue is dehydrated, withered, and dead,
and finally the surface of the leaf is damaged, forming many faded spots.

EXPERIMENTAL
Fumigations with SO2 or HF were performed
using the chamber system. This consisted of a
single pair of 0.7 m3 Perspex chambers, located in a
glasshouse and ventilated with charcoalfiltered air
at a rate of four changes per minute. The pollutant
gases were added continuously to one chamber to
provide a constant concentration and monitored
throughout the experimental periods by sampling
the air within both chambers through chemistry for
the gas under study. In addition, checks were
carried out periodically using a continuous SO 2
monitor and HF. The glasshouse in which the
system was installed received supplementary
heating and lighting as required.

FIGURE 1
Surface Plot of Sulphur adsorption (mg/kg) vs B, A
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FIGURE 2
Surface Plot of Sulphur adsorption (mg/kg) vs D, C

FIGURE 3
Surface Plot of Sulphur adsorption (mg/kg) vs C, A
Surface plot of sulphur adsorption (mg/kg) vs
ambient temperature, humidity is shown in Fig.3. It
is shown that symptoms mainly occur between the
veins. Generally, dots and block-like lesions of
different sizes and without regular distribution are
present, and the boundary between them and normal tissues is obvious. There are also a few lesions
distributed on the edge of the leaves, or the whole
leaves are chlorotic and yellow, but the young
leaves are not easily damaged. The color of the
lesions is mostly yellow or reddish brown, but the
shape, distribution and color of the lesions vary
depending on the plant species and the conditions
of the damage. For example, monocotyledonous
lesions are often stripped along parallel veins and
distributed at the tip or leaf ridge.

Surface plot of sulphur adsorption (mg/kg) vs
light time, smoke time is shown in Fig.4.
Fig.5 shows that there is interaction between
humidity and light time. Increased range of humidity on sulphur adsorption is not very obvious. Within a certain concentration of sulfur dioxide, the
damage of the leaves is related to leaf age. The
order of its damage is mature leaves, old leaves,
and young leaves. This is because the young leaves
are the most resistant, the mature leaves are the
most sensitive, and the old leaves are somewhere in
between.
Fig.6 shows that there is interaction between
ambient temperature and smoke time. Increased
range of smoke time on sulphur adsorption is not
very obvious.
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FIGURE 4
Surface Plot of Sulphur adsorption (mg/kg) vs D, B

FIGURE 5
Surface Plot of Sulphur adsorption (mg/kg) vs C, B

FIGURE 6
Surface Plot of Sulphur adsorption (mg/kg) vs D, A
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FIGURE 7
Surface Plot of Fluorine adsorption (mg/kg) vs D, C

FIGURE 8
Surface Plot of Fluorine adsorption (mg/kg) vs D, B

FIGURE 9
Surface Plot of Fluorine adsorption (mg/kg) vs C, B
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Fig.7-9 shows effect of humidity, smoke time
and light time on fluorine adsorption. For HF, most
of the lesions are distributed on the tip and leaf
margin. There is a clear dark red line between the
damaged lesion and the normal tissue. A few are
inter-pulse lesions and young leaves are vulnerable.
In addition, the distribution of the lesions has a
certain relationship with the thickness of the leaves,
the thickness and the direction of the veins. Usually, the lateral veins are not obvious, and the lesions
of the weak leaves are connected into a whole
block, and the position is not fixed. The obvious
lesions of the lateral veins are scattered. Between
the veins; the damaged parts of the parallel veins

Fresenius Environmental Bulletin

are often at the tip of the leaf or the bulge of the
leaves; the thick and hard spots of the leaf are often
distributed on the ridges or leaf margins on both
sides of the main vein; the large and thin lesions of
the leaves are mostly distributed at the edges, often
Connected into a large piece.
Fig.10-12 shows that after treating them in
fumigation chamber, the weakest one, Morus alba,
contains 9.5 mg/kg of sulfur while the strongest
one, Euonymus japonicus, contains 478.9 mg/kg.
The weakest one, Salix babylonica, contains 6.9
mg/kg of fluorine while the strongest one, Euonymus japonicus, contains 401.5 mg/kg.

FIGURE 10
Surface Plot of Fluorine adsorption (mg/kg) vs D, A

FIGURE 11
Surface Plot of Fluorine adsorption (mg/kg) vs C, A
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FIGURE 12
Surface Plot of Fluorine adsorption (mg/kg) vs B, A
[3] Uzunosmanoglu, O., Uyanik, A., Engin, M.S.
(2011) The removal of cadmium (ii), copper
(ii) and lead (ii) from aqueous solutions by olive tree pruning waste. Fresen Environ Bull.
20, 3135-3140.
[4] Sedgwick, D.M., Hammond, G.B. (2018) The
history and future challenges associated with
the hydrogenation of vinyl fluorides. Journal of
Fluorine Chemistry. 207, 45-58.
[5] Gromov, O.B. (2014) System Researches
³)OXRULGHVRI$ONDOLQH Metals ± Hydrogen FluRULGH´3URFHGLD&KHPLVWU\. 11, 30-34.
[6] Afzal, S., Rahimi, A., Ehsani, M.R., Tavakoli,
H. (2010) Experimental study of hydrogen fluoride adsorption on sodium fluoride. Journal of
Industrial and Engineering Chemistry. 16, 147151.
[7] Li, Z., Hammond, G.B., Xu, B. (2016) Quantification of hydrogen fluoride-based reagents
using a bifunctional NMR internal standard.
Journal of Fluorine Chemistry. 184, 72-74.
[8] Langerman, N. (2016) Hydrogen fluoride &
alkylation. Journal of Chemical Health and
Safety. 23, 53-55.
[9] Chaban, V. (2015) Hydrogen fluoride capture
by imidazolium acetate ionic liquid. Chemical
Physics Letters. 625, 110-115.
[10] Ren, S.H., Hou, Y.C., Zhang, K., Wu, W.Z.
(2018) Ionic liquids: Functionalization and adsorption of SO2. Green Energy & Environment.
3, 179-190.
[11] Xu, L., Xu, S.H., Zhi, L.Q., He, X.D., Zhang,
C.H., Cai, Y.Q. (2017) Methylsiloxanes release
from one landfill through yearly cycle and their
removal mechanisms (especially hydroxylation) in leachates. Environ Sci Technol. 51,
12337-12346.

CONCLUSION
Response surface methodology is applied to
adsorption and purgation ability of indigenous tree
species on SO2 and HF. The results show that trees
can absorb and accumulate the contaminants in the
atmosphere through the leaves, and the amount of
adsorption and accumulation is large. The tree
species have adsorption and purgation ability to air
pollutants, and have differences according to the
type of pollutant gas. After treating them in
fumigation chamber, the weakest one, Morus alba,
contains 9.5 mg/kg of sulfur while the strongest
one, Euonymus japonicus, contains 478.9 mg/kg.
The weakest one, Salix babylonica, contains 6.9
mg/kg of fluorine while the strongest one, Euonymus japonicus, contains 401.5 mg/kg.
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ABSTRACT

INTRODUCTION

In this study, efficacy and some characteristics
of the local diatomaceous earth (DE) were investigated against been weevils [Acanthoscelides obtectus (Say) (Col.: Bruchidae)] on chickpeas (Cicer
arientum L.) under laboratory conditions. In the
experiments, Turco000, Turco004, and Turco020
derived from native sources (Ankara, Turkey), and
Protector®, a commercial product, were used. The
bioassays were carried out at 25±1°C temperature,
65±1% r.h. with six concentrations of DEs (100,
200, 400, 600, 800 and 1000 ppm) at the Plant Protection Central Research Institute, Entomology
Laboratory in Ankara in 2016. The mortality of
adults was evaluated after the 4th, 7th and 14th days
of treatments. In order to determine progeny production (F1), the treated chickpeas were further
incubated at the same conditions for the 55-days.
Turco000 gave 100% mortality to A. obtectus adults
at 1000 ppm after 4th day as Protector® at 600 ppm
concentration did. The lowest mortality rate was
observed at Turco020 at a dose of 100 ppm 7 days
after treatment. When the effects of diatomaceous
earth formulation on the fertility of F1 were investigated, it was determined that all diatomaceous earth
formulation had an effect on different rates. There
was no progeny production with Turco000 at 200
ppm concentration at the end of 55-day incubation
period and this was followed by Turco004 and
Turco020, respectively. Results showed that the
protective residual effect of Turco000 continued
throughout the experiments. In conclusion, Turco000 can be used as a valuable tool for A. obtectus
in stored product pest management programs.

The bean weevil Acanthoscelides obtectus
(Say) (Coleoptera: Chrysomelidae) is a major pest
of beans and other legumes from the Fabaceae
family. The primary host of this weevil is the common bean (Phaseolus vulgaris). The weevil also
attacks chickpeas (Cicer arietinum) and other stored
legumes [1]. The consequence of the insect damage
to the products causes qualitative and quantitative
losses to both nutritional properties and the market
value of the stored legumes. The storage period of
the legumes, which have an important place in
human nutrition, must be carried out under suitable
conditions and protected with minimum loss. In
stored products, direct or indirect losses from biotic
and abiotic factors such as relative humidity, temperature, grain size, and insect species occur during
storage. Harmful organisms such as microorganisms, mites, rodents, and insects are among the
biotic factors that cause this loss. Stored legumes
are particularly damaged by Bruchidae (Coleoptera)
family members in the field and/or post-harvest
period. These organisms degrade the quality of the
product due to the body residues such as exuvia,
seta and the substances they release on the product.
It has been observed that alternative efforts to the
chemical control have recently gained a significant
increase in order to reduce this damage rate. Bean
weevil, which has a wide spreading area and adapts
to environmental conditions, has high tolerances
against various insecticides [2]. For this reason,
many research and efforts have been made to find
effective means of ensuring long-term storage of
legumes. The use of natural enemies, plant extracts,
volatile oils, and inert dust have been accepted as
promising strategies for the control of A. obtectus
until now [3, 4, 5, 6, 7]. In stored products, various
control methods have been applied to insect pests.
These methods include; physio-mechanical methods
(modified atmosphere, cooling, drying, high temperature, radio waves etc.), biotechnical control
methods, cultural control methods and use of synthetic chemicals intensively. Fumigation is the most
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Elements such as iron, calcium, aluminum,
and thorium are present in the form of oxides in the
components of the diatomaceous earth, which are
basically amorphous silica. In insects, cuticle acts
as an exoskeleton and provides protection and support for internal organs. The main barrier to prevent
water loss from an insect is the epicuticular lipids.
In insect morphology, epicuticular lipids act as a
platform for the semiochemicals. Also plays an
important role like retention of water in the body,
protection from the body external corrosive and
toxic substances [9]. Diatomaceous earth absorbs
the cuticular lipids and it also abrades the cuticles
of insects and causing death by desiccation [10, 11].
Diatomaceous earth can be successfully incorporated into the IPM program as they have proven to
be very effective against insect pest species with
low mammalian toxicity, long-lasting efficacy and
being natural insecticides.
In this study, we intend to determine the effectiveness of native diatomaceous earth obtained from
central Anatolia around Ankara region as storedlegume protectants against Acanthoscelides obtectus. Also, the present study was designed to assess
the effect of particle size and behavioral effect of
the tested diatomaceous earth on the insects under
laboratory conditions.

common chemical control method in the world.
Fumigation is preferred because of its rapid penetration, ease of use and low cost in control of storage pests. Methyl bromide, one of the fumigants
used intensively, has been banned except in limited
applications, under the Montreal Protocol. The
residue of some insecticides applied directly to the
product to protect stored legumes from insect pests
may cause acute or chronic toxicity to the consumer
at significant levels. On the other hand, the development of resistance in the pests also causes problems in practice. It has been known that resistance
to some important stored product pests against
many effective substances such as malathion,
chlorpyrifos-methyl,
fenitrothion,
pirimiphosmethyl, etrimfos and the like which are being used
in storage [8]. One of the physical control treatment
is diatomaceous earth applications.
Diatoms, either solitary or colonial, microscopic are photosynthesizing algae that have a siliceous skeleton, called frustule and are found in
almost every aquatic environment ranging from
freshwaters to marine waters. In fact, they are found
virtually anywhere moist enough. They have both
benthic and planktonic forms that both are restricted
to the photic zone, since they are all strictly autotrophic (water depths down to about 200 m depending on the water clarity). Diatoms have a variety of
different diameter or length such as 20-200 microns, some even reach up to 2 millimeters in
length. They are recorded in geological records
since Cretaceous. Diatoms may occur in such large
amounts and be well preserved enough to form
sediments composed almost entirely of diatom
frustules, then called diatomites or partly of frustules, then called diatomaceous earth, in both cases,
it becomes economic deposits and may be used in a
number of applications including filters, agriculture,
paints, toothpaste, and many others.

MATERIALS AND METHODS
Insect mass-rearing. Acanthoscelides obtectus adults were reared in sterile 1-L glass jars on
chickpeas in incubators (Nüve ID 501, Ankara,
Turkey) maintained at about 25±1°C and 65±1%
relative humidity. For the prevention of possible
contamination, chickpeas were kept in the deep
freezer at -18 oC at least 7 days. The clean chickpea

FIGURE 1
*UDLQVL]HGLVWULEXWLRQRIQDWLYH'(¶V D7XUFRE Turco004 c: Turco020).
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LynEye detector for 0-  ڧZLWK VQ VWHS
speeG XVLQJ  .9 DQG  P$ &X .Į UDGLDWLRQ
source at room temperature. Ni filter was used
(ITU-JAL labs, Istanbul). Diffraction data were
then evaluated using the MDI Jade software to
determine crystalline mineralogical contents of the
samples and presented in Figure 3).
Mineral contents of the DE are represented by
the common soil phases such as feldspars, calcite,
quartz, mica and common clay varieties along with
some secondary oxides and zeolites. Based on the
abundance of the frustules, opal-CT may be detected by XRD.

used as both food source and oviposition area was
filled to half of the jar. Approximately, 450-500
mixed-sex adult individuals were transferred in the
glass jar. In order to ventilation, the lids of the glass
jar were drilled, each lid has eight holes with a
diameter of 1mm. The adults on the chickpeas were
vacuumed after 24 hours later. Thus, we have obtained 0-24 hours old eggs. The newly emergence
adults were observed about 30-33 days after. In the
trials, 1-3 days old mixed-sex adults were used.
Diatomaceaus earth characterization. '(¶V
used in this study were acquired from a local commercial company operating in Ankara-Kazan and
%H\SD]DUÕ FRXQWLHV %HJ-WX÷ 0LQHUDO  3K\VLFoFKHPLFDO WHVWV DQG DQDO\VLV RI WKH '(¶V HJ JUDLQ
size, chemical content, and morphology) were carried out at General Directorate of Mineral Research
and Exploration (MTA) labs in Ankara, Turkey.
*UDLQVL]HGLVWULEXWLRQDQG6(0LPDJHVRIWKH'(¶V
are presented in Figure 1 and 2, respectively. The
FKHPLFDOFRPSRVLWLRQRIWKH'(¶VLVJLYHQLQ7DEOH
1.
Representative splits from each DE were put
on glass slides then coated using a gold sputter
coater at MTA Labs for the SEM study. Photomicrographs were taken to show diatom varieties in
the samples (Figure 2). Based on the SEM observations, each split contained varying amount of diatoms of pinnate type. Centric types were not observed.
About 10 g splits from each sample were pulverized to <450 micron using a Retsch vibratory
disk mill (RS 200) and then X-rayed using a Bruker
D8 Advance XRD integrated with a dedicated

Insecticidal activity assays. A Turkish chickpea variety, Cicer arietinum .RoEDúÕ ZLWK  
moisture content was used for bioassays. Local
diatomaceous earth and Protector® were used at the
concentration of 100, 200, 400, 600, 800 and 1000
ppm. Untreated chickpea (control group) was used
as the control for the diatomaceous earth samples.
For each concentration, 280 g chickpea was used in
1-liter volume PVC bags. Chickpeas and DT were
put into plastic bags and then sealed and shaken for
5 minutes to provide a good mixture. To ensure
even distribution of DE the bags left for 10 minutes
for dust settlement. Each vial (volume of 225ml,
3wx8h cm) was fitted with a plastic lid prepared as
for the rearing jars. The vials were then filled with
70 g of DE treated chickpea and with 10 mixed sex
adults weevils each. Test vials were placed in an
incubator (Nüve ID 501) adjusted at 25±1°C and
%65±1 r.h. Assessment of the mortality of the treated live and dead individuals was recorded after 4, 7
and 14 days respectively.

TABLE 1
Chemical contents of three native diatomaceous earth
Treatment
Turco000 (1-10μ)
Turco004 (10-30μ)
Turco020 (43-65μ)
Protector <9.46μ

SiO2 (%)
95.00
83.26
83.90
69.70

CaO (%)
0.83
3.49
2.74
0.41

Al2O3 (%)
1.42
6.25
6.25
5.80

Fe2O3 (%)
1.77
4.91
3.71
1.05

FIGURE 2
SEM images of Turco 000 (a), Turco 004 (b) and Turco 020 (c) showing general size and shape
varieties of diatoms.
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FIGURE 3
Collage of X-ray diffractograms of the subject samples.
TABLE 2
Toxicity of different doses of Turco000 diatomaceous earth against Acanthoscelides obtectus adults
Mortality (%)±StDev
4 DAT
7 DAT
14 DAT
Control
2.57±3.41b*
5.71±2.57c
5.71±2.57c
100ppm
7.47±3.81b
14.64±0.67b
67.82±1.11b
200ppm
90.56±4.71a
100.00±0.00a
100.00±0.00a
400ppm
96.19±5.38a
600ppm
99.35±2.57a
800ppm
99.35±2.57a
1000ppm
100.00±0.00a
100.00±0.00a
Protector©
*
Different letters in the same column indicate statistically different from each other (Anova P<0,05, Tukey test). DAT: Day
After Treatment
Treatment

additionally, the differences among treatments were
analyzed by means of Tukey multiple comparison
tests (p<0.05). All statistical analyses were conducted with MINITAB® Release 16 package program.

Effect of Diatomaceous earth on F1 progeny. After 14 days from the contact toxicity test,
dead and live insects were removed from the treated
chickpea. The same jars were kept at 25±1°C and
65±1% relative humidity condition until the first
adult was seen and then newly emerged adult insects were counted.
Inhibition rate was calculated according to the
formula below.
IR = (Cn ± Tn) / Cn * 100

RESULTS
When the insecticidal activity of Turco000,
with the lowest particle diameter, on A. obtectus
was examined, it was determined that all insects
applied at the dose of 1000 ppm on the fourth day
were died (Table 2). After the four days application,
Turco000 was included in the same statistical group
with the control group the only dose of 100 ppm. In
other doses, Turco000 was in the same statistical
group as the positive control group (F(df=7,24)=48,03;
p<0,05). Insecticidal activity was found to be greater than 90% at application doses of 200 to 800 ppm,
but 100% mortality was seen at 1000 ppm. Seven
days after treatment, mortality rates were determine
as 100% at doses of 200 ppm and above

IR%
: Inhibition rate
Cn
: Number of newly emerged insects in the untreated (control) jar
Tn
: Number of newly emerged insects in the treated jar.
Statistical analysis. Contact toxicity screening test results were firstly converted into percent
mortality and then were subjected to arcsine (Q´=
DUFVLQ¥n ) transformation and ANOVA. Variance
analysis was carried out with transformed data, and
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(F(df=7,24)=332,34; p<0,05). While all dose applications were in the same statistical group with the
positive control group, the only dose of 100 ppm
was in the different statistical group.
The effectiveness of Turco 020 was similar to
Turco 000 (Table 3). In the evaluation made after
four days of treatment, 97% or above mortality
rates were determined in all doses except from a
dose of 100 ppm (F(df=7,24)=147,58; p<0,05). At
doses of 400 ppm and above, 100% mortality rate
was reached at both the seventh day
(F(df=7,24)=132,99; p<0,05) and the 14th day
(F(df=7,24)=187,79; p<0,05) applications. In all three
intervals, at doses of 200 ppm and above, all treatments were in the same statistical group as the positive control.
Turco020 has a different effect than other diatomaceous earth used in this study, by terms of
mortality rates and particle sizes. At the end of the
fourth day, Turco020 did not gave 100% mortality
at not any application dose and the highest mortality
rate was determined as 97.43% at 1000 ppm dose
and only this treatment had taken place in the same

statistical group as the positive control
(F(df=7,24)=76,76; p<0,05) (Table 4). After the seventh day application, mortality rates of all doses
were higher than fourth days treatment and it was
determined that at the dose of 1000 ppm gave %100
mortality rates (F(df=7,24)=116,00; p<0,05). At the
dose of 200 ppm gave 90% and above mortality
rates after the 14th day after treatment. Application
doses of 400 ppm and above were in the same statistical group as a positive control (F(df=7,24)=77,17;
p<0,05).
It was determined that having different particle
sizes and application doses, showed different suppression effects on the progeny production of A.
obtectus. After the long storage period (55 days), it
was seen that Turco000 and Turco004 showed
minimum dose and maximum inhibition effect. In
the progeny production, made 55 days after the
application, the highest inhibitory effect with the
lowest dose was found in Turco000 and Turco004.
Besides, Turco020 showed lower activity in terms
of suppression of F1 production (Table 5).

TABLE 3
Toxicity of different doses of Turco004 diatomaceous earth against Acanthoscelides obtectus adults
Mortality (%)±StDev
4 DAT
7 DAT
14 DAT
Control
0.65±2.57b*
10.00±0.00b
12.23±0.50b
100ppm
2.57±3.41b
21.83±1.49b
99.35±2.57a
200ppm
97.43±3.41a
98.66±5.28a
100.00±0.00a
400ppm
100.00±0.00a
100.00±0.00a
600ppm
100.00±0.00a
800ppm
100.00±0.00a
1000ppm
100.00±0.00a
Protector©
100.00±0.00a
*
Different letters in the same column indicate statistically different from each other (Anova P<0,05, Tukey test). DAT:
Day After Treatment
Treatment

TABLE 4
Toxicity of different doses of Turco020 diatomaceous earth against Acanthoscelides obtectus adults
Mortality (%)±StDev
Treatment

24 DAT

48 DAT
*

Control
0.00±0.00e
100ppm
0.00±0.00e
200ppm
2.57±3.41de
400ppm
14.64±0.67d
57.52±0.25c
600ppm
800ppm
85.08±9.03bc
1000ppm
97.43±3.41ab
Protector©
100.00±0.00a
*
Different letters in the same column indicate statistically different
After Treatment.

72 DAT

0,65±2.57e
10,00±0.00d
12,23±0.50d
70,25±0.81c
21,61±2.23cd
90,56±4.71b
42,48±0.25c
99,35±2.57ab
85,81±1.65b
100,00±0.00a
99,35±2.57a
100,00±0.00a
100,00±0.00a
from each other (Anova P<0,05, Tukey test). DAT: Day

TABLE 5
The effects of diatomaceous earth on the growth of Acanthoscelides obtectus
Treatment
Turco 000
Turco 004
Turco 020
Protector®

IR (%)
100ppm
12,68
93,25
16,06
96,96

200ppm
100,00
98,77
59,59
100,00

400ppm
100,00
99,39
100,00
100,00

2920

600ppm
100,00
100,00
98,96
100,00

800ppm
100,00
100,00
100,00
100,00

1000ppm
100,00
100,00
100,00
100,00
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particle size. Varying DE doses are used for the
control of different insect species. These include the
volume of the surface area, the state of hair growth
in the body, the thickness of the cuticle layer, the
biological period of the insect and insect behavior
[15, 16, 17]. Turco020 is thought to be retained by
bristles before it reaches the cuticle because the
particle size in Turco 020 is relatively large compared to the other two formulations. As a result, the
turco 020 is not able to fulfill its abrasive effect on
the insect cuticle and it is thought to cause slowdown in insect death.
The effect of physiological age on the mortality of insects is important. [18] stated that, when
conducting studies on the efficacy of diatomaceous
earth on the insects, researchers should standardize
the age of the insect in terms of reducing variability.
[19] revealed that adult lifespan of the bean weevil
adults 7-14 days. For this purpose, age limitation
was used to obtain safety data in diatomaceous
earth studies so that mixed sex adults were chosen
randomly to avoid possible differences between
genders.
The results of this study suggest that diatomaceous earth obtained from local sources can be used
in the storage of bean weevil in storage conditions.

Based on the geochemical and mineralogical
analyses, the DE that used in this research conWDLQHG YDU\LQJ DPRXQWV RI GLDWRPV 7KH '(¶V DOVR
contained common soil phases. Pinnate-type diatoms form was prevalent.

DISCUSSION AND CONCLUSIONS
Diatomaceous earth is very important as the
only natural bio-rational pesticide of mineral origin
in the world. Damage occurs to the insects' protective wax coat on the cuticle, mostly by sorption and
to a lesser degree by abrasion, or both. The result is
the loss of water from the insect's body through
desiccation resulting in death [10]. The aim of this
study was to investigate the effect of particle size
on the insecticidal and behavioral efficiency of the
native diatomaceous earth for controlling of adults
of A. obtectus. When the results of the study were
examined, it was determined that the diatomaceous
earth having the lowest particle size had a high
mortality effect on the studied insect. Because of
the reduction of the particle size, it is thought that
the applied DE may be caused by the greater attachment of the insect body due to the widening of
the surface area. [12], reported that the particle size
distributions of diatomaceous earth particles also
play an important role in the insecticidal activity of
diatomaceous earth. Similarly, [13] showed that the
particle size of the diatomaceous earth on the insecticidal efficacy is not an important parameter but
strongly effective on the mortality. In another study
conducted with inert powders such as zeolite and
diatomaceous earth, contact activity of particle size
against pests was investigated. In terms of zeolite,
there was no significant correlation between particle
size and mortality, while the same was found to be
significant for DE. In this bioassay, the differences
between particle size and particle size distribution
in terms of insect mortality was clearly seen in the
same diatomaceous earth. The inert dust, which are
the subjects of economic entomology studies, have
the potential to be the promising plant protection
product especially against the stored product pests.
Morphological differences between species are
another factor affecting the activity of DE. According to [14], some insects have greater sensitivity to
DE because of their anatomy and physiology. Generally, insects with a large surface area in relation to
the volume of their body are more sensitive in that
they lose relatively greater amounts of water from
their body. Insects with a rough or hairy body surface collect more particles per unit of the area causing greater cuticle damage. Therefore, such insects
are more sensitive to DE than others. Similarly, the
number and location of the setae in the unit area
varies in the body of the test insect in this study.
Due to these morphological changes, differences
were found in the mortality, especially in terms of
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ABSTRACT

comes very important. As a result, leaching becomes a mandatory practice for a sustainable irrigated agriculture to prevent the accumulation of
soluble salts in the plant root zone. However, in
most areas, irrigation can be at undesirable levels
resulting from inadequate irrigation practices.
Leaching the salt from the plant root zone means
increasing the salinity of the drainage water. For
this reason, decreasing the leaching amount and
increasing the irrigation efficiency means decreasing the salinity in the drainage water [2], even
though it means an increase in the salt concentration
in the lower parts of the plant root zone.
As known, irrigation water contains slightly
soluble/dissolved materials. On the other hand,
plant root zones also contain soluble substances
from fertilizers used as plant nutrients. In general,
as the temperature increases, the number of irrigation applications and the amount of irrigation water
used also increase. As a result, although the quality
of soil and irrigation water at the beginning of the
season is good, salt accumulation takes place in the
plant root zone at the end of the production season.
This is one of the most important problems for
agricultural producers. Producers are trying to solve
this problem in two ways. The first one is to change
the soil in the greenhouse. However, this is not a
sustainable and economical solution. The second
one is to carry out the leaching process for improvement purposes. There is an unconscious and
excessive use of water in the improvement process
of the soil. In this study, it is aimed to investigate
the possibilities for the improvement of the greenhouse soil with different salinity levels by leaching
with the use of drip irrigation method.

In the study, the leaching activity of saline
soils was investigated at 4 different levels. The
mean values of initial soil salinity were: T1 (2
dS/m), T2 (3 dS/m), T3 (3.8 dS/m) and T4 (6
dS/m). At the end of the research, it was aimed to
decrease the soil salinity to 0.7 dS/m. Leaching
water was applied by the drip irrigation method. In
order to demonstrate an effective leach-salinity
relationship, the leaching was not done in one application. Leaching water was applied in equal
amounts every day for 15 times. In order to determine the soil salinity values at each leaching, soil
samples were taken from three replicates of different depths. After the soil samples taken for salinity
measurement became air-dried, filters were leached
from the mud extracts prepared in the laboratory
conditions by a routine method. During the leaching
process, leaching water was applied in different
amounts to each treatment. According to the results
obtained, the salt accumulation in T1, T2, T3 and
T4 was generally reduced to the target salinity level
(0.7 dS/m) at the end of the research. At the end of
production season, it could be suggested in the
light of the obtained data that the salt accumulation,
which occurs in the soil, could be effectively
leached by the drip irrigation method.

KEYWORDS:
Drainage, irrigation, salinity, leaching

INTRODUCTION
When the amount of soluble salts in the soil
exceeds the limit value of growth and development
of plants in agriculture, problems arise. As the salt
content in the soil increases, the water intake of the
plant is also limited accordingly. When the salt
concentration is sufficient to reduce the usable
water potential, the plant gets stressed, which is
named as salt stress in agriculture [1]. Some applications can be used to reduce the harmful effects of
salinity in vegetable production. These applications
mainly consist of the use of high-quality water,
energy and careful soil management components. In
this case, an effective soil leaching program be-

MATERIALS AND METHODS
This research was carried out at the Research
and Application Land of the Faculty of Agriculture
at Akdeniz University in Antalya. The soil layer in
the study is about 45-50 cm deep. The soil type in
WKH UHVHDUFK DUHD LV LQ WKH *|OEDúÕ VHULHV 7KH
*|OEDúÕVHULHVZKLFKGHYHORSHGRQPDVVLYHWUDYHU
tines, were included in the Entisol group due to
their lack of profile development. All the profiles of
this series of soils with AC horizon possess clay-tin
textures. They are located in almost flat and nearly
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flat topography [3]. Leaching water was supplied
from the pumping system in the Research and Application Area. Leaching applications were done by
drip irrigation method. Leaching water was applied
with the drip irrigation system. The study was conducted on the values of the initial salinity of the
leach which are T1 (2 dS/m), T2 (3 dS/m), T3 (3.8
dS/m) and T4 (6 dS/m). This study was carried out
in 3 replicates in 12 parcels. The area of each parcel
was 11 m2. Solarisation nylon cover was used to
cover the parcels. Thus, the surfaces of the leached
parcels were closed to prevent the evaporation in
the soil surface. The leaching water requirement for
each treatment (T1, T2, T3 and T4) investigated in
the study was calculated by the following equation
proposed by $\\ÕOGÕ][4].
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In the equation, Dys is the required leaching
water (m); Dt is the soil depth to be leached (m);
(ECe) is the electrical conductivity value (dS/m) of
the saturate melt in the soil profile before leaching;
and (ECe)s is the electrical conductivity value
(dS/m) of the desired saturation melt in the soil
profile after leaching.
It was aimed to decrease the salinity value of
greenhouse soil to 0.7 dS/m at the end of the leaching application in the research. The calculated
amount of leaching water was applied in 15 times.
Thus, the relationship between the amount of leaching water in different quantities and the salinity
reduction
in
the
soil
was
revealed.

FIGURE 1
Soil salinity change in T1, T2, T3 and T4 after the first-day leaching.

2924

© by PSP

Volume 28 ± No. 4/2019 pages 2923-2926

RESULTS AND DISCUSSION

Fresenius Environmental Bulletin

cm, 0.83 dS/m in the range of 20-30 cm, 0.89 dS/m
in the range of 30-40 cm and 40-50 cm is 0.78
dS/m. Soil salinity in T3 was 1.93 dS/m in the
range of 0-10 cm, 1.93 dS/m in the range of 10-20
cm, 1.39 dS/m in the range of 20-30 cm, 1.37 dS/m
in the range of 30-40 cm and 1.10 dS/m in the range
of 40-50 cm. The soil salinity of T4 was 2.71 dS/m
in the range of 0-10 cm, 2.71 dS/m in the range of
10-20 cm, 2.26 dS/m in the range of 20-30 cm, 2.10
dS/m in the range of 30-40 cm and 1.92 dS/m in the
range of 40-50 cm.

In the study, the leaching curves were made
separately for fifteen days. As it will cover a lot of
space, only the first and second leach curves are
given in the paper. The change in the salinity at the
end of the first leach of the T1, T2, T3 and T4
treatments is shown in Figure 1. The salinity changes in the T1, T2, T3 and T4 treatments at the end of
the second leach is shown in Figure 2.
The soil salinity in T2 was 0.99 dS/m in the
range of 0-10 cm, 0.90 dS/m in the range of 10-20

FIGURE 2
Soil salinity change in T1, T2, T3 and T4 after the leaching on the second day.
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The soil salinity of T2 was 2.54 dS/m in the
range of 0-10 cm, 1.85 dS/m in the range of 10-20
cm, 1.05 dS/m in the range of 20-30 cm, 1.36 dS/m
in the range of 30-40 cm and 40-50 cm and 1.18
dS/m, respectively. Soil salinity in T3 was 0.88
dS/m at 0-10 cm, 0.86 dS/m at 10-20 cm, 0.85 dS/m
at 20-30 cm, 1.54 dS/m at 30-40 cm and 0.82 dS/m
at 40-50 cm. The soil salinity of T4 was 3.14 dS/m
in the range of 0-10 cm, 3.14 dS/m in the range of
10-20 cm, 2.04 dS/m in the range of 20-30 cm, 1.30
dS/m in the range of 30-40 cm and 1.52 dS/m in the
range of 40-50 cm. The leaching operations from
the third day to the fifteenth day were similar to the
first and second-day leachings.
Miyamoto et al. [5] conducted a study and
found out that the quality of irrigation water is not a
factor in salinity formation and the salinity problem
takes place over time. In the study, salt accumulation in the soil was different as expected in the
greenhouse soil salted with irrigation water at different salinity level. The importance of leaching is
made clear in our study as Miyamoto et al. [5] did.
According to Kovda [6], it is emphasized that seasonal saltiness coming from irrigation waters will
cause salinity in the soil and soil leaching must be
applied. Like Kovda [6], we have once again
demonstrated the importance of leaching at the end
of the season with this study. In addition, we carried
out the leaching operation by drip irrigation method
and investigated the leaching efficiency by drip
irrigation method. Looking at the results obtained at
the end of the season without any need for another
system, plants should be leached in the field, and
drip irrigation should be used with the amount of
calculated water.

This study was supported by the Research
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CONCLUSION
In this study, it was aimed to leach salt minerals in the soil with four different salinity levels by
leaching the soil. It was aimed to determine the
most effective leaching facilities with the least
amount of leaching water in the study. Besides, it
was also aimed to determine the usability of the
drip irrigation system in the leaching process without extra cost at the end of the production season.
Producers will be able to prevent the salinization
problem in the greenhouse soil if they apply the
method we have investigated in this study. Thus,
leaching the salt in the soil will be possible with the
use of a small amount of leaching water. As a result, with this study, it is suggested that the drip
irrigation method could be used effectively in
leaching soil salinity in greenhouse conditions.
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ABSTRACT

INTRODUCTION

In this study, 47 landraces, 16 genotypes from
NARC collection and 18 ancestral lines of US
germplasm, in total 81 Soybean [Glycine max (L.)
Merr] genotypes were assessed, to molecular and
morphological characterization. The genetic diversity was evaluated with 20 Random Amplified Polymorphic DNA (RAPD) markers and 7 morphological characters. Chi-square test for homogeneity
showed significant variability for all investigated
characters. Only six RAPD primers were polymorphic that showed polymorphism in 29 out of 81
genotypes. The remaining primers were excluded
from the molecular study. Pair-wise dissimilarity
matrix for each primer followed by an average was
calculated using bivariate data set generated from
all loci of the primers. A total of 474 loci were detected with an average of 79 loci for each primer
and 16.32 loci were amplified genotype. Cluster
analysis showed that genetic diversity exists among
all three groups (land races, collection from NARC
and US ancestral). High level of genetic polymorphism was observed based on the six RAPD markers. A dendrogram was constructed using Unweighted Pair Groups of Arithmetic Means, which
distinguished the genotypes into four major groups.
Group-IA comprised eleven land races, two US
genotypes and four NARC genotypes. Group IB
comprised of eight US genotypes. Group-IIA comprised of one US genotypes and one land races genotype. Group-IIB comprised of one US genotype
and one NARC genotype. Based on molecular
study soybean genotypes code 8-7 (land races) and
U14 (US genotype; Ralsoy) showed maximum genetic distance. This information can be utilized for
genetic analysis, genotype identification from different sources and development of improved
germplasm.

Soybean [Glycine max (L.) Merr] is one of the
major sources of edible vegetable oils and of high
protein feed supplements for livestock in the world.
A native of Asia, the soybean was introduced to the
rest of the world where it became a major crop in
countries like USA [1]. Relatively, a few countries
produce soybean thus giving them significant economic power in the world oilseed trade. Soybean oil
accounts for 20 to 25% of total world fats and oil
production. Soybean meal is a major protein component in livestock feed [2]. In Pakistan, improved
lines of soybean were introduced from the USA in
the early 1960s and its commercial cultivation was
reported in early 70s. Since then its cultivation had
been very unstable and fluctuating in the country.
Soybean cultivation went as high as 6613 hectares
in 1994-95 and declined to 373 hectares in 2005-06.
Its cultivation never attained a peak of ten thousand
hectares [3]. In the Oilseeds Development Strategy
[4] a very intensive and extensive study has been
conducted by foreign and local scientists. It was
revealed that soybean becomes somewhat popular
in Khyber Pakhtunkhwa, but never picked up appreciable area in Panjab, Sindh, and Baluchistan.
According to MINFAL (2008-2009), soybean was
grown on an area of 51 hectares with the total production of 31 tons in Pakistan.
Genetic variation among traits is important for
breeding and in selecting desirable types.
Knowledge of diversity patterns allows breeders to
understand the evolutionary relationships in a better
way among accessions and to sample germplasm in
a more systematic fashion for the development of
improved strategies for incorporation of useful diversity in their breeding programs [5]. Various
methods such as morphological traits, total seeds
protein, and molecular markers are used for the
assessment of genetic variation in crops. Molecular
markers are used from the last several years to
make genetic maps, assessment of genetic variation
and the location of interest genes in significant
crops for the wanted characters [6]. Randomly amplified polymorphic DNA sequences or RAPD

KEYWORDS:
Genetic diversity, Soybean, Morphology, RAPD.
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markers are based on the amplification of unknown
DNA sequences using single, short and random
oligonucleotide primers [7]. RAPD markers have
often been used for studying genetic diversity within plant genotype collections. These markers have
been proposed by several groups as efficient tools
for identification of DNA markers associated with
agronomically important traits. A number of molecular markers including Restriction Fragment
Length Polymorphism (RFLP), Randomly Amplified Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP) and Simple
Sequence Repeat (SSR) have been developed for
this purpose [8]. In this study, we used 20 different
RAPD markers along with seven morphological
traits for the analysis of genetic diversity in soybean
germplasm.
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do) of District Sadda, central Kurram Agency. The
improved lines were provided by gene bank of
Plant Genetic Resource Institute (PGRI) of National
Agricultural Research Center (NARC) Islamabad.
The US ancestral lines were imported from the
USDA (United States Department of Agriculture).
These lines are the parental lines of US soybean
germplasm. Information regarding all the genotypes
are given in Table 1-3. After germination young
seedlings were transferred to pots and were kept at
green house Institute of Biotechnology and Genetic
Engineering (IBGE) KP Agricultural University
Peshawar in 2009 and were used for morphological
and molecular characterization. Two types of experiments were conducted, in the first experiment we
studied the qualitative characterization of soybean
e.g. Seed shape, seed color, leaf color, leaf structure, flower color, flower position and plant structure. In the second experiment, these lines were
used for molecular diagnosis through molecular
markers using RAPD primers. For statistical analysis, data regarding morphological markers were
analyzed to check out homogeneity. Chi-square test
was applied to know whether two or more sample
came from the same population or different population [9].

MATERIALS AND METHODS
The present study was carried out on three
groups of soybeans. The research material comprised of 47 land races, 16 improved lines and 18
imported ancestral lines of US germplasm. The land
races were collected from different locations of
Khyber Pakhtunkhwa (Marghuz, Mizrina and Tin-

TABLE 1
List of Soybean genotypes collected from various sources/ locations of Khyber Pakhtunkhwa.
S. No
Genotype
Area of
S. No
Genotype
Area of
Code
collection
Code
collection
1
1-1
Tindo*
25
8-7
Marghuz
2
1-2
Tindo
26
8-8
Marghuz
3
3
Tindo
27
8-9
Marghuz
4
4-1
Tindo
28
8-10
Marghuz
5
4-2
Tindo
29
8-12
Marghuz
6
5-1
Tindo
30
8-15
Marghuz
7
6-2
Tindo
31
8-16
Marghuz
8
6-3
Tindo
32
8-17
Marghuz
9
6-4
Tindo
33
8-19
Marghuz
10
6-5
Tindo
34
13
Mizrina
11
6-6
Tindo
35
13-3
Mizrina
12
6-7
Tindo
36
15-1
Mizrina
13
6-8
Tindo
37
15-2
Mizrina
14
6-9
Tindo
38
16-1
Mizrina
15
6-10
Tindo
39
16-2
Mizrina
16
6-11
Tindo
40
16-3
Mizrina
17
6-12
Tindo
41
17
Tindo
18
6-13
Tindo
42
17-1
Tindo
19
6-14
Tindo
43
17-2
Tindo
20
7
Mizrina*
44
18-1
Tindo
21
8-3
Mizrina
45
F (3-1)
Tindo
22
8-4
Mizrina
46
F (4-1)
Tindo
23
8-5
Marghuz*
47
F (8-4)
Tindo
24
8-6
Marghuz
* District Sadda, central Kurram Agency of Khyber Pakhtunkhwa
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TABLE 2
List of US ancestral lines provided by USDA (United States Department of Agriculture)
S. No
1
2
3
4
5
6
7
8
9

Genotype Code
U1
U2
U3
U4
U5
U6
U7
U8
U9

Name
AK Harrow
Arksoy
Capital
Dunfield
Haberlandt
Illini
Jackson
Korean
Lincoln

S. No
10
11
12
13
14
15
16
17
18

Genotype Code
U10
U11
U12
U13
U14
U15
U16
U17
U18

Name
Mandarin
Mukden
Ogden
Perry
Ralsoy
Richland
S 100
CNS
Roanoke

TABLE 3
List of germplasm provided by gene bank of Plant Genetic Resource Institute (PGRI) of National
Agricultural Research Center (NARC) Islamabad
S. No
1
2
3
4
5
6
7
8

Genotype Code
003303
003755
003757
003763
003765
003766
003767
003768

S. No
9
10
11
12
13
14
15
16

Genotype Code
003772
003773
003774
003778
003780
003781
003782
017452

TABLE 4
The sequence information and amplification conditions of the RAPD primers (10 bp) used to characterize
soybean genotypes
S. #
Primer
1
GL* Decamer D-16
2
GL Decamer D-18
3
GL Decamer D-20
4
GL Decamer D-21
5
GL Decamer D-25
6
GL Decamer D-28
7
GL Decamer D-31
8
GL Decamer C-08
9
GL Decamer C-09
10
GL Decamer C-10
11
GL Decamer C-13
12
GL Decamer G-02
13
GL Decamer G-03
14
GL Decamer G-05
15
GL Decamer G-08
16
GL Decamer G-09
17
GL Decamer G-17
18
GL Decamer G-20
19
GL Decamer G-22
20
GL Decamer G-27
*GL= Genelink Technology USA

Sequence
Molecular Weight (MW)
GGGGTGACGA
3133
GGCCTGAGTA
3135
GTTGCGATCC
3229
GCTGTGAGGC
3289
GTTACGAACC
3198
GGCCGTGTGA
3198
GGGATTATCC
3135
GAGGACACTC
3039
GAACGGACTC
3037
GAATTAGGTC
3031
GAACGGACTC
3321
AGCGTCGATG
3318
AGCGTGTCTG
3059
TCGGATCCAC
2856
AGCCCGACTG
3021
TCACGTCCAC
2942
TGGCGTCCAC
2952
CTCTCCGCCA
2924
AGGGCCGCCA
2942
ATCGGCGCGA
2949

Melting temperature
33.60C
33.60C
29.50C
29.50C
29.50C
33.60C
29.50C
29.50C
29.50C
29.50C
29.50C
29.50C
29.50C
29.5
29.50C
29.5
29.5
33.60C
33.60C
33.60C

% GC
60
60
60
60
60
60
60
60
60
60
60
60
60
70
50
70
70
70
60
60

min extension at 72oC. All reactions were performed with Gene Amp PCR system 2700 (Applied
Biosystem) programmable thermocycler. The amplification products were then electrophoresed on
1% agarose/TBE (Tris Borate EDTA) gel and visualized by staining with ethidium bromide under
ultraviolet (uv) light and photographed using gel
GRFXPHQWDWLRQ V\VWHP ³8YLWHH´ 7ZHQW\ 5$3'
primers were used for molecular evaluation. The
sequences information of the primers is shown in
Table 4.

DNA Extraction and Polymerase Chain Reaction (PCR). Genomic DNA was extracted from
plants according to the method of Weining and
Langridge (19919 [10]. The PCR was carried out in
D  ȝ/ YROume of a master mixture according to
the method of Devos and Gale (1992) [11]. PCR
amplification was performed with initial denaturation at 94oC for 4 min, followed by 40 cycles each
consisting of a denaturation at 94 oC for 1 min, annealing step of 1 min at 30oC and extension at
72 oC for 1 min. Last cycle was followed by 10
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in the land races genotypes and Collection from
NARC in which 31 and 9 genotypes had yellow
leaves and xyz genotypes had green leaves. On the
other hand, US ancestral lines had more genotypes
with yellow than green leaves. Our observations are
in agreement with the findings of Mehetre et al.,
(1994), who reported 42 soybean genotypes, among
them xyz were yellow and had green leaves and
they also reported that the soybean germplasm are
more variable in leaf color [15]. The tabulated X2S
for three groups (Landraces, US and Improved) is
3.84 and 6.63 at 5% and 1% levels of probability
respectively, which is smaller than corresponding
calculated X2S value (13.03) at both 5% and 1%
levels of probability. These results showed that leaf
color (yellow green and green) is not equally distributed in land races at 5% level of probability but
equally distributed at 1% level of probability. In
improved lines there were equal distribution of
flower color at 5% and 1% levels of probability.
Twelve genotypes from Khyber Pakhtunkhwa and
two from US ancestral lines had broad leaves. Our
results are supported by the finding of Dong et al.,
(2001) who studied 6,172 accessions of annual wild
soybean collected from 25 provinces in China and
reported that leaf shape had the highest variation
among the eight qualitative traits [16]. The tabulated X2S for three groups (Landraces, US and Improved) is 3.84 and 6.63 at 5% and 1% levels of
probability respectively, which is smaller than corresponding calculated X2S value (22.37) at both 5%
and 1% levels of probability. These results indicated that leaf shape narrow and broad is not equally
distributed in land races and US ancestral lines, but
equally distributed in improved lines. The US ancestral lines on the other hand, had more genotypes
with white (12; 66.66%) than purple flower. Our
results are supported by the finding of Faisal et al.,
(2011), who reported high genetic variability in 92
soybean genotypes with two types of flower color
white and purple [14]. The tabulated X2S for three
groups (Landraces, US and Improved) is 3.84 and
6.63 at 5% and 1% levels of probability respectively, which is smaller than corresponding calculated
X2S value (22.44) at both 5% and 1% levels of
probability. These results showed that flower color
(White and Purple) is not equally distributed in land
races, but equally distributed in US ancestral and
improved lines. Two types of flower position were
noted in the different genotypes; terminal and axillary, as shown in Table 9. Terminal was the dominant flower position found in 55 genotypes
(67.90%) whereas 26 genotypes (32.10%) had
flower on axillary position. Among the different
collections, higher genetic variability was noted in
the land races genotypes and Collection from
NARC in which 32 and 10 genotypes (68.08% and
62.50%) had terminal position and 15 and 6 genotypes (31.91% and 37.50%) had axillary position
respectively. Our results are supported by the find-

Statistical analysis. For statistical analysis,
every scorable band was considered as a single locus/allele. The loci were scored as present (1) or
absent (0). Bi-variate 1-0 matrix was generated.
*HQHWLF GLVWDQFHV ZHUH FDOFXODWHG XVLQJ ³8nZHLJKWHG 3DLU *URXS RI $ULWKPHWLF 0HDQV´ 8PGMA) procedure as described by [12]. The following formula was used for genetic distance determination.
GD=1-dxy/dx+dy-dxy. Where GD= Genetic
distance between two genotypes.
dxy = total number of common loci (bands) in two
genotypes.
dx = total number of loci (bands) in genotype 1.
dy = total numbers of loci (bands) in genotypes 2.

RESULTS AND DISCUSSION
The data obtained at the end of the morphological characterization, were subjected to Chi-square
test for homogeneity. Chi-square test showed 3.84
3 DQG 3 OHYHORISUREDELOLW\DW
GHJUHHRIIUHHGRPDQG 3 DQG 3
 OHYHORISUREDELOLW\DWGHJUHHRIIUHHGRP
Among the studied traits, seed shape was less variable compared to others. 45 (95.74%) of the genotypes had round shape seeds while only 2 (4.26%)
of them were wrinkled seed. Our results are supported by the finding of Chowdhury et al. (2002),
who reported 48 soybean genotypes, seed shape of
41 (85.42%) was round and 4 (8.33%) were wrinkled [13]. They further concluded that the soybean
germplasm was less variable in seed shape. The
tabulated X2S for three groups (Landraces, US and
Improved) is 3.84 and 6.63 at 5% and 1% levels of
probability respectively, which is smaller than the
corresponding calculated X2S value (39.34) at both
5% and 1% levels of probability. These results indicated that seed shape (round or wrinkled) is not
equally distributed in among these groups. Different
types of seed color were observed in the studied
germplasm. A high genetic variability was noted in
genotypes that had yellow, green and black seeds,
42 (51.85%), 16 (19.75%), 23 (28.39%) respectively, as shown in Table 5. Among the different collections, all the improved lines collected from NARC
and most of the US ancestral lines had yellow
seeds. Only one soybean genotype from the US
ancestral lines was identified that had green seeds.
However, high genetic variability was found in the
genotypes collected from Khyber Pakhtunkhwa.
Unlike the Collection from NARC and US ancestral
lines, genotypes with black seeds were the most
dominant in the land races collection. These results
indicate that seed color (yellow, green and black) is
equally distributed in land races but not equally
distributed in US ancestral lines. Among the different collections, higher genetic variability was noted
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races (16-10) and three from NARC (3303, 3755
and 3763). Group-C is comprised of six genotypes
having two land races (6-4 and 17-2) and four from
NARC (3773, 3774, 3782 and 17452). Polymerase
chain reaction-based assays have been used to study
the genetic polymorphism in various plant species
such as rice, wheat, soybean. In recent time molecular markers are widely used to asses and evaluate
genetic diversity of different crops [18]. A total of
20 RAPD primers (Table 4) were used but only six
primers (Table 10) showed genetic polymorphism
among 29 out of 81 soybean genotypes at the level
of their genome (Table 11, 12 and 13). The remaining primers and genotypes were excluded from the
study. The RAPD primers, obtained from Gene
Link USA, were arbitrarily selected. Only scorable
bands were included in the analysis. A total of 474
loci were detected by six RAPD primers, thus amplifying an average of 79 loci for each primer. Thus
an average of 16.32 loci were amplified per genotype using six RAPD primers. The RAPD profiles
were analyzed visually and finger prints were obtained which were reproducible within the particular genotype under similar conditions. The maximum numbers of 10 loci were amplified by the
primer G-03 and C-09 and the minimum numbers
of 3 loci were amplified by the primer D-16. None
of the loci was monomorphic, while maximum polymorphism of 100% was observed in all genotype.

ing of Karad et al. (2005), who studied 123 accessions of annual wild soybean and reported that
flower position is more variable in soybean in the
studied genotypes [17]. Dense genotypes were
dominant in the collected from Khyber Pakhtunkhwa (29; 61.70%) and less dense genotypes
were dominant in the US ancestral lines (16;
88.88%). Eighteen genotypes from Khyber Pakhtunkhwa (38.29%) had less dense and two from US
ancestral lines (11.11%) had dense plant structure.
Our result are in agreement with the findings of
Faisal et al., (2011), who reported high genetic variability in 92 soybean genotypes with plant shape,
among them 60 (65.22%) was erect, 13 (14.13%)
was semi erect and 19 (20.65%) was spreading
[14]. The tabulated X2S for three groups (Landraces,
US and Improved) is 3.84 and 6.63 at 5% and 1%
levels of probability respectively, which is smaller
than corresponding calculated X2S value (14.79) at
both 5% and 1% levels of probability. These results
indicated that plant structure (less dense and dense)
is equally distributed in land races and improved
lines
Based on molecular data a dendrogram was
constructed by using Molecular Evolutionary Genetics Analysis (MEGA-4) (Figure 1) which distinguished the genotypes into four major groups.
Group-A, B, C and D. Group-A is comprised of 40
genotypes, having 17 land races genotypes 16
Group-B is comprised of four genotypes, one land

TABLE 5
Test of homogeneity table for seed color of 81 soybean genotypes.
Yellow
9 (19.14%)
17 (94.44%)
16 (100%)
42 (51.85%)

Green
15 (31.91%)
1 (5.55%)
0 (0%)
16 (19.75%)

Black
23 (48.93%)
0 (0%)
0 (0%)
23 (28.39%)

Land races
US
Improved
Total
X2S
X2tab values are 5.99 and 9.21 at 5% and 1% levels of probability respectively at 2 df.
X2tab values are 3.84 and 6.63 at 5% and 1% levels of probability respectively at 1 df.

Total

X2 cal

47
18
16
81

1.54
14.22
-31.4
15.76

TABLE 6
Test of homogeneity table for leaves color of 81 soybean genotypes.
Yellow green
Green
Total
Land races
31 (65.95%)
16 (34.04%)
47
US
15 (83.33%)
3 (16.66%)
18
9 (56.25%)
7 (43.75%)
16
Improved
Total
55 (67.90%)
26 (32.10%)
81
X2S

X2 cal
4.78
8.00
0.25
10.38
13.03

X2tab values are 3.84 and 6.63 at 5% and 1% levels of probability respectively at 1 df.

TABLE 7
Chi-square table for leaf structure of 81 soybean genotypes.
Narrow
Broad
Land races
35 (74.46%)
12 (25.53%)
US
16 (88.88%)
2 (11.11%)
Improved
9 (56.25%)
7 (43.75%)
Total
60 (74.07%)
21 (25.92%)
X2S
X2tab values are 3.84 and 6.63 at 5% and 1% levels of probability respectively at 1 df.
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18
16
81

X2 cal
11.24
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0.25
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TABLE 8
Test of homogeneity table for flower color of 81 soybean genotypes.
White
39 (82.98%)
12 (66.66%)
8 (50%)
59 (72.84%)

Purple
8 (17.02%)
6 (33.33%)
8 (50%)
22 (27.16%)

Total

X2 cal

Land races
47
US
18
Improved
16
Total
81
X2S
X2tab values are 3.84 and 6.63 at 5% and 1% levels of probability respectively at 1 df.

20.44
2.00
0
9.79
22.44

TABLE 9
Test of homogeneity table for flower position of 81 soybean genotypes.
Flower position
Terminal
Axillary
Total
Land races
32 (68.08%)
15 (31.91%)
47
US
13 (72.22%)
5 (27.77%)
18
Improved
10 (62.50%)
6 (37.50%)
16
Total
55 (67.90%)
26 (32.10%)
81
X2S
X2tab values are 3.84 and 6.63 at 5% and 1% levels of probability respectively at 1 df.

X2 cal
6.14
3.54
1.00
10.38
10.68

TABLE 10
List of RAPD primers with number and size of the amplified alleles and polymorphism
used in the PCR analysis
S. No
1
2
3
4
5
6

Primer name
GL Decamer D-20
GL Decamer C-09
GL Decamer G-09
GL Decamer G-20
GL Decamer D-16
GL Decamer G-03

Total Alleles
9
10
7
9
3
10

Size of allele
250~3500
250~4000
250~2500
250~4000
1300~3000
250~4000

Percent polymorphism
100
100
100
100
100
100

TABLE 11
12 land races soybean genotypes collected from different locations of Khyber Pakhtunkhwa
(Marghuz, Mizrina and Tindo) for molecular analysis
S. No
Genotype code
Area of collection
S. No
1
6-4
Tindo*
7
2
6-5
Tindo
8
3
6-6
Tindo
9
4
6-8
Tindo
10
5
6-9
Tindo
11
6
6-14
Tindo
12
* District Sadda, central Kurram Agency of Khyber Pakhtunkhwa

Genotype code
7
8-7
8-12
8-19
18-1
F(8-4)

Area of collection
Mizrina*
Marghaz*
Marghaz
Marghaz
Tindo
Mizrina

TABLE 12
US ancestral lines provided by USDA (United States Department of Agriculture)
S. No
Genotype code
Name
S. No
Genotype code
Name
1
U1
AK Harrow
7
U10
Mandarin
2
U2
Arksoy
8
U13
Perry
3
U4
Dunfield
9
U14
Ralsoy
4
U6
Haberlandt
10
U15
Richland
5
U7
Jackson
11
U17
CNS
6
U8
Korean
12
U18
Roanoke
TABLE 13
Germplasm provided by gene bank of Plant Genetic Resource Institute (PGRI) of National Agricultural
Research Center (NARC) Islamabad
S. No
Genotype code
S. No
Genotype code
1
003757
4
003782
2
003773
5
017452
3
003780
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FIGURE 1
Dendrogram of all Soybean genotypes generated for qualitative characteristic using
Molecular Evolutionary Genetics Analysis (MEGA-4)
use but their relatively low number and level of
variability limit their use in genetic diversity studies
[26]. Furthermore molecular markers, such as
RFLP, AFLP, STS and microsatellites, present the
most powerful way to access genetic diversity, to
undertake genetic mapping and to identify different
lines [27]. It has been shown that different markers
reveal different classes of variation [28]. RAPD
which is a PCR based marker has the advantages of
being readily used, requiring very small amount of
genomic DNA. It does not need blotting and radio-

In hordeum species these markers have made
possible the characterization of different cultivars,
the understanding of phylogenetic relationships,
and genetic mapping [19, 20, 21, 22]. Both botanical and agronomic traits have limitations in the discrimination of soybean lines, and it is generally
difficult to identify soybean cultivars on the basis of
seed morphology [19]. Other markers such as isozymes, proteins and hordeins have been used successfully in the analysis and identification of lines
[23, 24, 25]. Though isozymes are fast and easy to
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tance (0.186) was noted between one US genotypes
name U1 (AK Harrow) and one NARC genotypes
code 03773.

active detection [29]. DNA finger prints can be
generated with Random Amplified polymorphic
DNA (RAPD) by using short nucleotides of arbitrary sequence as primers [8].
Molecular analysis of the soybean genotypes
using RAPD showed various levels of genetic polymorphism for the loci as detected by using all six
primers. A total of 474 loci were detected by six
RAPD primers, thus amplifying an average of 79
loci for each primer. Similarly, 16.32 loci were amplified per genotype using six RAPD primers. The
RAPD profiles were analyzed visually, and finger
prints were obtained which were reproducible within a particular genotype under similar conditions.
The maximum numbers of 10 loci were amplified
by the primer G-03 and C-09 and the minimum
numbers of 3 loci were amplified by the primer D16 (result reference). None of the loci was monomorphic. While maximum polymorphism of 100%
was observed in all genotype. Genetic distance estimated for all the possible combinations ranged
from 0 to 1. Maximum genetics distance (0.950)
was observed in land races genotypes code 8-7
(Marghuz) and US genotypes name U14 (Ralsoy),
followed by land races genotype (result reference)
code 6-5 (Tindo) and 18-1 (Tindo), 6-8 (Tindo) and
8-19 (Marghuz) and 8-7 (Marghuz) and US genotypes U13 (Perry) (94.30%). Minimum genetic dis-

CONCLUSION
As one of the most important legume crops, a
total of 81 soybean lines of Soybean was evaluated.
There was a significant genetic diversity exists
among all three groups (land races, collection from
NARC and US ancestral). High level of genetic
polymorphism was observed based on the six
RAPD markers. UPGMA analysis distinguished the
genotypes into four major groups. Group-IA comprised eleven land races, two US genotypes and
four NARC genotypes. Group IB comprised of
eight US genotypes. Group-IIA comprised of one
US genotypes and one land races genotype. GroupIIB comprised of one US genotype and one NARC
genotype. Based on molecular study soybean genotypes code 8-7 (land races) and U14 (US genotype;
Ralsoy) showed maximum genetic distances. These
studies are useful for genetic analysis, genotype
identification and development of improved
germplasm.

FIGURE 2
Dendrogram of all 29 Soybean genotypes, generated for polymorphic loci through six RAPD
primers using unweighted pair group of arithmetic means (UPGMA).
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TRAPPING GENDERS OF CERATITIS CAPITATA (DIPTERA:
TEPHRITIDAE) AND OTHER DIPTERAN WITH VARIOUS
ATTRACTANTS ON POMEGRANATE FRUITS IN TURKEY
Nihat Demirel*
Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Plant Protection, 31034 Hatay, Turkey

+DWD\SURYLQFH¶VVKDUHLVKDDQGWRQV
[2]. The Mediterranean fruit fly (Medfly), Ceratitis
capitata (Wiedemann) (Diptera: Tephritidae), is one
of the most important fruit pests throughout the
world [3, 4, 5, 6, 7, 8, 9, 10]. The Medfly is a polyphagous tropical fruit fly, which attacks more
than three hundred and fifty botanical species [11].
The females puncture the fruits and lay eggs below
the skin of the host fruits, which are destroyed by
larval feeding [10, 12, 13, 14]. This pest caused
significant damages on pomegranate fruits in Turkey [7, 10, 15]. Insecticidal protection from C.
capitata is possible by using a cover spray or a bait
spray [16]. Protein bait sprays mixed with organophosphates or low toxicity insecticides are successfully used as area-wide integrated pest management
techniques to control C. capitata populations [17,
18]. The traps baited with trimedlure and attractants
are important tools for detection, monitoring and
controlling of the C. capitata on different host
plants [5, 7, 10, 19, 20, 21, 22, 23]. Traps baited
with lures are also continuously used to monitor
and control population size and spread [10, 21, 22,
23, 24]. The purpose of the current study was to
catch genders of the Mediterranean fruit fly, C.
capitata (Wiedemann) and other Dipteran with
various attractants on pomegranate fruits in Hatay
province of Turkey.

ABSTRACT
The Mediterranean fruit fly, Ceratitis capitata
(Wiedemann) (Diptera: Tephritidae), is a serious
pest on pomegranate fruits in Turkey. The study
was conducted in 2013-2014 to catch genders of
Ceratitis capitata (Diptera: Tephritidae) and other
Dipteran with attractants on pomegranate fruits in
Hatay province of Turkey. In both years, the transparent 500 ml polyethylene bottles with four holes
were used as traps. After two-year of the study, the
trapping male, female of C. capitata and other Dipteran with various attractants varied in each of the
sampling year. In 2013, traps baited with the combination of ammonium acetate + ammonium carbonate had the highest mean of catches male, female and male + female on WKH µ.DWÕUEDúÕ¶ SRPegranate. In 2014, two studies were conducted at
µ+LFD]¶ DQG µ.DWÕUEDúÕ¶ SRPHJUDQDWH RUFKDUGV $W
WKHµ+LFD]¶ WUDSV EDLWHG ZLWK the combination of
ammonium acetate + ammonium bicarbonate had
the highest mean of male, while ammonium acetate
+ ammonium carbonate had the highest mean of
female. In addition, traps baited with the combination of ammonium acetate + ammonium carbonate
and ammonium acetate + ammonium bicarbonate
had the highest mean of male + female. At the
µ.DWÕUEDúÕ¶ WUDSV EDLted with a single of the diammonium phosphate and the combination of ammonium acetate + ammonium bicarbonate had the
highest mean of male, female and male + female.
Traps baited with the combination of ammonium
acetate + yeast powder in 2013 and a single of ammonium bicarbonate in 2014 had the highest mean
of other Dipteran species.

MATERIALS AND METHODS
The study was conducted in 2013-2014 to
catch genders of C. capitata and other Dipteran
with various attractants on pomegranate fruits in
Hatay province of Turkey. In the first year, the
VWXG\ ZDV FRQGXFWHG LQ µ.DWÕUEDúÕ¶ SRPHJUDQDWH
from 24 October to 29 November 2013, and in the
VHFRQG \HDU µ+LFD]¶ DQG µ.DWÕUEDúÕ¶ SRPHJUDQDWH
orchards from 23 October to 27 November 2014. In
the first year, a single and the combinations of two
and three lures; ammonium acetate, ammonium
carbonate, yeast powder (Saccharomyces cerevisiae, Dr. Oetker), were used as synthetic foodbased lures (Table 1). The study was conducted as
randomized complete block design with 6 treatments and 5 replications. In the second year, a single and the combinations of two and three lures;

KEYWORDS:
Mediterranean fruit fly, attractants, pomegranate, Turkey

INTRODUCTION
Pomegranate, Punica granatum L. (Punicaceae: Myrtiflorae), is an important tropical and
subtropical tree [1], widespread in Turkey where it
comprises approximately 30.530 ha with a total
produce of 465.200 tons of fruit per annum, and
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ammonium acetate, ammonium carbonate, trimethylamine, ammonium bicarbonate, di-ammonium
phosphate and cadaverine, were used as synthetic
food-based lures (Table 1). The study was conducted as randomized complete block design with 7
treatments and 5 replications. In both years, the
transparent 500 ml polyethylene bottles containing
a 3-mm diameter four holes were used as traps.
Each of the traps consisted of 300 ml one or mixed
the lures, 2 ml of 10% propylene glycol to decrease

Fresenius Environmental Bulletin

water evaporation and 2 ml of 2% dichlorvos
(DDVP), were hanged 1-1,30 m above ground on
the pomegranate branches (1 trap per three tree).
Traps were removed and brought to the laboratory
and captured female and male of C. capitata and
other Dipteran were counted. All data were analyzed by analysis of variance (ANOVA) with using
the SAS software and means were separated by
using the Least Significant Difference (LSD) Multiple Comparison Tests (P < 0.05) [25].

TABLE 1
7UDSVEDLWHGZLWKDWWUDFWDQWVXVHGDWµ.DWÕUEDúÕ¶DQGµ+LFD]¶SRPHJUDQDWHRUFKDUGVLQ$QWDN\DGLVWULFWRI
Hatay province in 2013-2014.
Treatments (attractants)
2013
2014
Lures (gr)/trapz
Lures (gr)/trapz
Ammonium acetate
0.3
0.3
Ammonium carbonate
0.3
0.3
Ammonium bicarbonate
---0.3
Diammonium phosphate
---0.3
Ammonium acetate+ammonium carbonate
0.3+0.3
0.3+0.3
Ammonium acetate +ammonium bicarbonate
---0.3+0.3
Ammonium acetate +yeast powder
0.3+0.6
---Ammonium carbonate+yeast powder
0.3+0.6
---Ammonium acetate+ammonium carbonate +yeast powder
0.3+0.3+0.6
---Ammonium acetate+ trimethylamine +cadaverine
---0.3+0.3+0.2
z

Cadaverine used as (mg) and rest of the treatments used as (gr).

TABLE 2
Capture of the genders of C. capitata DQGRWKHU'LSWHUDQWUDSVEDLWHGZLWKDWWUDFWDQWVDWµ.DWÕUEDúÕ¶SRmegranate orchard in Antakya district of Hatay province in 2013.
Treatments (attractants)
Means of catches insects per five trapsz
C. capitata (ƃ) C. capitata (Ƃ) C. capitata (ƃ,Ƃ) Dipteran
Ammonium acetate
45.80b
59.40bc
105.20b
28.20c
Ammonium carbonate
57.20ab
74.40ab
131.60ab
29.80c
Ammonium acetate+ammonium carbonate
81.80a
111.20a
193.00a
46.20c
Ammonium acetate +yeast powder
10.80c
15.20d
26.00c
288.40a
Ammonium carbonate +yeast powder
27.60bc
42.20bcd
69.80bc
237.20ab
Ammonium acetate + ammonium carbonate
10.80c
21.40cd
32.20c
141.40bc
+ yeast powder
z

Numbers within a column not followed by the same letter are significantly different (P<0.05) by LSD.

TABLE 3
Capture of the genders of C. capitata DQGRWKHU'LSWHUDQWUDSVEDLWHGZLWKDWWUDFWDQWVDWµ+LFD]¶SRPegranate orchard in Antakya district of Hatay province in 2014.
Treatments (attractants)
Means of catches insects per five trapsz
C. capitata (ƃ) C. capitata (Ƃ) C. capitata (ƃ,Ƃ) Dipteran
Ammonium acetate
84.40ab
143.20bc
227.60b
53.00ab
Ammonium bicarbonate
98.00ab
189.00ab
287.00ab
81.60a
Ammonium carbonate
39.80c
85.20cd
125.00c
15.80b
Diammonium phosphate
80.60b
179.20ab
259.80ab
60.00ab
Ammonium acetate+ammonium carbonate
76.60b
233.40a
310.00a
45.60ab
Ammonium acetate +ammonium bicarbonate
108.80a
200.80ab
309.60a
23.80ab
Ammonium acetate+ trimethylamine +cadaverine
15.00c
23.40d
38.40d
3.60b
z

Numbers within a column not followed by the same letter are significantly different (P<0.05) by LSD.
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TABLE 4
Capture of the genders of C. capitata DQGRWKHU'LSWHUDQWUDSVEDLWHGZLWKDWWUDFWDQWVDWµ.DWÕUEDúÕ¶SRmegranate orchard in Antakya district of Hatay province in 2014.
Treatments (attractants)
Means of catches insects per five trapsz
C. capitata (ƃ) C. capitata (Ƃ) C. capitata (ƃ,Ƃ) Dipteran
Ammonium acetate
5.60c
16.20d
21.80d
14.60ab
Ammonium bicarbonate
41.20ab
89.80ab
131.00ab
40.40a
Ammonium carbonate
27.20bc
58.00bc
85.20bc
27.20ab
Diammonium phosphate
51.20a
111.80a
163.00a
7.20b
Ammonium acetate+ammonium carbonate
21.80bc
50.80bcd
72.60cd
12.20b
Ammonium acetate +ammonium bicarbonate
57.80a
105.00a
162.80a
13.60ab
8.20c
21.20cd
29.40cd
3.40b
Ammonium acetate+ trimethylamine +cadaverine
z

Numbers within a column not followed by the same letter are significantly different (P<0.05) by LSD.

The traps baited with protein-based baits and
lures are used for the capture of male and female C.
capitata [5, 20, 21, 26, 27]. Several commercial
formulations of ammonia have been produced for
use as lures in fruit fly traps including ammonium
acetate
(BioLure),
ammonium
bicarbonate
(AgriSense Lure) and ammonium carbonate (ISCA
technologies) [5]. In addition, several studies have
been conducted to evaluate various attractants; a
single of ammonium carbonate for female [28], the
combination of ammonium acetate + putrescine
[29]; ammonium acetate + trimethylamine + putrescine [24, 26, 30, 31, 32], ammonium acetate + trimethylamine + cadaverine; ammonium acetate +
trimethylamine + cadaverine [21] were used for C.
capitata. Moreover, the food-based baits of diammonium phosphate caught significant number of C.
capitata [15, 33] and the high number of nontarget
insects [15, 22]dDOÕNOÕ[15] reported that the highest catch of Medfly was by the combination of the
ammonium acetate + ammonium carbonate attractants with a ratio of 66.5% and the highest catch of
other Diptera species was by the combination of the
ammonium acetate + yeast powder with the ratio of
50.70 % on satsuma mandarin.

RESULTS AND DISCUSSION
The trapping the genders of C. capitata and
other Dipteran with various attractants varied in
each of the sampling year. In the first year, a total
of 2,789 C. capitata adults (1619Ƃ, 1170ƃ) and
3856 other Dipteran adults were caught by attractDQW WUDSV DW WKH µ.DWÕUEDúÕ¶ SRPHJUDQDWH orchard
(Table 2). The highest mean of male, female and
male + female of C. capitata were caught by the
combination of ammonium acetate + ammonium
carbonate attractant traps (F=4,11, P= 0,0041;
F=4,88, P= 0,0015; F=4,77, P= 0,0018, respectively). The highest mean of other Dipteran were
caught by the combination of ammonium acetate +
yeast powder attractant traps (F=3,62, P= 0,0080).
In the second year, two studies were conductHGRQµ+LFD]¶DQGµ.DWÕUEDúÕ¶SRPHJUDQDWH$WRWDO
of 7,787 C. capitata adults (5271Ƃ, 2516ƃ) and
1417 other Dipteran adults were caught by attractDQWWUDSVDWWKHµ+LFD]¶SRPHJUDQDWH orchard (Table
3). The highest mean of male C. capitata was
caught by the combination of ammonium acetate +
ammonium bicarbonate attractant traps (F=7,66, P=
0,0001), while the female was caught by the combination of ammonium acetate + ammonium carbonate attractant traps (F=7,15, P= 0,0001). In
addition, the highest mean of male + female were
caught by the combination of ammonium acetate +
ammonium carbonate and ammonium acetate +
ammonium bicarbonate attractant traps (F=9,13, P=
0,0001). The highest mean of other Dipteran was
caught by a single of ammonium bicarbonate attractant traps (F=1,47, P= 0,2095).
A total of 3,329 C. capitata adults (2264Ƃ,
1065ƃ) and 593 other Dipteran adults were caught
E\ DWWUDFWDQW WUDSV DW WKH µ.DWÕUEDúÕ¶ SRPHJUDQDWH
orchard (Table 4). The highest mean of male, female and male + female of C. capitata were caught
by a single of the di-ammonium phosphate and the
combination of ammonium acetate + ammonium
bicarbonate attractant traps (F=4,82, P= 0,0008;
F=5,79, P= 0,0002; F=6,53, P= 0,0001, respectively). The highest mean of other Dipteran was caught
by a single of the ammonium bicarbonate attractant
traps (F=3,62, P= 0,0080).

CONCLUSIONS
The present study was conducted to evaluate
trapping of the genders of C. capitata and other
Dipteran with various attractants on two different
varieties of pomegranate in Hatay province of Turkey. As a result of two years of investigations, the
trapping of the genders of C. capitata and other
Dipteran varied in each of the sampling year. In
2013, the highest mean of male, female and
male+female C. capitata RQ WKH µ.DWÕUEDúÕ¶ SRPegranate were observed with the combination of
ammonium acetate + ammonium carbonate attractant traps. In 2014, the highest mean of male C.
capitata RQWKHµ+LFD]¶SRPHJUDQDWH were observed
with the combination of ammonium acetate + ammonium bicarbonate, while the female C. capitata
were observed by the combination of ammonium
acetate + ammonium carbonate attractant traps. In

2939

© by PSP

Volume 28 ± No. 4/2019 pages 2937-2941

Fresenius Environmental Bulletin

[9] .ÕOÕo*DQG'HPLUHO1  $Sopulation
fluctuation and damage rates of Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) on
persimmon fruits in Turkey. Fresen. Environ.
Bull. 27, 5072-5077.
[10] 'HPLUHO 1 <ÕOGÕUÕP $( DQG .ÕOÕo *
(2018) Effectiveness of various attractants for
Mediterranean Fruit Fly, Ceratitis capitata
(Wiedemann) (Diptera: Tephritidae) on pomegranate fruits in Turkey. Fresen. Environ. Bull.
27, 3191-3198.
[11] Liquido, N.J, Shinoda, L.A., and Cunningham,
R.T. (1991) Host Plants of the Mediterranean
Fruit Fly (Diptera Tephritidae): An Annotated
World Review. Entomological Society of
America. Miscellaneous Publications, No. 77.
[12] Christenson, L.D., Foote, R.H. (1960) Biology
of fruit flies. Ann. Review of Entomol. 5, 171192.
[13] Thomas, M.C., Heppner, J.B., Woodruff, R.E.,
Weems, H.V., Steck, G.J., and Fasulo, T.R.
(2010) Mediterranean Fruit Fly, Ceratitis capitata (Wiedemann) (Insecta: Diptera: Tephritidae). University of Florida, IFAS Extension. EENY-214.
[14] Braham, M. (2015) Insect larvae associated
with dropped pomegranate fruits in an organic
orchard in Tunisia. J. Entomol. and Nematol. 7,
5±10.
[15] Calikli, S. (2015) Use of various attractants for
control of the Mediterranean Fruit Fly, Ceratitis capitata (Wiedemann) (Diptera: Tephritidae). Mustafa Kemal University, M.Sc. Thesis. 65p.
[16] Roessler, Y. and Chen, C. (1994) The Mediterranean fruit fly, Ceratitis capitata, a major pest
of citrus in Israel, its regulation and control.
Bulletin OEPP/EPPO Bulletin. 24, 813-816.
[17] Vargas, R.I., Peck, S.L., McQuate, G.T., Jackson, C.G., Stark, J.D., and Armstrong, J.W.
(2001) Potential for areawide integrated management of Mediterranean fruit fly (Diptera:
Tephritidae) with a braconid parasitoid and a
novel bait spray. J. Econ. Entomol. 94, 817825.
[18] Urbaneja, A., Chueca, P., Monton, H., PascualRuiz, S., Dembilio, O., Vanaclocha, P., AbadMoyano, R., Pina, T., and Castanera, P. (2009)
Chemical alternatives to malathion for controlling Ceratitis capitata (Diptera: Tephritidae), and their side effects on natural enemies
in Spanish citrus orchards. J. Econ. Entomol.
102, 144-151.
[19] Gilbert, J., and Bingham, R.R. (1999) Insect
Trapping Guide. California Department of
Food and Agriculture. MF 1±9.

addition, the highest mean of male + female C.
capitata were observed with the combination of
ammonium acetate + ammonium carbonate and
ammonium acetate + ammonium bicarbonate attractant traps. The highest mean of male, female
and male+female C. capitata RQ WKH µ.DWÕUEDúÕ¶
pomegranate were observed with di-ammonium
phosphate and ammonium acetate + ammonium
bicarbonate attractant traps. The combination of
ammonium acetate + yeast powder in 2013 and a
single of ammonium bicarbonate in 2014 had the
highest mean of other Dipteran species.
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EFFECTS OF SALINITY STRESS ON THE GROWTH
CHARACTERISTICS OF FOUR TURFGRASS SPECIES
Ramazan Keyikoglu, Elcin Aksu, Mehmet Arslan*
Akdeniz University, Faculty of Agriculture, Department of Field Crops, 07059 Antalya, Turkey

zation of these waters may occur >5@. As is known,
in recent years, there has been a rapid increase in
the grass industry worldwide and growth in irrigated turfgrass leads to increased pressure on limited
freshwater resources >6@. Further, there is a critical
water shortage in the rapidly growing urban areas as
a result of the irrigation of the golf course and football fields and other landscaping areas with potable
water >2@.
Karagüzel and Ortaçesme >7@ reported that
there is a high salinity problem due to sea water
mixing in salty sea winds and groundwater in
turfgrass areas especially in coastal part of the Mediterranean Region. In addition, it is emphasized that
it is useful to determine the salinity levels of the
cool-climate grass species and varieties that are
used extensively in turfgrass management in the
region. The use of turfgrass species in the Mediterranean Region has further increased with the number of tourism areas and urban settlements and,
consequently, the amount of urban turfgrass, in
particularly golf courses, that have increased in
recent years.
Considering that the coastline of Antalya is
one of the major tourism region, different novelties
are needed both visually and functionally in the
maintenance of turfgrass species used in green
areas, especially in golf courses >8@. Because, the
golf is played on the turfgrass fields, it is necessary
to have a healthy homogeneous grass cover on the
field. Otherwise, the areas where the turfgrass cover
is not good do not satisfy even nonprofessional golf
players >9@.
Developments in the turf industry in coastal
areas are triggering the reduction of clean water
used in irrigation. The blight on the leaves of the
turfgrass exposed to high salinity irrigation waters
and the decrease in root and shoot development are
very closely related to the salt tolerance of the varieties of turfgrass >10@. The difference between the
turfgrass species is evaluated by the increase in
turfgrass quality and leaf blight with increased
salinity and the shoot/root growth not falling below
50%. The use of salt-tolerant plants in the treatment
of salty areas can be considered as a good measure.
To increase the use of salinity tolerant plants, agronomic studies related to plant breeding are needed
>11@. It is important to create a turfgrass field that is
long-lasting, suitable for purpose, low maintenance,

ABSTRACT
Salinity stress is one of the main problems in
turfgrass management. This study was carried out to
determine the salinity tolerance of various coolseason turfgrass cultivars (Lolium perenne
³Belida´, Festuca rubra commutata ³Casanova´,
Poa protensis ³Evora´ and Festuca rubra
trichophylla ³Smyrna´) by using irrigation waters
with different salinity levels. The study was
conducted under greenhouse conditions, planting
cultivars in plastic pots filled with a mixture of soil,
sand, and peat (4:1:1 by volume) as a growing
substrate. Then, 6 different irrigation water sources
with gradually increased salinity levels [0.54 (T 0,
control; well water EC value), 25 mM (T 1), 50 mM
(T2), 100 mM (T3), 150 mM (T4) and 200 mM
(T5)] were applied to the turfgrass cultivars. During
the experiment, observations and measurements
were made on turfgrass quality, clipping yield,
chlorophyll content, shoot and root dry weights. As
a result, it was determined that Belida (Lolium
perenne L.) and Smyrna (Festuca rubra trichophylla) varieties were highly tolerant to salinity stress.

KEYWORDS:
Turfgrass quality, Saltwater irrigation, Salinity tolerance

INTRODUCTION
Salinity is one of the important factors that adversely affects and limits plant growth and development worldwide. According to some researchers,
approximately 10% of the total area on the earth's
surface is composed of soils facing the problem of
salinity, and approximately half of the irrigation
areas are affected by salinity >1-2@. The salinity and
alkalinity problem in Turkey is seen in about 1.5
million ha areas. This rate corresponds to approximately 30% of the field suitable for irrigation >3-4@.
Due to the effects of climate change, surface
water is decreasing, increasing the usage pressure
on groundwater and water quality problems are
experienced. This event negatively affects the grass
areas, especially the golf courses in the coastal area.
In time, the seawater may infiltrate into the
groundwater by seepage in coastal areas, and salini-
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this purpose, irrigation waters with different levels
of salinity were applied to several cool season
turfgrass species and varieties determined by considering the results of scientific studies performed
in similar regions¶ climate conditions.

superior in color and quality, does not require too
much shape, has a high coating speed and ratio, and
minimally affected by adverse conditions >12@.
Due to the climatic characteristics of the Mediterranean Region, warm climate turfgrass species
have problems due to dormancy in winter. Therefore, in this region, overseeding in winter is very
important, especially in fields such as golf courses
where turfgrass quality is vital >13-14@. Although
breeding studies attempt to overcome these problems, they cannot solve these issues completely
>15@.
In all turfgrass areas located on the coastline
of Antalya, warm-season turfgrass species such as
bermudagrass (Cynodon dactylon) are used. The
winter period yellowing (dormancy) in these areas
is solved using the overseeding method with coolseason of turfgrass, such as Lolium perenne, Poa
proatensis and Festuca rubra >16@. The turfgrass
species used in greenfields are more important than
the establishment and maintenance functions in
performing the many known positive functions
suitable for their ecology >17@ because, stress factors such as temperature, drought, salinity and high
humidity are important factors limiting the development and growing of turfgrass >18@.
In the future, the irrigation water used in
turfgrass areas is expected to be more saltier than in
the past. In many countries, considering the plant
and soil structure, the possibilities of using salt
water in irrigation are investigated >19@. Because
Turkey is in arid and semiarid climate, irrigation is
important factor for plant development in these
regions. Therefore, recovery and re-use of
wastewater are becoming more and more important
in order to meet the water requirements, which are
constantly increasing despite limited water resources, while salinity-tolerant cultivation efforts
are continuing >5-20@.
The aim of this study is to determine the effects of salt water irrigation in turfgrass areas on
turfgrass quality and chlorophyll content in the
coastline of Antalya, which is mainly located in the
Mediterranean Region with many turf sports fields
and mainly urban green areas with golf courses. For

MATERIAL AND METHODS
This research was conducted to determine the
reactions and tolerances of the most preferred coolseason turfgrass species and varieties under salinity
stress conditions in a greenhouse in Antalya. In the
experiment, Lolium perenne ³Belida´, Festuca
rubra commutata ³Casanova´, Poa protensis
³Evora´ ve Festuca rubra trichophylla ³Smyrna´
were used as plant material. The desing was a level
factorial desing with repilicates, with divided parcels consisting of 4 turfgrass varieties and 6 salinity
levels forming the main parcels of varieties of
turfgrass and the sub-parcels of the salt levels. A
total 72 plastic pots (4x6x3) were used in this study.
Turfgrass seeds were sown at a rate 30 g-2 in plastic
pots on 11.10.2017 and covered with a thin layer of
peat and irrigated daily or every 2 days with well
waters. The turfgrass varieties were not irrigated
with salinity water until their germination and development was completed. After reaching an appropriate plant height, plants were clipped to 4 cm
once every 2 weeks. All of the plastic pots were
fertilized with NPK (15:15:15) fertilizer once every
2 weeks until the end of the experiment at a rate of
5 g/m-2/month. The garden soil used in the experiment was sieved and mixed in a 4:1:1 ratio (garden
soil + washed river sand + peat) with a volumetric
mixture. The mixture was filled into 22 cm diameter x 20 cm deep plastic pots. In addition, physical
and chemical properties of soil samples were analyzed. The chemical and physical properties of the
soil and sand mixture are presented in Table 1. The
chemical properties of the irrigation water are
presented in Table 2. The temperature and humidity
values recorded for each day during the trial are
presented in Table 3.

TABLE 1
The chemical and physical properties of soil and sand mixture used in the plastic pots
Characteristics
pH
Lime, %
Organic material, %
Total nitrogen, %
Phosphorus, kg P2O5/da
Potassium, kg K2O/da
Calcium, kg CaO/da
Magnessium, kg MgO/da
Iron, ppm
Manganese, ppm
Zinc, ppm
Copper, ppm

Determined amount
7.7
27.5
0.64
0.080
2.25
20.9
1428.4
84.2
2.21
4.01
0.38
0.73
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Very low
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TABLE 2
The chemical properties of the irrigation water used with the plastic pots
Characteristics
pH
EC, dS m-1
K+, me L-1
Ca2+, me L-1
Mg2+, me L-1
Na+, me L-1
Cl-, me L-1
6RG\XP $GVRUSVL\RQ 2UDQÕ
SAR, (me L-1)1/2

Determined amount
7.2
0.76
0.06
5.61
1.33
0.92
1.45
0.487

TABLE 3
The temperature and humidity for each day during the trial
Temperature, oC

2.6.2018
2.7.2018
2.8.2018
2.9.2018
2.10.2018
2.11.2018
2.12.2018
2.13.2018
2.14.2018
2.15.2018
2.16.2018
2.17.2018
2.18.2018
2.19.2018
2.20.2018
2.21.2018
2.22.2018
2.23.2018
2.24.2018
2.25.2018
2.26.2018
2.27.2018
2.28.2018

Temperature, oC

Humidity, %͒

Day/Date

Day/Date
͒Max.
34,7
30,8
34,1
33,7
35
36
36,3
35
34,3
33
34
32
32
28
23,8
32,1
30,9
26,6
32
36,4
33,6
30,9
37,8

Min.
4,9
9,9
13,8
12,9
11,8
12,1
10,9
11,3
12,1
9,9
10,5
11
12,3
15
14,4
13,4
12,1
20,5
9,6
8,5
8,6
8,4
11,1

Max.
69
67
71
72
65
66
66
63
65
65
60
62
55
76
67
70
71
47
48
73
75
73
67

Min.
12
24
21
22
16
14
11
12
12
19
13
12
10
42
40
23
24
32
10
16
18
22
11

3.1.2018
3.2.2018
3.3.2018
3.4.2018
3.5.2018
3.6.2018
3.7.2018
3.8.2018
3.9.2018
3.10.2018
3.11.2018
3.12.2018
3.13.2018
3.14.2018
3.15.2018
3.16.2018
3.17.2018
3.18.2018
3.19.2018
3.20.2018
3.21.2018
3.22.2018
3.23.2018
3.24.2018

Max.
38,1
37,9
36,3
34,8
36,4
36,2
35,8
37,2
37
41,4
41,4
41,4
41
42,2
41
37,2
34,3
35,4
36,2
35,8
37,2
36,8
37,4
36,2

Min.
11,4
9,8
12,4
15
23,2
23,2
22,6
14
13,6
13,9
11,6
11,6
11,8
12,1
12,2
12,1
11,4
13,3
12,1
11,8
12,3
12,2
12,6
13

Humidity, %
Max
.
Min.
70
10
56
10
64
12
68
21
51
15
55
16
53
13
72
12
69
11
51
10
61
10
63
10
63
11
67
10
72
10
67
11
61
11
64
16
63
15
63
14
62
13
62
12
62
11
66
13

pletely yellowed and brown, dead grass, 6 is the
minimum acceptable turfgrass quality, and the value of 9 refers to ideal quality with ideal shoot density, texture, color and homogeneity >22@. In order to
determine the turfgrass quality, 2 observations were
recorded 1 week after the application of saline
(2.15.2018) and at the end of the study (3.28.2018).

Saltwater Irrigation Applications. In this
study, 6 different irrigation water sources with
gradually increased salinity levels [0.54 (T 0,
control; well water EC value), 25 mM (T 1), 50 mM
(T2), 100 mM (T3), 150 mM (T4) and 200 mM
(T5)] were applied to turfgrass cultivars. NaCl was
used in the preparation of salt water. Considering
the Sodium Adsorption Rate (SAR) of the well
water used, the electrical conductivity (EC) values
of the water in all saline subjects were adjusted by
EC-meter in the laboratory. The desired salt concentration was gradually reached due to the fact that
high salt doses can have a sudden toxic effect.
When watering is reduced to 50% of the field capacity of the pots, the amount of water is increased
to 75% of the field capacity >21@. Saltwater irrigation applications were started on 2.6.2018.

Clipping yield. After the salt water application was started, the products obtained by clipping
the shoots from 4 cm were collected and dried at 72
° C for 48 hours and their dry weights were determined. (1. clipping harvested on 20.02.2018; 2.
clipping harvested on 08.03.2018).
Chlorophyll content. To determine the green
leaf density in the experiment, a Minolta SPAD-502
device (SPAD meter) was used to make 2 readings
from 5 leaves from each plant in a plastic pot and
the values were recorded as SPAD values
(Rodriguez and Miller, 2000). Further, to determine

Observations and Measurements. Turfgrass
quality. Turfgrass quality was assessed visually
using a 1-9 scoring scale. The value of 1 is com-
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of the turfgrass varieties exposed to saltwater irrigation were examined, the width of the leaf of the
Belida was highest with the values of 1.06 mm and
1.59 mm during the 1SP and 2SP. Leaf lengths of
15.35 cm (1SP) and 8.72 cm (2SP) were obtained
from the Belida. In terms of the clipping yield values, the Belida had the highest values (3.65 g at 1SP
and 11.63 at 2SP). As saltwater irrigation continued, leaf width and length and clipping yield values
decreased. When turf quality values were examined,
values of 6.77, 7.16, 7.72, and 6.77 were obtained
for the Belida, Evora, Smyrna and Casanova in the
1SP, while values of 4.88, 1.77, 5.88, and 3.50
values were obtained during the 2SP, respectively.
While Evora was the most affected by the saltwater
irrigation applications, Smyrna was the least affected variety. Further, when the SPAD readings used
in the estimation of the SODQWV¶ chlorophyll content
were examined, the values of the Belida, Evora,
Smyrna and Casanova in the 1SP were 30.32,
39.42, 52.74, and 74.73, respectively. In the 2SP,
32.41, 32.84, 49.29 and 38.71 values were obtained
(Table 5). Although the Casanova had the highest
SPAD value during the 1SP, the SPAD value was
the most decreasing variety with the highest effect
from the saltwater irrigation applications.
When the total chlorophyll content of the
turfgrass varieties were evaluated, the total chlorophyll content of the Belida, Evora, Smyrna and
Casanova were determined as 38.05, 41.23, 30.16,
and 29.37 mg/g, respectively. In the 2SP, values of
32.29, 35.46, 25.93, and 29.89 were obtained.
While saltwater irrigation applications resulted in a
decrease in the total chlorophyll content of other
turfgrass varieties, there was no significant difference in the Casanova. At the end of the experiment,
the total shoot dry weight values obtained from the
plants were removed from the pots were measured
as 11.60, 7.86, 6.55, and 4.91 g for the Belida,
Evora, Smyrna and Casanova, respectively. Total
root dry weight values were determined as 15.22,
12.80, 6.37, and 6.40, respectively. It was shown
that the Belida had a higher shoot and root weight
than other turfgrass varieties.

chlorophyll concentrations, 0.25 g of the samples
were taken from the leaves, and CaCO3 was added
to the tip of the spatula on top of it and then placed
a top of the homogenizer. The resulting solution
was added to 50 ml of acetone. The drained solution
was added to the spectrophotometer and read at 663
nm for chlorophyll A and spectrophotometer at 645
nm for chlorophyll B. Then, the measured values
were multiplied by 20.2 constant, and chlorophyll A
and chlorophyll B values were calculated as mg/g.
The total chlorophyll content was obtained as mg/g
using the the addition of chlorophyll A and chlorophyll B values. All operations during the analysis
were made under half-shade condition >23@. Examples of measurement and analysis of chlorophyll
concentrations were taken twice on 2.6.2018 and
2.15.2018.
Shoot and root dry weight. When the experiment was finished (3.28.2018), the plants were
carefully removed from the pot, and all shoots and
roots were harvested from the root crown that
brought them together. The shoots and roots were
carefully washed away from the soil and immediately dried in paper envelopes at 72 °C for 48 hours
to determine their dry weight >24@.
$129$DQG'XQFDQ¶VPXOWLSOHUDQJHWHVWIRU
comparisons were determined by SAS 9.3 >25@.

RESULTS
Saltwater irrigation significantly affected the
growth, development and quality characteristics of
the turfgrass varieties during the 1. Screening Period (1SP) and during the 2. Screening Period (2SP).
However, there was no significant difference between salinity stress levels in the 1SP except for
turfgrass quality, but there were significant differences between the SPAD values and the total root
dry weight at the 2SP. The variety x salinity interaction was important for some characteristics (Table
4).
When the leaf width and length characteristics

TABLE 4
Results of variance of some characteristics under salinity stress.
Source

First Screening
Cultivar (C)
Salinity (S)
CxS
Second Screening
C
S
CxS

Leaf
width
(mm)

Leaf
length
(cm)

Clipping
yield (g)

Turf
quality

**
ns
ns

**
**
ns

**
ns
ns

**
**
*

**
**
ns

**
**
**

SPAD

Totall
Chlorophyll

Totall shoot
dry weight
(g)

Totall root
dry weight
(g)

**
**
**

**
ns
ns

**
ns
*

-

-

**
**
**

**
ns
ns

**
**
**

**
**
**

**
ns
**

*,**, ns: Significant at p=0.05 and 0.01, and nonsignificant (p ޓUHVSHFWLYHO\
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TABLE 5
Mean comparison of main effects of turfgrass cultivars for salinity.
Cultivars

Belida
Evora
Smyrna
Casanova
Belida
Evora
Smyrna
Casanova

Leaf
Leaf
width
length
(mm)
(cm)
First Screening
1,06a*
15,35a
1,06a
11,59b
0,69b
9,78c
0,33c
9,51c
Second Screening
1,59a
8,72a
1,07b
7,52ab
0,50c
7,67a
0,42c
6,21b

SPAD

Totall
Chlorophyll

Total shoot
dry weight
(g)

Total
root
dry weight
(g)

6,77b
7,16a
7,72b
6,77b

30,32d
39,42c
52,74b
74,73a

38,05a
41,23a
30,16b
29,37b

-

-

4,88b
1,77d
5,88a
3,50c

32,41b
32,84b
49,29a
38,71b

32,29a
35,46a
25,93b
29,89ab

11,60a
7,86b
6,55b
4,91c

15,22a
12,80b
6,37c
6,40c

Clipping
yield(g)

Turf
quality

3,65a
2,03b
1,46b
1,62b
11,63a
7,86b
6,54b
4,91c

*: Means with different letter(s) LQHDFKWUDLWLVVLJQLILFDQWO\GLIIHUHQWDWSUREDELOLW\OHYHODFFRUGLQJWR'XQFDQ¶VPXOWLSOH
range test.

TABLE 6
Mean comparison of main effects of salinity stress levels.
Salinity
(NaCI)
level
(mM)¶
1SP
0
25
50
100
150
200
2SP
0
25
50
100
150
200

Leaf width
(mm)
Leaf length
(cm)

Clipping
yield (g)

Turf
quality

SPAD
value

Totall
Chlorophyll
mg/g

Totall
Yaprak (g)

Totall
Root
weight(g)

0.74a*
0.80a
0.70a
0.79a
0.79a
0.88a

10,72b
11,87ab
12,91a
11,77ab
11,34ab
10,75b

2,07a
2,47a
2,00a
2,16a
2,16a
2,29a

7,0a
6,91a
6,91a
7,16a
7,58a
7,08a

47,27a
50,72a
49,18a
48,79a
51,39a
48,45a

32,25a
34,79a
33,53a
34,00a
34,86a
38,80a

-

-

1,05ab
1,13a
0,86bc
0,84bc
0,75c
0,75c

7,34ab
8,41a
8,93a
7,86ab
6,41b
6,23b

6,62b
11,15a
8,06b
6,42b
6,75b
7,41b

6,25a
6,08a
6,00a
3,66b
1,41c
0,66c

39,06a
39,44a
41,70a
35,54a
35,61a
38,54a

33,86a
31,05ab
33,56a
30,73ab
30,83ab
25,31b

6,62b
11,19a
8,06b
6,41b
6,69b
7,41b

10,92a
10,14a
10,96a
10,35a
9,08a
9,75a

*: Means with different letter(s) in eaFKWUDLWLVVLJQLILFDQWO\GLIIHUHQWDWSUREDELOLW\OHYHODFFRUGLQJWR'XQFDQ¶VPXOWLSOH
range test.

DISCUSSION

Table 6 shows the effects of the different salinity levels of irrigation water on the development
and quality characteristics of the turfgrass varieties.
Before, the leaf width, leaf length, and clipping
yield increased significantly with T1 application
and then continued to decrease with higher doses of
salt applications. As the salt doses increased, the
grass quality, SPAD values, and total chlorophyll
content values decreased inversely with the salt
density. The T1 and T2 salt applications resulted in
a slight increase in total shoot and total root dry
weight values, while decreasing the denser salt
doses. When Table 5 and Table 6 were evaluated
together, saltwater irrigation applications significantly reduced the development and turf qualities of
the cool-season turfgrass varieties. This the decrease was highest in the Evora (Poa protensis).
The Belida (Lolium perenne) had the highest leaf
width, leaf length, clipping yield, and total root and
shoot dry weight values. But the least affected variety by salinity was the Smyrna (Festuca rubra
trichophylla) while in the Casanova (Festuca rubra
commutata), the foreground with thin leaf texture
was moderately affected by the salinity.

According to the results of numerous studies
using different types of turfgrass species, it is stated
that turfgrass quality generally decreases in relation
to increased salinity >11-22-26-27@. The development of shoot growing in turfgrass is an indicator of
plant viability under stress according to the control
conditions, and is an indicator of commonly used
salinity tolerance >28@. The variance in the dry
weight of the shoot due to the salt dose and the
application time are widely used as salt tolerance
indicators >29@.
In their study, Marcum and Pessarakli >28@
used 35 new varieties of Lolium perenne to determine the salinity tolerance, the root and shoot development of the salt, and significantly reduces the
clipping yield. Researchers point out that there is a
large variation and genetic potential in this population. Harivandi et al. >30@ reported that, due to the
limited availability of renewable drinking water
resources, some governments impose restrictions on
water use and many must use saline irrigation water
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[4] Kanber, R., Çullu M.A., Kendirli, B., Antepli,
6 YH <ÕOPD] 1   Irrigation, Drainage
and Salinity. Turkey Agriculture Engineering
VI, Technical Congress. 213-251, Ankara.
[5] 6DUÕFD 1   'HWHUPLQDWLRQ RI 6DOLQLW\
Tolerance in Some Warm Season Turfgrass
Cultivars and Assesment of The Results for
Landscaping Practice. MSc Thesis in
Landscape Architecture, Akdeniz University.
71 p. Antalya.
[6] Pessarakli, M. (2008) Handbook of Turfgrass
Management and Physiology. Crc Press.
p.p.389-406, Arizona.
[7] Karagüzel, O. vH 2UWDoHúPH 9   The
Effects of Sea Winds on the Ornamental Plants
Used in the Mediterranean Coastal Area Landscape Plantations. Turkey Seaside '97: Seaside
and Sea Areas of Turkey: I. National Congress
Abstract Book, p. 431-439, Seaside Areas
Management Committe Publish. METU,
Ankara.
[8] Baysal, O.H. and Karagüzel, O. (2005) Effects
of Paclobutrazol on Growth Characteristics of
Lolium perenne µ2YDWLRQ¶DQGCynodon dactylon x Cynodon transvaalensis µ7LIZD\¶0HGiterranean Agricultural Sciences. 18(3), 355363.
[9] Quast, D.H., and Qtto, W. (2004) Golf Course
Turf Management: Tools and Techniques, New
York: McGraw-Hill, 520 p.
[10] <ÕOPD] ( 7XQD $/ YH %UQ % 
Tolerance Strategies Developed by Plants To
the Effects of Salt Stress.     
   7(1), 47-66.
[11] Uddin, K., Juraimi, A,S., Ismail, M.R.,
Othman, R. and Rahim, A.A. (2009) Growth
Response of Eight Tropical Turfgrass Species
to Salinity. African Journal of Biotechnology.
8(21), 5799-5806.
[12] Kusvuran, A., Tansi, V. (2009) Determining
the best suitable turf grass species, mixtures
and turf performance for Cukurova conditions.
Cukurova University Fac. of Agriculture, Dept.
of Field Crops. (Ph. D. Thesis).
[13] Vengris, J. and Torello, W.A. (1982) Lawns,
Basic Factors, Contruction and Maintenance of
Fine Turf Areas. Thomson Publications,
California, USA. 195 p.
[14] Skerman, P.J. and Riveros, F. (1989) Tropical
Grasses. FAO, Roma. 758 p.
[15] Arslan, M. and Citak, S. (2016) Farmyard
Manure Usage Mitigates the Harmful Effect of
NaCl on Germination and Seedling Growth of
Silage Maize (Zea mays L.). Fresen. Environ.
Bull. 25, 1543-1548.

in the field, thus reporting that salinity-tolerant
grass plants are needed.
Sever Mutlu et al. >31@ reported that, Lolium
perenne / ³%ODFNFDW´ DQG Festuca arundinaceae
6FKUHE³%DUOH[DV´WXUIJUDVVHV¶ response to salinity,
salt stress, clipping yield, shoot growth, and the
turfgrass quality features of both types was reduced.
However, the 24-epibrassinolide (EBL) applications
of salinity on the negative effects of enriching the
quality of turfgrass is reported.
Dai et al. >20@ conducted research to compare
Poa annua L. and some cool-season turfgrasses
(Poa pratensis, Aprostis stolonifera ve Lolium
perenne) with regard to salinity. As a result, Lolium
perenne was more resistant to salinity than Poa
pratensis and Poa annua was also found to be resistant to moderate salinity. Pessarakli and Kopec
>32@ studied, ryegrass varieties, and the effects of
salinity stress, root and shoot lengths and weights
and clippping yield values have been found to decrease in proportion to the increasing salt doses.
Researchers have found that root length is more
affected by shoot length and ryegrass varieties show
high salinity tolerance.

CONCLUSION
The results of this study, in which the effects
of saline irrigation water stress on the developmental characteristics and quality of cool-season
turfgrasses, are examined, and the literature results
are consistent. As a result, it was determined that
the Belida (Lolium perenne L.) and Smyrna (Festuca rubra trichophylla) varieties were highly tolerant
to salinity stress.
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ABSTRACT
During scuba diving, difficult physical activity, oxidative stress caused by hyperoxia and cold
exposure affects the health status of divers. Dynamic thiol-disulphide homoeostasis has never been
investigated before on compressed air diving in a
hyperbaric chamber. We aimed to evaluate acute
effect of diving on thiol/disulphide homeostasis in
divers and compare the chronic effects of dives
with healthy individuals.
Seventeen of the underwater technology students were admitted to the dive pressure chamber
for a 5-minute deep-air dive at 40 meters. Pre-post
diving samples were taken to investigate the acute
stress of diving. In order to investigate chronic
stress, we compared the results of 17 medical
school students.
Demographic data of the students of both universities were similar. Increase in Dynamic ThiolDisulphide Homoeostasis for acute effect were
statistically significant ((403.5±5.4vs.420.2±2.5,
p=0.012;
18.6±2.7vs.25±1,
p=0.040;
5.1±0.7vs.6.8±0.3, p=0.042; 4.5±0.6vs.5.9±0.2,
p=0.051; 91.1±1.2vs.88.1±0.4, p=0.042). Increase
in native thiol values between serum before and
after diving are not statistically significant
(366.4±1.5 vs.370.2±2.1 p=0.14).
Difference in Dynamic Thiol-Disulphide Homoeostasis for chronic effect were not statistically
significant
(403.5±5.4vs.408.5±4.8,
p=0.491;
18.6±2.7vs.17.2±2.2, p=0.685; 5.1±0.7vs4.6±0.6,
p=0.663;
4.5±0.6vs.4.13±0.5,
p=0.626;
91.1±1.2vs.91.7±1, p=0.663). Difference in native
thiol values between serum study and control
groups
were
statistically
significant
(366.4±1.5vs.374.2±3.3; p=0.045).
The stress during the air dives creates acute
oxidative stress to the diver and disrupts the dynamic thiol/disulphide balance, but there were no
changes observed to disrupt the homeostasis of
thiol/disulphide chronically.

INTRODUCTION
In the last few years, diving with an underwater breathing apparatus (scuba diving) has become a
popular sporting entertainment all over the world
[1]. Sport and recreational scuba diving mean that
using nitrox (which does not exceed 40% oxygen )
or compressed air as a dive breathing gas, and the
diver can directly access to the surface without
decompression stops and dive depth of no more
than 40 meters. Unlike sportive dives and limits,
dives for professional purposes are more complicated, usually requiring decompression stops when
coming to the surface. Besides, in these dives, we
use various gas mixtures, such as trimix, heliox or
hydrox [2].
There is homeostasis between free radical
production and antioxidant defence mechanisms in
our bodies. If deterioration of homeostasis, it means
oxidative stress. Adverse effects of oxidative stress
involved in the pathophysiology of many illnesses
and cell ageing [3]. In addition to pressure and
temperature changes in an underwater environment,
oxygen inhalation in high-pressure exposure causes
oxidative stress [4]. Add to this, develops intravascular bubble formation with endothelial dysfunction
is the most important load on dive stress [5]. Furthermore, hyperoxia due to the hyperbaric environment during diving and oxygen inhalation at
high pressure can cause oxidative stress [6].
'Thiol' is the name of the organic compound,
containing the sulfhydryl group. (SH) [7]. Albumin
and total protein thiols are the main thiol sources in
plasma. Other sources that contribute to the plasma
thiol content include cysteine, cysteinylglycine,
glutathione, homocysteine and c-glutamylcysteine
as low-molecular-weight thiols [8]. Thiols react
with free radicals to protect the human body against
tissue and cell damage caused by reactive oxygen
products (ROS) [9]. Thiols enter the oxidation reaction with oxidant molecules in order to create disul-

2949

© by PSP

Volume 28 ± No. 4/2019 pages 2949-2956

Fresenius Environmental Bulletin

with pre-post measures. The before planned dive
and after, serum samples will be collected and the
acute air dive effects will be examined. The serums
were taken from medical students who are in the
similar demographic parameters with professional
diver students and will be examined with the chronic effects compared with the diver serum taken
before the dive (Figure 1).

phide bonds [10]. As long as appropriate circumstances persist, this disuphide (oxidised status)
bonds could be converted to thiol groups again.
Therefore, we can talk about the thiol-disulphide
homeostasis in our body [11]. Dynamic thiol/disulphide homeostasis is involved in the antioxidant system, the activity of some enzymes and cell
signal transduction [12]. Recently, the new, simple
method for measuring thiol/disulphide homeostasis
has been developed by Erel et al. [13].
Although oxidative stress that divers have
been exposed to pressure whilst air breathing in a
hyperbaric chamber. Oxidative stress in diving
previously investigated in different studies, dynamic thiol-disulphide homoeostasis has never been
investigated before on compressed air exposure in a
hyperbaric chamber. The goal of this study is evaluate the thiol/disulphide homeostasis before-after
air diving and compare these divers pre-dive stress
to healthy subjects for investigating chronic effect
of air diving oxidative stress.

Subject. We recruited 17 professional diver
VWXGHQWV  PDOH  IHPDOH  DQG  YROXQWHHUV¶
medical students (18 male) as a control group and
after obtaining consent, approved them (Figure 1).
All were nonsmokers and non-alcohol-drug addict.
They have no history of orthopedic, cardiovascular,
renal or metabolic disorders. All participants stated
that they did not have any medications and did not
fly within 48 hours before study day. Five days
before to ensure that all the drivers knew the protocol and they never did a dive for 5 days. The dive
students had experience of diving for 150 hours
including self-contained scuba apparatus, 184 hours
surface supplied breathing apparatus and 20 hours
RI SUHVVXUH URRP 'LYHU VWXGHQWV¶ OLIHVW\OHV ZHUH
organized. Divers were instructed to refrain from
heavy physical activity and alcohol-smoke consumption and getting regular personal sleep time in
the five days preceding the diving.

METHODS
Study Design. The experimental protocol received the approval of Harran University local
ethical committee (No:18/09/06) and adhered to the
basic principles of the Declaration of Helsinki. The
present study was a controlled experimental design,

FIGURE 1
The schema shows that the working plan and the status of the groups.
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Diving Session and Sample Collections. Before dive samples, blood were taken at 10: 45 before the dive. The dive depth plan was set at 132
feet sea water (fsw) and 5 minutes bottom time,
without deco time according to US Navy Air decompression table. The descent rate was set at 70
feet/minute, ascent rate was set at 25 meters/minute, with a decompression stop at 5 meters
for three minutes. The session was performed in the
hyperbaric chamber (Barotech MULTI DK 1700,
Istanbul, TURKEY). The session was performed in
triplet groups. The session was ended for 14
minutes. During the dive, the ambient temperature
was kept constant 25 °C with air conditioning and
divers were able to receive air from the special
mask. After dive samples, blood samples were
collected at 11.30. Control group blood sample
were collected after all divers examinations. An
antecubital vein was selected for blood samples.
Samples were collected in tubes for the serum to
discrete the serum and centrifuged 15,000 rpm for
10 minutes and stored at ±80 ºC for three months
stored until analysis.

ment other ratios were calculated from these measured parameters.
Statistical Analysis. All statistical values
were evaluated with the Statistical Package for the
Social Sciences for Windows software (SPSS ver.
21.0, IBM Inc., Chicago, IL). The values are expressed as the mean and standard deviation. The
data obtained from the laboratory were assessed
whether or not normally distributed by the Shapiro
Wilk test. Since regularly distributed data, Paired ttest was used to evaluate the values obtained before
and after diving. Study and control groups are independent and normally distributed groups. Therefore, Independent t-test was used to evaluate the
values obtained before the dive and control group.
The statistical results were accepted to be significant when the p-value was less than 0.05.

RESULTS
Demographic characteristics of all individuals
are presented in Table 1. The all study conducted
with 35 subjects, including male medical student
and dive students. The study group mean age
20.6±0.8 and body mass index (BMI) 22.8±1.6;
control group mean age 19.4±0.3, BMI 23.7±2.2.
There were no statistically significant differences
between the two groups concerning age, gender and
BMI (p>0.05).

Thiol/Disulphide Biochemical Analysis. The
biochemical analyses were performed at the Harran
University Physiology Lab. Serum total and native
thiol analyses were evaluated using a commercial
kit (Rel Assay, Gaziantep, TURKEY) developed by
Erel [13]. Erel and Neselioglu used modified
Ellman's method to measure the total thiol content.
The amount of disulphide bonds was calculated as
(total thiol ± native thiol)/2. After total measure-

Parameters
Age (years)
Sex (female/male)
BMI (kg/m2)
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TABLE 1
Demographic characteristics of the study groups.
Study Group
Control Group
(Diver Students)
(Medical Students)
(n= 17)
(n= 18)
20.6±0.8
19.4±0.3
1/16
0/18
22.8±1.6
23.7±2.2

p-Values
= 0.081
= 0.057
= 0.066

*BMI: Body Mass Index; Values are presented as mean±SD
*p< 0.05 is statistically significance

TABLE 2
The mean values of total thiol, disulphide, (%) disulphide-to-native thiol, (%) disulphide-to-total thiol,
and (%) native thiol-to-total thiol in study group after-before dive to investigation of acute air dive effect.
Study Group
Study Group
Parameters
(Diver Students) (n=17)
(Diver Students) (n=17)
p-Values
Before dive
After Dive
1DWLYHWKLRO ȝPROO
366.4±1.5
370.2±2.1
0.140
7RWDOWKLRO ȝPROO
403.5±5.4
420.2±2.5
0.012
'LVXOSKLGH ȝPROO
18.6±2.7
25±1
0.040
Disulphide/native thiol (%)
5.1±0.7
6.8±0.3
0.042
Disulphide/total thiol (%)
4.5±0.6
5.9±0.2
0.051
Native thiol/total thiol (%)
91.1±1.2
88.1±0.4
0.042
* Values are presented as mean±SD
*p< 0.05 as a statistically significance
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Changes in serum total thiol, disulphide, disulphide/native thiol, disulphide/total thiol and
native thiol/total thiol between before and after
diving serum were statistically significant
(403.5±5.4vs.420.2±2.5, p=0.012; 18.6±2.7vs.25±1,
p=0.040;
5.1±0.7vs.6.8±0.3,
p=0.042;
4.5±0.6vs.5.9±0.2, p=0.051; 91.1±1.2vs.88.1±0.4,
p=0.042, respectively, Table 2). Changes in native
thiol values between serum before and after diving
are not statistically significant (366.4±1.5
vs.370.2±2.1 p=0.14, Table 2, Figure 2).
Changes in serum total thiol, disulphide, di-
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sulphide/native thiol, disulphide/total thiol and
native thiol/total thiol between study group (Dive
students) and control group (Medical students) were
not statistically significant (403.5±5.4vs.408.5±4.8,
p=0.491;
18.6±2.7vs.17.2±2.2,
p=0.685;
5.1±0.7vs4.6±0.6, p=0.663; 4.5±0.6vs.4.13±0.5,
p=0.626; 91.1±1.2vs.91.7±1, p=0.663, respectively,
Table 3). Changes in native thiol values between
serum study and control groups were statistically
significant (366.4±1.5vs.374.2±3.3; p=0.045, Table
3, Figure 3).

TABLE 3
The mean values of total thiol, disulphide, (%) disulphide-to-native thiol, (%) disulphide-to-total thiol,
and (%) native thiol-to-total thiol in study group and control group to investigation of chronic air dive
effect.
Study Group
Control Group
(Diver Students)
(Medical Students)
p-Values
Parameters
(n= 17)
(n= 18)
Before Dive
1DWLYHWKLRO ȝPROO
366.4±1.5
374.2±3.3
0.045
7RWDOWKLRO ȝPROO
403.5±5.4
408.5±4.8
0.491
'LVXOSKLGH ȝPROO
18.6±2.7
17.2±2.2
0.685
Disulphide/native thiol (%)
5.1±0.7
4.6±0.6
0.663
Disulphide/total thiol (%)
4.5±0.6
4.13±0.5
0.626
Native thiol/total thiol (%)
91.1±1.2
91.7±1
0.663
* Values are presented as mean±SD
*p< 0.05 as a statistically significance

FIGURE 2
The statistical significance chart of the disulphide/native thiol ratio before and after diving.
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FIGURE 3
The non-statistical significance chart of the disulphide/native thiol ratio before and after diving.
deep-air diving acutely dissolves thiol/disulphide
homeostasis. However, due to the anti-oxidation
system against oxidative stress in the body, it has
been shown that air diving does not cause chronic
oxidative stress. Differences other than native thiol
are statistically insignificant. When the laboratory
parameters of chronic effects are examined, the
differences other than thiol are statistically insignificant.
Dynamic thiol disulphide homeostasis has a
critical role in the individual's antioxidant protection, body detoxification, programmed cell death,
the balance of enzyme activity, and intercellular
signal transduction [14]. Thiols is an important
antioxidant that ROS with non-enzymatic method
[15]. In the last decade, a large number of information has been collected over the past decade.
Thiols enter the oxidation reaction with ROS to
form disulphide bonds. Disulphide bonds are reversible linkages between serum total thiols and
they are formed by oxidation of cystine remnant
under oxidative stress. The disulphide bonds could
be reduced back to the thiol groups. Thus, the balance of thiol-disulphide homeostasis is ensured
throughout life [16]. Total thiols include that reduced to free glutathione forms and linked protein
forms in intracellular and extracellular areas. Native
thiol expression that only reduced bonds, while
total thiol expression that both reduced and oxidized bonds [17].

DISCUSSION
Diving is defined by changes in environmental
conditions, such as exposure to the hyperbaric environment, inhalation of compressed air, the effect of
exposure to water, and exposure to warm-cold temperatures. Also, dive equipment creates a challenging physical activity due to its heavy weight and
increased resistance to underwater movement, and
it creates psychological stress because the underwater human ability is physiologically limited [1, 3]
The most important source of oxidative stress during diving is the increase in oxygen pressure due to
the increase in environmental pressure. The increase in dissolved oxygen causes oxidative stress
[6].
In the present study, we performed 132 fsw
dives to compensate the partial pressure of the oxygen in the inhaled air is equal to 1 atmosphere absolute. 132 fsw is the upper limit of sportive or recreational diving and is a severe depth for professional diving. With this selection, we have made
sure that our assessment is valid for not only sportive/recreational diving but also professional diving.
The present study, laboratory values showed
that significant increase in disulphide/total thiol,
disulphide/native thiol and disulphide/total thiol
ratios, and a significant reduction in native thiol/total thiol ratio. In our study, we have shown that
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tive stress [1, 26]. Sureda et al. stated that stress
caused by dry pressure chamber diving is less than
scuba diving. Because scuba diving has stress factors such as immersion, exercise and temperature
changes [26], in our study on thiol/disulphide homeostasis, it could be done temperature changes
and exercise for divers in the pressure chamber to
observe a more severe deterioration in homeostasis.
However, this may be stated as the limits of our
study.
Some studies have shown that physical exercise has an effect on resistance to oxidative stress
[3, 6, 26] Diving at 132 fsw needs very good health
and physical status [26]. The training status of the
divers will provide a better tolerance for stress
because it has been increased the basal antioxidant
condition in regular training athletes [26]. Antioxidant effects of the exercise during diving were
shown in another study [6]. In another study, there
was an increase in plasma malondialdehyde in 3
hours after a single dive with 164 fsw [27]. Based
on these studies, the dive can activate the antioxidant system and does not cause chronic oxidative stress. The human body reduces oxidative
stress by activating the anti-oxidant system in response to this stress. In the present study, we have
already demonstrated that the thiol/disulphide balance is not impaired in chronic effects of stress and
the results are compatible with the mentioned studies.
Our study showed that even a single deep dive
disrupts serum thiol disulphide homeostasis. These
results suggest that previous studies did not indicate
the change of total amount of thiol and disulphide
homeostasis of body. We think that this fully automated system ensures better monitoring physiological stress. Before this assay method, in the study, it
was shown that only the thiol levels which are the
only aspect one side of this homeostasis are determined [28]. However, the levels of the thioldisulphide homeostasis are measured bi-side wholly
new and easy methods [13].

In compressed air dives, the diver breathes the
air throughout the dive. As the pressure increases,
the partial pressures of oxygen and inert gases increase. Human blood and tissue are saturated with
inert gases parallel to the partial pressure of dissolved gases from respiration. Once the divers have
started the ascent to the water surface, the pressure
gradient is reversed, and they create bubbles from
the tissues to the bloodstream [18]. ROS induces
vascular smooth cell proliferation by oxidising LDL
structure, stimulating macrophages and endothelial
activation [19]. A previous study reported that sequential dives cause endothelial dysfunction in
large vessels and increase ROS load. [20]. Besides,
prolonged and cumulative oxidative stress causes
endothelial dysfunction after dive.[20] In the published study, the depth of the dive varies between
180-262 fsw and the depth of the dive is very high
than our study. Also, six consecutive dives were
performed in the study, and cumulative oxidative
stress was evaluated [20]. In this study, we found
that oxidative stress occurred in parallel with this
study and observed the rate of disulphide/native
thiol acutely decreased significantly. However, in
our study, we also found that air diving does not
cause chronic oxidative stress. In the study mentioned above, vasoconstriction due to hyperoxia
was considered, and additionally, endothelial activation was reported due to activation of adhesion
molecules [20]. In the previous study of the same
researcher, they planned 98 fsw air dives to produce
oxidative stress [21]. According to this study, our
plan of the 132 fsw depth descended is sufficient to
stress.
In medical hypothesis study evaluated air and
oxygen dives and observed endothelial dysfunction
due to oxidative stress only in air diving. In this
study, it was reported that hyperbaric oxygen therapy inhibits neutrophil adhesion, does not create
enough stress to create endothelial dysfunction
alone, and it is necessary for the formation of nitrogen bubble to stress [22]. The previous study
showed that the activated endothelium releases
endothelial microparticles which cause dysfunction
of the endothelium in the distal regions [23]. Endothelial microparticles have a size of several microns
and pass through the lung to the arterial system. In
the study performed by diving with air in the pressure chamber, it has been reported that the release
of vascular cell adhesion molecule-1 (VCAM-1)
and has increased endothelial microparticles [24].
VCAM-1 is known as a proinflammatory marker
for the endothelium. In the same study, they did not
see this change in hyperbaric oxygen therapy in
contrast to air diving. In another study, although
endoglin positive microparticles were released in
air diving, these microparticles were not seen in
hyperbaric oxygen therapy [25].
In recent years, studies on scuba dive reported
that physical activity during diving increases oxida-

CONCLUSION
In this study, it was found that air dives cause
acute oxidative stress, but there is no chronic side to
this effect. Studies that investigate the effects of air
diving are relatively minimal, and there are often
study of the oxidative effects of hyperbaric oxygen
therapy. This article important regarding it is the
only article in the literature that examines the acute
and chronic effects of air diving on dynamic thioldisulphide Homeostasis. The duration of the effect
or the tendency to return to normal values should be
investigated with further studies planned with large
populations.
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The present study was designed to evaluate the
effect of some plant growth regulators and precursors on the secondary metabolites synthesis and development from Khalas and Sukari varieties of date
palm ( $!% L.) through tissue culture
technique, where date palm accumulating broad
range of different chemicals in their tissues. Steroids,
phenolics and glycosides compounds were specified
by gas chromatography/mass spectroscopy (GCMS) analysis. Cholesterol is an important steroid applied in many growth and development processes
and all metabolites has been assigned to having
health benefit and nutritional value in the human
diet. It is one of ideal animal stores has recently been
discoverd among plants and It should be noticed that
the obtain chromatograms represent not only the
steroids but also all the compounds in the extracts.
Offshoots were taken from adult of khalas and sukari
were cultured on culture media were included different concentrations of 2,4-D,2ip and BA where the
highest percentages of callus production 22.5, 21.23,
20.25, and 19.55 were registered with shoot tip, and
primordial leaf explants with 3 mg/l 2,4-D 3 mg/l
2iP and 5 mg/l BA with shoot tip. The primeval leaf
of Khalas and Sukari of date palm cultivars appeared
the best organ tissue for callus production, while the
maximum cell number was 5.13 with 1.0 mg/l 2,4-D
+1.0 mg/l 2iP + 3 mg/l NAA. Meantime, the steroid
formation was answered differently to the various
IBA concentration (0.0, 0.2 and 0.4) utilized in this
study where steroid formation reaching its maximum
value with 0.4 mg/l IBA concentrations which motivated steroid formation compared with the control 0
mg/l IBA. Furthermore, different concentrations of
casein hydrolysate (0,1,2,3 and 4g/l) were studied for
achievement and accumulation of total steroid, phenolic and other compounds in cell cultures of shoot
tips and primeval leaves of Khalas and Sukari date
palm cultivars where the maximum values of total
phenolic compound 3.4 (mg/g F.W) were registered
with 2g/l casein hydrolysate. likewise, dry, fresh
weights (g/flask), and dry matter content (%) as an

indicator for cell growth parameters were registered.
The best results of dry weight 0.74 (g/ flask); fresh
weight 5.05 (g/ flask) and dry matter content 8.5 (%)
from shoot tip explants and Khalas date palm cultivar presented the best results compared with Sukari
cultivar.


)( #$
Date palm, phytochemical analysis, tissue culture, plant
growth regulators, precursors, steroids and phenolics.

%# &% 
Date palm ( $ !% L.) a widely
distributed plant in Saudi Arabia, West Asia and
North Africa, is extensively planted in the Arab
countries and grown to some extent, in Southern Europe. It is used for nutritive and therapeutic purposes.
Its pollen grains are utilized as antisterility agent [1].
Plant tissue culture is regarded as a source of commercially important steroids, alkaloids, and terpenes
for pharmaceutical industry [2-4]. These compounds, known collectively as secondary products,
are mostly obtained from plants grown under tropical conditions.
The objective of biotechnology is to use its
tools to help convert a country’s diverse biological
resources into useful products and processes that are
accessible to its people for economic development
and employment generation [5, 6]. Bioreactors have
several advantages for the mass cultivation of plant
cells: better control in scaling up cell suspension cultures under defined parameters for the production of
bioactive compounds; various stages of bioreactor
operation have constant regulation of conditions; efficient and easy handling of culture such as inoculation or harvest; enhanced nutrient uptake by submerged culture conditions, which stimulate the multiplication rate and a higher yield of bioactive compound and large numbers of plantlets are easily produced and can be scaled-up [7, 8].
Plants possess solar-powered biochemical factors, which manufacture both primary and secondary

2957

%$

" &  









 " #!"!


%#$% $

*;.8*455*;.92*4The study was conducted
on adult date palm plants of the cultivar Khalas and
Sukari.

<4;<9. 5.-2* *6- 5<4;2842,*;276 :;*0.:
Offshoots were taken from adult date palm ( $
!% L.) of cultivar  "variety
was used as plant material.

metabolites from air, water, minerals, and energy
from sunlight. Many species of higher plants biosynthesize and accumulate extractable organic substances in quantities sufficient to be economically
useful as chemical feed-stocks or as raw materials
for various scientific, technological, and commercial
applications. Natural substances are employed, either directly or indirectly, by a large number of industries as the pharmaceuticals, cosmetics, foods,
agrochemicals, chemurgical industries, industrial
oils, flavors and fragrances, resins (e.g. rosin and tall
oil), gums, natural rubber, waxes, saponins and other
surfactants, pesticides e.g., insecticides and rodenticides), and many special products [9].
Plants and some animal products are used in
folklore medicine for treatment of several diseases,
e.g. Hypertension, cardiac diseases, kidney disjunction and Diabetes etc. However, nothing could be
traced concerning drugs, which are used in the treatment of sterility except date palm pollen grains. The
pollen grains from date palm have been known by
the Arabs to be nutritive and used as antisterility
agent. Cholesterol and coprostanol are the animal
sterols, while ß-sitosterol, campestral, stigmasterol,
ergosterol and brassicasterol are the principal plant
sterols, [10]. Cholesterol, one approved to be the typical animal sterol, has recently been found to be rather widely distributed among plants. So far, cholesterol has been identified in the pollen of many plants,
including the date palm and in oil palm [11, 12].
Phenolics are mediates of phenylpro-panoid
metabolism [13] and precursors of lignin [14] and
phenylpropanoid phytoalexins [15]. Their precipitation in cell walls is an important defense-mechanism
response to pathogen infection [16]. Plant cells cultivated in vitro synthesize phenolic compounds,
however, in some cases changes in the quality and
quantity of the substances are recommended [17].
This is probably due to the specificity of tissue culture as an artificial biological system in which the
basic function of phenols is to interfere with cell proliferation [18]. A substitution pattern of phenols was
affected, according to the rate of IAA degradation
[19]. Also, he reported that phenols were found to
react with hydrogen peroxide produced during IAA
degradation, thereby protecting cellular constituents
from their toxic effect.
The difficulties of getting the origin plants led
to the view that a lot of convenient and ultimately
cheaper sources of secondary products would be to
grow tissue cultures of the plant origins on a large
scale, and then extract the accumulated calli cultures
biomass and spent medium for the product.
The present investigations were planned to
evaluate the effect of adding some precursors as
plant growth regulators and casein hydrolysate on
the growth, development and secondary metabolite
synthesis (phenols, steroids and glycosides) from
date palm ( $!%L.).


<;92.6;5.-2* Segments (explants) of sterilized shoot tip, as well as primordial leaves were cultured on solidified Ms-nutrient medium (MS) supplemented with 1.7 g/1 phytagel and 30 g/l sucrose.
The MS-nutrient medium was conditioned by addition of 170 mg/1 NaH Po .2H O + 200 mg/l H PO +
I mg/l thiamine HCI and 3 g/l activated charcoal.
Various phytohormones i.e., 5 mg/l of 6-benzyladenine (BA) and 3 mg/l of 2-isopentenyl adenine (2iP)
as a cytokinin were added to MS medium in a combination with 2,4-dichlorophenoxy acetic acid (2,4D) as an auxin at different concentrations as follow:
Mdate 1= MS medium free growth regulators
Mdate 2= MS +0 mg/l 2,4-D + 3 mg/l 2iP + 5 mg/l
BA
Mdate 3= MS +1 mg/l 2,4-D + 3 mg/l 2iP + 5 mg/l
BA
Mdate 4= MS + 3 mg/l 2,4-D + 3 mg/l 2iP + 5 mg/l
BA
Mdate 5= MS + 5 mg/l 2,4-D + 3 mg/l 2iP + 5 mg/l
BA
Mdate 6= MS + 10 mg/l 2,4-D + 3 mg/l 2iP + 5 mg/l
BA
The pH of the culture media was adjusted to 5.7
with 0.1 M NaOH or 0.1 M HCI before adding the
phytagel. The culture media were then dispensed
into small jars (150 ml), each one contained 40 ml
and 15 cultures were employed per treatment. All
cultures media were autoclaved at 121°C ± 1 for 20
min. Cultures were incubated in darkness in a growth
chamber at a constant temperature of 28 °C ± 1 then
incubated under light condition (1500 Lux) from
cool white fluorescent lamps and sub-cultured after
every six weeks.

.44897-<,;276The obtained calli from different explants, shoot tip or primordial leaves were
saved and re-suspended in an agitated liquid MS media as follow:
MDP1= MS medium free growth regulators
MDP2= MS +1 mg/l 2,4-D + 1mg/l 2iP + 0 mg/l
NAA
MDP3= MS +1 mg/l 2,4-D + 1 mg/l 2iP + 1 mg/l
NAA
MDP4= MS + 1 mg/l 2,4-D + 1mg/l 2iP + 3 mg/l
NAA
MDP5= MS + 1 mg/l 2,4-D + 1 mg/l 2iP + 5 mg/l
NAA
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%.:; /79 4*=7672-: Crude extracts were
mixed with 2ml of 2% solution of NaOH. An intense
yellow color was formed which turned colorless on
addition of a few drops of dilute acid which indicated
the presence of flavonoids.

MDP6= MS + 1 mg/l 2,4-D + 1 mg/l 2iP + 10 mg/l
NAA

.*:<9.5.6; 7/ ,.44 097>;1 8*9*5.;.9:
The cell numbers were counted as suggested by Neumann [20] and estimated during the growth period of
cultivation as growth parameters. The fresh and dry
weights and dry matter contents were also recorded.

%.:;/79%*6626To 0.5 ml of extract solution,
1 ml of water and 1-2 drops of ferric chloride solution were added. No color change was observed
which indicates the absence of tannins.

%.:;:/79:;.972-:Two milliliter of acetic anhydride was added to 0.5 g of extract and 2 mL of
sulphuric acid was added by the sides of the test tube
and observed the colour change from violet or bluegreen

%.:;: /79 04@,7:2-.: About 0.5 mL of alcoholic extracts was taken and subjected to the following test, 1 mL of glacial acetic acid containing traces
of ferric chloride and 1 mL of conc. Sulphuric acid
was added to extract and observed for the formation
of reddish brown color at the junction of two layers
and the upper layer turned bluish green in the presence of glycosides.

"<*42;*;2=. 81@;7,1.52,*4 *6*4@:2: +@ 
$The adapted samples were chosen on the basis
of their total Date palm extract as well as those of
high total biochemical active constituents in callus
tissues, which considered as promising treatments
and subjected to by GC-MS analysis after filtered
with 0.22 µm pore size syringe filter. GC-MS analysis was carried out in College of Agricultural and
Food Sciences, King Faisal University, Al-Hassa,
Saudi Arabia, was performed using GC-MS apparatuses, instrument employing the following conditions: a HP-5MS capillary column (Agilent Technologies, Santa Clara, CA) operating at electron impact
mode at 70 ev. Pure helium gas with built-in purifier
was used at a constant flow rate of 1.0 ml/min employed with a splitless mode with injector temperature 250°C and ion source 280°C. The stepped temperature program was as follows: initial temperature
oven was started at 220°C and hold for 5 minutes and
followed by a ramp to 300°C at 5°C/min hold for another 15 minutes. A post-run of 5 minutes at 300°C
was sufficient for the next sample injection. 
Mass analyzer was used in full scan mode scanning from m/z 40-550 and mass spectra were taken
at 70 eV. For the compound identification, manual
spectral matching was ascertained by using the mass
spectral library of National Institute Standard and
Technology (NIST) version 2.0 and with the aid of
Automated Mass Spectral Deconvolution and Identification (AMDIS) software version 2.70 by deconvoluting the chromatography peak at the corresponding retention time [24]. It should be noticed that the
obtain chromatograms represent not only belong to
saponifiable but also some bioactive compounds in

*:.26.6A@5*;2,1@-974@:*;.;9.*;5.6;As
nitrogen source on enhancement and production of
total phenolic compounds casein hydrolysate were
added in concentrations of (0,1,2,3 and 4g/l) to modify MS medium containing 1 mg/l 2,4-D, 1mg/l 2iP
and 2 mg/l NAA.
.;.9526*;2767/;7;*481.6742,,7587<6-:
In order to identify the phenolic compounds present
in the samples, 100 mg of lyophilized cell suspension cultures (cell and liquid medium) of each date
palm cultivars were soaked in 5 ml of 70% MeOH,
sonicated for 30 min, and centrifuged twice at 10.000
rpm for 10 min. The supernatants were then subjected to total phenolic compound analysis using Folin-Denis method as described [21]. A calibration
curve was established using chlorogenic acid
(Sigma- Aldrich, USA) as standard.

$;.972-: +27:@6;1.:2: 26 *;. 8*45 ;2::<.:
For steroid formation the different IBA concentration (0.0, 0.2and 0.4) used in this study. Steroid formation was of positive correlation responses with increasing IBA concentrations from 0.0 mg/l to 0.2
mg/l and the maximum value with 0.4 mg/l IBA concentrations which stimulated steroid formation.

!9.8*9*;276 7/ *;. 8*45 .;1*674 .?;9*,;:
Callus was dried at 40˚C for 24 hrs in oven with vacuum, samples was grounded into powder using a
mortar under steam of liquid nitrogen, then subjected
to extraction. A quantity of 3.0 g of callus powder
was extracted with 15 ml of ethanol (70%) at room
temperature, protected from sunlight and mixed several times with a sterile glass rod, the mixture was
then filtered through Wattman No.1 filter paper. The
extracted liquid was subjected to rotary evaporation
to dryness in order to remove the ethanol [22], then
the extract was stored at 4ºC in refrigerator for future
use.
!1@;7,1.52,*4 :,9..6260 Phytochemical
screenings were performed using standard procedures [23].
%.:;:/7981.674: The extracts were taken in
water and warmed. To this 2 mL of ferric chloride
solution was added and observed for formation of
green or blue colour.
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the unsaponifiable fraction in the Date palm extracts
of each treatment.

showed that modified of MS medium with 3 mg/l
2,4-D + 3 mg/l 2iP + 5 mg/l BA gave the best results
of callus production. Moreover Shoot tip, and primeval leaf of Khalas and Sukariof date palm cultivars
appeared the best organ tissue for callus production,
respectively.
From the above results, it is clear that calli were
obtained from the two types of explants. However,
shoot tip explants gave the highest value of callus
formation compared with primordial leaves of the
different date palm cultivars. This may be due to its
meristematic tissues. In this respect, shoot tip explants of date palm has been successfully used for
either embryonic calli induction or embryos formation by several authors [25-27]. In addition, from
the obtained results, its clear that the combination of
2,4-D and 2iP with BA appeared to be the most suitable medium for callus production. In addition, the
obtained results are in line with those reported by
Mater[28] and Madhuri et al.[29].

#$&%$$&$$ 

Biotechnology is a set of rapidly emerging and
far-reaching new technologies with great promise in
areas of sustainable food production, nutrition security, health care and environmental sustainability.

*44<: 897-<,;276 The effects of modified
MS medium with different concentrations 3 mg/l
2,4-D, 3 mg/l 2iP and 5 mg/l BA on percentage of
callus formation from shoot tip, and primordial leaf
explants of Khalas and Sukari date palm cultivars are
shown in Figure (1). The highest percentages of callus production 22.5, 21.23, 20.25, and 19.55 were
registered with shoot tip, and primeval leaf explants
of Khalas and Sukari date palm cultivars, respectively. The significant obtained results of callus production were monitored with MS medium supplemented with 4 mg/l 2,4-D + 4 mg/l 2iP and 3 mg/l
BA. In addition, supplementation of MS medium
with 5 mg/l 2,4-D + 3 mg/l 2iP +5 mg/l BA showed
the meddle effects of callus production. However,
disarmament of growth regulators from MS-medium
completely failed on callus production from the used
different explants. The obtained results clearly

.44:<:8.6:276897-<,;276 Illustrated data in
Fig. (2) show that the effect of supplementation of
liquid MS- medium with 1 mg/l 2,4-D + 1 mg/l 2iP
in a combination with different concentrations of
NAA i.e., 1,3,5 and 10 (mg/l) on cell number (x 105)
of the different cultures. The maximum cell number
5.13, 4.96, 3.11 and 1.22 were recorded with Khalas
and Sukaricell lines of shoot tip and primordial leaf





&# 
*44<:/795*;276/975:177;;28.?84*6;7/1*4*:*6-$<3*92-*;.8*45,<4;2=*9:,<4;<9.-76$5.-2<5
:<884.5.6;.->2;150 4 *6-50 4 2!*6- 50 4*6-26,<+*;.-<6-.9-*93,76-2;276
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(g/flask), and dry matter content (%) of derived suspension cultures were determined as indictor for cell
growth parameters. Concerning Khalas date palm
cultivar, the best results of fresh weight 5.05 (g/
flask); dry weight 0.74 (g/ flask) and dry matter content 8.5 (%) were recorded with derived cells from

explants, respectively. These records were estimated
with MS medium augmented with 1mg/l 2,4-D +
1mg/l 2iP + 2 mg/l NAA compared with other NAA
concentrations. Shoot tip explants of the different
cultivars gave the best results compared with primordial leaf explants.Moreover, fresh and dry weights
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shoot tip explants compared with 7.15 (g/ flask),
0.63 (g/ flask) and 8.4 (%) for fresh, dry weights and
dry matter contents of primordial leaf cell cultures.
And the medium contained 1 mg/l 2,4-D + 1mg/l 2iP
+ 3 mg/l NAA gave the best results compared with
others tested MS media. Similar results were obtained with Sukari date palm cultivar, However,
Khalas date palm cultivar showed the best results
compared with Sukari cultivar.
The above results clear that, supplementation
of MS-medium with NAA as auxin and BA as cytokinin were more suitable for callus and subsequently
suspension production from the used explants of
Khalas and Sukari date palm cultivars. It was found
that, addition of 3 mg/l of NAA to MS-medium gave
the maximum nutmber of date palm cell cultures
compared with the other NAA concentrations.
In this study, the obtained results are in close
with Gamborg and Shyluk (1981) [30], they concluded that, callus initiation and production was depending on the presence of auxin and cytokinin,
which stimulates cell division and cell elongation,
respectively. Moreover, the obtained results by
Nussbaumer et al. [31] they 5 reported that supplementation of B medium with 1 mg/l of each of NAA
and BA gave the best results of growth value for 
!"and these results are in harmony with our obtained results.

functions of growth and development; and products
of secondary metabolism such as phenolics.
In this study different concentrations of Casein
hydrolysate (0,1, 2, 3 and 4g/l) were added to modify
MS medium containing 1 mg/l 2,4-D+1mg/l 2iP + 2
mg/l NAA to study their effects on enhancement and
production of steroid, phenolic, glycosides and other
compounds. Data illustrated in (Fig 4, 5 and 6) that
the effect of fortified MS nutrient medium on
achievement and accumulation rate of total steroid,
phenolic, glycosides and other compounds in cell
cultures of shoot tips and primeval leaves of Khalas
and Sukaridate palm cultivars. The maximum values of total phenolic compound 3.4, 2.5, 2.12 and
1.94 (mg/g F.W)-1 were recorded with primordial
leaves of Khalas and Sukari and shoot tips of Khalas
and Sukari date palm cultivars, respectively. The optimum concentration of Casein hydrolysate added to
nutrient MS medium to achievement of total phenolic compounds production was 2g/l compared
with other concentrations of Casein hydrolysate
(Fig. 6). The highest dynamic values of phenolic
compound accumulation were recorded at the end of
the 30 days of cultivation. Moreover, the accumulation rates were reduced at the 5th week of cultivation
with all used Casein hydrolysate concentrations.
Concerning the highest values of steroids accumulation rate 6554, 5894, 5645 and 5334 U/g-1 fresh
weight was recorded with derived cells from primordial leaves and shoot tips of Khalas and Sukari
(Fig.4) date palm cultivars, respectively. For maximum peroxides accumulation, augmentation of MS
nutrient medium with 2 g/l of Casein hydrolysate
was favorable to 21 days of cultivation. However,
the accumulation rates of peroxides were reduced after 21 days of cultivation with all derived date palm
suspension and liquid cultures.
By nature of its prevalence in the mammalian
body and its central position as a precursor of bile
acids and steroid hormones, cholesterol is, biochemically, the most important steroid. Because of its
wide distribution and its involvement in atherosclerotic heart disease and its sequelae, cholesterol has
been the most widely studied of all biologically occurring steroids. The ensuing discussion will be concerned primarily with this sterol. It is clear from the
data that steroid formation had responded differently
to the different IBA concentration (0.0, 0.2 and 0.4)
used in this study. Steroid formation was of positive
correlation responses with increasing IBA concentrations from 0.0 mg/l to 0.2 mg/l in case of tissue
only or 2.0 mg/l for cholesterol in case of liquid cultures, reaching its maximum value with 0.4 mg/l IBA
concentrations which stimulated steroid formation
compared with the control, followed by 0.2 mg/l
cholesterol, respectively (Fig. 4).
Additionally, through the biosynthetic pathways to the flavonoids synthesis, among the not well
elucidated condensation and polymerization phases,
the condensed tannins or non-hydrolysable tannins

!1@;7,1.52,*4 :,9..6260 The qualitative
analysis of ethanolic date palm tissue extracts
showed the presence of phenolic substances, flavonoids, glycosides, tannins, steroids (Table 1). The
presence of the bioactive constituents in date palm
tissue extract after addition of casein hydrolysate
(0,1,2,3 and 4g/l) to modified MS medium containing 1 mg/l 2,4-D+1mg/l 2iP + 2 mg/l NAA indicates
how the treatments enhanced the production of the
bioactive compoundsand improved its potential use
as an excellent source of food supplement.

% 
27*,;2=.,76:;2;<.6;:*6*4@:2:7/1*4*:*6-
$<3*92;2::<..?;9*,;
Bioactive
constituents
!1.674:
4*=7672-:
4@,7:2-.:
%*6626:
$;.972-:

Khalas tissue
extract






Sukari tissue
extract







!1@;7,1.52,*46*4@:2:*6-$897/24
260 26 ;1. *;. !*45 %2::<. Evaluation of date
palm secondary metabolism, such as phenolics, Steroids, glycosides and other compounds. Higher plants
such as date palm accumulate a wide range of different chemicals in their tissue. These can conveniently
be divided into two types of compounds: products of
primary plant metabolism, such as proteins, fats and
carbohydrates, which guarantee the primary
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Group name

% 
1.52,*4,7587<6-:;1*;897-<,.-26;2::<.:*6-5.-2*7/-*;.8*45
Compound name
Retention time
Peak area symbol

cholesterol

31.983

398

sitosterol

34.33

412

stigmasten

34.33

412

cholesten

34.33

384

cholesta

31.983

426

galactosan

12.017

144

glucopyranoside

12.017

504

benzaldehyde

12.808

228

Vanillic aldehyde

12.808

152

Steroid
compounds

Glycoside
compounds

Phenolic
compounds
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and glycosides are formed (Fig. 5). Hydrolysable
tannins are derivatives of gallic acid or hexahydroxydiphenic acid [32]. So the highest values of total phenolic compound accumulation 2.4, 2.1, 1.96
and 1.74 (mg/g-1F.W) were recorded with primordial
leaves of Khalas and Sukari and shoot tips of Khalas
and Sukari date palm cultivars, respectively. In addition, the maximum value of total phenolic accumulation was recorded after three weeks of cultivation
(Fig. 6). These obtained results are in agreement with
those obtained by Del-Rio [33] who reported that the
highest phenol levels were detected after 120 days in
leaves, stems and roots of " L. fruits.
Moreover, these findings agree with observations
made for the increased levels of phenolic compounds
observed in the fruit of Brotomax olive varieties [34]
and in different organs of other plant species [35-37].
The result of the present study further revealed
that phenolic content increased quantitatively with
the increase in age of suspension from main to the
third week of cultivation. The percentage of browning and necrosis are also in conformity with increase
in phenolic content in old culture. The increase in
phenolic content is normally associated with increase in the enzymes that regulate the synthesis of
phenolic compound, while the intensity of browning
is related with the hyperactivity of oxidative enzymes [38-40]. An increase in production of phenolic compounds has been associated with a decrease in growth, a decline in protein synthesis.
It should be noticed that the obtained chromatograms represent not only the steroids but also all
the compounds in the extracts of each treatment by
Gas Chromatography-Mass Spectroscopy (GC-MS)
analysis (Table 2).
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mining, smelting, traffic emissions and the use of
pesticides [1, 2]. A restricted number of plant species
called metallophyte, however, have evolved HM tolerance and are able to survive and reproduce in these
metalliferous sites [3]. It was first recognized by Prat
who showed a Cu mine population of  "$ % 
was able to grow in Cu contaminated soils [4]. Since
this initial work, the biogeochemical, physiological,
genetic and molecular aspects of heavy metal tolerance in toxic metals such as zinc, lead, copper, cadmium and nickel have received sustained attention
[5, 6].
Root performance is crucial for plants to colonise in metalliferous soils, because roots among the
organs are directly exposed and first subjected to
HM stress. Roots depend on sucrose (Suc) imported
from source leaves to sustain heterotrophic metabolism [7]. Suc cannot be used directly and must instead be cleaved into hexoses by invertase or Suc
synthase. Plants possess three isoforms of invertase
with different biochemical properties and subcellular
locations. Neutral/alkaline invertase (N/A-Inv) are
localized in the cytosol. Acid invertases are either
bound to the cell wall (cell wall invertase, CW-Inv),
involved in Suc partitioning, cell division and differentiation, or localized in the vacuole (vacuolar invertase, V-Inv), playing an important role in sugar
storage, cell enlargement, and osmoregulation [8].
It is conceivable that for the roots of metallophytes to maintain HM tolerance and grow in metalliferous soils, they must gain sufficient hexoses supplied by efficient Suc metabolism. Consistent with
this hypothesis, previous investigations revealed significantly higher activities of CW-Inv and V-Inv in
the roots of plants from metallicolous population
(MP) than in plants from non-metallicolous population (NMP) in *##'%,  () &*" [9], *#-
$))*( [10], *#-!&%$ *( [11] and "(%")/ 
 %,$( ( [12]. The activity of acid invertases is
usually regulated at the transcriptional level by biotic
or abiotic stresses. Recent studies suggest that the
genes encoding acid invertases from higher plants
constitute a multigene family [13, 14]. However, the

&'%'
Recent researches indicate that under heavy
metal stress, metallicolous population (MP) of metallophyte display a higher activity of acid invertases
enzymes, which are rate-limiting in sucrose catabolism, than non-metallicolous population (NMP). Because most of these metallophytes are non-model
plants for which the background genomic information is limited, it is unclear whether the higher activities of acid invertases are the result of higher expression of individual or total acid invertases gene
family members. Based on high throughput RNA sequencing, in present study we identified eight acid
invertases genes, including six cell wall invertase
genes (!, ) and two vacuolar invertase
genes (!+), from MP and NMP of *#-!
&%$ *(, and determined their expression patterns
under Cu stress. The seedlings of !&%$ *(were
exposed to control or 20 μM Cu2+ for 48 hours under
hydroponic conditions. The transcript levels of
!,, !, and !+ in MP were significantly higher than them in NMP, while !+
only expressed in NMP. The results suggested that
different members of the acid invertases gene family
have varying expression patterns under Cu stress.
Furthermore, the higher acid invertases activities of
MP under Cu stress could be due in part to elevated
expression of individual instead of total acid invertases genes.
,*"%&
*#- !&%$ (, Acid invertases, Gene family, Copper
stress

!'%"('"!
During the last few decades, many soils are detrimental to plant owing to elevated levels of heavy
metal (HM), caused either by ore outcrop weathering
processes or by the result of human activities such as
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μM Cu concentration was used. Solution Cu2+ was
supplemented as CuCl2·2H2O. Each treatment was
replicated three times. 48 hours after treatment, two
populations of R. !&%$ *( were concurrently harvested to avoid interference from possible diurnal
changes in expression of genes. Roots were washed
with deionized water and immediately frozen in liquid nitrogen and stored at -80 °C for RNA extraction.

number of acid invertases gene family members in
metallophyte and their expression under HM stress
have received little attention. It is unclear whether
the higher activities of acid invertases in roots of MP
are the result of higher expression of individual or
total acid invertases gene family members.
In recent years, high throughput RNA sequencing (RNA-seq) has been become a comprehensive
and accurate tool for gene expression analyses [15].
RNA-seq has been used to elucidate the response of
plants to various environmental stresses, such as
cold, salt, drought and invasion by pathogens [16,
17]. *#- !&%$ *( is a perennial herb with fast
growth and high biomass. Ke et al. reported that MP
of !&%$ *( had higher Cu tolerance and mineral
nutrient deficiency tolerance than NMP [18]. Huang
et al. reported that the roots of MP manifest a significantly higher activity of acid invertases enzymes
than that of NMP [11]. In this study, in order to understand acid invertases gene family and their expression patterns in metallophyte under HM stress,
acid invertases genes in roots of !&%$ *( were
first identified based on RNA-seq platform, and then
the expression levels of these genes were estimated
and further validated by quantitative real-time PCR
(qRT-PCR). This knowledge is of considerable importance for understanding Suc metabolism, which
may be crucial for plant root growth and HM tolerance maintenance that has evolved in metallophytes.

%! 2D@>.0@6;: 86/>.>E 0;:?@>A0@6;: .:1
?2=A2:06:4Frozen root samples were ground in liquid nitrogen to a fine power. Then the total RNA was
extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions and was digested with DNase I (TaKaRa,
Kyoto, Japan) to eliminate any traces of contaminating genomic DNA. Quality of the extracted RNA
was checked by agarose gel electrophoresis and
RNA concentration was measured using Qubit RNA
Assay Kit in Qubit 2.0 Flurometer (Life Technologies, Carlsbad, CA, USA). Additionally, RNA integrity was assessed using the RNA Nano 6000 Assay
Kit of the Bioanalyzer 2100 system (Agilent Technologies, Santa Clara, CA, USA).
Samples with RNA integrity number values
above 8.5 were used for libraries construction. A total amount of 6 μg RNA per sample was used as input material for the RNA preparations. Sequencing
libraries were generated using NEBNext® UltraTM
RNA Library Prep Kit for Illumina® (NEB, Cambridge, MA, USA) following manufacturer’s recommendations and index codes were added to attribute
sequences to each sample. PCR products were purified and library quality was assessed on the Agilent
Bioanalyzer 2100 system. The clustering of the index-coded samples was performed on a cBot Cluster
Generation System using TruSeq PE Cluster Kit v3cBot-HS (Illumina) according to the manufacturer’s
instructions. After cluster generation, the library
preparations were sequenced on an Illumina Hiseq
2500 platform and 125 bp paired-end reads were
generated.

'%&! '"&

#8.:@ 9.@2>6.8? A @>2.@92:@? .:1 ?.9
<86:4 Two populations of  !&%$ *( were selected for study, one (MP) at an ancient waste heap
of the Cu mine of Tonglushan hill in Hubei Province,
China, the other (NMP) at the campus of Wuhan
University. Background values of Cu concentration
in the soils of the two sites (62.5 mg kg-1 Cu in NMP
and 1044.5 mg kg-1 Cu in MP) were listed in our previous study [11]. In each population, large quantities
of seeds were taken from more than 50 randomly selected plants, and the seeds were finally pooled.
Seeds from the two populations were sterilized
and then germinated on wet filter paper in dark. The
germinated seeds were evenly sown in round plastic
pots filled with quartz sands and fertilized occasionally with Hoagland’s solution depending on growth
status. When the seedlings developed five leaves,
healthy and uniform seedlings were selected and
transplanted to solution culture pots. Each pot contained 1 L Hoagland’s solution and was covered with
a foam plastic plate. The plates each were drilled
with 5 evenly arranged, 5-mm-diameter holes, one
hole facing one plant. The roots were immersed in
the solution. Cu tolerant individuals and sensitive individuals were screened by Wilkins tolerance index
[19, 20]. Then, the treatment of these plants by Cu
was conducted. According to preliminary tests, 20

.@. 368@2>6:4 12 :;B; .??29/8E.:1 .::;
@.@6;:The raw data of fastq format were firstly processed through in-house Perl scripts. Clean data were
obtained by removing reads containing adapter,
reads containing ploy-N and low quality reads from
raw data. All the downstream analyses were based
on clean data with high quality. The clean reads were
assembled using Trinity software as described for 
$%+% transcriptome assembly without a reference genome [21]. The unique assembled transcripts were
further subjected to the process of sequence-splicing
redundancy removal with sequence clustering software to acquire non-redundant transcripts called unigenes.
The assembled unigene sequences were aligned
by BLASTx to the publicly available protein databases which included NCBI non redundant protein
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validated using qRT-PCR. The qRT-PCR was performed with the SYBR® Premix ExTaqTM (TaKaRa,
Dalian, China) on the ABI 7500 System (Applied Biosystems, Foster City, CA, USA). The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene
was used as a reference control. The specific primers
were designed using Beacon Designer 7.0 software
(Table 1). The reaction was performed using the following conditions: denaturation at 95 °C for 30 s,
followed by 40 cycles of amplification (95 °C for 5
s, 60 °C for 30 s). Each plate was repeated three
times in independent runs for all reference and selected genes. Gene expression was evaluated by the
2-ΔΔCt method. For each sample, three technical replicates of the qRT-PCR assay were used with three
biological replicates. Results were expressed as
means ± standard deviation of the number of experiments. A Student’s t-test for the values was performed at <0.05.

(Nr), Gene Ontology (GO), Clusters of Orthologous
Groups (COG), Swiss-Prot protein and the Kyoto
Encyclopedia of Genes and Genomes, and aligned
by BLASTn to nucleotide databases with an E≤10-5.
If the assembled unigene sequences could not be
aligned to any database, the software ESTScan was
used to predict the protein coding sequence and its
sequence orientation. And then, GO annotation of
the unigenes was performed based on the best hits
from Nr annotation using BLAST2GO program, and
the results of GO annotation were further used to
conduct GO functional classification by WEGO
software.
12:@6360.@6;:;3.0616:B2>@.?2?42:23.968E
929/2>?Gene sequences of six known acid invertases genes from Arabidopsis (GeneID:842563,
837777, 824426, 820590, 820591, 818191), three
from potato (GeneID:102604560, 102604230,
102577489), and seven from tomato (GeneID:
778304, 543992, 107029797, 544241, 544175,
543713, 543502) were selected as queries to search
the full set of acid invertases genes in!&%$ *(.
BLAST matches achieved similarity scores of >50
and probability scores of <10−4 were collected as
candidate sequences. These candidate sequences of
acid invertases genes were further verified by their
annotated database obtained in above describe. Furthermore, candidate acid invertases proteins were
confirmed by searching for conserved domains of invertase.

D<>2??6;: .:.8E?6? ;3 2.05 .061 6:B2>@.?2?
42:2 .:1 B2>63621 /E =%'#% Expression level
for each member of acid invertases gene family was
calculated using the fragments per kilobase of exon
per million mapped reads (FRKM) method. Expression pattern of each acid invertases gene were further

' 
&2=A2:02?;3<>692>?A?216:@56??@A1E
#>692>?
!,-F
!,R
!,-F
!,-R
!,-F
!,R
!,-F
!,-R
!, -F
!, R
!, -F
!, -R
!+-F
!+-R
!+-F
!+-R
  -F
  -R

&2=A2:02? F F
GAGGACGAAAACGGGTGTTG
AATGGGTCAGTTGGGTCGTC
CCCTATCTTGTCTGGCACCG
GACTCCACGGTCTCCTACCT
CACATCAACGGACCTCGTCA
CCGGACCAACAACCGTTTTC
GGCATCACTTCTTCTCAGGCAGA
TCCGCCATTTTTATACGCCCCA
AGGGTTTATCCGGTCTTGGC
GCTCCATGCACTCAAACCTG
AACATAGCGTTTCCTGCCGA
GAGTTGATGTTTCCGCTCGC
AACGGCCTCGACACTTCAAT
TCTTTGGGACATCTGGCACC
CGGGTCCAAGATCAACACCA
GAACGGCGTGGAGTACATGA
TTGTTTCAACTGACTTTGTGGGT
CTGTATCCCATCTCATTGTCG



(% 
'5282:4@516?@>6/A@6;:;3@52.??29/821@>.:?0>6<@?
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available for !&%$ *(, a $%+% assembly program Trinity was selected for  $%+% assembly of
all the 55,594,219 clean reads. Finally, a total of
47,252 unigenes were obtained with the average size
of 1,070.04 bp and N50 size of 1,382 bp in transcript
length. The size distribution of the assembled transcripts is shown in Figure 1.

%&('&

88A96:.?2=A2:06:4.:112:;B;@>.:?0>6<
@;92.??29/8EA large volume data was generated
with the Illumina HiSeq 2500 sequencing the two 
!&%$ *( cDNA libraries, NMP and MP. According
to Illumina’s RNA transcriptome sequencing, a sequence can generate 2×150 basepairs (bps) from
each Paired-End of a cDNA fragment. After removing the low quality reads and trimming off the
adapter sequences, 26,821,310 (NMP) and
28,772,909 (MP) high-quality, clean paired-end sequencing reads were obtained, respectively. Because
no appropriate reference genome sequence was

A:0@6;:.::;@.@6;:.:108.??6360.@6;:;3@52
.??29/821A:642:2?GO assignments were used to
classify the functions of the predicted  !&%$ *(
roots genes under Cu stress. Based on sequence homology, 24,223 unigenes (51.26% of all assembled
unigenes) were assigned at least one GO term, including 57 functional groups at the second level
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(12.10%), ‘post translational modification, protein
turnover, chaperones’ (10.18%).

(Figure 2A). Among which, ‘cell’ (19,896 sequences, 42.11%), ‘cell part’ (19,870 sequences,
42.06%) and ‘organelle’ (16,962 sequences,
35.90%) terms were dominant in the cellular component, while ‘cellular process’ (18,463 sequences,
39.07%), ‘metabolic process’ (17,402 sequences,
36.83%) and ‘single-organism process’ (16,143 sequences, 34.16%) were the most highly represented
under biological process, and ‘binding’ (14,327 sequences, 30.32%) and ‘catalytic activity’ (12,820 sequences, 27.13%) were the most abundant subcategories for the molecular function. Furthermore, only
a few transcripts were clustered in terms of ‘protein
tag’, ‘channel regulator activity’, ‘biological phase’,
‘translation regulator activity’, ‘extracellular matrix
part’, and ‘behavior’.
To further evaluate the completeness of the
$%+% assembly transcriptome and predict possible
functions, all assembled unigenes were compared
against the KOG database for the analysis of phylogenetically widespread domain families. The results
revealed 14,364 unigenes with significant homology
and assigned them into the appropriate KOG clusters. These KOG classifications were grouped into
25 functional categories (Figure 2B). The three largest categories were ‘general function prediction
only’ (29.69%), ‘signal transduction mechanisms’

12:@6360.@6;: ;3 .061 6:B2>@.?2? 42:2? The
exact number of acid invertase genes present in 
!&%$ *( is unknown, because its genome has not
yet been sequenced in its entirety. To identify putative acid invertases genes expressed in roots of !
&%$ *(, well-annotated acid invertase genes from
' %&( (, potato, and tomato were used to search
the family members from above transcriptome data,
resulting in the discovery of twenty-four acid invertases-like ESTs. The SeqMan software was used in
the assembly, and then, the Blastx and Blastn programs available on the NCBI web server were used
to examine the integrity and the homology of these
contigs. A total of eight acid invertase genes were
identified, including six CW-Inv genes and two VInv genes. Multiple alignments (Figure 3 and 4) of
them with acid invertases genes from some selected
species showed that they all contained two well conserved regions of plant acid invertases, including a
β-fructosidase motif (NDPN) and a catalytic domain
(WECP/VD). The presence of a Val residue in the
latter motif is characteristic of V-Inv, whereas in
CW-Inv the Val residue is replaced by Pro.
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VVLMCSDQSRSSLNPTN........DKTTYGSFVDVD.PLEEQIHLRTLIDHSIIESFGAEGKTCITARVY.........................................
VVLMCSDQS......................SFVDVD.PLEE.IHLRTLIDHSIIESFGAEGKTCITARVYPVLAIGNNANLFVFNNGTEMVKITGLSAWSMKKAYINSGGE
VVLMCSDQSRSSLNSDN........DKTTYGAFLNVD.PVYEKLSLRSLIDHSIVESFGVGGKACITARVYPTLAIDDYAHLYAFNNGTENVKINGLSAWSMKKAQLY....
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KVLMCSDARPSSLKQDTGLLAKDRMYKPSFAGFVDVD.MADGRISLRSLIDHSVVESFGALGKTVITSRVYPVKAVKENAHLYVFNNGTQTVTIESLNAWNMDRPLQMNDGA
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VLMCCDEMRSSLNPTTE.........KKRYGTFMKVD.PLHEDISLRTLIDHSIIESFGNKGKNCITSRVYPTLAINDDAHLYVFNYGSETIEMKQFRAWNMEEARVT....
VLMCCDEMRSSLNPTTE.........KKRYGTFMKVD.PLHEDISLRTLIDHSIIESFGNKGKNCITSRVYPTLAINNDAHLYVFNYGSETIEMKQFRAWNMEEARVT....
VLLCNDLSRSSLSRDVR.........KTTFGAFLDIISPFRRAFHLEPWIDHSIVESFGGGGKACITARVYPVLAVDKEAKLFAFNKGSHNIKILKLNAWSMKEAKIL....
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RjvalINV1
BvvalINV
AtvalINV1
RjvalINV2
DcvalINV
Consensus

.............................................................MVGINN.........NNKGERADEAEEIVPGQPR....VEVVGAQ.......SRGELEGVSEKSNAPRLGLGARDVGPA
......MSESSDSTLPYSYAPLATKNEFNGFGPGENQPRRRSLKIGLAVFSTLMICALLMSILDYNNNVDVNNVSKNNAPNKYNVGDLTFRPQPENVASVEVMPGSKDLLFKVSRGKPHGVSQKANS..LPLRGLKV.PF
.......MASTEALLPVTSLQDPLSESRS..DQIPETRRRRPIKVHLAVYSGLLLIALYVTLIVTHD............GSKAEIATE.........................SRPRMAGVSEKSNDGVWISSDDGKVEA
..........................................................................................................................................DS
MDTYHFLPSRDLEHASSYTPRPDSPETRHEPDPDRSKTNRRPIKIVSSVLLSTLILSFVIFLLVNPN.........VQQVVRKKVSKNSNGEDRNKASKSPEMLGPP......SRGVSQGVSEKSFR......QATAEPS
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GLLVLSSDDLIEQTPVYFYIVKDTNGTLTTFFCTDVSRSSLATDVLKETYGNTVPILKDEKFSVRVLVDHSIVEAYAQGGRTCITSRPYPTKAIYKDAKLFLFNNATHVNVTASVKTWQMSP................
GLLVLANNDLAEQTPVYFYVIKTLSGSFKTFFCTDLSRSSAATDVFKNIYGSTVPVLKGEKLSMRILVDHSIVEAFAQGGRTCITSRVYPTKAIYKETKLYVFNNATTATVTASIKTWQMSSARLQENIEETKER...
GFSVLADEGLSEQTPVYFYVTKGKHSKLNTVFCTDTSRSTLANDVVKPIYGSFVPVLKGEKLTMRILVDHSIVEGFAQGGRSCITSRVYPTKAIYGATKLFLFNNAIDATVTASFTVWQMNNAFIHPYSSDDLGVPSS
GLLVLTDESLSELTPVYFYISKPTDGDVGNWFCTDKSRSTKAPDVDVQVYGSLIPVLDDENYTMRLLVDHSVVEAFGQGGRSCITSRIYPTQAIYGDAKLFLFNNATDLNVTASLKVWQMDSAHIHPFPFNTTQA...
GILVLADDPLSELTPVYFYIAKGVDGNAKTYFCADQSRSSTASDVDKEVYGSDVPVLPGESLSMRLLVDHSIVESFAQGGRTVITSRVYPTRAIYSAARVFLFNNATGVSVTASVKAWQMASATLKPFPFDQL.....
g vl
l e tpvyfy k
fc d srs a dv
yg
p l e
r lvdhs ve
qggr itsr ypt aiy
fnna
vtas
wqm

591
675
647
545
661


(% 
864:92:@;3@52121A021):B.96:;.061?2=A2:02?;3 $#"& ) C6@5):B42:2?3>;9
?;92?2820@21<8.:@?<2062?2:.:7.002??6;::A9/2>?;3@52?2=A2:02?.>2 ))  ')(!%&
 
') %#$&&'!"!#   )  ((&%#'& ;:?2:?A?
?5;C?@52612:@60.8.96:;.061>2?61A2?


(% 
(:>;;@21<5E8;42:2@60@>22;3.0616:B2>@.?2?.:13>A0?E8@>.:?32>.?2?2=A2:02?G3>A0@;?E8@>.:?32>.?2;3
<8.:@?H):B;39;:;0;@<8.:@?I):B;3160;@<8.:@?J*:B;3160;@<8.:@?

!+; (IV) cell wall invertase of dicot plants, inOn the basis of the deduced amino acid secluding
!,,
!,,
!,,
quences, we constructed an unrooted phylogenetic
!,, !, , and!, .
tree from the sequences of plant acid invertase genes

and fructosyltransferase genes, namely, RjcwINV1D<>2??6;:<.@@2>:?;32645@.0616:B2>@.?2?
6 and RjvINV1-2 (Figure 5). Four major groups
42:2?A:12>A?@>2??FPKM considers the effect
were discerned: (I) fructosyltransferase of plants;
of sequencing depth and gene length for the reads
(II) vacuolar invertase of monocot plants; (III) vacucount at the same time, and is currently the most
olar invertase of dicot plants, including !+ and
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measure the changes and regulation at a genomewide level under certain biological conditions for
non-model plants for which the background genomic
information is not available [22]. In this study, based
on $%+% transcriptome sequencing and assembly,
a total of 47,252 unigenes were obtained from !
&%$ *( roots cDNA libraries of NMP and MP.
Comparison of the assembled unigenes to gene catalogs of other species, 24,223 transcript sequences
(51.26% of all assembled unigenes), including 57
functional groups based on GO databases (Figure
2A) and 25 functional categories based on KOG databases (Figure 2B), were annotated by BLAST analysis and functional bioinformatics analyses. Meanwhile, a considerable number of unannotated transcripts were generated, which may represent a specific gene pool for  !&%$ *( studies. The gene
catalog provided a comprehensive understanding of
the gene transcription profiles of  !&%$ *(, and
laid a solid foundation for further investigation of
HM stress mechanisms and identification of novel
genes in metallophyte.
Available molecular data show that CW-Inv
and V-Inv are represented by more than one gene in
any given plant. In addition, the number of acid invertases gene family members in different species is
not equal. For instance, there are two V-Inv genes
and six CW-Inv genes in ' %&( ( [23], two VInv genes and nine CW-Inv genes in rice [24], two
V-Inv genes and four CW-Inv genes in potato [25],
three V-Inv genes and five CW-Inv genes in Populus
[13], and six acid invertases genes in tea plant [14].
In this study, we identified eight acid invertases

commonly used method for estimating gene expression levels using transcriptome data. The differentially expressed acid invertases genes between NMP
and MP were determined with a log-fold expression
change greater than 2 or less than -2 using a greater
statistically significant value (P<0.005) as well as
false discovery rates (FDR<0.001). From that, the
expression levels of !,, !, and
!+ in MP were significantly higher than them
in NMP, while !+ only expressed in NMP
(Figure 6A). The RNA-Seq data was confirmed by
subsequent qRT-PCR analysis (Figure 6B). We
found similar expression patterns for the acid invertase genes in the qRT-PCR and RNA-seq data analyses, with a correlation coefficient (R2) as high as
0.9679 (Figure 6C).


&(&&"!

*#- !&%$ *( is a perennial herb with fast
growth and high biomass. It also grows easily in wetland habitats. Interestingly, this species is also found
in the old Cu mine heap at Tonglushan Hill, a famous
copper mine in the Hubei Province of China. Huang
et al. reported that the roots of MP manifest a significantly higher activity of acid invertases enzymes
than that of NMP [11]. Because the genome sequence of the !&%$ *( is still unavailable, very
little is known about the reason why the higher acid
invertase activities in MP, especially in genetic and
molecular aspects. However, the arrival of RNA-Seq
technologies allow investigators to simultaneously
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genes, six CW-Inv, and two V-Inv, from the RNAseq data of young roots of NMP and MP of !&%$
*(. The deduced amino acid sequences of the eight
genes showed high similarity to the acid invertases
of other species (Figure 3 and Figure 4), all of which
contain the highly conserved β-fructosidase motifs
NDPNG/A and catalytic sites WECP/VD. According to hypothesis the presence of a Val residue in the
latter motif is characteristic of V-Inv, whereas in
CW-Inv the Val residue is replaced by Pro, the proteins deduced from the !+ sequences belong
to the V-Inv cluster, while proteins deduced from the
!,- sequences belong to the CW-Inv cluster
[26].
A phylogenetic tree we constructed based on
available sequence data in combination with the
cluster method revealed that V-Inv and fructosyltrans-ferase share high homology, whereas CW-Inv
is distinctly divergent from them (Figure 5). These
patterns lend credence to the hypothesis that an initial duplication was responsible for the genesis of VInv and CW-Inv before the divergence between dicot
and monocot plants, and that the genes encoding
plant fructan biosynthetic enzymes evolved from an
ancestral V-Inv gene [27]. In other words, an ancestral gene was duplicated before the divergence of
monocots and dicots, with one duplicate evolving
into the V-Inv and various fructosyltransferase, and
the other evolving into the CW-Inv. Our phylogenetic tree reconfirmed that the proteins deduced from
the !+- sequences belong to the V-Inv cluster, while proteins deduced from the !,- sequences belong to the CW-Inv cluster.
Compared with several differential screening
techniques (e.g., differential display, subtraction libraries, and differential hybridization), RNA-Seq is
known to have a wider dynamic range, higher technical reproducibility, and provide a better estimate of
expression levels [22]. Based on FPKM, the expression levels of !,,!, and !+ in
MP were significantly higher than them in NMP,
while !+ only expressed in NMP in present
study (Fig. 4A). And the RNA-Seq data was confirmed by qRT-PCR analysis (Fig. 4B). Firstly, these
results suggest that under Cu stress, the expression
of individual instead of total acid invertases genes in
MP of !&%$ ( differed from those in NMP. Different members of the acid invertases family have already been reported to have varying expression patterns under stress conditions. For example, the expression of three CW-Inv genes ($,, $,, and
$,, two V-Inv genes (+' and +') was shown
to be significantly suppressed in the ovaries under
drought condition, however, a V-Inv gene ($+) was
shown to be slightly induced in young leaves [28].
Secondly, these results suggest that the higher acid
invertases activities of MP under Cu stress could be
due in part to elevated expression of individual acid
invertases genes. As acid invertases are key enzymes

in Suc metabolism, and their substrates and hydrolytic products are both nutrients and signaling molecules, increasing evidence has shown that acid invertases play a pivotal role in defense responses to
various abiotic and biotic stresses such as heat, cold,
drought, wounding, hypoxia, salinity and pathogen
infection [29,30]. Though we did not study the
mechanisms adopted by MP of !&%$ ( in this
study, these mechanisms may include the following,
as reported in the literature: cell wall binding, metal
exclusion or efflux from roots, enhanced syringaldazine peroxidase activity, transporting cytosolic
metal into the vacuole, and overexpression of phytochelatin, metallotionein and transporters genes [3133]. To utilise these mechanisms, the roots of MP
must spend extra carbon and energy. Because carbon
and energy are supplied by hexoses that are cleaved
from Suc, it is reasonable to consider that the activity
of Suc-cleaving enzymes in roots of MP may accordingly be higher than those of the NMP. This is what
was observed in the previous study by Huang et al.
[11].


"!(&"!&
In conclusion, this study identified six CW-Inv
genes and two V-Inv genes from roots of NMP and
MP of !&%$ ( by RNA-seq. Transcript levels
analysis indicated that different members of the acid
invertases gene family have varying expression patterns under Cu stress. These results suggested that
the higher acid invertases activities of MP under Cu
stress could be due in part to elevated expression of
individual instead of total acid invertases genes. This
knowledge is of considerable importance for understanding Suc metabolism, which may be crucial for
plant root growth and the HM tolerance maintenance
that has evolved in metallophyte.


!"* !'&
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